HIGH-OCTANE LOW-CARBON CORN ETHANOL

Today’s Fuel for Tomorrow’s Future

Corn ethanol is uniquely positioned to play a larger role in future
transportation fuels. Ethanol provides an affordable, abundant

and renewable source of high octane, low carbon motor fuel.
Society continues to ask for lower carbon products. In response,
automakers are seeking affordable, higher octane motor fuels
enabling them to unlock increased efficiency gains within future
spark ignition engines. Corn ethanol is the only commercially
available product capable of meeting and exceeding all these asks:
Low-Carbon, High-Octane, Affordable, Abundant and Renewable!

Octane (Anti-Knock Index - AKl) is the number you see at the

gas pump today. Octane is a measurement of fuel’s ability to resist e metho e erbon e ervent
premature ignition. Consistent, controlled and predictable ignition 87 89 93
of fuel is required for optimal engine performance. Premature ignition

can lead to engine knocking resulting in: decreased performance,
decreased efficiency, increased emissions and potential engine
damage if left untreated. Today's engines are designed and optimized to operate within specific fuel octane ranges.
However, future internal combustion engines (ICE) will require higher octane fuels to fully utilize new technology and
deliver substantial gains in efficiency.

America’s corn farmers maintain a vested interest in the future of liquid fuels. Today, nearly every gallon of gasoline in the
U.S. is at least 10 percent ethanol derived from corn.

To understand ethanol’s vital role as the world’s leading octane additive, as well as it's increasing value as a low carbon
solution, requires a full appreciation of both characteristics.

Corn is sustainable, abundant and affordable, making it the
perfect feedstock for ethanol.

* Inthe 2018/19 market year, U.S. farmers produced 14.4 billion bushels of corn
with carryout of 2.4 billion bushels.

e Corn farmers have experienced tremendous productivity gains since 2000:

> Average yields have grown by nearly 40 bushels/acre (29 percent), and

> U.S. total corn production is up 45 percent.

e Through the 2018 crop year, 5.4 billion bushels of U.S. corn produced 16 billion
gallons of ethanol.

e Ethanol production also returned the equivalent of 1.24 billion bushels of corn
for a protein-rich livestock feed in the form of distillers dried grains.

* Introducing a High-Octane Low-Carbon fuel in the marketplace could increase
ethanol usage by 5 billion gallons or more. That equals 1.8 billion bushels of
corn, roughly the same amount of corn carryout from 2018.
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For current engine technology to advance, a higher quality, octane-enhanced fuel needs to be
available.

*  Between 2004 and 2017, average light duty vehicle (LDV) ADJUSTED CO, EMISSIONS AND FUEL ECONOMY FOR MODEL YEAR
greenhouse gas (GHG) emissions decreased 22 percent PASSENGER CARS AND TRUCKS, 1975-2017

compression ratio engines, improved turbocharging,
optimized combustion, and other advanced technologies
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Ethanol is the most cost-effective, available and
researched octane additive on the market.

*  Ethanol reigns superior to other additives across three important fuel metrics: octane number, octane sensitivity, and heat of
vaporization.® ¢

*  Before the widespread use of ethanol, additives (such as lead and MTBE) were used to increase fuel octane. These have since
been eliminated or reduced due to health and/or environmental concerns.’

e Ethanol is lower-cost compared to fossil fuel octane sources, making a high octane mid-level ethanol blend more affordable
for consumers.®?

Ethanol is cleaner for the environment resulting in
fewer GHG and tailpipe emissions than fossil fuel
sources.

* AU.S. Department of Agriculture’s 2019 analysis shows corn-

based ethanol produces 39 to 43 percent less life cycle GHG
emissions when compared to conventional gasoline.

e Current technology curves for both conventional ethanol and
corn production could result in emissions reductions of up to
70 percent compared to the gasoline it replaces.”

*  The U.S. Department of Energy’s leading energy model
(GREET) places corn-based ethanol's carbon intensity —
its environmental impact — at 41 percent below baseline
gasoline.”

The adoption of higher blends of ethanol promotes better air quality and supports public health
goals.

*  Petroleum based aromatics have been shown to contribute to thousands of mortalities in the United States'. Ethanol
provides a cleaner substitution.

* Increasing the volumes of ethanol to a midlevel blend (E20-E40) corresponds to a significant reduction in harmful particulates
and carbon monoxide. ™

e Ethanol improves urban visibility and moderates the formation of smog."

To learn more about high-octane low-carbon corn-based fuel,
go to: ncga.com/octane i d


http://ncga.com/octane 

Endnotes

w

co N o o B~

10

M
12
13

14
15

EPA. (2018). U.S. Environmental Protection Agency. Greenhouse Gas Emission Standards for Light-Duty Vehicles. Manufacturer Performance
Report for the 2016 Model Year. January 2018. EPA-420-R-18-002.

SAE International. “GM, Honda execs agree: Higher octane gas needed to optimize ICE efficiency.” Automotive Engineering, Aug 03, 2016.

Theiss, T., T. Alleman, A. Brooker, A. Elgowainy, G. Fioroni, J. Han, S. Huff, C. Johnson, M. Kass, P. Leiby, R. U. Martinez, R. McCormick, K.
Moriarty, E. Newes, G. Oladosu, J. Szybist, J. Thomas, M. Wang, B. West. (2016). Summary of High-Octane Mid-Level Ethanol Blends Study.
Oak Ridge National Laboratory, National Renewable Energy Laboratory, and Argonne National Laboratory.

Leone, T., Olin, E., Anderson, J., Jung, H. et al., “Effects of Fuel Octane Rating and Ethanol Content on Knock, Fuel Economy, and CO2 for a
Turbocharged DI Engine,” SAE Int. J. Fuels Lubr. 7(1):9-28, 2014, doi:10.4271/2014-01-1228.

Farrell, John, John Holladay, and Robert Wagner. “Fuel Blendstocks with the Potential to Optimize Future Gasoline Engine Performance:
Identification of Five Chemical Families for Detailed Evaluation.” Technical Report. U.S. Department of Energy, Washington, DC. 2018.

Leone, T., J. Anderson, R. Davis, A. Igbal, R. Reese, M. Shelby, W. Studzinski, “The Effect of Compression Ratio, Fuel Octane Rating, and
Ethanol Content on Spark-Ignition Engine Efficiency,” Environ. Sci. Technol. 2015, 49, 10778-10789.

Splitter D, Pawlowski A and Wagner R (2016) A Historical Analysis of the Co-evolution of Gasoline Octane Number and Spark-Ignition Engines.
Front. Mech. Eng. 1:16. doi: 10.3389/fmech.2015.00016

Irwin, S. and D. Good. (2016). “The Competitive Position of Ethanol as an Octane Enhancer.” farmdoc daily (6):22, Department of Agricultural
and Consumer Economics, University of lllinois at Urbana-Champaign, February 3, 2016.

Hirshfeld, D. & Kolb, J. & Anderson, J. & Studzinski, W. & Frusti, J. 2014. Refining Economics of U.S. Gasoline: Octane Ratings and Ethanol
Content, Environmental Science and Technology. 48 (19), 11064-11071. DOI: 10.1021/es5021668

Jan Lewandrowski, Jeffrey Rosenfeld, Diana Pape, Tommy Hendrickson, Kirsten Jaglo & Katrin Moffroid (2019). The greenhouse gas benefits of
corn ethanol — assessing recent evidence, Biofuels, DOI: 10.1080/17597269.2018.

Ibid.
GREET. The Greenhouse gases, Regulated Emissions, and Energy use in Transportation Model. (2019) Argonne National Laboratory.

Stackelberg, K., Buonocore, J., Bhave, P, & Joel A. Schwartz. (2013). Public health impacts of secondary particulate formation from aromatic
hydrocarbons in gasoline. Environmental Health 2013 12:19. https://doi.org/10.1186/1476-069X-12-19

Li etal. (2016).

Li, K., Wang, W., Ge, M., Li, J. & Dong Wang. 2014. Optical properties of secondary organic aerosols generated by photooxidation of aromatic
hydrocarbons. May 12, 2014. Scientific Reports volume 4, Article number: 4922 (2014). https://doi.org/10.1038/srep04922



https://farmdocdaily.illinois.edu/2016/02/ethanol-position-as-octane-enhancer.html
https://doi.org/10.1186/1476-069X-12-19
https://doi.org/10.1038/srep04922

