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The “Energy Balance” of Ethanol

The term “energy balance” refers to the difference between the amount of
energy needed to produce a fuel and the energy the fuel contains. It takes
energy to transform any product from one form into another.

According to research at the U.S. Department of Energy’s Argonne National
Laboratory, for every unit of energy delivered at the pump, corn ethanol
requires 0.76 units of fossil energy, and gasoline requires 1.22 units. This
means that the use of corn ethanol results in the consumption of 40 percent
less fossil energy than the gasoline it replaces.?

Most of the fossil energy consumed in making corn ethanol goes to processing
the feedstock — from cooking and distilling to drying the distillers grains. Very
little fossil energy is needed to make ethanol if renewable energy is used for
processing. (In Brazil, sugar cane waste known as “bagasse” is used for boiler
fuel. As a result Brazilian ethanol contains eight times more energy than was
required to make it.)?

Ethanol from cellulose is expected to have a similar fossil energy balance (and
therefore a related reduction in greenhouse gas emissions). In one assessment,
cellulosic ethanol from wood residue required less than 20 percent of a unit of
fossil energy to deliver a unit of energy; corn stover required less than 10
percent.’

The fossil energy balance of corn ethanol will improve as corn stalks, wood
waste or methane from cattle manure is used for heat in processing ethanol
feedstocks, as already done at some U.S. facilities.”

The energy balance of biofuels production is constantly changing as
technologies evolve and are refined. The current generation uses less energy
to produce than early versions did, and next-generation technologies are now
coming online that have the potential to greatly alter the energy balance in
biofuels’ favor, such as by recovering biogas from waste to fire ethanol
boilers. A 2002 study by the U.S. Department of Agriculture (USDA) found
that corn ethanol contains 1.34 units of energy for each unit of energy used in
its production.® Just two years later, in 2004, the USDA found that corn
ethanol contains 1.67 units of energy per unit of energy input.” Advances in
our understanding will continue to lead to greater efficiencies in production of
all forms of ethanol, from corn to cellulosic.

A leading environmental group looked at this issue recently and concluded:
“Skeptics have claimed that ethanol could never meet our transportation



energy needs, but the barriers are beginning to crumble. For instance, critics
have argued that manufacturing ethanol — from corn or other plants —
requires more energy from fossil fuels than it produces. However, two
recently published reviews of the scientific literature show experts think
otherwise: Ethanol offers net energy savings when compared with gasoline,
even when one takes into account the fuel needed to make fertilizer, to run the
tractors that plow the fields and harvest the crops, and to process the plant
material into ethanol fuel.”®

For more on the energy balance of biofuels and other facts, go to
http://www.energyfuturecoalition.org/biofuels/. For more on 25x’25, go to
Www.25x25.0rg.

REFERENCES

! The Second Law of Thermodynamics

M. Wu et al., “Fuel-Cycle Assessment of Selected Bioethanol Production Pathways in the United
States, Argonne National Laboratory, Nov. 7, 2006, p. 33
(http://www.transportation.anl.gov/pdfs/TA/377.pdf).

Also, Jason Hill et al., “Environmental, economic, and energetic costs and benefits of biodiesel
and ethanol biofuels,” Proceedings of the National Academy of Sciences, Vol. 103, No. 30, July
25, 2006, pp. 11206-10 (http://www.pnas.org/cgi/content/abstract/103/30/11206) (subscription
required for access to full text).

The analytical defects include a failure to credit the energy content of byproducts, such as animal
feed, out-of-date data, and unusual system boundaries: Pimentel includes “food intake by
farmers, ethanol plant construction materials, and farming equipment materials and manufacture.
Patzek (2003) further includes the solar energy embedded in corn kernels.” — Michael Wang,
“Updated Energy and Greenhouse Gas Emissions

% Suani Coelho, “Brazilian Sugarcane Ethanol: Lessons Learned,” presentation to the Scientific
and Technical Advisory Panel of the Global Environment Facility, workshop on liquid biofuels,
New Delhi, India, Aug. 29-Sept. 1, 2005
(http://www.unep.org/stapgef/documents/Wshop/liquid _biof2005/EthanolBR.ppt).

*M. Wu et al., “Fuel-Cycle Assessment of Selected Bioethanol Production Pathways in the United
States, Argonne National Laboratory, Nov. 7, 2006, p. 33
(http://www.transportation.anl.gov/pdfs/TA/377.pdf).

® See also Natural Resources Defense Council and Climate Solutions, “Ethanol: Energy Well
Spent — A Survey of Studies Published Since 1990,” Feb. 2006
(http://www.nrdc.org/air/transportation/ethanol/ethanol.pdf).

® Hosein Shapouri, James A. Duffield, and Michael Wang, “The Energy Balance of Corn Ethanol:
An Update,” U.S. Department of Agriculture, Office of the Chief Economist, Office of Energy
Policy and New Uses, Agricultural Economic Report No. 814,
http://www.usda.gov/oce/reports/energy/aer-814.pdf

" Hosein Shapouri, James Duffield, Andrew McAloon, and Michael Wang, “The 2001 Net Energy
Balance of Corn-ethanol,” U.S. Department of Agriculture, Office of the Chief Economist,
http://www.ncga.com/ethanol/pdfs/netEnergyBalanceUpdate2004.pdf

8«Fuel Made From Amber Waves of Grain: Homegrown ethanol can help solve our oll
dependence and global warming,” OnEarth magazine, published by NRDC, Summer 2006.



