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Ethanol's boosters have cited three policy objectives in defense of ethanol's subsidies and
import protections: Increasing the nation's energy security by reducing reliance on imported
oil, reducing the environmental impact of petroleum use, and supporting U.S. farmers and
rural economies.’

This Bloomberg Government Briefing evaluates academic and government research on
ethanol's record in meeting the three goals—that is, the nation’s return on its investment of
almost $37 billion in subsidies since 1978 ($5.68 billion in 2010 alone). Based on a review
of more than 30 government, academic and trade group studies and dozens of journal and
news articles, the briefing concludes:

Energy Security — Corn-based ethanol, which represents virtually all U.S.
ethanol production, can't free the nation from dependence on foreign oil. Corn
is too inefficient to be more than a bit player in the nation’s supplies of liquid
transportation fuels. The gasoline displaced by corn ethanol in 2010 produced
an "energy security" benefit of $3.36 billion. Cellulosic ethanol, derived from
grasses and agricultural wastes, is more energy efficient but it has not met
expectations to date because of its expensive and complex production process.

Environmental Impact — Corn-based ethanol offers modest environmental
benefits compared with gasoline. Although its production and use create less

greenhouse gas, it also contributes to water pollution and global deforestation
and may increase smog.

Economic Impact — Ethanol contributes to increased global food prices, as
higher corn demand pushes up costs throughout the food chain, from cereal makers
to chicken farmers. Although the impact in the U.S. has been modest, the issue is a
growing concern for developing countries dependent on grain imports.
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Energy Security

Reducing Reliance on Imported Oil

The primary argument for ethanol has always been its potential to reduce oil imports.
The U.S. economy is vulnerable both to interruptions in supplies and to the pricing power of the
OPEC cartel.” OPEC controls about 70 percent of global oil reserves, most of that in the volatile
Middle East.” Ten of the 11 U.S. recessions since World War II have been preceded by sharp
increases in oil prices, including the six downturns since 1970 (see Figure 1).*

Figure 1: Oil Prices and the Economy
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The issue of energy security remains as salient today as it was in the 1970s. U.S. oil
imports increased 61 percent between 1975 and 2010, as consumption increased 17 percent
while domestic production declined by 25 percent. The U.S. imported 49 percent of its
petroleum in 2010, down from a peak of 60 percent in 2005 (see Figure 2).’
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Figure 2: U.S Petroleum Production, Consumption and Imports 1975-2010
(billions of barrels)
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Despite its increasing production, corn-based ethanol has made only a limited
contribution to energy independence due to its inefficiency as a fuel source. Because it takes
about 1.5 gallons of ethanol to provide the 125,000 BTUs of energy in one gallon of
gasoline,® the 13.2 billion gallons of ethanol produced in 2010 displaced about 9 billion
gallons of gasoline, or 6.8 percent of U.S. gasoline consumption.’

Research suggests even modest reductions in U.S. demand for foreign oil can yield
significant economic benefits. Research scientist Paul Leiby of Oak Ridge National
Laboratory calculated that the U.S. saves about $16.63 in 2009 dollars ($16.90 in 2010
dollars) for every barrel of oil imports saved through reduced consumption or increased
domestic production. About two-thirds of the benefit results from the "monopsony"
component — the degree to which U.S. demand affects world crude prices. The remainder of
the benefit was attributed to reducing the risk to the U.S. economy of oil price shocks and
interruptions. The analysis did not attribute any savings to potential reductions in U.S. defense
spending or costs of maintaining the Strategic Petroleum Reserve, because of the difficulty in
ascertaining the extent to which those costs would vary with oil imports.® EPA has adopted
Leiby's methodology in its impact analysis on the Renewable Fuels Standard, although it did
didn't include the monopsony benefits in its calculation.” The Renewable Fuels Standard,
enacted by Congress in 2005 and expanded in 2007, requires use of 15 billion gallons of
renewable fuel in 2012, rising to 36 billion gallons in 2022.

Using Leiby's methodology, Bloomberg Government calculates the security value of
the 8.9 billion gasoline-equivalent gallons displaced by ethanol in 2010 at $3.36 billion
(see Table 1).
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Table 1: Energy Security Value of Gasoline Displaced by Ethanol (2010)

Header Header
Energy security value/barrel per Leiby (2009 $) 16.63
GDP deflator (CPI) x 1.016
Energy security value/barrel (2010 $) $16.89
Number of gallons refined product/barrel /45
Energy security value per gallon $0.38
2010 U.S. ethanol production (billion gallons) 13.23
Number of gallons ethanol/1 gallon gasoline /1.48
Equivalent gasoline (billion gallons) 8.94
Energy security value of gasoline displaced (billion $) $3.36

(per gallon value x equivalent gallons)

Source: Paul Leiby, Oak Ridge National Laboratory, Bloomberg Government.

Impact on Gasoline Prices

Ethanol has had a mixed record for consumers, at times reducing pump prices, sometimes
increasing them, depending on the relative cost of crude oil and corn. Consumer savings at
the pump, when they have occurred, have been uneven across regions.

As the congressional debate over ethanol subsidies neared its climax this summer, the
Renewable Fuels Association, the industry's main trade group, ran ads claiming ethanol reduced
gasoline prices by 89 cents per gallon in 2010, saving the average household more than $800 for
the year.'® The ads were based on an April 2011 RFA-funded study by economists from the
University of Wisconsin and lowa State University. The study concluded that the growth in
ethanol production reduced wholesale gasoline prices by an average of 25 cents per gallon from
January 2000 to December 2010. The impact was larger in 2010 because of increased ethanol
production and high crude oil prices, according to the authors.''
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Figure 3: Wholesale Ethanol and Gasoline Prices 2007-2011 (dollars per gallon)
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Source: Bloomberg.

A November 2008 study by McKinsey & Co. for the Department of Energy's National
Renewable Energy Laboratory cast doubt on an earlier study by the RFA researchers.
McKinsey reviewed the earlier Renewable Fuels Association study and four other reports,
each of which found ethanol had reduced prices. McKinsey concluded that the previous
studies failed to account for the reduced mileage produced by ethanol versus gasoline and
improperly assumed that all savings in reduced production costs were passed on to
consumers.'* Consumers will pay more on a mileage-adjusted basis when ethanol exceeds
61.2 percent of the fossil gasoline price, the study calculated.

The report concluded that mileage-adjusted retail gasoline prices were then about
17 cents a gallon lower than they would have been with no ethanol. " The savings result not
only from the substitution effect — when the mileage-adjusted cost of ethanol is less than that
of fossil gasoline — but also because ethanol's octane content allows refineries to increase the
fossil gasoline yielded from a barrel of crude. The biggest cost advantage provided by ethanol
is in the 22 states'” that use cleaner-burning "reformulated" gas with a higher oxygen content.
With the demise of MTBE, '® ethanol is virtually the only oxygenate used and is about 51 cents
a gallon cheaper than fossil alternatives. Because reformulated gas represents 30 percent of
total U.S. consumption, the savings translate to 15 cents a gallon nationwide.

Consumers in markets where ethanol isn't widely accessible are unlikely to see any savings.
Producers whose ethanol blending gives them lower production costs have no incentive to pass
the savings on to consumers, the McKinsey study found, because the regional market price is
set by the highest-cost producer. The Renewable Fuels Association says that is less of a factor
now, with more than 90 percent'’ of gasoline containing ethanol.
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Environmental Impact

Greenhouse-Gas Emissions

Lifecycle calculations attempt to capture the net greenhouse gas emissions produced during all
stages of fuel and feedstock production, distribution and use. Cellulosic ethanol has the potential to
reduce lifecycle greenhouse gas emissions by half or more compared with gasoline.'® Corn
ethanol's impact on greenhouse gases is more modest and the subject of much debate.

Producing and distributing corn ethanol results in more greenhouse gas emissions than gasoline
made exclusively from crude oil, because planting, fertilizing and harvesting corn uses more
energy from fossil fuels than the drilling, refining and delivery process for gasoline. "’

However, corn removes carbon dioxide from the atmosphere as it grows and corn ethanol
and gasoline produce similar amounts of greenhouse gas emissions in combustion.?” The net
impact of biofuels on greenhouse gas emissions is affected by the fuel feedstock (e.g., corn),
the process used to convert the feedstock, the source of energy used to run it, and land-use
changes resulting from conversion of forests and grassland to farming.

The impact of land-use changes is the least settled of the components determining ethanol's
greenhouse gas emissions. Early studies found corn ethanol increased greenhouse gas emissions
versus gasoline over a 30-year lifespan,*' while a 2011 study by Argonne National Laboratory
found that, on average, corn ethanol production and use caused 24 percent less greenhouse gas
emissions than gasoline.22 EPA's current estimates are slightly more conservative. The agency's
2010 Regulatory Impact Analysis on the expanded Renewable Fuels Standard concludes that corn
ethanol at new natural gas-fired facilities using advanced technologies will cut greenhouse gases
versus gasoline by more than 20 percent.*

Economic Impact

The ethanol industry has boosted farm economies and food prices, though the
significance is disputed.

Impact on Rural Economies

Ethanol production contributed $36 billion to household incomes in 2010, generating
$8.6 billion in federal tax revenue, according to an analysis conducted for the Renewable
Fuels Association by economist John Urbanchuk.?* Urbanchuk calculated that the industry
directly employs more than 70,000 people — including more than 45,000 agricultural
workers and 8,600 refinery plant workers — and indirectly supports an additional 330,000
jobs. He acknowledged that his analysis doesn't capture the net benefit to the U.S. economy
because it doesn't calculate the increased economic activity that would occur in other sectors
such as crude oil refining without ethanol production.” Critics, including the environmental
advocacy group the Natural Resources Defense Council, say the RFA's analysis exaggerates
the industry's impact.”
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Eight of the 10 states with the largest increase in cropland prices from 2007 through 2011
also ranked in the top 10 for ethanol production. Nebraska, lowa and South Dakota, three of the
top five ethanol-producing states, each saw cropland values increase by more than 50 percent
during the period while cropland prices nationally increased 20 percent.”’

Pepperdine University researchers who looked at county employment and wage data for
Corn Belt states found "insignificant" increases in wages and employment levels in counties
with high and medium levels of ethanol production capacity compared with counties that
don't produce ethanol.?®

Impact on Food Prices

Ethanol now consumes about 40 percent of the U.S. corn crop, four times its share in
2002, a rise that has contributed to a debate about the impact of biofuels on food prices.*’
The "food vs. fuel" debate was crystallized in a 2007 Foreign Affairs article by two
University of Minnesota economists, who asserted that filling up an SUV with pure ethanol
would require "over 450 pounds of corn — which contains enough calories to feed one
person for a year."*°

Corn prices have more than tripled since 2005, nearly doubling in the last year alone.
Ethanol production is one of a combination of factors that has contributed to rising corn
prices, including poor harvests overseas and the weakening of the U.S. dollar, which makes
U.S. exports cheaper.”'

Although the impact of rising corn prices on U.S. consumers to date has been modest, the
increasing use of food crops for biofuels (including sugar cane, soybean oil and cassava) has
generated international concern.>? Biofuels can influence prices of other crops, such as
wheat, because those crops can substitute for corn in consumption and compete with corn for
land and other inputs.™

Figure 4: Ethanol's Growing Share of U.S. Corn Production (millions of bushels)
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Source: USDA World Agricultural Supply and Demand Estimates.

Figure 5: Ethanol's Growing Share of U.S. Corn Production Accompanied a
Tripling in Prices (millions of bushels)
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Source: USDA World Agricultural Supply and Demand Estimates.

A June 2011 report to G-20 agriculture ministers from 10 major nongovernmental
organizations, including the World Trade Organization, the World Bank and the United
Nations World Food Program, concluded that mandates on biofuel production "aggravate the
price inelasticity of demand that contributes to volatility in agricultural prices."** While food
prices have long been influenced by the price of oil due to farmers' use of petroleum-based
fuel and fertilizer, corn ethanol creates a more direct link between the prices of food and
petroleum.”

A considerable body of research has concluded that corn ethanol and other biofuels have
contributed, along with increasing international appetites, to rising food prices. The
Congressional Budget Office estimates that the increased use of ethanol accounted for
10 percent to 16 percent of the rise in U.S. food prices between April 2007 and April 2008,
requiring an increase of $675 million to $975 million in U.S. spending on federal domestic
food aid programs.*®

EPA estimates that the renewable fuels mandates will increase U.S. food costs by $10 per
person per year by 2022 while cutting exports of corn and soybeans by up to 10 percent.>” While
the impact may be modest for Americans, who spend an average of 10 percent of disposable
income on food,® even small increases can be devastating to the poor, particularly in developing
countries, where food spending can consume as much as 70 percent of income.
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For more than three decades, proponents of ethanol have promised that the homegrown
fuel would help free the U.S. from dependence on foreign oil, clean the air and revive farm
economies. For as long, ethanol’s critics have decried ethanol subsidies as wasteful corporate
welfare that accomplished little but increased corn prices.

Ethanol's accomplishments are more modest than supporters have contended and more
significant than its critics have acknowledged. Corn ethanol is now a mature technology and its
limitations are clear: It's unlikely to displace more than 10 percent of U.S. gasoline
consumption, providing the U.S. economy only small cushion against oil price shocks.
Environmentally, it helps efforts to curb greenhouse gases but, as noted in the appendix (see
page 12), it adds to fertilizer runoff and has a mixed record on ozone. Economically, it has
primarily benefited farmland owners while contributing to higher grain and meat prices, a
major concern to poor food-importing countries.

The final verdict on the nation's ethanol investment won't be rendered for another decade or
more. Even its harshest critics may be forced to concede the wisdom of this investment if corn
ethanol leads to economical second-generation biofuels, such as those produced from cellulosic
feed stocks, that can displace more gasoline while not competing with food crops. As will be
demonstrated in Part 3 of this series, second-generation ethanol is far from a sure thing.

ABOUT THE ANALYST

Rich Heidorn Jr., leader of the Bloomberg Government energy analysts
team, has been writing about ethanol and other energy issues for more than
25 years. He worked for 17 years as a reporter and editor for The
Philadelphia Inquirer, where he won several state and national awards for
) investigative and business reporting, including the National Press

l‘ Foundation's 1998 energy reporting award. After earning an MBA, he
served as general manager of an Internet startup providing news and market data for electric
and natural gas traders. He worked as an investigator and analyst for the Federal Energy
Regulatory Commission from 2002 through 2010.
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Environmental

Smog

Although EPA has touted ethanol since 1990 as a weapon against urban smog from auto
pollution,* the agency now says increased ethanol use will increase ground-level ozone, an
air pollutant harmful to breathe and a main ingredient of smog.*'

Ground-level ozone is produced when nitrogen oxides (NOXx), volatile organic
compounds (VOCs), and carbon monoxide (CO) react with sunlight. The 1990 amendments
to the Clean Air Act mandated use of oxygenates such as ethanol to reduce emissions of
ozone precursors in regions that failed to meet air-quality standards. **

While the Renewable Fuels Association asserts that ethanol reduces smog pollution,*?
research since 1990 has raised questions about those benefits.** A 1999 study by the National
Research Council, part of the National Academies, found ethanol had little impact on
reducing smog and might worsen the problem in some regions.45 The study found ethanol
appeared to increase emissions of nitrogen oxides, a more important cause of smog in some
regions than volatile organic compounds are, while producing only small decreases in
emissions of volatile organic compounds and carbon monoxide as well as their reactivity.
The study also found ozone models used by regulators were based on limited data and
ignored other influences on emissions.*®

EPA's 2010 Regulatory Impact Statement on the Renewable Fuels Standard predicts
increased biofuels use will "adversely impact ozone air quality over much of the U.S.,
especially in the Midwest, Northeast and Southeast." EPA says expanded ethanol use will
help some populous areas with poor air quality by reducing tailpipe emissions of VOCs
while increasing NOx emissions at production facilities in areas where that pollutant is a
bigger contributor to ozone.*’

Like oil refineries, ethanol production facilities can release air pollutants that contribute
to smog. Through fiscal year 2006, EPA reached settlements with 27 ethanol producers and
grain processors to reduce more than 100,000 tons a year of pollutants at a cost of more than
$384 million.*"

The agency also predicts increased biofuels use will result in more particulate-matter
pollution. It estimates an additional 69 to 245 premature deaths a year by 2022 from ozone
and particulate exposure related to increased biofuels use.*’

Fertilizer Runoff, Recultivation

Biofuel production can harm ground and surface water quality because of erosion and
fertilizer runoff from cornfields. More than a quarter of the nitrogen applied to corn fields
typically ends up in water supplies. EPA has blamed fertilizer runoff as a contributor to the
so-called dead zone in the Gulf of Mexico, an area in which oxygen concentrations fall
below the level needed to sustain most animal life.”® The agency predicts nitrogen and
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phosphorus levels in the Mississippi River will increase about 1 percent by 2022 as a result
of increased biofuels use.”'

In addition, ethanol production threatens to undercut the USDA’s Conservation Reserve
Program, which pays farmers to set aside a portion of their cropland for buffer zones to
conserve wildlife habitats, reduce erosion and protect water quality. One study cited by EPA
estimated that high corn prices resulting from corn ethanol production could lead to the
cultivation of up to 70 percent of the expiring acreage enrolled in the program in lowa.>

Economic

Reduced Revenue for the Highway Trust Fund

Until 2004, the ethanol subsidy was funded by a partial exemption from the motor fuel
excise tax, which is also the funding source for the Highway Trust Fund. The tax exemption
resulted in a $14 billion less revenue for the Highway Trust Fund from 1980 through 2004
($20 billion in 2010 dollars),” enough to construct 4,200 miles of new four-lane highways.>

A 2004 study comparing state highway fund apportionments concluded that all but six
states™ lost highway apportionments as a result of the ethanol subsidy from 1981 through 1996,
with 10 states™ losing more than $100 million each (in 1996 dollars) during that period.

After 2004, the subsidies were deducted from the general fund.

Automakers Exploit Fuel-Economy Act

About 10 million cars and light trucks are built to run on 85-percent ethanol blends
(E85).”” Due to ethanol's cost and E85's limited availability, however, only about five
percent of those vehicles, mostly fleet vehicles, are currently running on the high-ethanol
blend.™

Automakers have continued to produce these "flexible fuel vehicles" primarily to avoid
fines for failing to meet federal fuel-economy standards, according to a recently published
paper. Corporate average fuel economy (CAFE) standards require automakers to achieve a
minimum average mileage across their entire vehicle production. The Alternative Motor
Fuels Act modified CAFE regulations beginning in 1993, allowing manufacturers to improve
their mileage ratings by adding flexible fuel capacity at a cost of $100 to $200 for each
vehicle. The provision was intended to induce automakers to make flexible-fuel vehicles in
the hope that an ethanol fueling infrastructure would be built.

The paper by researchers from the University of Chicago and Michigan State University
found that Chrysler would have fallen short of the mileage standard for light trucks every
year from 1999-2002 if not for the flexible-fuel provision, while Ford would have missed the
light-truck standard every year from 1999-2005, except 2001.>°
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