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Introduction

Much of the strong support for biofuels in the United States is premised on the national se-
curity advantages of reducing dependence on imported oil. In late 2007, these expected pay-
offs played a major role in driving an extension and expansion of the national Renewable Fuels
Standard in the U.S. Energy Independence and Security Act, which calls for the use of 36 bil-
lion gallons of biofuels nationwide by 2022.

Worldwide, efforts to replace oil with biofuels are at a critical juncture. Double-digit growth
in ethanol and biodiesel use during the past three years has contributed to a rapid increase in
food, feed grain, and soybean prices, as well as a sharp environmental backlash. Evidence is
building that the biofuels industry is creating a host of ecological problems while failing to de-
liver real reductions in greenhouse gas emissions. Demand for biofuels is also creating global
pressure for carbon-emitting deforestation and land conversion, as food and fuel compete for
scarce resources.

Over the next decade and beyond, U.S. national, state, and local policy must focus on de-
veloping sustainable biofuels—rather than just more biofuels—that can play a role in the
emerging new energy economy. These fuels should be seen as part of an expanded renewable
energy portfolio that emphasizes greater fuel efficiency and reduced demand as well as the de-
velopment of new sustainable energy technologies that may one day go beyond biofuels. But
this can only succeed if we avoid the mistakes of the past.

Smart Choices for Biofuels

3

Biofuels Today

The two most common biofuels in the United States
today are ethanol and biodiesel, with corn-based
ethanol leading by a wide margin. These biofuels are
not used in isolation but are instead blended into
conventional fuels, with ethanol mixed into gasoline
and biodiesel blended into petroleum diesel. (See
Sidebar 1.)

The growth in U.S. ethanol production over the
past few years dwarfs other transportation fuel op-
tions that are increasingly available or are nearing
commercial production. This outcome was driven in
part by the substitution of ethanol for MBTE, a gaso-
line additive that was found to be a major source of
groundwater contamination. It was also a response to
recent high oil prices and to the political popularity
of ethanol’s perceived contributions to energy secu-
rity and rural development.
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Figure 1. U.S. Biofuels Production, 1990–2008
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In 2008, U.S. production of corn ethanol reached
an estimated 9 billion gallons, a relatively small

amount compared to the 390 billion gallons of motor
gasoline consumed in the country every day.1 (See Fig-
ure 1.) The U.S. Department of Agriculture (USDA)
projects that nearly one-third of the nation’s corn crop
will be used to produce ethanol by 2009–10.2 (See Fig-

ure 2.) By volume, however, ethanol is projected to
constitute only some 8.5 percent of annual U.S. gaso-
line use by 2017.3

Biodiesel production has lagged behind ethanol, al-
though the industry has also expanded rapidly in the
last decade. U.S. biodiesel is produced mainly from
soy or waste cooking oil, although some producers are
using canola or cottonseed oil.4

In January 2008, there were 171 biodiesel plants
nationwide—similar to the number of ethanol
plants—but their combined annual capacity was only
2.3 billion gallons.5 Actual biodiesel production in
2007 was only 450 million gallons, compared to the
6.5 billion gallons of ethanol produced that same year.6

Over the last two years, biodiesel production has
lagged significantly behind capacity; even so, another
1.1 billion gallons of capacity is slated to come online
by mid-2009.7

Both corn and soybeans experienced rapid and dra-
matic price increases in recent years as these com-
modities attracted investments, as oil prices rose, and
as the U.S. dollar declined in value. However, high de-
mand triggered by biofuel mandates also contributed
significantly to the price increases.8 These increases
have caused hardship for other agricultural sectors such
as livestock and poultry, since corn is a valuable com-
ponent of animal feed. The USDA projects high price
levels to be maintained to 2017.9

Worldwide, ethanol production grew from 7.8 bil-
lion gallons in 2000 to an estimated 20.9 billion gallons
in 2008.10 Brazil is the biggest ethanol producer after
the United States, producing most of its ethanol from
sugar cane. World biodiesel production has also grown
rapidly as more countries adopt mandates to use a per-
centage of biofuels in their domestic energy supplies.
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Figure 2. Corn Used in Ethanol Production, 1980–2008
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Sidebar 1. Biofuels Basics: Understanding Biomass, Bioenergy,
and Biofuels

Biofuels include ethanol, biodiesel, ethyl tertiary butyl ether (ETBE), butanol,
and others. At the moment, most of these fuels are made from three kinds of
agricultural feedstocks, which are also used for food:
• sugar crops, including sugar cane, sugar beets, and sweet sorghum;
• starch crops, including corn, wheat, barley, rye, cassava, sorghum grain, and
other cereals; and
• oilseed crops, including rapeseed/canola, soybeans, sunflower, mustard,
and others.

Bioenergy is energy derived from “biomass,” or any kind of plant or animal
matter. The most traditional source of bioenergy is fuel wood or animal
dung, burned in open fires for heating and cooking. In the United States,
“biofuel” refers most often to liquid fuels for transportation, whereas “bioen-
ergy” is commonly used to describe electricity or thermal energy generated
from renewable biomass sources. Two modern ways to produce energy from
biomass are to burn it directly in furnaces and gasifiers and to ferment bio-
mass to produce biogas.

Biofuel production uses both old and new technologies. Conventional “first-
generation” ethanol is made by fermenting sugars from plants with high
starch or sugar content into alcohol, using the same basic methods that
brewers have relied on for centuries. The purest form of biodiesel is straight
vegetable oil, but a more refined form uses a fairly simple process called
transesterification to produce methyl esters (basically, diesel).

“Second-generation” biofuel technologies employ more sophisticated
processes to convert biomass into fuel. These include enzymatic and other
processes to convert cellulose from grasses and waste wood into ethanol
and other fuels, and to process animal waste and fat, algae, and urban
wastes into biodiesel. Other technologies produce not only ethanol and
biodiesel, but also bio-butanol, methanol, liquid hydrogen, bio-gasoline, and
synthetic diesel.
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Despite ambitious government mandates and strong fi-
nancial support for the biofuels industry, so-called
“first-generation” biofuels have raised a variety of eco-
nomic, social, and environmental concerns. New in-

formation points to the urgent need for a major shift to
more-advanced biofuels to prevent negative effects on
the climate, land, soil, water, air, and rural economies.

Climate. Producing and using first-generation bio-
fuels can release more greenhouse gases than are ab-
sorbed during biomass growth. These emissions occur
when new land is cleared for cultivation; when fertil-
izer and pesticides are manufactured, transported, and
applied; when energy is used to run farm machinery,
pump irrigation water, and operate refineries; and
when the fuel is transported and used. The total global
warming footprint depends on what feedstock is used,
how and where this feedstock is grown, any land-use
changes, and how the fuel is processed. Scientists dis-
agree about the potential benefits of corn ethanol;
some estimates suggest that it provides a 12 to 18 per-
cent net reduction in emissions compared to gasoline,
but these figures assume that the refineries are fueled
by natural gas.11 If more-polluting coal power is used,
the lifecycle emissions are higher than those associated
with gasoline.12 (See Sidebar 2.)

Land, soil, and conservation. The corn ethanol
boom poses a particular threat to the U.S. Conserva-
tion Reserve Program (CRP), which encourages farm-
ers to “set aside” or retire their marginal lands from
production as a way to curb soil erosion, improve
wildlife habitat, and restore watersheds.13 Some sur-
veys indicate that CRP land was reduced by 16 per-
cent in 2007 alone, and an additional 28 million-plus
acres are set to expire by 2010.14 With rising demand
for corn, landowners will have a continued economic
incentive to return much of this land to production.

Water. A report from the U.S. National Academy
of Sciences concludes that producing up to 15 billion
gallons of corn ethanol annually will result in consid-
erable harm to the nation’s water quality, mainly from
increased nitrogen and phosphorous pollution.15

Other research has estimated that the increase in corn
production in 2007 alone would cause total nitrogen
runoff to rise by 2.3 percent, further adding to the
problem of “dead zones” in the Gulf of Mexico and
other water bodies like the Chesapeake Bay.16 Corn

ethanol is also very water intensive, not just at the re-
finery stage, where each gallon of fuel produced re-
quires 3–4 gallons of water, but also in the field.17 A
growing concern is the depletion of non-renewable

aquifers, such as the Ogallala Aquifer, which provides
irrigation for much of the southern Great Plains.18 As
many as nine new ethanol refineries are slated for con-
struction above the Ogallala, including in areas where
the water table has already dropped significantly.19

The increase in water demand from these refineries
alone is expected to be 2.6 billion gallons annually,
equivalent to the water consumption of 70,000 aver-
age Americans.20

Air pollution. Biofuel production, refining, and
burning emit a variety of air pollutants in addition to
greenhouse gases, such as smog-forming compounds
and particulates. In April 2007, the U.S. Environ-
mental Protection Agency relaxed the rules for ethanol

The Effects of First-Generation Biofuels

Sidebar 2. Why Corn Ethanol Isn’t Necessarily Climate-Friendly

The climate impact of biofuels depends in large part on how the feedstock is
managed and what kind of land is used to produce it. A 2006 study from the
University of California at Berkeley concluded that each acre of corn feed-
stock generates the equivalent of 2.7 tons of carbon dioxide emissions each
year. The study found that, on average, nearly 40 percent of these emissions
occur during the agricultural phase of production, three-quarters of which
are from the use of inorganic fertilizer. Producing and transporting fertilizer
requires large amounts of fossil fuel, and nitrogen fertilizer itself degrades
into nitrous oxide, a potent greenhouse gas.

Because corn depletes soil nutrients, it is typically rotated annually with a
legume crop, such as soybeans, to restore soil nitrogen levels. In 2006 and
2007, however, many U.S. farmers chose to skip this rotation because it ap-
peared to be more profitable to produce corn. When corn is grown more in-
tensively, more chemical inputs must be applied.

Global warming impacts from farming also occur when soils degrade over
time and lose their organic carbon stores, including during tilling. Corn culti-
vation in particular has been criticized for reducing soil carbon. This concern
is especially salient when corn production moves onto land that has been
set aside for conservation.

During ethanol refining, as much as 90 percent of the lifecycle greenhouse
gas emissions can come from powering the process with natural gas. For
ethanol plants that burn coal, this use of coal power accounts for nearly 100
percent of the emissions in the refining stage. Unfortunately, as natural gas
prices have climbed, ethanol refineries have turned increasingly to coal as a
cheaper energy source.

Sources: See Endnote 12.



refineries, allowing them to double their emissions of
certain regulated air pollutants.21 All of these pollu-
tants are known to harm human health, including par-
ticle pollution, ozone, carbon monoxide, sulfur oxides,
nitrogen oxides, and lead. Additionally, some research
indicates that compared to gasoline, high-level ethanol
blends may increase the formation of ground-level
ozone, which contributes to smog and is linked to
some human illnesses.22

Economics, markets, and prices. Evidence sug-
gests that the economic benefits of an expanding bio-
fuel industry have not been as great in some U.S. rural
communities as originally estimated. Although farmers
benefited initially from stakes in ethanol cooperatives,
the trend is toward industry consolidation and the
transfer of locally owned biofuel plants to large
agribusiness companies.23 Moreover, corn prices in

2007–08 rose so dramatically that some ethanol re-
fineries had problems with supply; as food prices in-
creased in the United States and abroad, livestock and
poultry producers argued that they could not afford to
compete for corn supplies. When oil prices started to
fall in late 2008, some large ethanol plants that had
bet on continuation of high energy prices announced
they were going out of business.24

Job creation. Many communities have found that
initial estimates of biofuels’ job creation benefits—for
example, 700 permanent jobs in an area near an
ethanol plant—were overblown.25 More realistic esti-
mates are that 130 to 150 jobs may be created from
such facilities when the economy is good.26 However,
this does not include job losses in the livestock indus-
try as corn is diverted from animal feed to ethanol.

6
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Nearly all studies on the role of biofuels in mitigating
global warming and boosting energy security have con-
cluded that “second-generation” (or “advanced”) bio-
fuels, which rely on non-food feedstocks and offer

dramatically improved energy and greenhouse gas pro-
files, are necessary to make wider use of biofuels feasi-
ble worldwide.

Cellulosic technology is one of the most commonly
discussed second-generation biofuel technologies in
the United States. Cellulosic biofuels are derived from
the cellulose in plants, some of which are being devel-
oped specifically as “energy” crops rather than for food
production. These include perennial grasses and trees,
such as switchgrass, which is native to the United
States and has received considerable attention nation-
wide. A variety of other grasses is also being tested, in-
cluding blue grass, gammagrass, and the tropical Asian
grass Miscanthus.27 At the moment, an estimated 55
cellulosic refineries are planned, under construction,
or operating in 31 states.28 Most are expected to begin
operations in 2010 or 2011, but only a few plan to op-
erate at a commercial scale.

The potential yields of cellulosic feedstocks differ
greatly, as do their environmental and energy profiles.
U.S. test plots planted with switchgrass have yielded
enough biomass to produce nearly 1,200 gallons of
ethanol per acre annually, using fewer energy inputs
than corn.29 (In contrast, a bumper crop of 180 bushels
of corn per acre will provide less than 500 gallons of
fuel.30) In practice, however, it makes sense to grow
switchgrass and other perennial biofuel crops on more
marginal lands than in the test plots, and in drier and
colder climates, to avoid competition for good farm-
land. Under these conditions, the grasses will produce
less than 500 gallons an acre, and perhaps as little as
300 gallons, unless yields are improved with breed-
ing.31 The real benefit of the grasses, however, is not in
their yields but in the fact that they can be grown with
relatively little energy input (including minimal inor-
ganic fertilizer and pesticide use), with potentially pos-
itive effects on soil and water quality and wildlife
habitat, and on lands where raising corn, soybeans, and
other food crops would not be feasible.

Crop residues, in the form of stems and leaves, rep-
resent another substantial source of cellulosic biomass.

Corn stover—the stalks and cobs that remain after har-
vesting—is often mentioned, but some studies suggest
that removing even 25 percent of this material from
fields will reduce soil quality and decrease carbon con-

tent, even on prime agricultural land.32 Fast-growing
trees like willow and poplars are also being considered
for their cellulose content, although there are down-
sides when invasive tree species are used and when for-
est removal rates are excessive.

Other advanced biofuel feedstocks include non-
plant sources such as fats, manure, and the organic ma-
terial found in urban waste. In addition, algae
production has great promise because algae generate
higher energy yields and require much less space to
grow than conventional feedstocks.33 Algae also would
not compete with food uses and could be grown with
minimal inputs using a variety of methods.

Second-generation biofuels bring advances in pro-
cessing as well. For biodiesel, newer technologies aban-
don the reliance on natural oil feedstocks, allowing for
larger-scale production, greater use of industrial and
urban wastes, and the creation of synthetic fuels from
a wider range of biomass. Some petroleum companies,
such as Shell, BP, and ConocoPhilips, are investing in
synthetic diesel produced from animal fat, slaughter-
house waste, and other biomass sources using a ther-
mochemical platform.34 (See Sidebar 3.)

The Next Generation: Advancing Biofuels

Sidebar 3. Advanced Biofuels Processing

Broadly speaking, there are two main approaches to second-generation bio-
fuels production, known as the “biochemical platform” and the “thermo-
chemical platform.” Both of these can be used to produce a wide variety of
fuels. In the biochemical platform, enzymes (biological catalysts, usually ob-
tained from microorganisms) or acid are used to break down plant cell walls.
These sugars are then fermented into alcohols (such as ethanol) by micro-
organisms, which are separated through distillation.

In the thermochemical platform, heat, pressure, chemical catalysts, and
water are used to break down biomass in much the same way that petro-
leum is refined. Thermochemical technologies include gasification, fast
pyrolysis, and hydrothermic processing. These technologies can be used to
convert almost any kind of biomass into fuel, from grass to turkey feathers,
giving them a potential advantage over biochemical technologies that rely
on developing specific enzymes to break down specific plant matter.

Source: See Endnote 34.



There are several known ways to reduce the environ-
mental footprint of both first- and second- generation
biofuels. During the crop production stage, this includes
minimizing the use of chemical fertilizers and pesticides

and avoiding fragile land. Soybean and corn farmers are
increasingly using no-till cultivation, whereby a crop is
planted directly into the remaining residue of the last
crop rather than on tilled, exposed soil. One-quarter of
U.S. soybean producers and 10–20 percent of corn pro-
ducers now use this technique, and it is practiced on
about a quarter of the nation’s cropland.36 No-till culti-
vation reduces the greenhouse gas emissions at the farm
level and is listed under the Chicago Carbon Exchange
as a source of “carbon credits.”

Improved management practices on farms that
grow energy crops also include more efficient use of
water, soil resources, and nutrients, and control of
water effluent. Several programs enable U.S. farmers
to measure their performance against production pa-
rameters, and there are many ongoing initiatives to
develop voluntary sustainability standards for biofu-
els.37 Even with more conventional biofuel technolo-
gies, it is possible to significantly reduce harmful
effects by using other feedstocks that are more envi-
ronmentally friendly.38

Refining biofuels using renewable and efficient en-
ergy sources can reduce environmental damage as
well. Using renewable resources instead of natural gas

or coal to provide heat and power for biofuel refiner-
ies would significantly lower greenhouse gas emis-
sions. A 2007 analysis from the Argonne National
Laboratory showed that refining corn ethanol in a fa-

cility fired by wood chips rather than fossil fuels could
achieve emission reductions of 52 percent compared
to gasoline.39 Ethanol plants could also burn the
byproduct distiller’s grains as a process fuel to lower
their emissions (though for now, the grains are more
valuable as livestock feed).40

Climate. Cellulosic and other advanced biofuels
have a better fossil energy balance than do first-gener-
ation biofuels; that is, the amount of fossil energy re-
quired to make the fuel is much lower relative to the
amount of energy gained in return, which can signifi-
cantly lower lifecycle greenhouse gas emissions.41 (See
Figure 3.) In the best-case scenarios, and using current
technology, corn ethanol provides only about a quar-
ter more energy than is invested (in worst-case scenar-
ios, more energy is put into production than is
returned).42 In contrast, cellulosic ethanol will gener-
ate between 4 and 10 times more energy.43

Research shows that sustainable, low-input, and
low-management switchgrass ethanol in three Mid-
western states can yield 5.4 times more energy than in-
vested, though it could be much higher.44 Other
research shows an energy balance of 9 for cellulosic
ethanol—meaning that the useful energy provided by
the ethanol is approximately 9 times the energy re-
quired to produce it.45 Current estimates suggest that
fueling our vehicles with cellulosic ethanol could re-
duce greenhouse gas emissions by 86–94 percent com-
pared to gasoline, versus a reduction of only 12–18
percent for the best-performing corn ethanol.46 (How-
ever, some studies show less promising results; the fact
is that we do not yet know all of the effects because
cellulosic ethanol is not yet widely produced at a com-
mercial scale.47)

Moreover, the main cellulosic feedstocks being
considered in the United States—perennial plants—
can protect the soil and require little-to-no tilling, ir-
rigation, or chemical inputs, all of which offer climate
advantages. Cultivation of perennial feedstocks can
even make a positive contribution to a biofuel’s car-
bon balance.48 Taking already degraded agricultural
land or land planted with annual row crops and con-
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verting it to native grasses and trees would increase
the carbon storage on that land. Research shows that

some perennial biofuel crops like switchgrass may
store enough carbon in the soil and their root mass to
overcompensate for carbon released during the rest of
the fuel’s lifecycle, and could actually help take car-
bon dioxide out of the air.49 Cellulosic biofuels may

also offer an emissions benefit during refining, such
as when byproducts such as lignin, rather than fossil
fuels, are used to fuel processing.50

Land, conservation, and water. In a simulation
of soil and water quality impacts over 20 years in a
central Iowa watershed, a team of researchers found
that planting all available land with switchgrass re-
duced sediment flows by 84 percent, nitrogen con-
centrations by 53 percent, and phosphorous by 83
percent.51 Perennial crops such as switchgrass and
other prairie grasses can be harvested annually with

minimal increases in soil erosion, and if the grass is
not cut too low, its removal can still allow habitat for

small animals.52

Job creation. Because second-generation biofuel
feedstocks and technologies do not rely exclusively on
food crops or current technologies, they could have a
positive economic effect on many communities not lo-

cated near centers of food production or highly pro-
ductive agricultural land. One study of potential job
creation in renewable industries estimates that biomass
will account for up to 30 percent of the more than 1.2
million jobs projected in renewable electricity genera-
tion by 2038, and alternative fuels will account for up
to 23 percent of more than 1.4 million jobs in fuel pro-
duction by 2038.53 Another study estimates that in-
vestment in green jobs, including in the biomass sector,
could create 1.5 million additional jobs.54

Today, we face the urgent need to reduce our energy
use and diversify our energy supply as a way to lessen
the risks from global warming and other environmen-
tal, security, and economic disasters. Based on current
projections, no single renewable energy technology—
including biofuels—will be able to compensate for all
of our current and projected energy use. Too much re-
liance on imported oil has been disastrous, but so too
would be overdependence on fuels from agriculture.
Pushing biofuels beyond the limits of sustainability
would undo all of their positive value, which forces us
to look to other solutions “beyond biofuels.”

One of the single biggest steps we can take to re-
duce our greenhouse gas emissions is to use technolo-
gies available today to lower overall fuel use. Cars,
trucks, and other vehicles are responsible for more than
a quarter of U.S. greenhouse gas emissions.55 Meeting
the new fuel economy standard of 35 miles per gallon
in 2020 is expected to lower U.S. oil use by 1.1 million
barrels a day in 2020 and by as much as 2.5 million
barrels a day when fully phased in (or more, if stan-
dards increase beyond 35 mpg).56 Investments in pub-
lic transportation and other alternatives to private
vehicles could also help reduce demand.

Converting biomass into heat or electricity instead
of transportation fuel is a far more efficient use of this
renewable resource, and some experts see biofuels as
only a temporary bridge to more-efficient motor fuel
technologies. Cellulosic ethanol is estimated to have a
conversion efficiency of 35 percent.57 Although this is
a far better ratio than for corn ethanol, burning bio-
mass for electricity or heating rather than for motor
fuel offers conversion efficiencies as high as 90 percent
(versus 35–40 percent for traditional coal-fired power
plants).58 Because of these higher efficiencies, and be-
cause biomass can replace carbon-intensive coal for
electricity, using biomass to produce liquid transport
fuels is in fact a relatively expensive way to reduce
greenhouse gas emissions.59

“Plug-in” hybrid electric cars, which could run on
a combination of liquid biofuels and electricity from
the grid, are one vehicle alternative that may be com-
mercially available within the next year. If the electric-
ity comes mainly from renewable energy sources, such
as wind, hydropower, solar, or biomass combustion,
plug-in hybrids could significantly lower their emis-
sions compared to conventional cars and hybrids—
without even using biofuels.60

Beyond Biofuels
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In 2005, the United States adopted a national Renew-
able Fuels Standard (RFS) that started with a 4 billion
gallon mandate in 2006 and increased to 7.5 billion
gallons by 2012.61 Congress later expanded the man-

date in the 2007 Energy Independence and Security
Act to a target of 36 billion gallons by 2022.62

The new law includes separate, nested mandates for
different renewable biofuels and requires greenhouse
gas reductions. Corn ethanol, for example, can com-
prise only up to 15 billion gallons annually, while ad-
vanced biofuels increase from 600 million gallons in
2009 to 21 billion gallons annually by 2022; 16 billion
gallons of this total must be cellulosic biofuels.63 (See
Figure 4.) The law is a blending mandate, requiring
ethanol to be blended with gasoline.

In addition to establishing a nearly fivefold increase
over the original 2012 target, the new RFS includes
building additional refinery capacity and infrastruc-
ture retrofits to accommodate ethanol transport and
storage needs. It also funds cellulosic biofuels develop-
ment and authorizes $500 million annually for the
production of advanced biofuels that achieve at least an
80 percent reduction in lifecycle greenhouse gas emis-
sions relative to current fuels. Most importantly, the
RFS schedules the introduction of advanced biofuels
into the fuel supply.

Other U.S. energy policies have provided incen-
tives for ethanol for many years, including a 46 cent
per gallon blending credit for U.S. ethanol blenders
and a $1 per gallon credit for biodiesel.* There is also

a 54 cent per gallon tariff on imported ethanol to pro-
tect U.S. producers.

Several factors will shape the role of advanced bio-
fuels in meeting the RFS in years to come. The U.S.
Environmental Protection Agency (EPA) must set vol-
ume standards each year, and if second-generation pro-
duction lags, the EPA can lower the mandatory
contribution requirements—greatly diminishing any
potential advantages. Additionally, the greenhouse gas
requirements apply only to new biofuel plants. As a re-
sult, the 2015 target of 15 billion gallons will be met
largely through existing “grandfathered” facilities, and
for the most part with corn ethanol.

Moreover, although U.S. policy sets targets for bio-
fuel use, these are not caps on production. If production
of corn ethanol continues to be profitable, it will persist
above and beyond any minimum RFS requirement. In-
dustry experts predict that U.S. corn ethanol produc-
tion could eventually amount to more than 30 billion
gallons, up from 9 billion gallons in 2008.64 While the
“blend wall”—the percentage of ethanol that by regu-
lation can be blended into conventional gasoline—is at
present a barrier to increased use of corn ethanol, this
can be eliminated if the EPA decides to raise the per-
centage from its current level of 10 percent.† In fact,
such changes have already been proposed.65

If the RFS mandate is to be part of a real solution to
U.S. dependence on imported fuels and global warm-
ing, it must be re-evaluated in light of changing cir-
cumstances. Four broad changes in U.S. policy would
make biofuels production more environmentally and
socially sustainable and ensure that the use of biofuels
for transportation contributes to the global effort to re-
duce greenhouse gas emissions. These are: developing
sustainability standards; advancing biofuels production
and new technologies; creating green jobs through bio-
fuels production; and promoting policy coherence.

Figure 4. RFS Nested Standards
(Shown with 2022 volumes)

Renewable Fuels, 36 billion gallons

Advanced Biofuels, 21 billion gallons

Cellulosic Biofuels, 16 billion gallons

Biomass-
based
Diesel,

1 billion
gallons

Mostly corn ethanol

Also other fuels which
meet GHG reduction

threshold of 20%

Biodiesel

Must reduce GHG
emissions by 50%

Mostly cellulosic ethanol

Must reduce GHG
emissions by 60%

Mostly imported ethanol,
some renewable diesel

Must reduce GHG
emissions by 50%Source: See Endnote 63.

The Road Ahead: Policies for Sustainable U.S. Biofuel Production

* Before January 1, 2009 the blending credit was 51 cents per gallon.

† Oil Market Report’s User’s Guide and Glossary defines blend wall as, “A limit to blending [biofuels into conventional, oil-
based refined products] due to logistical and infrastructural short-comings or a lack of financial incentive.”
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(1) Developing Sustainability Standards

The RFS requires fuels to meet minimum greenhouse
gas emissions reductions to qualify. Corn ethanol, for
example, must achieve at least a 20 percent reduction
in lifecycle emissions compared to gasoline; biomass-
based diesel must achieve a 50 percent reduction; and
cellulosic biofuels a 60 percent reduction.66 Moreover,
the EPA is required to reevaluate conditions annually
and to adjust emissions requirements by 10 percent if
the negative impacts of increased biofuels production
on the land or on the economy end up being higher
than the benefits. The RFS requires a full lifecycle
analysis from the field to the tank, including both di-
rect emissions as well as indirect emissions from
changes in land use. The EPA has not yet released stan-
dards or methodologies for these calculations, but they
are likely to be controversial.

Many industry and environmental groups, as well
as the State of California, have started to develop sus-
tainability criteria for second-generation biofuels. In
addition to environmental issues, some of these vol-
untary sustainability criteria also look at social im-

pacts, biodiversity, and legal entitlement to land. The
extent to which the EPA is taking into account the
criteria being developed in the private sector and else-
where is unclear.*

California’s Low Carbon Fuel Standard calls for a
10 percent reduction in the carbon intensity of trans-
portation fuels by 2020, based primarily on a global
warming intensity metric. While this metric would
capture many of the environmental parameters associ-
ated with biofuel production, it would not capture the
social ones such as food price increases, consolidated
land holdings, environmental justice considerations,
and the effects of climate change on poor populations.
This shortcoming could be addressed in part by re-
quiring biofuel providers to report on sustainability is-
sues and by requiring the State of California to report
on impacts at the state and global level.

Policy Recommendations:

• Encourage the EPA to work with other agencies, the
State of California, and other stakeholders to estab-
lish agreed sustainability standards and criteria as
soon as possible.

* Office of Management and Budget Circular No. A-119, 2/10/98 encourages federal agency use of voluntary reference
standards where appropriate.

Switchgrass growing at a U.S.
national laboratory.
Photo courtesy Lawrence Berkeley
National Laboratory
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also result in reduced infrastructure and costs associ-
ated with transporting ethanol from refineries in the

Midwest (where they are close to the feedstock) to the
coasts (where most consumers live).

Policy Recommendations:

• Use existing and new economic instruments, such as

the blending credits, to spur development of cellu-
losic and advanced biofuels and phase out incentives
for corn ethanol.

• Tie biofuels support to the use of cellulosic or ad-
vanced biofuels. For example, the blender credit could
be based on performance, with the more sustainable
fuels receiving more support. Another possibility is to
set a floor for government support that requires life-
cycle reductions of at least 50 percent or higher.

• Build on the growing pressure to increase the amount
of ethanol that can be blended into fuels by letting
blenders who utilize cellulosic and advanced biofuels
to be first eligible to use increased percentages of
ethanol in fuel blends as the allowable blended
amount increases.

• Provide incentives for refineries to stop using coal-
fired power, or prohibit funding for coal-fired re-
fineries outright. Increase support for renewable-fired
refineries, including for infrastructure and capital
costs, and make federal funding for biofuels projects
that reach their emission goals only through carbon
capture and storage contingent on carbon storage
that is proven to be viable and safe.

• Require biofuel feedstock producers to show “cross
compliance” with erosion control, sodbuster, and
swampbuster programs to qualify for financial in-
centives and other support.

• Acknowledge production of sustainable biofuels
through labeling at the retail level, in much the same
way that “green electricity” is treated.

• Identify and incentivize production of non-invasive
cellulosic feedstocks on marginal land.

(3) Creating Green Jobs Through
Biofuels Production

Several studies on green jobs have included the poten-
tial job-creation benefits from producing and refining
transportation fuels, including biofuels. As U.S. bio-
fuel production expands beyond conventional large-
scale agriculture and into the use of waste materials,
there is a shift toward the local and small scale. With

• Create incentives for production and use of more-
sustainable biofuels by making government support

conditional on performance of feedstocks and feed-
stock producers, rewarding biofuels with the least-
harmful lifecycle impacts.

• Adopt a federal Low Carbon Fuel Standard that re-
duces the carbon content of all transportation fuels

over time.
• Require corn ethanol and soy biodiesel to compete
with second-generation and other advanced biofuels
in a race to improve their production and make a
lower-carbon product.

(2) Advancing Biofuels Production
and New Technologies

Although the new RFS could help make U.S. biofuels
development more environmentally sound and eco-
nomically beneficial, it continues to provide incentives

for corn-based ethanol.
The corn ethanol indus-
try is no longer an infant
industry that needs pro-
tection, and the RFS re-
quirements make it
difficult to jumpstart the
advanced technologies
that are needed to sup-
plement this inefficient
fuel source.

Several experts have
sought to address this
problem, including with
a proposal to tie the
blender credit to the price
of corn and to phase it
out entirely when corn
prices reach a certain
level.67 This would have
the advantage of moder-
ating the demand for

corn ethanol when prices are high but supplying some
incentives when prices are low.

Other experts have called for the elimination of the
blender credit for ethanol or for a counter-cyclical tar-
iff reduction to ameliorate adverse effects on U.S.
ethanol producers caused by eliminating the tariff al-
together. This would result in a lower tariff in months
when blenders’ needs exceed domestic supply. It could

Possible biofuel: the grass
Miscanthus giganteus.
Photo by Pat Schmitz
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sources such as wood. Indeed, high heating oil prices
spurred the development of a thriving U.S. wood pel-

let industry, and this will be an important source of
energy regardless of how corn prices affect corn
ethanol production.

Policy change will be viable only if it is coordinated
and if input is sought and received from all stakehold-

ers. This will ensure that biofuels production is not an
unwelcome development, but a considerable opportu-
nity to invest in a sustainable energy future.

Policy Recommendations:

• Ensure policy coherence by building a policy func-
tion in Congress and the Administration to coordi-
nate and promote a sustainable energy transition that
encompasses all sectors, including transport, elec-
tricity, and heat.

• Re-examine the renewable energy portfolio balance
to bring on cellulosic and other advanced biofuels
faster and to promote biomass use for electricity gen-
eration and heat.

• Adopt ambitious national renewable energy targets
and advanced feed-in laws that make it easier for
small producers to sell their surplus electricity into
the grid, and set a carbon performance standard for
electricity.

• Create a broad transportation policy that looks be-
yond biofuels to more-efficient vehicles, electric/plug-
in vehicles, better urban design, and investments in
good public transportation systems and rail.

The costs of increasing corn ethanol production
have been felt in food and fuel prices, and prospects
are not good for increased investment in more-sus-
tainable fuels absent additional incentives. There is also
no guarantee that there will be significant cellulosic
production anytime soon and a very large probability
that corn ethanol will continue to dominate domestic
biofuel production, even though other kinds of biofu-
els might deliver much greater climate benefits.

The United States has a real opportunity to adjust
course and ensure that clean and sustainable biofuels,
rather than just more biofuels, are a priority. Experi-
ences of recent years have demonstrated the dangers of
pushing blindly for increased biofuel production
without considering the unintended consequences.
The challenge is to ensure that second-generation bio-
fuels are developed quickly while avoiding the mis-
takes of the past.

interlinked information networks, processing, and dis-
tribution capabilities, production can occur at multi-

ple locations, from multiple sources, and with a greater
diversity of processes. Indeed, small-scale, local pro-
duction facilities might prove to be more efficient and
able to access feedstocks at lower cost than large ones,
especially as transportation distance and costs are re-

duced significantly.
If energy production is seen as an enterprise that

needs to operate at large scale, it may take a long time
for such systems to demonstrate both operational ca-
pability and cost viability. But if small-scale, local sys-
tems are recognized as having cost and flexibility
advantages and can also demonstrate operational via-
bility and consistent quality, then perhaps better bio-
fuels are not as far away as some fear. Biofuels can
provide a rather unique developmental advantage to
rural and urban communities, and if a local model can
prevail for some uses, it would be an important asset to
local and regional energy development plans.

Policy Recommendations:

• Rethink scale in the various biofuel industry sectors—
including small-scale production and refining capac-
ity. Eliminate minimum production requirements for
incentive programs and government support.

• Promote urban and rural biofuel development and
spark job creation by focusing on regional and local
markets.

• Provide incentives for local and regional government
fleets to source a share of their biofuels from cooper-
atives and other small-scale, local sources.

(4) Promoting Policy Coherence

Biofuel production affects agricultural, energy, envi-
ronmental, climate change, national security, rural de-
velopment, and job-creation policies. While the
Energy Independence and Security Act touches on
many aspects of these related areas, it does not deal
with the relative importance of biofuels in a renewable
energy portfolio or their long-term significance in U.S.
energy use.

Although this report has focused on the use of bio-
fuels for transportation, many experts are convinced
that a better use of our finite biomass resources is for
electricity and heat production. Not only is bio-based
electricity generation more efficient and able to offset
coal, it also makes better use of many biomass re-
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