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About This Guide
The use of biofuels in transportation has been the subject
of a dizzying amount of confusion, misinformation, and
disinformation. The intent of this guide is to lay the facts
out clearly, dispel certain commonly held myths, and state
the case for biofuels objectively.
The guide is divided into two parts: the basic facts about
biofuels – how they are made, how much they cost, etc. –
and the benefits of large-scale biofuels production and
use.
This is meant to be a living document, not the last word on
biofuels. Send us questions, corrections, and updates, and
we will try to keep it fresh on our Web site at:
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Biofuels for O ur Future: A Pr imer
Overview
America’s dependence on oil jeopardizes its national security, drains billions of dollars from the
U.S. economy, and contributes to global warming. The economic benefits of breaking this
addiction to oil would be immense and widespread. Fortunately, the commodities best
positioned to help end that dependence and enable a transition to a low-oil, high-growth
economy are already growing in the fields and forests of rural America. Plants and trees, known
collectively as biomass, can be converted into transportation fuel – chiefly ethanol and biodiesel.
Renewable fuels from biomass are called biofuels.
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The Argument for Biofuels
The U.S. economy depends on transportation, and transportation depends almost entirely on
oil. This dependence on oil as the nation’s only significant transportation fuel creates risk – of
economic shock, should supplies be disrupted; of terrorist acts financed by oil-producing
nations; and of military engagement to protect access to oil. The increased production and use
of biofuels could significantly reduce the amount of oil needed to fuel U.S. cars and trucks.
Creating an abundant supply of biofuels – and the accompanying national production and
distribution network – would ensure a more prosperous and secure future for America. It would
mean higher incomes for farmers and an increase in skilled jobs in rural areas. Tens of billions of
dollars would be invested in the U.S. economy rather than sent overseas. The transition to
biofuels would also result in a more vital U.S. manufacturing sector, creating cutting-edge
technologies and “flexible-fuel” cars that could be marketed to consumers around the world.
Moving to biofuels will also mean cleaner air and less global warming. Fuels made from plant
material generate fewer of the pollutants that cause smog and acid rain, and they can displace
toxic compounds found in gasoline that are known as “aromatics.” Their use reduces emissions
of the most important greenhouse gas, carbon dioxide (CO2), into the atmosphere. These
emissions are causing global warming and harming the Earth’s environment in ways that may
prove irreversible.
The principal objections about biofuels concern the effects of production at very large scale.
Like anything else, such a task can be managed badly or well, and it is important to understand
the potential impacts of poor decisions and the benefits of good ones.

Verbatim:
“The 20th century has been the age of the hydrocarbon. The 21st century should
witness a rebirth of a carbohydrate economy. Living plants are again becoming
attractive raw materials for manufacturers. The signs may be modest, but the
conclusion is unmistakable. The pendulum is swinging back to a biological
economy.”
– David Morris, The Carbohydrate Economy
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The Facts About Biofuels: Ethanol
Ethanol is another name for ethyl alcohol, or “grain alcohol”
(CH3CH2OH). The alcohol in a glass of wine, beer, or liquor is ethanol.
Fuel ethanol is “denatured” by the addition of 2-5% gasoline, which
makes it undrinkable. In the U.S. today fuel ethanol is mostly made
from the starch in corn kernels; in Brazil it is made from the juice in
sugar cane. Commercial production of ethanol from cellulose (plant
fiber) is expected within the next few years.1

Ethanol molecule:
Carbon in green, oxygen
in red, hydrogen in gray. 2

How is ethanol made?
The production of ethanol today involves the use of yeast to convert sugar into alcohol – the same
fermentation process that has been used for thousands of years, although on a much larger scale.
A typical dry mill production facility produces 50 to 100 million gallons of ethanol a year; the
process is shown below.
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Dry-mill production also results in solid byproducts known as distillers grains and solubles
(DGS), which can be dried and used to feed livestock.3 In some plants close to cattle feedlots,
the grains can be fed wet to livestock, avoiding the need for drying and saving both energy and
money.4 The wet-mill process, which begins by soaking the grain in water and acid, generally
produces corn oil, corn gluten meal (to feed poultry), and sweeteners in addition to ethanol. Wet
mills tend to be much larger than dry mills.
As of February 2007, the ethanol production capacity of the United States was estimated at 5.6
billion gallons per year. An additional capacity of 6.2 billion gallons per year was under
construction, which will bring the total capacity to 11.8 billion gallons per year spread across 23
states.5 Corn represents roughly 95% of the feedstocks used in those facilities. The corn used
for ethanol production is field corn typically used to feed livestock, not the sweet corn marketed
for human consumption. Nearly 40% of the nation’s ethanol production capacity is farmerowned.6

Verbatim:
“The fuel of the future is going to come from fruit like that sumac out by the road, or
from apples, weeds, sawdust – almost anything. There is fuel in every bit of
vegetable matter that can be fermented.”
– Henry Ford, 1925 7

How is ethanol used?
Ethanol is a high-octane premium fuel. It improves engine performance and prevents “knock.”8
A blend of 10% ethanol and 90% gasoline, or E10, is approved for use in every vehicle sold in
the U.S.; about one-third of America’s gasoline contains some ethanol.9 In the past, this blend
has been called gasohol.
Ethanol can also be used as a substitute for gasoline. In the U.S. it is sold in blends of up to 85%
(E85). Gasoline, the remaining 15%, is needed to help the fuel ignite in cold weather. In very cold
weather, higher proportions of gasoline may be needed. Ethanol at these higher blends should
not be used in conventional vehicles but only in flexible fuel vehicles (FFVs), which are designed
to run on any combination of ethanol and gasoline up to E85.10

Tidbit
Ethanol will become standard in Indy race cars in 2007, replacing another alcohol – methanol.11
The higher octane of alcohols (compared to gasoline) allows engines to be set at a higher
compression ratio, increasing the car’s performance.
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How much oil does the U.S. consume, and how much biofuel?
The U.S. consumes a little more than 20 million barrels of oil a day. The largest end uses are
motor gasoline (9 million barrels) and diesel (4 million barrels).12 That works out to about 140
billion gallons of gasoline and 60 billion gallons of diesel a year.
In 2006, the U.S. consumed nearly 5.4 billion gallons of ethanol, 12 percent of which was
imported.13 Adjusting for its lower energy content, that amounted to about 2.5% of the total U.S.
demand for gasoline.14 Biodiesel consumption was much lower, about 250 million gallons in 2006.15
In the Energy Policy Act of 2005, Congress enacted the Renewable Fuels Standard, which
requires an annual increase in biofuels use to 7.5 billion gallons by 2012.16 The chart above
details past levels of U.S. ethanol production and the minimum levels set by the Renewable
Fuels Standard.17
In the 2006 State of the Union address, President Bush announced a goal of replacing “more
than 75% of our oil imports from the Middle East by 2025.” According to the Department of
Energy, meeting that goal will require 60 billion gallons of biofuels a year.18 A year later, the
President accelerated the timetable and called for “20 in 10.”

Verbatim:
“Tonight, I ask Congress to join me in pursuing a great goal. Let us build on the
work we’ve done and reduce gasoline usage in the United States by 20 percent in
the next 10 years…. To reach this goal, we must increase the supply of alternative
fuels, by setting a mandatory fuels standard to require 35 billion gallons of
renewable and alternative fuels in 2017.”
– President George W. Bush, 2007 19
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How much does it cost to make ethanol?
The two largest variables in the cost of ethanol are the cost of corn and the cost of natural gas or
other sources of heat needed to process the mixture. When corn costs $2 a bushel, it costs
between $1 and $1.20 to make a gallon of ethanol.20 Because ethanol has only two-thirds the
energy content of gasoline, that’s equivalent to $1.50-$1.80 per gallon of gasoline (wholesale), or
$50-$60 per barrel of oil. At that price of corn, ethanol is competitive with gasoline, including the
current subsidy for gasoline blenders when oil costs $30 a barrel or more. It is economically
competitive with gasoline without a subsidy when oil costs $50 a barrel or more.21
It takes a little more than a third of a bushel of corn to make a gallon of ethanol, so, if the cost of
corn rises from $2 to $3 a bushel, that adds about 35 cents to the cost of a gallon of ethanol.22
At $1.50 a gallon, ethanol competes with gasoline without a subsidy when oil costs $70 a barrel
or more.23 Corn prices spiked upward at the end of 2006 and reached $4 per bushel, but it
remains to be seen if that is a temporary phenomenon.
In 2006, crude oil prices ranged from $54 to $74,24 and wholesale gasoline prices ranged from
$1.87 to $2.46 a gallon25 as retail gasoline prices ranged from $2.28 to $3.08 a gallon.26
In the 2006 Annual Energy Outlook, the U.S. Energy Information Administration increased its oil
price forecast by $20 a barrel over the next 20 years, relative to its prior-year forecast, as the
chart below shows.27 The price is now not projected to fall below $49.64 during that time.28
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*World oil price is the weighted average price of imported low sulfur light crude oil.

The red line on top shows the higher oil prices contained in the 2006 Annual Energy Outlook, compared to the 2005 forecast in blue.
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It is important to note that the market price of ethanol does not always reflect the cost of
production. As oil refiners abandoned the substitute MTBE in 2006, ethanol demand increased.
Ethanol prices rose to match or exceed gasoline prices29 without any major changes in
production costs (although corn prices rose late in the year). In addition, most ethanol is sold
under long-term contracts, so the spot price of ethanol may not represent typical transactions.
Ethanol prices are expected to decline with the increase in production capacity and the
accompanying competition.30

How do the ethanol subsidy and tariff work?
The federal government provides a tax incentive to gasoline blenders (not ethanol producers) to
encourage the use of ethanol. This subsidy affects how ethanol’s competitiveness with gasoline.
For example, gasoline blends containing 10% ethanol earn a tax credit of 5.1 cents per gallon. In
effect, the blenders can pay up to 51 cents more for a gallon of ethanol than the equivalent
amount of gasoline and still break even.31 This tax break is called the Volumetric Ethanol Excise
Tax Credit. Its cost to the government ($2.5 billion in 2006) is offset by savings in crop payments
to farmers. In 2006 high corn prices caused by ethanol demand reduced farm support payments
by roughly $6 billion.32
A tariff of 54 cents a gallon is imposed on most foreign ethanol. The tariff is meant to
counterbalance the ethanol tax credit and ensure that foreign producers are not subsidized.
Significant exemptions were created by the Central America Free Trade Agreement. More than
700 million gallons of ethanol were imported in 2006, a five-fold increase from 2005.33
Some states do pay production subsidies directly to ethanol producers, but the federal tax
credit for ethanol is paid to gasoline blenders, not ethanol producers. Small producers receive
an additional production income tax credit of 10 cents per gallon on up to 15 million gallons of
production annually.34

What about subsidies for farmers?
Corn growers receive government support if the price of corn falls below a certain level,35 which
encourages production. High levels of production keep the market price low, making ethanol
more economically competitive by reducing the cost of corn. On the other hand, ethanol
production reduces farm payments because the increased demand for corn causes its price to
rise. (It also increases taxable farm income.)

Tidbit
Animals consumed most of the corn produced in the U.S. in 2005 – 54.5% of 11 billion bushels.
The rest went to exports (18.2%), ethanol (14.7%), and domestic food consumption (12.4%).36
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How efficient is ethanol at displacing oil?
Every gallon of ethanol requires a small amount of petroleum, mostly for farming. The equivalent
of 5-8% of the energy in ethanol goes to such uses as diesel for farm tractors, fuel to ship corn
to a processing plant, and more fuel to ship the finished ethanol to a pump.37 Most of the energy
used at a processing plant comes from natural gas or coal. Thus, ethanol is highly effective at
displacing oil; just one gallon of oil is required to make 12-20 gallons of ethanol.38 On this point, it
makes little difference whether the ethanol is made from corn, sugar cane, or cellulose.

Does ethanol have a positive or negative “energy balance”?
The term “energy balance” refers to the difference between the amount of fossil energy needed
to produce a fuel and the energy the fuel contains. It takes energy to transform any product from
one form into another.39 (For example, electricity contains less than 40% of the energy of the
coal used to make it.40) For every unit of energy delivered at the pump, corn ethanol requires
0.76 units of fossil energy, and gasoline requires 1.22 units.41 The use of ethanol thus results in
the consumption of 40% less fossil energy than the gasoline it replaces.42 Papers by a Cornell
entomologist and a Berkeley petroleum geologist have asserted a more negative view of ethanol
and have received much attention – but their methodology has been disputed by their peers.43
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. For example, in Brazil, sugar cane
waste, known as “bagasse,” is used for boiler fuel. Thus Brazilian ethanol contains eight times
more energy than was required to make it.44 Ethanol from cellulose is expected to have a similar
fossil energy balance (and therefore greenhouse gas balance). In one assessment, cellulosic
ethanol from wood residue required 0.16 units of fossil energy per unit of delivered energy; corn
stover required just 0.09 units.45 The fossil energy balance of corn ethanol would improve if corn
stalks, wood waste, or methane from cattle manure were used for its process heat, as a couple
of U.S. facilities already do.46

How is ethanol transported?
Ethanol in the U.S. is transported mostly by truck, train, and barge, unlike oil, which is generally
transported through pipelines. Unlike oil, ethanol mixes with water. Because water accumulation
in pipelines is a normal occurrence, unless the pipeline is cleaned out and made watertight,
transporting ethanol in a pipeline risks making it unusable as a fuel.47
Given the time and resources required to make oil pipelines suitable for ethanol, as well as the
diffuse sources of U.S. ethanol supply, it currently makes more sense to transport the fuel in
other ways.48 However, as production of ethanol increases, it may make sense to make the
investment needed to “dry out” pipelines, 49 or new water-tight pipelines may be built, as they
are in Brazil.50
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The Facts About Biofuels: Ethanol from Cellulose
What is cellulosic ethanol, and how is it made?
Cellulose is the fiber contained in leaves, stems, and stalks of plants and trees – the most
abundant organic compound on earth.51 Unlike corn and sugar – the plants now used to make
most ethanol – cellulose is not used for food, and it can be grown in all parts of the world.
Cellulosic ethanol is expected to be less expensive and more energy-efficient than today’s
ethanol because it can be made from low-cost feedstocks, including sawdust, forest thinnings,
waste paper, grasses, and farm residues (e.g., corn stalks, wheat straw, and rice straw).
Switchgrass and other perennial grasses, in particular, are considered to be promising sources
of cellulosic ethanol. Perennial grasses are less expensive to produce because they don’t have
to be replanted each year. Fast-growing woody crops, such as poplar and willow, are also
attractive options because of harvesting and storage advantages.
Ethanol can be made from cellulose much as it is today from corn – once the very tightly bound
sugars in the plant fiber are broken down by enzymes. Accomplishing this task at low cost has
been the principal obstacle to commercial development.
The enzymes needed to break cellulose down into fermentable sugars are genetically improved
natural organisms. One such fungus, Trichoderma reesei, plagued U.S. troops with jungle rot
that “ate” their clothing in the South Pacific during World War II.52 Another promising source of
enzymes is termite guts. Termites, after all, sustain themselves by converting woody biomass to
sugars.53 Thanks to biotechnology, the cost of such enzymes is dropping rapidly, down 30-fold
in the last five years – to 10-18 cents per gallon of ethanol produced.54
Acid can also be used to break down cellulose, or, alternatively, cellulose can be heated and
turned into a gas that can be converted into biofuels – even bio-gasoline.55

Tidbits
Termites are one of the planet’s most abundant creatures. There are more than 2,500 species.56
The termites’ digestion process is fast and efficient – typically achieving 95% conversion in 24
hours or less.57
U.S. Patent No. 5,000,000 was awarded to University of Florida Professor Lonnie Ingram in 1991
for using an E. coli bacterium to metabolize multiple sugars and make ethanol.58
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What are the commercial prospects for cellulosic ethanol?
The success of cellulosic ethanol will depend on how fast the technology is commercialized and how
much it costs compared to the alternatives. These are some of the promising recent developments:

•

U.S. Secretary of Energy Samuel Bodman has set a goal of making ethanol a
practical and cost-competitive alternative by 2012 (at $1.07 a gallon) and displacing
30% of gasoline (60 billion gallons) by 2030.59

•

A Canadian company, Iogen, which specializes in industrial enzyme production, is
operating a small pilot plant in Ottawa and is planning to build a commercial plant in
Idaho, both operating on wheat straw.60

•

U.S. ethanol producer Broin intends to convert one of the six corn-to-ethanol plants
that it currently operates in Iowa into a biorefinery that will use both corn grain and
stover – the stalk, leaves, and cobs that come with the grain. DuPont and
Novozymes are partners in the project.61

•

A Spanish company, Abengoa, is building a cellulosic ethanol plant in Spain, using
wheat straw,62 and is planning another unit for York, Neb., using corn stover and
distillers grains.63

•

An independent analysis prepared for the National Commission on Energy Policy
predicts, “Advanced biofuels production facilities could produce gasoline
alternatives at costs equal to between $0.59 and $0.91 per gallon of gasoline by
around 2015.”64

What are the advantages of cellulose as a feedstock?
The chief advantage of cellulose is its abundance. Indeed, cellulose is estimated to make up half
of all the organic carbon on the planet.65 In the U.S., ethanol production from corn is expected to
hit a limit of 15 to 20 billion gallons per year.66 Additional feedstocks will be needed to replace a
larger share of gasoline demand, now running at 140 billion gallons per year.
A second advantage to processing cellulosic biomass is that it also
contains lignin, a natural fiber. Lignin can not be converted to ethanol
but can serve as an energy-rich boiler fuel. There is enough lignin in
plants to provide all the energy needs of an ethanol production facility,
with electricity left over for sale to the power grid.

What is switchgrass?
Switchgrass (Panicum virgatum), shown at right,67 is a prairie grass
native to the United States known for its hardiness and rapid growth. It
was once part of the tall-grass prairie that covered most of the Great
Plains and also grew in Alabama and Mississippi.68 Because it is native,
switchgrass is resistant to many pests and plant diseases and is
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The predicted distribution of switchgrass cultivation at a market price of $40 per ton.71

capable of producing high yields with relatively low applications of fertilizer and other agricultural
chemicals. It is also tolerant of poor soils, flooding, and drought. Half the plant’s carbon is stored
in its root system, improving soil quality and preventing erosion. It is an approved cover crop for
land protected under the federal Conservation Reserve Program.
President Bush praised switchgrass in his 2006 State of the
Union address69 for its potential as a biofuel source. It can yield
6 to 8 tons per acre, compared to 4 tons per acre for corn, and
progressive breeding could double that yield over time.70
Other perennial grasses may be even more productive than
switchgrass, depending on the climate. Miscanthus, shown at
right,72 is one such example. Tests in Illinois suggest that it
could yield 11 to 17 tons per acre.73 Recent research also
suggests that mixed prairie grasses may be more productive
than monocultures.74
In addition to grasses, some fast-growing trees are prodigious producers of biomass, including
poplar, willow, sweetgum, and cottonwood.75
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The Facts About Biofuels: Biodiesel
What is biodiesel, and how is it made?
Biodiesel is a fuel made mostly from crops with seeds that contain oil. Oilseed crops in the U.S.
include soybeans and canola (called “rapeseed” in Europe). In tropical regions, palm and
jatropha are promising oilseed crops. Palm trees are abundant oil producers, but, in some
places, native forests have been cleared to allow their cultivation, raising environmental
concerns. Jatropha bushes grow well under adverse conditions and are seen as a tool to fight
desertification.76 Biodiesel can also be made from used cooking oil and animal fats.

Soybean plant77

Canola plant78

African palm tree79

Jatropha bushes 80

Raw vegetable oil is turned into biodiesel through a chemical process called transesterification
that separates out glycerin for use in soaps and other products and leaves behind methyl esters
(the technical term for biodiesel). The process can also produce valuable by-products. For
example, for each pound of soybean oil crushed out of the beans, more than four pounds of a
high-protein animal feed called “meal” is created.81
U.S. biodiesel production is growing rapidly, from 28 million gallons in 2004 to 91 million gallons
in 2005.82 That is still only 0.15% of the U.S. diesel market and less than 10% of the 1 billion
gallons produced in Europe,83 but production in 2006 was estimated at 245 billion gallons.84

How is biodiesel used?
Biodiesel can be used in diesel engines as a pure fuel or blended with petroleum with little or no
modification. In the U.S., biodiesel is usually blended with petroleum at low levels, from 2% (B2)
to 20% (B20). But in other parts of the world such as Europe, higher-level blends — up to B100
— are used.85
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Tidbit
In 1897, Rudolf Diesel demonstrated his first engine – running on peanut oil.86

How does biodiesel compare to conventional diesel?
Biodiesel typically has a higher cetane rating than petroleum diesel.87 The cetane rating is a
measure of diesel’s combustion quality – similar to an octane rating for gasoline.
Biodiesel also has better lubricity – a measure of lubricating properties – than current low-sulfur
petroleum diesel and much better lubricity than the ultra-low-sulfur petroleum diesel introduced
in 2006. This quality makes it attractive for blending. Lubricity is important for fuel injectors and
some types of fuel pumps. A 1 or 2% blend of biodiesel in low-sulfur petroleum diesel improves
lubricity substantially.88
At low temperatures, diesel fuel can clog fuel lines and filters in a vehicle’s fuel system. At even
lower temperatures, diesel fuel becomes a gel that cannot be pumped. The performance of
biodiesel in cold conditions is markedly worse than that of petroleum diesel, and biodiesel made
from “yellow grease’’ sources such as french fry oil is worse than soybean biodiesel. However,
additives can be used to alleviate these problems.89
Because the energy content of biodiesel is roughly 10% lower than that of petroleum diesel, B20
has very slightly lower power, torque, and fuel economy,90 although some users have seen gains
in fuel economy, possibly due to the increased lubricity.91
Biodiesel dramatically reduces most emissions, including carbon dioxide. A recent analysis of
biodiesel emissions found a life-cycle greenhouse gas reduction of 41%.92 However, the effect of
biodiesel on emissions of nitrogen oxides (NOx), which lead to smog formation, remains unclear.
Engine tests have shown an increase of more than 13% for pure biodiesel and nearly 3% for
B20,93 but some on-road tests have shown a decrease.94

How much does it cost to make biodiesel, and how big is the market?
Biodiesel from soybeans costs an estimated $2 to $2.50 per gallon to produce. Biodiesel from
yellow grease is about $1 a gallon cheaper, but the available supply in the U.S. is much smaller –
enough to make 100 million gallons per year.95 Producers of biodiesel from pure vegetable oil are
eligible for a federal excise tax credit of $1 for every gallon blended with conventional diesel.96
Biodiesel from used cooking oil earns a credit of 50 cents per gallon.
Attempting to use domestic fats and oils to replace a large share of the 60 billion gallons of
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diesel consumed in the U.S. each year could quickly exhaust available feedstock supplies and
push vegetable oil prices significantly higher, due to the steady demand for vegetable oils in
food consumption.97 According to one analysis, the U.S. could produce 300 to 350 million
gallons of biodiesel from animal fats and greases and soybean oil without major disruption of
soybean oil markets but would need to utilize other feedstocks or import other oils to expand
biodiesel production much beyond this level.98 The largest markets for biodiesel probably will be
as a lubricity additive, as a cetane booster, and in situations where low emissions are highly
valued, such as school and transit buses.99

Verbatim:
“I think what we’re doing will be a light at the end of the tunnel for farmers
everywhere.”
– Singer Willie Nelson, promoter of BioWillie biodiesel 100

Can biodiesel be made from other sources?
Biodiesel is defined in U.S. law as “monoalkyl esters of long chain fatty acids derived from plant
or animal matter.”101 However, it is possible to make renewable diesel from other organic
materials, through thermal conversion processes, or even directly from algae. These
technologies enable the use of abundant, low-value feedstocks, including municipal waste and
even smokestack emissions.
The Fischer-Tropsch process can produce a high-quality
diesel fuel from biomass, as well as from fossil fuels.102 For
the past 50 years, Fischer-Tropsch fuels have powered
some of South Africa’s vehicles; the company Sasol
produces more than 150,000 barrels a day from domestic
low-grade coal.103 The fuel is said to be competitive with oil
that costs more than $40 a barrel.104 The first commercialscale Fischer-Tropsch plant using biomass, with a capacity
just over 4,000 barrels per day (60 million gallons per year),
is planned to begin operation in Germany after 2008.105
Thermal conversion is a general term encompassing various
Sasol Fischer-Tropsch reactor 106
forms of pyrolysis, such as that used to make charcoal out
of wood. Pyrolysis uses heat and pressure to break apart the molecular structure of organic
solids – any kind of organic solids. One variant, known as “thermal depolymerization,” is being
used to convert turkey offal into bio-based crude oil at ConAgra’s Butterball turkey plant in
Carthage, Mo., by a company called Changing World Technologies.107 Production costs are
reported at $80 a barrel but would be lower if the company received a “tipping fee” for disposing
of a waste product.108
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Another promising technology captures smokestack emissions of carbon dioxide for use in an
“algae farm,” where the gas stimulates the rapid growth of algae that can be converted into
biodiesel and ethanol. GreenFuel Technologies first tested the process on a 20-megawatt
cogeneration facility at the Massachusetts Institute of Technology in 2004 and then
commissioned a second, larger unit in 2005 at a 1,060-megawatt power plant in the southwest
United States. According to the company, the results suggest that every acre of the algae farm
would yield 5,000 to 10,000 gallons of biodiesel annually and a comparable amount of ethanol.109

The Facts About Biofuels: Other Alcohols and Ethers
Alcohols are a family of chemicals with slightly different properties, depending on the number of
carbon atoms. A molecule of methanol has a single carbon atom, ethanol has two, and butanol
four. Because of this, butanol has a higher energy content (92% of that of gasoline) than ethanol
or methanol.
It is impossible to predict at this point whether any of these three, or some combination, will
become a dominant and preferred fuel option. All can be made from renewable biomass,
however, and thus all have a similar potential to reduce oil consumption and improve
environmental quality.

What is biobutanol?
Biobutanol – butanol made from biomass – can be produced with the same feedstocks as
ethanol but with a modified fermentation and distillation process. Butanol can be used in
standard vehicles in gasoline blends up to 16%, and it can be distributed by pipeline more easily
than ethanol, because it mixes less easily with water. Like methanol, it is poisonous. Butanol can
also enhance low-level ethanol blends by reducing their evaporative emissions. Unlike ethanol,
butanol can be easily blended with diesel.110 Recently, BP and DuPont announced that they
would partner to produce a “next generation” of biofuels, beginning with biobutanol in 2007.111

What is methanol?
Methanol is commonly called “wood alcohol.” It can be made from biomass but is now chiefly
made from natural gas. Production of methanol is one way to make use of remote natural gas
that might not otherwise be brought to market. It has about half the energy content of gasoline
and about three-fourths the energy content of ethanol.
Like ethanol, methanol is a high-octane, high-performance fuel used by race car drivers. Both
methanol and ethanol can be used with higher compression ratios than gasoline. This can result
in an increase in horsepower of up to 15%.
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The U.S. methanol industry has shrunk from 18 production facilities producing 2 billion gallons of
methanol per year in 1998 to four facilities producing 300 million gallons of methanol in 2005.
Giant facilities are being built where there is access to cheaper natural gas, including Trinidad
and Tobago, Chile, Venezuela, and Oman. The fastest-growing market for methanol in the world
is in China, which plans to build as many as 80 coal-based methanol facilities.112

Tidbits
Unlike grain alcohol, methanol is not suitable for drinking. Indeed, its toxicity has led to concern
about its suitability for widespread commercial use. (Fuel ethanol is made undrinkable by the
addition of 2-5% gasoline.)
Methanol fuel cells are seen as a possible longer-lasting alternative to batteries for laptop
computers and other consumer electronics.113

What is MTBE? What is ETBE? How are they different?
Bio-based alcohols can be blended with isobutylene (derived from petroleum or natural gas) to
make liquid fuels called ethers – methyl tertiary butyl ether (MTBE) from methanol or ethyl
tertiary butyl ether (ETBE) from ethanol. These ethers are attractive blending components
because of their high octane and because in blends they reduce the volatility of gasoline,
decreasing evaporation and smog formation.114 In addition, gasoline blended with ethers can be
shipped through conventional oil pipelines.115
For many years lead was used to increase the octane of gasoline, and, when it was phased out
for health reasons, oil companies chose to replace it with MTBE, starting in 1979.116 The use of
MTBE increased in 1992 with the introduction of new clean-air requirements.117 Unfortunately,
MTBE does not biodegrade easily and has been found in ground water throughout the country.
In some instances it has contaminated sources of drinking water.118 Even low levels of MTBE can
make drinking water supplies undrinkable due to its offensive taste and odor. As a result, in
September 1999, the EPA Blue Ribbon Panel on Oxygenates in Gasoline recommended that the
use of MTBE be reduced substantially (with some members supporting its complete phaseout).119
Several states banned the use of MTBE, and oil companies sought legal protection against
lawsuits involving MTBE. When Congress failed to provide that protection in the Energy Policy
Act of 2005, the oil industry largely abandoned MTBE and turned instead to ethanol.
ETBE is another alternative and is used elsewhere, notably in France. However, ETBE has not
yet been adopted in the U.S., perhaps because of uncertainty about its persistence in the
environment and concerns about its effect on ground water.
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The Facts About Biofuels: Usage Today
Can I use ethanol or biodiesel in my car or truck? How will it run?
Low-level ethanol blends (10% or less) are approved by manufacturers for use in any automobile
in the U.S. There is no noticeable difference in vehicle performance when these blends are used,
apart from a slight reduction in vehicle fuel economy because of the lower energy content of
ethanol.120 In general, ethanol can corrode certain materials, and the use of higher-level blends,
such as E85, may void conventional vehicles’ warranties. These drawbacks can be overcome by
inexpensive modifications at the time of manufacture to produce flexible-fuel vehicles.
All diesel engines can run on 100% biodiesel, though it is typically sold in lower-level blends of
2%, 5%, or 20%. In theory, adding biodiesel should slightly reduce fuel economy, power, and
torque. In practice, low-level blends are practically indistinguishable from conventional diesel.
Biodiesel also has superior lubricity, which reduces wear and tear on the engine and can
increase the life of engine components.121 Manufacturers are gradually certifying their engines to
operate on biodiesel blends. B5 is commonly accepted, and B20 is coming into use.
DaimlerChrysler recently approved the use of B20 in Dodge Ram pickup trucks.122

What are flexible-fuel vehicles? Are they practical to manufacture?
Flexible-fuel vehicles are vehicles that can run on blends of up to 85% ethanol (known as E85)
and straight gasoline. Therefore consumers can refill their tanks with gasoline if ethanol is not
available. This choice of using either E85 or gasoline introduces a new kind of competition into
the fuel market. FFVs are otherwise indistinguishable from their gasoline-only counterparts.
Henry Ford’s Model T was an early FFV.
According to U.S. automakers, the additional cost to manufacture an FFV is less than $200.
Because automakers receive fuel economy credits for selling FFVs, they have typically sold FFVs
for the same price as a conventional vehicle.
In Brazil, more than 80% of all new cars sold – a million cars a year – are FFVs capable of using
100% ethanol,123 and Volkswagen will no longer sell gasoline-only vehicles there.124 Ethanol
supplies roughly 40% of the country’s non-diesel fuel.125
U.S. automakers predict that they will have sold 8 million FFVs by 2008. If they all run on E85, it
would reduce U.S. gasoline consumption by 4.5 billion gallons a year.126 A survey in May 2006
found that two-thirds of U.S. consumers are familiar with FFVs, and more than half are interested
in buying one.127
Because E85 is not widely available, automakers calibrate FFVs to work equally well on gasoline.
If E85 becomes a preferred fuel, however, FFVs could be optimized to take advantage of the high
octane content of ethanol – improving performance and fuel economy. The Saab 9-5 Bio-Power,
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shown at right, delivers 20% more power and 18% more torque
when it is running on E85 than when it is running on gasoline,
simply because it uses a turbocharger.128

Is my car a Flexible-Fuel Vehicle (FFV)?
Your car may be an FFV – an estimated 6 million, including
sedans, SUVs, pickups, and minivans, are on the road today.129, 130
These include models from DaimlerChrysler, Ford, GM,
Mercedes, and Nissan. If the owner’s manual does not make it clear, you may
need to check your vehicle identification number to see if you’re driving an FFV.131
Some of the specific models being manufactured as FFVs include the Dodge
Caravan, the Ford Taurus, and the Chevy Tahoe. Toyota is reported to be
planning to introduce FFV models in the U.S.132

Where can I find a station with biofuels?
What happens if I can’t get there?

An FFV gas cap

E85 refueling stations are listed on the Internet,134 but their scarcity remains a major obstacle to
use of the fuel. Only about 1,000 of the nearly 170,000 gas stations in America sell E85, and
most of those stations are located in the Midwest.135 The number is expected to grow as service
station owners take advantage of tax incentives to install the tanks and pumps needed to sell
E85. A similar number of filling stations – more than 800 – sell biodiesel.136 All FFVs can run on
regular gasoline when E85 is unavailable. Likewise, all diesel engines can run on traditional
diesel fuel if biodiesel is not available.

Can I have my vehicle converted to an FFV?
This is not recommended. The parts are not expensive, but it requires taking
apart the engine and would void the warranty.138

Can I use biofuels in a hybrid?
When it unveiled a prototype flexible-fuel hybrid Escape in 2006, Ford
became the first auto manufacturer to build an E85-compatible hybrid as a
concept vehicle.139 Such a car, running on E85, would travel about four times
farther on a gallon of gasoline than a standard hybrid – more than 110 miles
per gallon. A flexible-fuel Prius, starting with a higher fuel economy, would
go nearly 190 miles on a gallon of gasoline.140 But no such cars are available
on the market today.

A biofuels pump: B20, E85, E10137
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Verbatim:
“Biofuels represent a huge opportunity to reduce fuel consumption and our
dependence on foreign oil.”
– Chrysler Group President and CEO Tom LaSorda 141
“We’ve got on the road today about a million and a half [GM] vehicles that are
capable of using E85. So we can stretch oil by a factor of six times, if you think of
it that way. All of our new trucks will be ethanol-powered, so we add to the fleet at
the rate of about 400,000 units each year. And we can do a lot more than that.”
– GM Chairman Rick Wagoner 142
“If we want a game changer, and a game changer in very short term and in big
numbers, then ethanol is a very good play for this country.”
– Ford Chairman Bill Ford 143

The Benefits of Biofuels: Oil Dependence and
National Security
How dependent is the U.S. on foreign oil?
The U.S. consumes 25% of the world’s oil annually,144 but has only 2% of the world’s reserves.145
As shown below, 62% of the world’s proven oil reserves are located in the Middle East.146 As a
result, world oil production increasingly will be centered in that region.
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Verbatim:
“Keeping America competitive requires affordable energy. And here we have a
serious problem: America is addicted to oil, which is often imported from unstable
parts of the world.”
– President George W. Bush 147
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U.S. oil imports have steadily climbed as consumption increases and domestic production
declines, as shown above.148 Imports now supply about 60% of total U.S. consumption.149

What does oil dependence have to do with national security?
Transportation accounts for about two-thirds of all U.S. petroleum use,150 and oil supplies 96%
of the energy consumed by transportation.151 Thus, the U.S. transportation sector could not
operate without oil.
This dependence translates into military and foreign policy risks because of the importance of
protecting access to needed oil reserves in unstable areas. President Jimmy Carter put it clearly
in the 1980 State of the Union address when he said: “An attempt by any outside force to gain
control of the Persian Gulf region will be regarded as an assault on the vital interests of the
United States of America, and such an assault will be repelled by any means necessary,
including military force.”152

Verbatim:
“The prices that people are paying at the gas pumps reflect our addiction to oil.
Addiction to oil is a matter of national security concern … [S]ome of the nations
we rely on for oil have unstable governments, or agendas that are hostile to the
United States. These countries know we need their oil, and that reduces our
influence, our ability to keep the peace in some areas. And so energy supply is a
matter of national security.”
– President George W. Bush 153
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The oil trade has resulted in an enormous transfer of wealth to oil-producing states – half a
trillion dollars in 2006 alone.154 This cash flow has financed corrupt and repressive regimes
opposed to American interests. Columnist Thomas Friedman and others have observed that
there is “an inverse relationship between the price of oil and the pace of freedom,” and that the
U.S. is “funding both sides in the war on terrorism.”155
Unfortunately, diversifying the sources of U.S. oil supply does not materially affect the economic
risks of dependence. Because oil is a global commodity, freely traded, the price of oil is
determined on the world market. It responds to the forces of supply and demand and to political
events, no matter where they occur. Even if the U.S. shifted all of its oil imports to relatively safe
sources, such as Canada and Mexico, it would not be protected from a price shock – whether
caused by politics, war, or terrorism. The only way to reduce the risks associated with oil is to
reduce the demand for it – in other words, to increase the efficiency of oil consumption and
increase the use of alternative fuels.

Could domestically produced biofuels replace imported oil?
Biofuels could significantly reduce the amount of oil needed to fuel American cars and trucks,
which constitutes two-thirds of the nation’s total demand for oil. Together with efforts to improve
fuel economy, biofuels could reduce U.S. gasoline consumption to nearly zero.157
There is no guarantee that biofuels will directly displace imported oil; biofuels will also displace
some domestically produced oil. However, biofuels will give consumers something they have
never had – a choice – and thus will be a damper on both the volatility of oil prices and the effect
of those swings on the U.S. economy.
Skeptics are quick to point out that the U.S. could not possibly grow enough corn to replace all
of the nation’s petroleum use. Indeed, the limit of ethanol production from corn is generally
estimated to be 15 to 20 billion gallons per year.158 However, the use of additional feedstocks will
allow the replacement of a larger share of gasoline demand, now running at 140 billion gallons
per year.
Secretary of Energy Samuel Bodman recently announced a goal of making cellulosic ethanol a
practical and cost-competitive alternative by 2012 (at a cost of $1.07 per gallon) and displacing
30% (60 billion gallons) of gasoline by 2030.159 This is consistent with the joint study published by
the U.S. Departments of Energy and Agriculture on the future potential of biomass feedstocks.160
Others have suggested a goal of 100 billion gallons a year.161
Of course, supply provides only half the answer to reduced oil dependence. Increased vehicle
efficiency also reduces total oil consumption and enables a given amount of biofuels to displace
a larger share of petroleum. Thus, doubling the fuel economy of the vehicle fleet in the U.S. – for
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example, through the widespread introduction of plug-in hybrids with flexible-fuel capability –
would not only reduce by half the amount of oil consumed, it would also double the share
displaced by biofuels.162

The Benefits of Biofuels: The U.S. Economy
How big an industry could this become?
The U.S. consumes about 140 billion gallons of gasoline a year. That is equivalent to 200 billion
gallons of ethanol – because of ethanol’s lower energy content. Replacing 25% of current U.S.
gasoline use would require about 50 billion gallons of ethanol a year. It is clear that enough
cellulosic biomass is available on an annual basis to produce that much fuel and probably much
more in the future.163

What would that mean for the U.S. economy and jobs?
Economist John Urbanchuk has estimated that producing 10 billion gallons of ethanol a year
from corn would add $46 billion to the U.S. economy and create up to 200,000 new jobs.164 This
relationship of employment to production – about 2,000 jobs created for every 100 million
gallons produced – is roughly consistent with other studies.165 Based on that ratio, expanding
production to 50 million gallons (enough to replace 25% of current U.S. gasoline use) would add
more than $200 billion to the economy and create a million new jobs, both in rural America and
in major manufacturing centers.

How soon will this growth occur?
Investment in the biofuels industry has mushroomed in the last two years. According to the
Renewable Fuels Association, 78 ethanol production facilities were under construction in early
2007 that will add 6.2 billion gallons of capacity, more than doubling the size of the current
industry.166 According to the National Biodiesel Board, the U.S. biodiesel industry has a capacity
of 395 million gallons, with an estimated 714 million gallons of capacity under construction, an
increase of 180%.167

What is 25x’25?
The 25x’25 Renewable Energy Alliance, a volunteer group of respected national farm leaders,
believes that America’s farms, ranches, and forests are positioned to make significant
contributions to the development and implementation of new energy solutions. The group
supports a goal for the country of “25x’25” – producing 25% of the nation’s energy from
renewable resources by 2025 from the agricultural, forestry, and working land of the United
States, while continuing to produce safe, abundant, and affordable food, feed, and fiber.168
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This vision, which has been embraced by a broad array of agricultural organizations and elected
officials, as well as by leading businesses and environmental and labor groups, encompasses
wind and solar energy as well as biofuels.

What companies are involved in the biofuels industry?
The following list is meant to be partial and illustrative only.
Corn ethanol

Biodiesel

Advanced biofuels

ADM
Cargill
Broin

Renewable Energy Group
Imperium Renewables
Southern States Power

DuPont / BP
Iogen / Shell
Abengoa

Flex-fuel vehicles

Enzyme manufacturers

Private investors

GM
Ford
Daimler Chrysler

Diversa
Novozymes
Genencor

Vinod Khosla
Bill Gates
Richard Branson

Verbatim:
“We may be finally willing to build a new energy future. … [This] is the single most
significant opportunity we have to create a new generation of high-wage jobs,
something we have not done in this decade that we did in the last decade with
information technology. We haven’t found a substitute in this decade. It’s in clean
energy.”169
– Former President Bill Clinton
“There are hundreds of millions of dollars of economical opportunities, and we are
not organized for it. And if we gave a pittance of the tax incentive to a clean energy
and energy-conservation future we give to old energy, we would create jobs like
no tomorrow. People would wonder what the hell we had been wasting all this
time for.”170
– Former President Bill Clinton
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How much of the U.S. trade deficit is caused by oil imports?
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Petroleum’s share of the total U.S.
trade deficit has been rising even
more steeply, from 27% in 2004 to a
projected 36% in 2006.172 To the
extent that domestically produced
biofuels displace oil imports, they will
also reduce the trade deficit, both in
petroleum and in total.

U .S . T ra d e D e fic it in P e tro le u m

(in billions of dollars)

The U.S. trade deficit in petroleum has
been rising rapidly, from $50 billion
annually in the 1990s to $108 billion in
2000, $163 billion in 2004, $229 billion
in 2005, and a projected $274 billion in
2006, as shown at right.171
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The U.S. economy is less vulnerable
to changes in the price of oil than it
was during the last period of peak oil
prices (1979-80), because the U.S.
consumes nearly 40% less oil for
every dollar of economic output.173
Prior to the 1973 oil embargo,
petroleum expenditures amounted to
less than 5% of U.S. gross domestic
product. With rising prices, this
increased to 8% in 1981 and then fell
below 3% in the late 1990s, before
climbing back to 5% in 2006.174

Percentage of GDP

What does the price of oil mean to the economy?

1970 1975 1980 1985 1990 1995 2000 2005

Economist David Greene has written, “Significant oil price shocks preceded every recession of
the past three decades, and every one of the three significant oil price spikes was followed by a
recession. Clearly, oil dependence ranks among the most significant economic problems the
United States has faced over the past thirty years.”175 However, the oil price rise since 2005 has
not had similar effects.
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How would biofuels affect the price of oil?
By giving consumers a choice, biofuels introduce competition to the transportation fuels market.
If that leads to a decline in oil demand by the United States, it will put downward pressure on
world oil prices. This effect would be compounded if other countries also switched to biofuels.
Ironically, a dramatic decline in the price of oil might be counterproductive over the long haul, as
it was after the oil shocks of the 1970s. Dropping prices led then to a re-addiction to oil and the
abandonment of alternatives. Investor Vinod Khosla and others have suggested that this
uncertainty about the future of oil prices is the single most important factor limiting investment in
alternative fuels. Thus, some have suggested taking actions that would sustain biofuels prices
relative to gasoline in order to encourage major long-term investments.176

The Benefits of Biofuels: Agriculture and Rural
Economic Development
How much biofuel could the U.S. produce? How much land would it take?
The U.S. could produce enough
biomass annually to replace more
A n n u a l B io m a s s R e s o u rc e P o te n tia l
than one-third of its current oil
consumption, while continuing to
Forest resources
meet demands for food, feed, and
Agricultural
export, a major study found.
resources
Analysts at the Oak Ridge National
Total resource
Laboratory in 2005 concluded:
potential
“About 368 million dry tons of
0
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sustainably removable biomass
Million dry tons pe r yea r
could be produced on forestlands,
and about 998 million dry tons
could come from agricultural lands,” including energy crops grown on 55 million acres.177 That
compares to roughly 400 million acres of cropland in the U.S., including 36 million acres held out
of cultivation in the Conservation Reserve Program.178
Estimates of agricultural yield – tons per acre – are key to projecting U.S. biofuels potential. The
current productivity of switchgrass is typically reported as five tons an acre. The Oak Ridge
study, looking out to 2030, estimated a yield of eight tons per acre. Most analyses of potential
biofuels production have suggested targets of 60-100 billion gallons. At 10 tons per acre – seen
as an achievable yield over time because energy crops like switchgrass have not yet been
optimized through research – reaching those targets would require 60-100 million acres.179
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The need for land would be further diminished if energy crops could meet more than one need.
Soybeans are currently grown on 73 million acres to provide animal feed and vegetable oil.
Switchgrass contains protein that could be extracted for animal feed. Thus, one analysis
suggests, “While switchgrass cannot be used to produce vegetable oil, if it can provide a similar
financial value to growers and a similar product to meet our animal feed protein needs, then we
may be able to convert much of the soybean acreage to switchgrass.”180
Of course, if the goal is reduced oil dependence, supply is only half of the answer. Increased
vehicle efficiency also reduces total oil consumption and the need for biofuels to act as a
replacement.181

Will there be enough land left for food?
C r o p l a n d N e e d e d t o R e p la c e U .S . G a s o l in e U s e

Yes, especially because biofuels
can be produced from plants (and
C u r r e n t s w i t c h g r a s s y i e ld s
parts of plants) that now go
unused. American agriculture’s
Do u b le s w i t c h g r a s s y i e ld s
problem is not one of shortage
but of overproduction – which is
Do u b le fu e l e co n o m y
why the U.S. has perennial crop
surpluses. As the Oak Ridge study
0
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found, the U.S. could displace
M i ll io n s o f a c r e s
more than one-third of its current
oil consumption with biofuels
while continuing to meet demands for food, feed, and export. In fact, roughly half of the nation’s
2.26 billion acres have some potential for growing biomass.182
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The perceived food vs. fuel conflict will be mitigated Co
by producing
rn P ric e biofuels
H is to r yfrom non-food crops
and materials now considered waste. Potential
feedstocks
include
agricultural residues (e.g.,
$4
corn stalks and wheat straw, forest residues
$3such as sawdust and wood chips, yard waste,
municipal solid waste and even animal wastes). The United States could produce 40 billion
$2
gallons of ethanol a year – equivalent to 20% of current gasoline demand – from agricultural
$1
residues alone.183 And crops such as switchgrass can be planted on marginal land, reducing the
$0
need to use productive cropland or forests for energy crop production.
Lands now planted for export – currently one out of every three U.S. farm acres – could also be
devoted to domestic fuel production.184
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M i ll io n s o f a c r e s

Will the price of food go up?
Co rn P ric e H is to r y
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1985

The use of agricultural products
$4
for energy is not likely to have
$3
more than a minor impact on retail
$2
food prices. Less than 5% of the
$1
cost of corn flakes or corn syrup,
$0
for example, stems from the price
of corn.185 Other expenses involved
in bringing food to market,
including packaging, advertising,
and transportation, represent a larger share of costs. Through 2005, as the chart above shows,
the demand for ethanol did not have a long-term upward effect on corn prices because of
increases in total production; corn prices spiked upward at the end of 2006 and reached $4 per
bushel, but it remains to be seen if that is a temporary phenomenon. Corn is an important
source of animal feed and thus a significant factor in meat prices. However, the production of
ethanol yields a by-product called distillers grains that is a high-protein cattle feed and can
replace corn for half of the animal’s diet. It is less useful as a substitute for pork and poultry.
Projections of future biofuels production generally include no more than 15 to 20 billion gallons
of ethanol from corn.186 This is not a physical limitation as much as it is an assessment of what is
economically practical. For example, the 2005 Oak Ridge study calculated the amount of
biomass available after projected demands for food, feed, and export were met.187

Will the use of biomass for energy worsen world hunger?
Many experts believe this new demand for agricultural products could actually help ease hunger.
Hunger is caused more by a lack of money or distribution than a lack of food. As analyst Jason
Clay has noted, “While there is arguably more food per capita being produced in today’s world
than ever before, hunger and poverty are growing. Over the past 35 years, per capita food
production has grown 16% faster than population. Even so, the number of hungry people in
every country except China increased by an average of 11% from 1970 to 1990. In Africa,
agriculture employs about two-thirds of the labor force, accounts for 37% of GNP, and is
responsible for half of exports. Yet, the sector generates insufficient wealth among the rural poor
to adequately address hunger.”188
Biofuels could help change all that. In many developing countries, agricultural productivity is
held back by a lack of access to fertilizer and equipment. Biofuels could attract investment that
would support agricultural improvements across the board, which would benefit food
production, accelerate rural economic development, and alleviate poverty and migration to the
cities. Higher world crop prices will support farm income. Protein from non-food energy crops
may also become available for animal feed just as it is from corn today.
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Will there be enough water?
The amount of water needed to produce crops varies considerably. Perennial prairie grasses
such as switchgrass are native, hardy, and drought-resistant. They require far less water than
intensive row crops. Similarly, jatropha bushes, a source of biodiesel, can survive dry conditions
and poor soils. Other grasses require abundant rainfall to thrive. (In the U.S. about 15% of corn
acreage is irrigated.189) Of course, areas with low rainfall will be less productive than those with
higher rainfall. For economic reasons, however, projections of biomass crop production do not
include land that needs irrigation.190
Processing crops into biofuels also requires water, although much less than is used for irrigating
crops. A new 40-million-gallon-per-year ethanol facility needs about 100 million gallons per year
of fresh water.191 This is not an unusual amount for an industrial use, such as a food processing
facility. The ethanol industry has reduced its water consumption from 25 gallons per bushel of
corn processed in the early 1980s to less than seven gallons per bushel today. Much of the
water used in an ethanol production facility is recycled back into the process. However, water
supplies are stressed in many areas of the country, and future biofuels production may be
limited by access to aquifers and other water sources.

Farm income, rural economic development
The increased demand for corn for
ethanol production clearly has a
positive effect on net farm income and
also reduces government outlays to
farmers by raising the market price of
corn. A 2000 USDA study estimated
the economic effects on the farm
economy if annual ethanol production
grew to five billion gallons by 2010.
That level of production was projected
to increase the price of corn by an
estimated $0.32 per bushel and to
Effect of Switchgrass on Major Crop Net Returns
boost annual net farm income by almost
$3 billion. In this scenario, the increase in ethanol production also lowered the U.S. trade deficit,
and higher corn prices resulted in lower farm program payments.192 In 2006 high corn prices
caused by ethanol demand reduced U.S. farm support payments by roughly $6 billion.193
Production of non-food cellulosic crops will have similar economic benefits for farmers. Growing
switchgrass on 40 million acres is predicted to increase net farm returns by $6 billion annually by
2013, while reducing government support payments by nearly $2 billion per year. The benefit will
stem in part from increases in traditional crop prices from 9% to 14% as production is shifted
away from those crops.194 The map above shows the projected increase in net returns on major
commodity crops from this scenario. The green areas gain up to 40% and the blue areas more
than that.195
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The economic benefits of processing agricultural products into ethanol and biodiesel will provide
additional value for rural America. Increasing ethanol production from today’s level of 4 billion
gallons a year to 50 billion gallons will require construction of nearly 1,000 new production
facilities.196 Because biomass is relatively lightweight and bulky and thus costly to transport,
those facilities must be built close to where their feedstock is grown – in rural areas.
Conventional dry-mill corn ethanol production facilities are estimated to cost $1.40 per gallon of
capacity to construct,197 and cellulosic ethanol plants are expected to be several times more
expensive. This suggests that a capital investment of at least $100 billion will be required.

Verbatim:
“Energy is the new cash crop of rural America.”
– U.S. Secretary of Agriculture Mike Johanns198

The Benefits of Biofuels:
Environment and Public Health
Why do biofuels help prevent global warming?
Engines running on biofuels emit carbon dioxide (CO2), the primary source of greenhouse gas
emissions, just like those running on gasoline.
However, because plants and trees are the raw
material for biofuels, and, because they need carbon
dioxide to grow, the use of biofuels does not add
CO2 to the atmosphere, it just recycles what was
already there. The use of fossil fuels, on the other
hand, releases carbon that has been stored
underground for millions of years, and those
emissions represent a net addition of CO2 to the
atmosphere. Because it takes fossil fuels – such as
natural gas and coal – to make biofuels, they are not
quite “carbon neutral.”
Argonne National Laboratory has carried out
detailed analyses of the “well-to-wheels”
greenhouse gas emissions of many different engine
and fuel combinations.
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Greenhouse Gas Emissions:
Well-to-Wheels Analysis
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The chart above shows a few selected examples.199 Argonne’s latest analysis shows reductions
in global warming emissions of 20% from corn ethanol and 85% from cellulosic ethanol.200
Thus, greenhouse gas emissions in an E85 blend using corn ethanol would be 17% lower than
gasoline, and using cellulosic ethanol would be 64% lower.201 A separate analysis found that
biodiesel reduces greenhouse gas emissions by 41%;202 thus, a B20 blend would achieve a
reduction of about 8%.
Cellulosic ethanol achieves such high reductions for several reasons:

•

Virtually no fossil fuel is used in the conversion process, because waste biomass
material, in the form of lignin, makes an excellent boiler fuel and can be substituted
for coal or natural gas to provide the heat needed for the ethanol process.

•

Farming of cellulosic biomass is much less chemical- and energy-intensive than
farming of corn.

•

Perennial crops store carbon in the soil through their roots, acting as a carbon
“sink” and replenishing carbon in the soil. Switchgrass, for example, has a huge
root system that penetrates over 10 feet into the soil and weighs as much as one
year’s growth aboveground (6-8 tons per acre).203

Verbatim:
“Cellulosic ethanol is at least as likely as hydrogen to be an energy carrier of choice
for a sustainable transportation sector.”
– Natural Resources Defense Council, Union
of Concerned Scientists204
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Are biofuels cleaner than gasoline and diesel?
Compared to conventional diesel fuel, the use of biodiesel results in an overall reduction of
smog-forming emissions from particulate matter, unburned hydrocarbons, and carbon
monoxide, as shown below. Biodiesel slightly increases nitrogen oxide emissions, by about 2%
in a B20 blend.205 Sulfur oxides and sulfates, which are major components of acid rain, are not
present in biodiesel.
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As for ethanol, the oxygen atom in the ethanol molecule leads to more complete fuel
combustion and generally fewer emissions. E10 blends have been credited with reducing
emissions of carbon monoxide by as much as 30% and particulates by 50%.206 However,
mixing low levels of ethanol (2% to 10%) with gasoline increases the blend’s tendency to
evaporate and contribute to low-level ozone unless the gasoline itself is adjusted.207 This
problem diminishes with higher levels of ethanol. At blends between 25% and 45%, the fuel is
equivalent to gasoline, and at higher blends it is less evaporative. E85 has about half the
volatility (tendency to evaporate) of gasoline.208
The effect of E85 on air quality is almost uniformly positive, with the exception of increased
emissions of aldehydes, such as acetaldehyde. Conventional catalytic converters control these
emissions in ethanol blends of up to 23%,209 and it is expected that they could be readily
adapted to E85 blends.210 A test of advanced emission control systems in three conventional
gasoline vehicles found that advanced systems reduced formaldehyde emissions by an
average of 85% and acetaldehyde by an average of 58%.211
Even without advanced controls, the benefits of reducing other toxic emissions outweigh the
effects of aldehydes. The National Renewable Energy Laboratory tested a 1998 Ford Taurus
FFV running on E85 and reported: “Emissions of total potency weighted toxics (including
benzene, 1,3-butadiene, formaldehyde, and acetaldehyde) for the FFV Taurus tested on E85
were 55% lower than that of the FFV tested on gasoline.”212
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Verbatim:
Emissions characteristics of E85*
Actual emissions will vary with engine design; these numbers reflect the potential reductions
offered by ethanol (E85), relative to conventional gasoline.

•
•
•
•
•
•
•
•

Fewer total toxics are produced.
Reductions in ozone-forming volatile organic compounds of 15%.
Reductions in carbon monoxide of 40%.
Reductions in particulate emissions of 20%.
Reductions in nitrogen oxide emissions of 10%.
Reductions in sulfate emissions of 80%.
Lower reactivity of hydrocarbon emissions.
Higher ethanol and acetaldehyde emissions.

* Estimates based on ethanol’s inherently “cleaner” chemical properties with an
engine that takes full advantage of these fuel properties.
– U.S. Environmental Protection Agency213

How can biofuels reduce toxic compounds in gasoline?
The principal contributor to toxic air pollution from gasoline is a class of chemical compounds
called aromatics, which make up an average of 26% of every gallon of gasoline. Blended with
gasoline to increase octane, aromatics have the potential to cause cancer, and they also result
in emissions of fine particulates and smog-forming gases that harm lung function and worsen
asthma.
The EPA was required by the Clean Air Act Amendments of 1990 to seek “the greatest degree
of emission reduction achievable” of air toxics in automobiles.214 In response to recent litigation,
the EPA issued a rule to reduce one of these hazardous air pollutants, benzene,215 but the
agency did not address the two other aromatic compounds, toluene and xylene, which form
benzene during combustion. Using biofuels instead of aromatics to improve octane would
result in public health benefits worth tens of billions of dollars from the reduction in emissions
of small particles alone.216

What effect will the production of energy crops have on the land, water,
and wildlife?
Native perennial grasses such as switchgrass had to be tough to survive on the prairie. They
are deep-rooted and drought-resistant and require less water than food crops. They also need
less fertilizer, herbicide, insecticide, and fungicide per ton of biomass than conventional crops.217
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Switchgrass is an approved cover crop under the Conservation Reserve Program because it
prevents soil erosion and filters runoff from fields planted with traditional row crops. Buffer
strips of switchgrass, planted along stream banks and around wetlands, can remove soil
particles, pesticides, and fertilizer residues from surface water before they reach ground water
or streams.218
There are enough varieties of prairie grass and other sources of cellulosic biomass that farmers
need not all rely on a single energy crop – so-called monocultures.219 Indeed, recent research
suggests that mixed prairie grasses may be more productive than monocultures. One study
found that a diverse mixture of grasses grown on degraded land would yield 51% more energy
per acre than ethanol from corn grown on fertile land.220
In general, perennial energy crops create more diverse habitats
than annual row crops, attracting more species and supporting
larger populations. Switchgrass fields are popular with hunters,
as they provide habitat for many species of wildlife, including
cover for deer and rabbits and a nesting place for wild turkey
and quail221 – and pheasants, as shown at right.222 As long as
farmers avoid work that would disturb the birds during nesting
or breeding seasons, their fields will remain popular with wildlife.

The Benefits of Biofuels:
International Development
What is the global potential for biofuels use?
Estimates of global potential for biomass that can be converted into fuels vary widely. One
recent study concluded that by 2050, biomass theoretically could supply 65% of the world’s
current energy consumption, with sub-Saharan Africa, the Caribbean, and Latin America
accounting for roughly half of this global potential.223 In tropical countries, high crop yields and
lower costs for land and labor provide an economic advantage that is hard for countries in
temperate regions to match.224
The potential market demand for ethanol and biodiesel also varies widely. While gasoline
commands a much larger share of the market in the U.S. than diesel, diesel dominates in Europe
and is often the preferred fuel for vehicles in developing countries.225
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Verbatim:
“The gradual move away from oil has begun. Over the next 15 to 20 years we may
see biofuels providing a full 25% of the world’s energy needs.”
– Alexander Müller, Food and Agriculture Organization
of the United Nations226

What does the biofuels opportunity mean for other countries?
Many countries, in both tropical and temperate regions, are capable of producing surplus
biomass that can be used for energy. For example:

•

Brazil and the U.S. are the world’s leading producers of ethanol at more than four
billion gallons a year each – Brazil from sugar cane, the U.S. from corn.227 All
Brazilian gasoline must contain at least 20% ethanol, which is distributed through a
network of more than 25,000 filling stations.228 Thanks to its oil, ethanol, and
hydroelectric resources, Brazil expected to become self-sufficient in energy in
2006, and its ethanol producers say they can compete with oil at $30 a barrel.229
Brazil is also rapidly developing its biodiesel industry and was a pioneer in
introducing flexible-fuel cars, which can run on E100, gasoline, or any mix in
between. In the first half of 2006, more than 80% of all new cars sold in Brazil were
FFVs.230 Roughly a million cars a year are sold in Brazil.

•

Europe is the world’s largest producer of biodiesel, which it makes principally from
rapeseed (canola), soy, and sunflower seeds. In 2005, Europe produced nearly a
billion gallons of biodiesel (a 65% increase from 2004), about half from Germany
alone. Ethanol represented just 20% of the biofuels market.231

•

China produced about 340 million gallons of ethanol in 2005, most of it from corn.232
Several provinces have developed E10 blending and refueling infrastructure. The
Chinese government is now encouraging ethanol production from non-grain
sources such as cassava, sweet sorghum, and sweet potato, and it is supporting
R&D into cellulosic ethanol.

•

Plans for increased biofuels production are also advancing in Latin America
(including Colombia and Peru), Asia (India, Thailand, Malaysia, and Australia), Africa
(especially South Africa but possibly also Zimbabwe, Madagascar, Malawi, and
Mozambique), and Eastern Europe (Romania, Ukraine, and Russia).233 For example:
♦

The Indian government has identified nearly 100 million acres
of land where jatropha can be grown as a biofuel and hopes to
replace 20% of diesel consumption in five years.234
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♦

Malaysia, the world’s top producer of palm oil, has approved
licenses for 52 biodiesel plants with a combined capacity of
1.5 billion gallons a year.235 (However, the destruction of
tropical forests for palm cultivation is a major environmental
concern.236)

♦

The Australian government has set a target of producing nearly
100 million gallons of ethanol annually by 2010.237

How is biomass used today?
Biomass provides a surprisingly large amount of
the world’s energy – 10% of total global primary
energy consumption – but most of that is wood
and charcoal gathered and used in the most
primitive ways,238 as shown at right.239
More than 2.4 billion people, generally among the
world’s poorest, rely directly on wood, crop
residues, dung, and other biomass fuels for their
heating and cooking needs.240 In rural subSaharan Africa, women carry on average 11 pounds of wood 3 miles every day to meet their
household needs for fuel.241
Burning this biomass in inefficient stoves or over open flames is in many cases the only way to
stay warm or cook a meal – but such stoves are a health and safety hazard. The smoke inhaled
while cooking is responsible for more than 1.6 million deaths annually, mostly among women
and children.242 More than half of these deaths occur among children under five years of age. In
developing countries with high mortality rates overall, indoor air pollution ranks eighth in terms of
the risk factors that contribute to disease and death.243 Moving away from these dirty uses of
biomass is a clear public health priority.

What role does oil play in developing countries?
Oil fuels the transportation sector everywhere,
and in many parts of the world it is also used for
space heating and power generation. As the
price of oil has risen, this dependence has
caused heavy economic burdens. Ten years ago,
when the world agreed on debt relief for the
poorest countries in sub-Saharan Africa, the
price of oil was $22 a barrel. Over the last four
years, the price has tripled. As shown at right,
higher oil prices (calculated at $60 per barrel)
now cost Ethiopia, for example, nearly five times
as much as it is gaining from debt relief.244
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What are the implications of biofuels for economic development?
Sustainable biofuel development can help bring modern energy services to more people,
particularly in rural areas. It can also foster greater investment in agriculture, which employs 75%
of the world’s poor. It can create new job opportunities in rural areas and provide a major new
source of income for farmers.245 By producing transportation fuel, farmers will be entering a
market with higher prices and rising demand. Growing energy crops is more likely to attract the
kind of foreign investment that can modernize their agricultural practices – and increase their
food production as well.
The Food and Agriculture Organization of the United Nations notes these benefits as well:
“Energy plantations and crops (in particular perennial crops) can help to prevent soil erosion by
providing a cover which reduces rainfall impact and sediment transport. Annual energy crops
can also allow diversification and expansion of crop rotations. Deforested, degraded and
marginal land could be rehabilitated as bioenergy plantations which could combat
desertification and increase food production.”246
Micro example: Biodiesel produced from
jatropha nuts was used in Mali to provide
affordable, decentralized energy services,
fueling engines that could power other
equipment or support a mini-grid for
lighting, refrigeration, and electric pumps
for small water distribution networks or
irrigation systems. A jatropha hedge in
Mali is shown at right.247 This project
increased annual income per participating
woman from about $40 to $100 and freed
two to six hours of her time per day.
Villages experienced higher levels of
schooling for girls, who were no longer pulled out of school to assist their mothers with
household chores. The project also stimulated micro-level business activities for village men in
blacksmithing, carpentry, and mechanics.248
Macro example: In Brazil ethanol production has created an estimated one million jobs and
reduced the cost of oil imports by $43.5 billion between 1976 and 2000.249
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What are the implications of biofuels for global trade?
If carried out on a large scale, the increased use of agricultural resources for energy will have the
effect of raising the prices of most commodity crops and reducing the need for subsidies – with
particular benefit for producers of commodity crops in developing countries. An analysis by
researchers at the University of Tennessee found that increased demand for energy crops would
all but eliminate the need for price-based support payments for most crops in the U.S.250 In other
words, an aggressive program of bioenergy development would lead to reductions in
government support to farmers without any loss of income.
In the industrialized world, the problem in agriculture is not one of shortage but overproduction
which is why there are perennial surpluses. Excess crops are shipped overseas, where they end
up undercutting and impoverishing farmers in the developing world, who cannot compete with
subsidized crops from abroad.
Negotiations in the Doha Development Round of the World Trade Organization broke down in
2006 because of disputes over agricultural subsidies. If governments took steps to raise biofuels
production to 15% or more of global petroleum demand, the global market in agriculture could
double or triple in volume and value. That would create a win-win situation for all involved, and
the subsidy issue would diminish in importance.

As the world’s population grows, won’t we need all our farmland for
food production?
According to the Food and Agriculture Organization of the United Nations (FAO), increased food
production can keep pace with a growing global population. In a 2002 report, FAO observed:
In recent years the growth rates of world agricultural production and crop yields
have slowed. This has raised fears that the world may not be able to grow enough
food and other commodities to ensure that future populations are adequately fed.
However, the slowdown has occurred not because of shortages of land or water
but rather because demand for agricultural products has also slowed. This is
mainly because world population growth rates have been declining since the late
1960s, and fairly high levels of food consumption per person are now being
reached in many countries, beyond which further rises will be limited. But it is also
the case that a stubbornly high share of the world’s population remains in absolute
poverty and so lacks the necessary income to translate its needs into effective
demand.251
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On a global scale, malnutrition is caused not by a lack of food but by a failure to distribute it or a
lack of money to pay for it. And certainly poverty, especially in urban areas, is exacerbated by
rapid population growth.252
Agriculture remains the main activity in the developing world. The world’s farmers are fully
capable of increasing the amount they produce, but, in order for this to happen, demand must
increase.253 Poverty reduces global food demand and acts as a brake on food production. Most
of the world’s poorest people live in rural areas and work the land.254
Increased demand for agricultural products thus would mean more farm income and less
poverty, more productive agriculture, more food, more rural economic development, and
reduced migration to cities.
Many developing countries still have a significant quantity of land available that is well adapted
to rain-fed crops – about as much as now is being farmed (over 1.7 billion acres). These lands do
not include areas inhabited by human beings, forests, or protected areas.255 If a country can
produce and export biofuels, it will have a stronger economy and more resources to address the
needs of the poor. Africa, with its significant sugar cane production potential, is often cited as a
region that could profit from Brazil’s experience and technology, although obstacles to realizing
it (infrastructure, institutional, etc.) should not be underestimated.256
According to the FAO, in developing countries almost 70% of future increases in crop production
will come from higher yields, around 20% from an expansion of arable land, and around 10%
from multiple cropping and shorter fallow periods. Some regions will face serious water
shortages, and they will need to use water more efficiently, as agriculture represents about 70%
of all fresh water consumed by humans. Appropriately regulated genetically modified crop
varieties could help to sustain farming in marginal areas and to restore degraded lands to
production.257
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Glossary
Alcohol: Colorless volatile liquid created through the fermentation of sugars or starches
Aromatics: Petroleum-based chemical compounds blended with gasoline to improve octane – principally
benzene, toluene, and xylene
Bagasse: Sugar cane waste
Biobutanol: Alcohol containing four carbon atoms per molecule, produced from the same feedstocks as
ethanol, but with a modified fermentation and distillation process. Less water-soluble than ethanol, biobutanol
has a higher energy density and can be transported by pipeline more easily
Biodiesel: Biofuel (technically, methyl esters) produced from oilseed crops – including soy, canola, palm, and
jatropha – that can be used in diesel engines
Biofuel: Fuel produced from biomass
Biomass: Biological material – including corn, switchgrass, and oilseed crops – that can be converted into fuel
Cellulose: Fiber contained in leaves, stems, and stalks of plants and trees. It is the most abundant organic
compound on earth
Cetane Rating: Measure of diesel’s combustion quality
Distillers Grains: Byproduct of ethanol production that can be used to feed livestock; alternatively, distillers
dried grains with solubles (DDGS)
E10: Blend of 10% ethanol and 90% gasoline
E85: Blend of 85% ethanol and 15% gasoline
Energy Balance: Difference between the fossil energy needed to produce a fuel and the energy the fuel
contains
ETBE: See ‘Ethyl Tertiary Butyl Ether’
Ethanol: Alcohol containing four carbon atoms per molecule with about two-thirds the energy density of
gasoline, mostly fermented from corn starch or sugar cane, also known as ‘grain alcohol’
Ethers: Liquid fuel made from a blending an alcohol with isobutylene
Ethyl Tertiary Butyl Ether: Ether created from ethanol that can increase octane and reduce the volatility of
gasoline, decreasing evaporation and smog formation
Feedstock: Raw material used in an industrial process, like the production of biofuel
FFV: See ‘Flexible Fuel Vehicle’
Fischer-Tropsch Process: Method of producing liquid fuels, usually diesel fuel, from natural gas or synthetic
gas from gasified coal or biomass
Flexible Fuel Vehicle: Automobile capable of running on gasoline and high-ethanol blends interchangeably
Gasohol: Fuel blend of 10% ethanol and 90% gasoline (E10)
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Grain Alcohol: See ‘Ethanol’
Knock: Engine sound that results from ignition of the compressed fuel-air mixture prior to the optimal moment
Lignin: Energy-rich material contained in biomass that can be used for boiler fuel
Methanol: Alcohol containing one carbon atom per molecule, generally made from natural gas, with about half
the energy density of gasoline, also known as ‘wood alcohol’
Methyl Esters: See ‘Biodiesel’
MTBE (Methyl Tertiary Butyl Ether): Ether created from methanol that can increase octane and decrease the
volatility of gasoline, decreasing evaporation and smog formation
Octane: Measure of a fuel’s resistance to self-ignition (see ‘Knock’)
Perennial: Plant that doesn’t have to be planted every year like traditional row crops
Renewable Fuels Standard (RFS): Legislation enacted by Congress as part of the Energy Policy Act of 2005,
requiring an increasing level of biofuels be used every year, rising to 7.5 billion gallons by 2012.
Switchgrass: Prairie grass native to the United States and known for its hardiness and rapid growth, often cited
as a potentially abundant feedstock for ethanol
Thermal Conversion: Process that uses heat and pressure to break apart the molecular structure of organic
solids
Transesterification: Chemical process that transforms raw vegetable oil into biodiesel by separating out
glycerin, which is used in soaps and other products
Volatility: Propensity of a fuel to evaporate
Wood Alcohol: See ‘Methanol’
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