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Executive Summary 1

Executive Summary

The growing threat of global warming, 
air and water pollution, and rising 
energy costs are a few of the many 

problems that result from our current 
over-reliance on petroleum-based trans-
portation fuels. Alternative transportation 
fuels, in conjunction with an array of other 
energy-related strategies, have the poten-
tial to help mitigate these problems—if 
public policy prioritizes those fuels that can 
deliver the greatest benefit for the environ-
ment and the American people. 

America’s dependence on oil for 
transportation causes massive environ-
mental impacts. 

•	 Emissions from transportation  
accounted for 33 percent of carbon 
dioxide emissions in the United States 
in 2005. Gasoline and diesel were 
responsible for 78 percent of transpor-
tation-sector emissions.

•	 Global warming is a growing threat to 
the environment and our way of life. 
Within a century, the average world 
temperature could increase by another 
2 to 11.5°F. Sea level could rise by 7 to 

23 inches, and snow and ice cover will 
continue to contract. 

•	 Our heavy reliance on petroleum-
based fuels has also created wide-
spread air and water pollution. 

Alternative transportation fuels can 
reduce our dependence on petroleum, 
but vary greatly in their impact on the 
environment. 

Corn-based ethanol has greater life-
cycle global warming emissions than gaso-
line, when produced at the high volumes 
forecast for coming years and in ways that 
increase demand for cropland worldwide. 
Corn-based ethanol can also contribute 
to air pollution problems if used in low-
percentage blends in gasoline and may po-
tentially trigger significant environmental 
impacts from increased farming. 

Cellulosic ethanol made from agri-
cultural residues or from crops grown 
on abandoned or marginal cropland may 
achieve emission reductions with less en-
vironmental impact, but is still in the very 
early stages of development. 
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Biodiesel is generally recognized to pro-
duce less air pollution than conventional 
diesel, but soybean-based biodiesel pro-
duces more global warming pollution than 
conventional diesel when it is produced in 
ways that increase demand for cropland 
worldwide. Oil crop production is land-
intensive, spurring cultivation of new land 
and resulting in high emissions. Biodiesel 
made from waste oil is 98 percent cleaner 
than conventional diesel, but supplies are 
extremely limited.

Electricity can be used to power “plug-in 
hybrid” vehicles and all-electric vehicles, 
both of which draw electricity from the 
power grid. Because electric motors are 
far more efficient than internal combus-
tion engines, vehicles that use electricity 
almost always produce less global warm-
ing pollution than gasoline vehicles, even 
when the electricity used to fuel them 
is generated from coal. The benefits are 
even greater when vehicles are fueled with 
renewably generated electricity. However, 
few electric vehicles are currently available 
to consumers.

Natural gas reduces air pollution and 
global warming pollution compared with 

gasoline vehicles. But natural gas fueling 
infrastructure is expensive and domestic 
supplies of natural gas are both finite and 
increasingly constrained. 

Hydrogen has long been touted as the 
transportation fuel of the future. But 
the environmental impacts of hydrogen 
depend greatly on how it is produced, and 
hydrogen-powered vehicles are still a long 
way from being available to American 
consumers.

Coal-to-liquids fuels would vastly increase 
global warming pollution from transporta-
tion, while exacerbating environmental 
impacts from coal production. Even if 
emissions from coal-to-liquids plants are 
captured and sequestered underground, 
coal-to-liquids fuels are likely to be no 
better, in global warming pollution terms, 
than today’s petroleum-based fuels. 

Figure ES-1 provides a comparison of 
the global warming impacts of non-bio-
mass alternative fuels. Emissions from 
ethanol and biodiesel, included in Figure 
ES-2, are based on future production at 
a higher volume that researchers assume 
would trigger worldwide shifts in land use 
patterns. 

Figure ES-1. Relative life-cycle global warming emissions of non-biomass alternative 
fuels
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Global Warming Pollution Compared to Gasoline (% difference)

Diesel from coal-to-liquids process

Low-sulfur diesel refined in California

Compressed natural gas from the U.S.

Hydrogen from natural gas, made on-site

Electricity from natural gas and renewable
sources
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America needs a comprehensive 
strategy to reduce global warming pol-
lution from transportation. Low-carbon 
transportation fuels can play an impor-
tant part in that strategy. 

To reduce global warming pollution 
from transportation, America must reduce 
the amount of miles we drive, use more ef-
ficient vehicles, and shift to lower-carbon 
fuels. A low-carbon fuels strategy for the 
United States should:

1)  Combine the most promising approach-
es to maximize environmental benefits. 
America should work to make vehicles 
more fuel efficient, reduce liquid fuel 
consumption by increasing the use of elec-
tricity (in the short-term, through plug-in 
hybrids), and replace a significant share of 
the liquid fuel that remains with lower-
carbon options. Such a comprehensive ap-
proach can slash per-mile global warming 
pollution from vehicles by as much as 74 
percent compared to conventional gasoline 
vehicles.

2) Develop fuels with long-term potential.
Natural gas, for example, has the potential 
to reduce global warming pollution in the 
short term, but has little long-term poten-
tial as a transportation fuel due to limited 
domestic gas supplies. Some sources of 
cellulosic ethanol have comparatively lower 
life-cycle global warming emissions, but 
technological breakthroughs and infra-
structure developments will be required 
before the fuel becomes widespread. Public 
policy should emphasize the development 
of infrastructure to support promising 
long-term fuel options over those with only 
short-term potential.

3)  Set stringent environmental standards 
and mitigate environmental and social 
impacts.
America will be more likely to reduce the 
environmental impacts of transportation 
fuels if we set stringent environmental 
standards for those fuels. The first step 
should be to establish a low-carbon fuel 
standard that encourages the development 

-100% -50% 0% 50% 100% 150%

Global Warming Pollution Compared to Gasoline (% difference)

Ethanol grown on converted grassland

Soy biodiesel

Cellulosic ethanol grown on former corn land

Cellulosic ethanol grown on marginal or
abandoned cropland*

Cellulosic ethanol (assuming from crop
waste)

?

Figure ES-2. Relative life-cycle global warming emissions of biomass alternative 
fuels at high production volumes

* Data is not available on the full life-cycle emissions of cellulosic ethanol produced from feedstock grown 

on marginal or abandoned cropland, but such fuel has the potential for lower emissions than gasoline.
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of fuels with lower life-cycle global warm-
ing emissions. Standards should also be 
developed and implemented to mitigate the 
impacts of alternative fuels on the quality 
of our air, water and natural ecosystems.

Achieving large reductions in global 
warming pollution from cars and light 
trucks in the years to come will require 
strong public policies. Necessary steps 
include: 

•	 Adopting requirements to lower the 
carbon content of transportation fuels 
and rejecting policies to promote fuels 
that would make the problem worse. 

•	 Requiring that by 2020, all new vehi-
cles are capable of using lower carbon 
fuels, whether electricity or biofuels. 

•	 Supporting additional research into 
cultivation techniques for cellulosic 
feedstock and into technologies for 
converting cellulosic feedstocks, espe-
cially waste, into fuel.

•	 Improving vehicle fuel economy 
and pursuing measures to reduce 
total driving. These measures would 
further cut global warming emissions 
and reduce our vulnerability to rapid 
changes in the global petroleum market. 

(1) Vehicle is recharged with electricity that has the same carbon emissions as the U.S. national average.
(2) Cellulosic ethanol produced from crop waste. Electricity has same carbon emissions as U.S. national 
average. 

Figure ES-3. Life-cycle emissions achieved by combining the best vehicle  
technologies and fuels
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Percent of Emissions Remaining Versus Gasoline Vehicle

Conventional gasoline
vehicle

Efficient gasoline vehicle

Hybrid-electric vehicle

Plug-in hybrid vehicle (1)

Efficient plug-in hybrid
vehicle using cellulosic
ethanol from waste (2)
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Americans are increasingly desperate 
to break their addiction to petroleum. 
Rising gasoline prices are costing 

consumers more at the pump and raising 
the price of food and manufactured goods. 
At the same time, our reliance on foreign 
oil leaves us increasingly vulnerable to eco-
nomic and political instability abroad. 

A desire for “energy independence” is 
one reason to reduce our consumption of 
oil. Global warming is another. The gaso-
line consumed in America’s cars and trucks 
produces more global warming pollution 
each year than the entire economies of all 
but a handful of other nations. The most 
recent science tells us that we must slash 
global warming pollution immediately 
and dramatically if we hope to avoid the 
worst consequences of global warming. 
America cannot achieve that goal unless 
we reduce our consumption of oil for 
transportation.

These urgent twin imperatives of energy 
security and global warming are driving a 
search for alternative transportation fuels. 
There are a variety of candidates for the 
role of transportation fuel of the future, 
but no clear favorite has emerged.

One thing, however, is clear: America 
has little time to lose in addressing these 
challenges. And we cannot afford false 
starts.

As the race for alternative fuels acceler-
ates, public policies should both encour-
age continued progress in developing new 
options and steer the development of new 
fuels toward options with the potential to 
reduce global warming pollution and avoid 
severe environmental impacts. Adoption 
of low-carbon fuel standards at the state 
or federal level can play a critical role in 
promoting fuels that benefit the climate 
and the environment and discouraging 
those that do not.

In this paper, we evaluate the leading 
contenders in the alternative fuels race, 
with a specific focus on their impact on 
global warming and the environment. By 
taking a creative approach that combines 
the best technologies, encourages the use 
of clean fuels, and sets rigorous environ-
mental standards for alternative fuels from 
the very beginning, America can improve 
its energy security, while cutting global 
warming pollution and protecting our 
environment. 

Introduction
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There are many good reasons for 
America to break its addiction to oil. 
Consumption of oil for transportation 

has long caused its share of environmental 
problems. And now, with the serious conse-
quences of global warming becoming more 
widely understood, the need to reduce oil 
consumption is even more urgent.

Global Warming Pollution
Global warming threatens massive changes 
across the globe in the coming decades. 
Many of those changes have already begun 
to take place.

Global Warming Is Already  
Happening
The first signs of global warming are be-
ginning to appear throughout the world. 
Over the last century, global average 
temperatures have increased by 1.3°F.1 
Scientists believe that temperatures from 
1950 to 2000 were likely the highest in the 
last 1,300 years.2 Over the course of the 
20th century, average sea level increased by 
approximately 6.7 inches worldwide.3 

Snow cover in the Northern Hemi-
sphere has declined over the last several 
decades, dropping by 5 percent during the 
1980s.4 Glaciers are retreating around the 
globe and the annual extent of Arctic sea 
ice has declined by 2.7 percent per decade 
since 1978.5

Worldwide, spring events—such as 
leaf unfolding, egg laying and bird migra-
tion—are occurring earlier in the year. In 
addition, numerous species of plants and 
animals appear to be moving toward the 
poles in response to rising temperatures.6

Human Activities Are Causing 
Global Warming
There is scientific consensus that human 
activities are responsible for most of the 
global warming that has occurred over 
the last half-century.7 Burning fossil fuels 
releases gases, such as carbon dioxide, that 
trap heat near the earth’s surface, caus-
ing the planet to warm. Concentrations 
of carbon dioxide—the leading global 
warming pollutant—in the atmosphere 
have increased by more than one third 
since the beginning of the industrial age, 
and concentrations of other global warm-

Why We Need Alternative Fuels
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ing pollutants have increased as well. (See 
Figure 1.) The concentration of carbon 
dioxide is higher now than it has been in 
the last 650,000 years.8

What the Future Holds
Should emissions of global warming pol-
lutants continue to increase, the world will 
experience dramatic warming over the next 
century and beyond, with major impacts 
on the environment, the economy and on 
human health. 

The Intergovernmental Panel on Cli-
mate Change (IPCC), the world’s leading 
authority on the science of global warm-
ing, recently updated its projections about 
the future course of global warming. The 
IPCC found that temperatures could in-
crease by another 2 to 11.5°F above late 20th 
century levels by the end of this century, 
with the size of the increase depending on 
future emissions of global warming pol-
lutants.10 Sea level could rise by another 
7 to 23 inches over the next century, with 
the level of rise again dependent on future 
emissions. These estimates do not include 
the potential for accelerated breakup of 
the Greenland or Antarctic ice sheets, 
which would cause a more dramatic rise 
in sea level.11

In short, global warming poses a severe 
threat to the future of the world’s environ-
ment, its economy, and human health and 
welfare. 

Emissions from the  
Transportation Sector
The transportation sector (including per-
sonal travel in cars, light trucks and SUVs; 
freight shipping by truck and train; and 
airplane travel) is responsible for 33 percent 
of carbon dioxide emissions in the United 
States.12 Only electricity generation, much 
of which relies on carbon-intensive coal, 
results in greater global warming emis-
sions.

In 2005, the United States was respon-
sible for approximately 22 percent of the 

world’s emissions of carbon dioxide, the 
leading global warming pollutant.13 As a 
result, our transportation system produced 
more carbon dioxide than the entire economy 
of any nation in the world, other than 
China.14 Emissions from U.S. transporta-
tion gasoline use (the vast majority of which 
fuels cars and light trucks) were greater 
than those from any nation’s economy 
except for China, Russia and Japan. (See 
Figure 2.) (Full emissions data for 2006 
and 2007 are not yet available.)

Figure 1. Atmospheric Concentrations of Global 
Warming Pollutants9
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The magnitude of emissions from the 
transportation sector means that any plan 
to achieve meaningful reductions in global 
warming pollution must include transpor-
tation. An approach that eliminated all 
emissions from the electric sector without 
touching transportation-sector pollution 
would leave total emissions in the U.S. 
higher than those from any country other 
than China. Curbing emissions from the 
transportation sector will require a multi-
faceted approach, including improving the 
efficiency of vehicles, reducing how much 
Americans drive by offering transporta-
tion alternatives, and lowering the carbon 
content of fuels. 

Other Pollution from  
Petroleum Use
The production, refining and use of pe-
troleum damages ecosystems and causes 
air and water pollution. 

Air Pollution
Oil refineries emit cancer-causing chemi-
cals that present a threat to workers and 
nearby residents. The chemicals include 
benzene, formaldehyde, and polycyclic 
aromatic hydrocarbons (PAHs). Benzene 
and formaldehyde are known to cause can-
cer in humans, while PAHs are suspected 
carcinogens. The petroleum industry was 
responsible for more than 50 percent of 
the nation’s total “fugitive” emissions of 
benzene in 2005, for example.16 Total emis-
sions of benzene in the United States are 
high enough to cause 10.5 more cases of 
cancer per million people each year than 
would otherwise occur.17 The combustion 
of gasoline and diesel in vehicles releases 
many of the same chemicals as come from 
refineries. 

The use of petroleum products creates 
particulate matter pollution and con-
tributes to smog. Particulate matter can 
penetrate deep into the body, carrying 
chemicals that cause cancer, irritate lung 
tissues, and change how the heart func-
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tions.18
 
Exposure to particulate matter also 

is suspected to depress immune function, 
increasing susceptibility to other disease.19

 

As a result, particulates cause and aggravate 
a host of health problems, including lung 
cancer and cardiovascular disease. Smog, 
or ground-level ozone, can irritate sensitive 
lung tissue, impair lung development in 
children, and increase the risk of develop-
ing asthma. 

Water Pollution
Oil spills from drilling rigs, refineries, 
tankers, pipelines and storage tanks can re-
sult from carelessness, accidents and rough 
weather. Spilling even a small amount of oil 
can contaminate large volumes of drinking 
water, surface waters or the ocean. 

The 1989 Exxon Valdez spill in Alaska 
was the largest oil spill in U.S. history, but 
many smaller spills occur each year, caus-
ing damage to wildlife and ecosystems. In 
2005, hurricanes caused 43 oil spills in the 
Gulf of Mexico.20 In 2007, a cargo ship 
collided with the Golden Gate Bridge in 
San Francisco and released 58,000 gallons 
of oil.21

Reducing gasoline and diesel use will 
mean less oil-producing infrastructure and 
fewer opportunities for releasing oil into 
the environment. 

Energy Insecurity
The environmental impacts of oil produc-
tion and use are more than enough reason 
for the United States to take steps to reduce 
our consumption. But our dependence on 
foreign oil—and rising prices for that oil—
present another set of compelling reasons 
to end our addiction to petroleum.

America is highly dependent on oil—
particularly for transportation. The U.S. 
uses more petroleum for transportation 
than for any other purpose. In 2005, the 
transportation sector consumed 5.1 billion 
barrels of gasoline, diesel and other liquid 
fuels, or 67 percent of total oil consump-
tion in the U.S.22 Americans spent $364 
billion on transportation fuels in 2004, of 
which more than three-quarters was for 
imported fuel.23 With the recent increase 
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in oil prices, this level of spending is likely 
far greater today.

Demand for petroleum has grown in 
recent years, both in the U.S. and in indus-
trializing nations. Figure 3 shows that pe-
troleum demand in the U.S. has increased 
by 35 percent since the early 1980s, as the 
country recovered from the oil price shocks 
of the 1970s and the subsequent economic 
recession.24 As the largest petroleum con-
sumer in the world—the U.S. consumed 24 
percent of the petroleum used in the world 
in 2006, compared to second place China 
at 9 percent—rising domestic demand has 
a large impact on world oil supplies.25 

Rising demand for oil worldwide has led 
to higher prices. (See Figure 4.) One of the 
most immediate results for U.S. consumers 
is that the price of gasoline has doubled in 
the past five years.27 

Oil production has not increased at the 
same rate as demand because worldwide oil 
supplies are limited, for technological and 
natural reasons. The equipment needed to 
drill, mine and refine oil is expensive, and 
producers have been unwilling to invest in 
new infrastructure in the face of energy 

markets made volatile by political unrest 
or storms that disrupt production. Nor can 
additional production capacity be brought 
on line quickly in response to consistently 
higher energy prices. 

However, a larger problem underlies 
the lack of petroleum, and that is limited 
natural deposits of high quality oil in ac-
cessible locations. “Proved reserves” of oil, 
a figure that oil-producing countries and 
corporations have been known to overstate, 
are estimated at 1.2 trillion barrels.29 That 
is only slightly more petroleum than the 
world has consumed since oil production 
began in the mid-1800s.30 At the cur-
rent rate of worldwide annual petroleum 
consumption—approximately 30.5 billion 
barrels of oil—all proved reserves would 
be consumed in the next 38 years.31 Nearly 
75 percent of these reserves are concen-
trated in just seven nations: Saudi Arabia, 
Iran, Iraq, Russia, Venezuela, Kuwait, and 
United Arab Emirates. 

Growing demand coupled with limited 
supply that is increasingly concentrated 
in unstable parts of the world means that 
prices will continue to rise in coming years 
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and that oil-producing countries will have 
opportunities to manipulate the price and 
availability of petroleum. Moreover, oil 
prices are notoriously volatile and could 
become even more so in the years to come, 
exacerbating the economic damage of our 
heavy reliance on petroleum. 

Options for Reducing Trans-
portation-Sector Pollution 
and Petroleum Use
Reducing global warming pollution in 
the United States will require cutting 
pollution from all sectors of the econo-
my, including transportation. To prevent 
the most dangerous impacts of global 
warming, we need to cut emissions by at 
least 15 to 20 percent by 2020 and by 80 
percent by 2050. Such reductions are not 
possible without a broad approach that 
includes more efficient use of energy, and 
cleaner fuels, from wind and solar power 
to transportation fuels with a lower 
carbon content. Reducing emissions from 
just one or two sectors of the economy, 
such as electricity generation and indus-
trial energy use, will not be sufficient to 
reduce pollution to levels sustainable over 
the long term. Changes in the transpor-
tation sector are essential to any pollu-
tion-reduction plan. 

Global warming pollution from trans-
portation and oil consumption can be 
reduced through three complementary 
approaches.

•	 The first element is to improve vehicle 
efficiency, such as with stronger 
fuel economy standards for cars and 
trucks. 

•	 The second element is to reduce 
vehicle travel. Driving in personal 
vehicles can be reduced by encourag-
ing transit, walking, or bicycling, by 

using carpools, and by finding ways 
to avoid trips altogether. Compact 
development—where shops, houses 
and services are within walking 
distance of each other—facilitates the 
use of alternative transportation and is 
crucial to reducing driving in the long 
term. Vehicle travel can also be cut 
by reducing how far freight must be 
shipped by truck or by using alterna-
tives such as rail, which consumes less 
fuel per ton of freight shipped and 
thereby produces lower overall  
emissions. 

•	 The third element is to use alterna-
tive fuels that contribute less to global 
warming.

To achieve the most dramatic results 
in reducing oil consumption, America 
must combine these three approaches. 
For example, a car that is 25 percent more 
efficient, is driven 25 percent fewer miles, 
and replaces 25 percent of its fuel with 
alternatives will consume 58 percent less 
oil. To obtain the same reduction from 
transportation sector emissions without 
any reduction in the carbon intensity of 
fuel would require a 35 percent reduction 
in driving and a 35 percent improvement 
in vehicle efficiency—both of which are 
possible, but more difficult to achieve. 

Thus, though reducing the carbon in-
tensity of fuels is not straightforward, it is 
an essential step to cutting emissions from 
the transportation sector. 

In this paper, we focus specifically on the 
role that alternative transportation fuels 
can play in reducing the global warming 
impact of America’s transportation system 
and our consumption of oil. In the follow-
ing sections, we will briefly discuss the 
global warming and other environmental 
impacts of several alternative fuels and 
then discuss policy options for encourag-
ing increased production and distribution 
of the best low-carbon fuels. 
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Not all fuels that can replace gasoline 
or diesel have equal global warming, 
environmental or social impacts. A 

complete understanding of the impacts of 
each fuel is possible only through a life-
cycle analysis, an evaluation of the effect 
of a fuel from the time a crop is planted 
for a biofuel or natural gas is drilled to 
generate electricity, all the way through 
to its final use in a vehicle. The best fuels 
are those that have the lowest life-cycle 
global warming emissions and create the 
fewest negative environmental and social 
side effects. 

Ethanol
Ethanol is a nearly pure grain alcohol 
produced from the fermentation of plant 
material, most frequently corn, sugar cane, 
or cellulosic material. The conclusion that 
ethanol use reduces petroleum consump-
tion is generally accepted by researchers, 
but, depending on the feedstock, the sub-
stitution of ethanol for gasoline may not 
provide any global warming benefit.33

Corn ethanol production generally re-
sults in a fuel with greater life-cycle global 
warming pollution than gasoline. Cel-
lulosic ethanol from crop waste and other 
sources with limited land use impacts has 
greater potential for lowering global warm-
ing emissions than corn ethanol, but it is 
not yet widely manufactured. Cellulosic 
ethanol is made from sugars trapped in 
plant stalks and leaves rather than in the 
nutritive portions of the plant, which can 
be freed from their chemical bonds using 
an additional processing step involving 
enzymes or acids. Currently there is no 
large-scale ethanol production from energy 
crops such as switchgrass or crop residues 
such as corn stalks and rice husks; with 
technological advances these feedstocks 
could become major sources of ethanol 
production in the future.

Sugarcane and sugar beets are a third 
crop source for ethanol, and sugarcane is 
commonly used for ethanol production 
in Brazil. However, the U.S. has a very 
limited capacity to produce ethanol from 
sugarcane and sugar beets. Sugar beets 
can be grown in more of the country than 
can sugarcane, but even if all sugar beets 

Evaluating Alternative Fuels
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from how the feedstock is grown on a par-
ticular farm and emissions from worldwide 
changes in land use practices as more acre-
age is dedicated to the cultivation of biofuel 
feedstocks instead of food.

Direct Emissions
Modern farming practices rely heavily on 
fossil fuels. Natural gas is used to make 
synthetic fertilizers, petroleum is an essen-
tial component of pesticide manufacturing, 
and diesel fuel powers the equipment need-
ed for planting, spraying and harvesting 
crops. Thus, when a farmer can produce 
a bushel of corn with less fertilizer and 
less cultivation, global warming pollution 
may decline. 

Reducing fertilizer use cuts global 
warming pollution by lowering consump-
tion of natural gas necessary for mak-
ing fertilizer and by reducing releases 
of nitrogen from soil. Nitrous oxide is a 
powerful greenhouse gas, nearly 300 times 
more potent than an equivalent amount of 
carbon dioxide. Excessive application of 
fertilizers intended to boost the amount of 
biologically available nitrogen in soil and 
thus increase yield can result in greater 
emissions of nitrous oxide from the soil.36 

Reducing cultivation cuts both direct 
emissions from farm machinery and indi-
rect emissions from soil. No-till farming or 
conservation tilling eliminates or reduces 
the need to turn over the soil repeatedly, 
thus curbing releases of carbon from the 
soil. Less tilling also has an additional ben-
efit not related to global warming, which is 
that it reduces erosion.37 

The net impact of these changes in 
farming practices can be substantial. Im-
provements in farming efficiency in the 
past several decades have increased yields 
of corn from less than 90 bushels per acre 
in the mid-1970s to nearly 150 bushels per 
acre now without a commensurate increase 
in pesticide and fertilizer use.38 As a result, 
inputs per bushel harvested have declined, 
potentially reducing global warming pollu-

grown in the U.S. were devoted to ethanol 
production, the total ethanol produced 
would equal just 10 percent of current corn 
ethanol production.34 

Global Warming Impact
Like all biofuels, the global warming im-
pact of ethanol is the result of the interac-
tion of all the elements of its life cycle. 
However, the global warming pollution 
from some of those elements changes 
depending on the total volume of ethanol 
that is produced and how it alters global 
markets for food and other agricultural 
products. Until recently, corn ethanol had 
not been produced at large enough volumes 
to affect global markets. But with recent 
dramatic increases in ethanol production, 
and projections of future increases in years 
to come, it is important to consider its 
global impacts.

High-volume corn ethanol production 
does not result in lower global warming 
emissions than gasoline. In fact, full life-
cycle emissions from corn ethanol may be 
twice as high as gasoline, when secondary 
land-use impacts are taken into account.35 
In contrast, producing cellulosic ethanol 
from certain feedstocks can reduce global 
warming pollution. Cellulosic ethanol 
made from crop waste or prairie grass 
grown on abandoned or marginal crop-
land can have emissions well below that 
of gasoline.

Feedstock Production
Farming practices affect the amount of 
global warming pollution that results from 
a particular ethanol feedstock. Energy-in-
tensive approaches and crops that require 
more fertilizer increase fossil fuel use 
and thus global warming pollution. Poor 
farming methods can result in the release 
of nitrous oxide and carbon dioxide from 
soil, both of which contribute to global 
warming. 

The global warming impact of feedstock 
cultivation has two major elements: emissions 



14 Beyond Oil

Life-Cycle Analysis of Global Warming Emissions

Typically, when we think of air pollution from transportation, we think of emis-
sions from a car’s tailpipe. However, this does not account for the full extent of 

the global warming pollution from transportation. Drilling for oil, refining it into 
gasoline and transporting it to consumers all create pollution in addition to the 
emissions released directly from a vehicle’s tailpipe. These emissions that occur 
before fuel is used in a vehicle are called “upstream” emissions. 

With most light-duty vehicles in the U.S. currently operating on gasoline—and 
thus having roughly uniform upstream emissions—there has been little need for 
life-cycle analysis of pollution from various fuels. However, as alternative fuels enter 
the market—and as some of those fuels have greater “upstream” emissions than emis-
sions at the tailpipe—life-cycle analysis becomes an important tool for evaluating 
the global warming impact of different fuels. 

A comprehensive life-cycle evaluation includes global warming emissions from 
the following steps: 

• Producing or extracting feedstock. For biofuels, this includes global warm-
ing pollution released when soil is disturbed by tilling, emissions from farm 
equipment and pollution from fertilizers. It also includes the benefit of carbon 
absorption by biomass. For fossil fuels, this includes emissions related to ex-
tracting crude oil, coal or natural gas from the ground.

• Transporting the feedstock to the refinery. Both the distance and the 
method of transport affect emissions. 

• Refining or conversion. For biofuels, this includes the conversion of crop 
material into biofuels, including emissions from burning coal, natural gas or 
biomass to dry the feedstock and process it. For electricity, this step would 
include the combustion of fossil fuels to produce electricity.

• Transporting the fuel to market. Both the distance to market and the meth-
od of transport affect emissions.

tion per gallon of ethanol produced from 
corn.

A key factor in emissions from feedstock 
production is the choice of crop. Cultivat-
ing cellulosic material such as switchgrass 
results in lower global warming emissions 
from agricultural practices compared to 
corn. Switchgrass can be cultivated with 
less fertilizer and pesticide, is better at 

retaining carbon in soil, causes less water 
pollution, and allows less soil erosion.39

Most importantly, cellulosic ethanol can 
be produced from crops grown on marginal 
or abandoned cropland. Restoring aban-
doned cropland by planting a mix of prai-
rie plants including legumes and grasses 
increases the amount of carbon stored in 
the soil and in plant roots compared to 
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• Consuming the fuel in the vehicle. Carbon released by the burning of bio-
fuels is counted here. This step also includes an adjustment for how much of 
the energy in the fuel is translated to propulsion. Electric motors, for example, 
are five times more efficient than gasoline engines.32

• Secondary impacts. Secondary impacts are the broader changes that occur 
when a new form of transportation fuel is used. For example, biofuels create 
secondary impacts in land use when one farmer replaces a wheat field with corn 
for ethanol, and a second farmer responds by turning pasture into a tilled field 
to grow wheat. These effects are complex and can occur around the world. 
Other secondary impacts include increased emissions from fertilizer produc-
tion and reduced emissions from replacing animal feed with byproducts from 
ethanol production. Fossil fuels have secondary impacts as well. Increasing 
natural gas use in vehicles might result in increased demand and higher prices, 
which could encourage switching from natural gas to coal to generate electric-
ity. 

A comprehensive life-cycle analysis also allows for consideration of other envi-
ronmental impacts from fuels, such as whether growing a biofuel encourages de-
forestation or other negative land use practices, whether processing biofuels strains 
water supplies, and if the fuel, when processed or burned, adds to air pollution. A 
final consideration is how demand for biofuels might compete with food uses of 
some crops. 

Life-cycle analysis of the global warming pollution for transportation fuels includes 
a large degree of uncertainty. A comprehensive calculation includes all the factors 
discussed above, each of which is contingent upon multiple assumptions and com-
plex interactions. The researcher also needs to decide what secondary and tertiary 
impacts should be included in the analysis. The result is that every estimate of the 
life-cycle emissions of different fuels includes a degree of uncertainty—sometimes 
very large. Nonetheless, the estimates that researchers have produced for different 
fuels are valuable for guiding public policy toward fuels with lower emissions, and as 
life-cycle analysis matures, we will have access to better and more refined estimates 
of the impacts of various fuels on the climate. 

previous use of the land.40 Using marginal 
or abandoned cropland means that cel-
lulosic feedstock production will have less 
impact on global food markets, which can 
trigger land use changes in other countries 
and increase emissions from biofuels, as 
discussed in the next section. 

Cellulosic ethanol also can be produced 
from crop waste, which incurs much lower 

emissions from feedstock production. 

Worldwide Emissions 
The discussion in the preceding para-
graphs focuses on emissions from land 
use and farming choices where the ethanol 
feedstock is grown. However, those choices 
are not the only land use decisions that af-
fect emissions from ethanol. Secondary land 
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use changes—such as how the increased 
use of corn for fuel reduces exports of 
agricultural products including soybeans, 
wheat, and rice, thus prompting farmers 
elsewhere to clear more land for cultiva-
tion of food crops—are a major factor in 
life-cycle emissions from ethanol produc-
tion, especially as demand for ethanol 
grows.

As U.S. farmers dedicate more of their 
corn crop to ethanol production, corn ex-
ports decline. Farmers in other countries 
respond to declining imports and rising 
prices by producing more corn or other 
food crops. Some corn may be produced 
on existing cropland, but those displaced 
crops still need to be produced. Ultimately, 
new land is cleared for cultivation. 

Cutting down a forest or plowing up 
grassland increases emissions in several 
ways. First, those trees, grasses and other 
plants contain carbon that is released into 
the atmosphere as they decay or are burned 
as the land is cleared. Second, they no lon-

ger are available to absorb and store carbon. 
Finally, disturbing soil causes it to release 
approximately one-fourth of the carbon 
that it had absorbed. 

The result of this worldwide shift in land 
use is greatly increased life-cycle emissions 
from corn ethanol production. Whereas 
researchers estimate that corn ethanol 
produces 18 percent less global warming 
pollution than gasoline if worldwide land 
use changes are not accounted for, adding 
those global shifts in land use raises etha-
nol’s life-cycle emissions to approximately 
twice those of gasoline.41

The estimate that corn ethanol produces 
twice the global warming pollution of 
gasoline is based on a scenario in which the 
U.S. produces 30 billion gallons of ethanol 
in 2016. Even if production volume were 
lower, the impact of worldwide land use 
changes would still cause corn ethanol to 
have higher emissions than gasoline. The 
study’s authors estimate that even if actual 
production in 2016 is 25 percent lower than 

The global impact of increased ethanol production and higher corn prices includes more deforestation 
and rising global warming pollution. (Credit: Mark Atkins, Dreamstime.com)
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they postulated, emissions from world-
wide land use change would decline by 
only 10 percent from the high-production 
scenario.42

Global land use decisions also have the 
potential to raise life-cycle emissions from 
switchgrass-based cellulosic ethanol. The 
scale of secondary land use changes on 
emissions can be seen from one life-cycle 
analysis model that examined the impact 
of growing switchgrass on land capable 
of producing corn. While this is a highly 
unlikely substitution that no farmer seek-
ing to maximize profits would choose, the 
model suggests that it would cause life-
cycle emissions of cellulosic ethanol to be 
50 percent higher than gasoline.43

These are some of the first calcula-
tions that researchers have made of the 
global warming impact of indirect land use 
change from ethanol feedstock production. 
Newer and better data will become avail-
able about the indirect land use impacts of 
ethanol feedstock production as research-
ers create increasingly sophisticated models 
of worldwide changes triggered by biofuels 
production in the U.S. 

Secondary land use change may not be 
of as much concern with cellulosic ethanol 
as for corn ethanol. Improved cultivation 
of cellulosic feedstocks may allow cultiva-
tion of crops for ethanol without requiring 
much new land.44 Cellulosic feedstocks can 
be produced from abandoned or marginal 
cropland, which would trigger fewer, if any, 
changes in crop exports and overseas land 
use patterns. It may also become possible 
to increase production of cellulosic mate-
rial as a byproduct of food production or 
through greater use of cover crops when 
land is not in use for food production. If 
this becomes possible, then life-cycle emis-
sions of cellulosic ethanol could be much 
lower than gasoline.

Cellulosic ethanol produced from wastes 
does not trigger these indirect land use 
changes, and thus produces lower life-cycle 
emissions than gasoline.45

Transportation to the Refinery
Feedstock, whether corn or cellulosic mate-
rial, must be transported from the field to a 
refinery or distillery. Emissions are lowest 
when the refinery is located close to where 
the feedstock is produced. In addition, 
transportation emissions usually are lower 
when the feedstock is moved by train rather 
than by truck. Moving freight by train 
rather than truck requires only one-third 
the amount of fuel and thus produces far 
less global warming pollution.46

Refining
Ethanol refining involves the fermentation 
of plant sugars or starches and subsequent 
distillation steps, typically in the presence 
of heat. Refineries can be powered by coal, 
natural gas or even biomass. The choice of 
fuel to generate heat plays a large role in 
determining the global warming impact 
of the ethanol.

To produce the same amount of heat, 
coal produces 89 percent more global 
warming pollution than natural gas.47 
Currently, most refineries use natural gas 
as their principal energy source. A switch 
to coal-powered production—attractive 
to refiners because of coal’s lower pric-
es—would result in ethanol with higher 
emissions than gasoline, even before the 
effects of indirect land use change are 
considered.48 

Another factor affecting the carbon 
intensity of ethanol refining is how co-
products are used. Refining creates co-
products, such as distillers grains that can 
be used for animal feed and wastes that can 
be used as fuel. Lignin, found in plants used 
for cellulosic ethanol, cannot be fermented 
into ethanol but can be burned to create 
heat to power the refinery and even gen-
erate electricity to be sold into the grid.49 
These uses of co-products displace other 
processes—the manufacturing of animal 
feed or burning of fossil fuels for heat or 
electricity generation—that release global 
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warming pollution. The savings can be 
credited to the life-cycle emissions from 
ethanol.

Were carbon sequestration ever to be-
come a viable technology, the production 
of cellulosic ethanol from waste material 
could provide a means for reducing carbon 
dioxide levels in the atmosphere. Plants 
capture carbon from the atmosphere as 
they grow. Typically, that carbon is released 
again when the plant decays or is burned 
for energy. However, a refinery powered by 
waste biomass to produce cellulosic ethanol 
could capture its on-site carbon emissions 
and sequester them, thus effectively remov-
ing carbon from the atmosphere. 

Transportation to Market
The life-cycle emissions of ethanol in-
crease if the fuel must be transported a long 
distance from the refinery to consumers. 
This means that corn grown and refined 
in the state where it will be consumed as 
ethanol has lower life-cycle emissions than 
ethanol shipped to a distant market. 

Shipping ethanol is more energy-in-
tensive and thus produces more emissions 
than shipping gasoline the same distance. 
Ethanol is difficult to ship by pipeline, so 
it must be shipped by truck or rail, both 
of which are less efficient.50 Furthermore, 
because ethanol has a lower energy content 
per gallon, a tanker truck loaded with etha-
nol delivers less energy to fueling stations 
despite having expended just as much fuel 
as if the tanker had been full of gasoline.

End Use
Ethanol can be consumed at low concen-
trations (typically 10 percent or less by 
volume) in conventional gasoline-powered 
vehicles. If the auto manufacturer has made 
a few small changes to a vehicle’s engine, it 
can consume ethanol at concentrations up 
to 85 percent by volume. As with gasoline, 
a more fuel efficient car will require less 
energy and produce less pollution when 
traveling a given distance. 

In summary, a multitude of factors 
determine life-cycle global warming emis-
sions from ethanol. How the feedstock is 
produced, transported for refining, refined, 
transported to market, and consumed 
all influence emissions. The interplay of 
these factors, especially with worldwide 
agricultural land use, means that high-
volume corn ethanol production results 
in a fuel with life-cycle emissions that are 
approximately twice that of gasoline.51 Cel-
lulosic ethanol from waste, which is cleaner 
because producing the feedstock releases 
fewer emissions, can be 95 percent less 
polluting than gasoline.52 New methods 
of cultivating cellulosic feedstocks from 
marginal or abandoned cropland also could 
yield a fuel with much lower emissions than 
gasoline. 

Air Pollution
Though ethanol has clear potential to re-
duce global warming pollution, it may lead 
to greater releases of air pollution during 
the refining process and potentially during 
use in vehicles. 

Increasing production of ethanol will 
increase air pollution near refineries unless 
adequate pollution control regulations are 
in place. Unfortunately, current standards 
for biofuel refineries are not very strong. 
The U.S. EPA conducted an analysis of 
the air pollution impacts of the ethanol 
provisions in the 2005 Energy Policy Act, 
which required that ethanol production 
be increased to 7.5 billion gallons.53 (The 
2007 Energy Independence and Security 
Act mandates a further increase in biofuel 
production to 36 billion gallons by 2022. 
Of the 36 billion gallons, 16 billion gallons 
must be cellulosic biofuel and an additional 
6 billion gallons must be advanced biofuel 
that is not produced from corn.) The EPA 
concluded that emissions of volatile organic 
compounds (VOCs) will increase by as 
much as 732 tons per year in some counties 
with the largest ethanol refineries. Those 
same counties will experience increases in 
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nitrogen oxide (NOx) pollution of 996 tons 
per year.54 Both VOCs and NOx contribute 
to smog. Because most counties that are 
building new ethanol refineries already 
meet EPA air quality standards, EPA has 
indicated it will allow new plants. However, 
ozone likely is hazardous at concentrations 
lower than the legal air pollution standard 
and therefore new plants will create health 
impacts.

Ethanol, whether made from corn or 
cellulosic material, produces lower tail-
pipe emissions of some air toxins, such as 
benzene, though emissions of others, such 
as acetaldehyde, rise.55 EPA estimates that 
under the requirements of the 2005 Energy 
Policy Act, benzene emissions will fall 1.8 
to 4.0 percent and formaldehyde emissions 
will also decline.56 This shift in the mix of 
emissions may or may not be a net public 
health benefit. Formaldehyde, which will 
decline, is a more potent toxin than acet-
aldehyde, but for vulnerable subgroups, 
acetaldehyde may prove more hazardous.57 
Better pollution controls in vehicles and in 
refueling infrastructure can address some 
of these emissions, but mixing ethanol 
into gasoline allows gasoline to evaporate 
more easily and increases the difficulty of 
controlling emissions.58 

The use of ethanol, particularly in 
low-percentage blends, can significantly 
increase emissions of smog-forming pollut-
ants from vehicles because the presence of 
ethanol increases evaporative emissions.59 
U.S. EPA estimates that expanding the use 
of low percentage blends of ethanol could 
cause an increase in VOC emissions by 4 
to 5 percent in some areas. Emissions of 
nitrogen oxides could increase by 6 to 7 
percent.60 Thus, fuels with high percent-
ages of ethanol, such as E85, are preferable 
to low blends. 

Evidence about the air pollution impacts 
of higher blends of ethanol is less clear. A 
study by Mark Jacobson at Stanford has 
suggested that widespread use of E85 may 
lead to an increase in ozone-related deaths 

in some areas with a specific mix of air pol-
lutants.61 However, the finding of increased 
smog pollution contradicts studies by the 
U.S. Environmental Protection Agency, 
the U.S. Department of Energy, the Na-
tional Renewable Energy Laboratory and 
other researchers that conclude that power-
ing vehicles with E85 leads to less smog.62 
In addition, the scenario postulated in the 
Stanford study is improbable. It assumes 
the complete replacement of gasoline by 
E85 in 2020, something that could not 
be accomplished without a near-complete 
replacement of the vehicle fleet. Yet, the 
study assumes limited turnover in the ve-
hicle fleet when incorporating the impact 
of vehicle emission control systems: lim-
ited fleet turnover reduces the percentage 
of vehicles with strong emission control 
systems. 

Furthermore, Jacobson assumes that 
manufacturers would not change their 
emission control systems on vehicles 
they know would be burning ethanol. 
Using ethanol in an engine configured 
to consume gasoline results in nitrogen 
oxide (NOx) emissions that are lower than 
required by law. In some circumstances, 
reduced NOx emissions can result in 
greater ozone pollution, but that is not 
consistently the case, as Jacobson assumes. 
Furthermore, in reality, manufacturers will 
produce cars that meet minimum pollution 
standards and will respond to a cleaner fuel 
by producing vehicles with weaker pollu-
tion control systems. 

Water Pollution
Increased agricultural production or 
greater use of fertilizers to boost produc-
tion on existing land may increase runoff 
and leaching of nitrogen and phosphorus 
into surface and ground water. These 
contaminants can cause eutrophication, 
harm aquatic life, and taint drinking water 
supplies.63

Refining can also lead to water pollution. 
Refineries need to treat wastewater before 
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releasing it to limit levels of organic mate-
rial that can harm waterways.

Ethanol refineries can be large users of 
water, but proper wastewater treatment 
can allow the refinery to recycle its water. 
In addition, wastewater treatment allows 
the refinery to capture methane and use 
it for energy.

Deforestation and Land Use  
Impacts
Planting crops to produce biofuels, es-
pecially on a wide scale, will spread the 
problems of modern agriculture and lead to 
the loss of forests and natural areas. Even 
collecting crop and forestry wastes can be 
problematic.

Cultivating land to grow corn for 
ethanol production creates the same en-
vironmental problems as other forms of 
industrialized agriculture, including pes-
ticide runoff, soil erosion, nutrient enrich-
ment of waterways, and use of genetically 
engineered organisms. These problems 

are more severe with corn than with 
switchgrass and other energy crops, which 
require less fertilizer and pesticide.

Converting currently unfarmed areas to 
production of corn or an energy crop for 
ethanol can cause additional environmental 
problems. First, the change in land use and 
loss of ecosystems that absorb carbon can 
increase global warming pollution so much 
that it negates any benefit from producing 
more ethanol.64 Second, a strong push for 
more energy crops can lead to the destruc-
tion of valuable and sensitive natural areas. 
Diverse habitats may be replaced by mono-
culture. Biodiversity can be maintained by 
requirements for preserves, or limits on 
what land can be farmed. 

The land use impacts of growing 
feedstocks for ethanol extend beyond the 
boundaries of a cornfield that will supply 
an ethanol refinery. As discussed earlier, 
higher demand and prices for corn will 
induce not only one farmer to turn a wheat 
field into a corn field, but prompt another 

Switchgrass grown on marginal cropland has a smaller impact on global land use patterns. 
Credit: NRCS
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farmer to respond by converting a pasture 
into a wheat field, thus creating a chain of 
impacts. 

Collecting agricultural and forestry 
wastes as cellulosic material for making 
ethanol can reduce the need for new farm-
land for biofuels production. However, 
over-aggressive harvesting can result in the 
loss of soil nutrients, less moisture reten-
tion and greater erosion in the case of crop 
wastes, and could harm forest health in the 
case of forestry wastes.65

Competition with Food  
Production
A final concern about growing corn and 
other plants to make ethanol is that it 
displaces the cultivation of food crops. In 
the short term, the too-fast development 
of corn ethanol is raising the price of corn 
and other food, both here and abroad. The 
U.S. currently provides 65 percent of in-
ternational corn exports.66 Countries that 
rely upon corn imports from the United 
States to feed their populations are find-
ing it more difficult and expensive to do 
so. For example, corn prices have already 
increased, soaring 80 percent in a year, and 
prompting outrage and protests in Mexico 
over the cost of tortillas.67 

In the long term, higher prices for corn 
will encourage farmers to begin cultivat-
ing more acres of land, potentially bring-
ing down food prices but also increasing 
emissions of global warming pollutants 
from land use.

Oil Replacement
Using corn ethanol can reduce America’s 
dependence on petroleum. Some studies 
suggest that reductions in petroleum con-
sumption from each energy-equivalent unit 
of ethanol can be as high as 95 percent.68 

Significant amounts of fossil fuels such 
as coal and natural gas are used to pro-
duce ethanol. As a result, ethanol reduces 
fossil fuel consumption by only a modest 

amount. Current methods of producing 
corn ethanol reduce total fossil energy by 5 
to 26 percent versus gasoline, according to 
one estimate.69 This conclusion is disputed 
by some researchers.70 

Thus, corn ethanol can help reduce our 
dependence on imported oil and vulner-
ability to its price variations. 

Cost
Because a gallon of ethanol contains less 
energy than a gallon of gasoline, the price 
of the two fuels must be compared on an 
energy-equivalent basis. In October 2007, 
when a gallon of gasoline cost $2.76, an 
equivalent amount of energy in the form 
of E85 cost $3.39.71

Ethanol receives multiple subsidies but 
such subsidies likely are not necessary to 
ensure profitability of ethanol production. 
Currently, fuel blenders receive a federal 
subsidy of $0.51 per gallon of ethanol they 
blend with gasoline, which encourages 
ethanol production.72 Total federal and 
state subsidies for ethanol reach $5.1 bil-
lion to $6.8 billion per year, but observers 
believe that ethanol production in 2006 
and 2007 would have been profitable for 
producers even without subsidies.73

To increase the use of ethanol, gas sta-
tions may need to construct more tanks 
dedicated to E85 at an estimated cost of 
$100,000 to $150,000 each. Converting 
an existing gas tank to dispense E85 costs 
$10,000.74 In addition, automakers would 
need to increase their production of “flex-
fuel” vehicles capable of running on both 
E85 and gasoline. The incremental cost 
of a flex-fuel vehicle is low: manufacturers 
often sell flex-fuel vehicles at no additional 
cost over a gasoline-only version.75

Biodiesel
Though both ethanol and biodiesel are 
produced from crops and natural products, 
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the process to create each is different. 
Biodiesel often is derived from oil crops 
such as soybeans and canola, but also can 
be made from used vegetable oil and animal 
fats. The fat is mixed with an alcohol, trig-
gering a chemical reaction that produces 
biodiesel. In addition, diesel substitutes can 
be produced from non-fatty biomass using 
the Fischer-Tropsch process, in which the 
biomass is converted to a gas and then to 
a liquid. 

Global Warming Impact
Life-cycle global warming pollution emis-
sions from biodiesel can be as much as 98 
percent less than conventional diesel, if 
the diesel is made from waste cooking oil. 
Biodiesel from soybeans, the most common 
feedstock for biodiesel, is at least 50 percent 
more polluting than conventional diesel.76 
Many of the factors that influence global 
warming emissions from ethanol matter 
in determining emissions from biodiesel, 

including what feedstock is used and how 
it is produced, what secondary land use 
changes it incurs, how far it is transported, 
what fuel powers the refinery, and the effi-
ciency of the vehicle in which the biodiesel 
is consumed. 

Feedstock Production
Feedstock for making biodiesel must be 
obtained by growing and harvesting a crop 
or by collecting waste animal or vegetable 
fats. As with feedstocks for ethanol, land 
use practices, pesticide and fertilizer use, 
and choice of crop affect the life-cycle 
carbon content of biodiesel.

Multiple studies have found that land 
use changes triggered by producing feed-
stock for biodiesel can cause the fuel to 
have greater life-cycle emissions than 
petroleum diesel. 

Canola and soybeans, the two primary 
crops that can be processed for biodiesel, 
do not yield as much energy per acre as corn 

Canola can be processed to produce biodiesel, but its emissions may be higher than conventional diesel. 
Credit: stock.xchng
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or cellulosic material does for ethanol.77 
That makes cultivation and harvesting of 
oil crops more energy intensive and it in-
creases the potential for conflicts between 
growing crops for food versus biofuels. It 
also increases the scale of worldwide land 
use changes that occur in response to the 
diversion of the soybean crop to fuel pro-
duction instead of food. 

Researchers recently evaluated emis-
sions from secondary land use changes 
triggered by increased biodiesel demand in 
the U.S. Under a variety of scenarios—in-
cluding one of decreased demand for soy 
oil, improved yield in other countries, and 
conservative assumptions about emissions 
from newly cultivated land—biodiesel re-
sulted in greater life-cycle emissions than 
petroleum diesel.78 An earlier study found 
that biodiesel derived from soy causes a net 
increase in global warming emissions due 
to large nitrous oxide and carbon dioxide 
emissions from agricultural practices.79

Using waste cooking oil in biodiesel 
does not create any global warming pol-
lution from feedstock production. Waste 
from ethanol production can also be used 
to produce biodiesel.

Transportation to the Refinery
Most analysts assume that biodiesel re-
fineries will be located close to feedstock 
sources, meaning that feedstock will not 
have to be transported very far. As men-
tioned in the ethanol section, moving the 
feedstock by train instead of truck will 
result in lower emissions from this step.

Refining
As with ethanol, refining biodiesel can 
produce different amounts of global warm-
ing pollution depending on whether coal, 
natural gas or biomass provides heat and 
power for the refining process. 

Biodiesel can be produced through sev-
eral processes that vary in energy intensity 
and thus global warming emissions. For 
example, soy biodiesel provides a greater 

global warming pollution reduction than 
does corn ethanol because the refining 
process is less energy intensive.80 

The creation and use of refining co-
products also influences the carbon-in-
tensity of refining. Soybeans and canola 
produce a protein co-product that can be 
used as animal feed.81 Feeding livestock 
this biodiesel co-product instead of protein 
meal that has been manufactured explicitly 
as feed reduces the life-cycle emissions 
from these sources of biodiesel. 

Transportation to Market
As with ethanol, inputs for producing 
biodiesel must be transported from the 
place of feedstock production to the refin-
ery, and then from the refinery to market. 
One analysis that compares biodiesel 
from five different feedstocks finds that 
all biodiesel feedstocks produce greater 
emissions than petroleum diesel during 
feedstock and fuel transportation.82 The 
higher emissions from transportation to 
market result from an assumption that re-
fineries will be located close to feedstocks 
rather than consumers. 

End Use
Biodiesel (particularly in low percentage 
blends) can be used in any diesel vehicle. 
Some older vehicles may need to have rub-
ber components of the fuel line replaced 
because the biodiesel can corrode them, 
but these vehicles are generally capable of 
operating on biodiesel. Biodiesel contains 
11 percent less energy per gallon than con-
ventional diesel, so vehicles cannot travel 
as far on a tank of biodiesel.83 

In summary, biodiesel may provide sig-
nificant global warming pollution savings 
compared to conventional diesel, but these 
benefits are strongly dependent on how the 
biodiesel is produced. Life-cycle emissions 
from soybean biodiesel are likely 52 to 158 
percent higher than petroleum diesel.84 
Even accounting for the fact that biodiesel 
is less energy dense, biodiesel from waste 
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cooking oil releases 98 percent less global 
warming pollution, but limited supplies 
of waste oil mean that not much waste 
oil-based biodiesel can be produced.85 In 
the long run, should cellulosic ethanol 
technology move forward, wastes from that 
process could be used to produce larger 
quantities of diesel substitute. 

Air Pollution
Biodiesel, more clearly than ethanol, re-
duces most types of air pollution. Biodiesel 
refining results in lower emissions of some 
pollutants compared to diesel. Use of 
biodiesel—from low-level blends to pure 
biodiesel—results in lower vehicle emis-
sions of VOCs, carbon monoxide, particu-
late matter (PM10) and sulfur dioxide.86 

The impact of biodiesel on emissions 
of nitrogen oxide is less certain. A recent 
National Renewable Energy Laboratory 
(NREL) study found no increase in NOx 
emissions from 20 percent biodiesel fuel 
blend, contradicting earlier studies from 
EPA.87 However, the EPA study involved 
older vehicles with less effective emission 
control systems and thus the NREL study 
may be more representative of current and 
future biodiesel emissions.88 

Water Pollution
Crops grown for biodiesel have many of the 
water pollution problems of crops grown 
for ethanol. In addition, because biodiesel 
crops yield less energy per acre farmed, 
producing a gallon of biodiesel requires 
more cultivation and thus potentially more 
water pollution.

Deforestation and Land Use  
Impacts
Because canola and soybeans produce less 
energy per acre farmed, a dramatic increase 
in demand for oil crop-based biodiesel 
would require a very large increase in the 
acreage dedicated to fuel production. For 
example, even if the entire soybean crop 
in the U.S. were converted to biodiesel, it 

would replace only 6 percent of petroleum 
diesel used in the U.S.89

Thus, significantly increasing biodiesel 
production will conflict with other land 
uses, such as farming for food or maintain-
ing forestland. Already, European demand 
for biodiesel has spurred the destruction 
of sensitive ecosystems in other parts of 
the world to make room for planting oil 
palm plantations for fuel. And as discussed 
above, these changes provoke huge in-
creases in global warming pollution from 
biodiesel.

Competition with Food  
Production
Oil crops like soybeans produce far less 
energy per acre than cellulosic sources 
or corn.90 Thus, dramatic expansion of 
biodiesel production could cause greater 
competition with food production than 
growing crops for ethanol does.

Oil Replacement
Biodiesel’s potential to replace large 
amounts of current petroleum consump-
tion is limited.91 The low energy yield of 
biodiesel crops means that there simply is 
not enough land on which to grow crops 
to replace much petroleum diesel. Only 
a small amount of biodiesel can be made 
from waste cooking oil because feedstock 
supplies are so limited.

Cost
Biodiesel is slightly more expensive than 
petroleum diesel. In October 2007, when 
a gallon of diesel cost $3.11, an energy-
equivalent amount of B20 biodiesel cost 
$3.14. Pure biodiesel cost $3.72.92 

Electricity
Though electricity may not be the first 
vehicle fuel that comes to mind, it can be 
a low-carbon source of energy for trans-
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portation. Hybrid-electric vehicles, such 
as the Toyota Prius, are powered by both 
gasoline and electricity. The vehicle’s bat-
tery is charged by the gasoline engine and 
through the capture of energy lost during 
deceleration. Plug-in hybrid vehicles have 
a larger battery that can be charged using 
power from the electricity grid, as well as 
by a regular gasoline engine as a backup. 
Full battery-electric vehicles operate solely 
on electricity. 

Global Warming Impacts
Numerous studies have concluded that 
electric-powered vehicles produce lower 
global warming emissions than conven-
tional gasoline-powered cars and trucks. 
For example, a plug-in hybrid electric 
vehicle with a 20-mile all-electric range is 
62 percent less polluting than a gasoline 
vehicle, assuming that the vehicle is re-
charged from California’s relatively low-
carbon electric grid.93

Life-cycle analysis of the global warm-
ing emissions of electric vehicles typically 
includes an evaluation of how electricity is 
generated and the efficiency with which it 
is used in vehicles, but excludes mining and 
transportation of the fuel before it reaches 
the power plant. Adding these steps to 
life-cycle analysis of electricity would help 
ensure that electricity is evaluated on equal 
terms with other fuels.

Power Generation
Emissions from plug-in and full electric 
vehicles are heavily influenced by what fuel 
is used to generate electricity and how ef-
ficiently that electricity is generated. 

Electricity in the U.S. is most frequently 
generated at coal-fired power plants, which 
have very high global warming emissions. 
Coal-fired power plants release more than 
2,000 pounds of carbon dioxide for every 
megawatt-hour of electricity generated. 
In contrast, the average natural gas power 
plant releases 1,100 pounds of carbon di-
oxide.94 Electricity generated from wind 

or solar power releases no global warming 
emissions.

Charging electric vehicles with power 
from zero-emission renewable energy 
sources would result in vehicles with 
extremely low emissions. Unfortunately, 
the electricity grid does not allow picking 
and choosing between power sources on a 
day-to-day basis. To reduce emissions from 
electricity, the overall mix of generating 
facilities must be changed to retire dirty 
coal-fired power plants and replace them 
with cleaner natural gas or renewable gen-
erating capacity. 

Developing renewable energy sources 
such as wind and solar power and reducing 
coal-fired generating capacity will make 
vehicles that rely on electricity even clean-
er. Ultimately, as the amount of renewable 
generating capacity on the electric grid 
increases, a rising portion of the vehicle 
fuel will come from renewable energy. 

Transportation to Market
As electricity is sent through power lines, 
thermal losses and other inefficiencies 
mean that a portion of the power never 
reaches consumers. To provide a kilowatt-
hour of electricity to a customer requires 
generating more than a kilowatt-hour at 
the power plant. This inefficiency raises 
emissions from coal or natural gas-fired 
power plants. 

Power that is generated close to consum-
ers will incur almost no transmission loss 
and will therefore have lower emissions. 
And electricity generated from solar panels 
installed on the roof of a home will have no 
emissions and no transmission losses.

End Use
A major contributor to the reduced global 
warming emissions of electric vehicles is 
the inherent efficiency of an electric mo-
tor compared to an internal combustion 
engine. An electric drivetrain is five times 
more efficient than a gasoline internal-
combustion engine.95 This efficiency enables 
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an electric-powered vehicle—even one 
using electricity generated in a coal-fired 
power plant—to have relatively low global 
warming emissions. 

Drivers of electric vehicles who live 
in free-standing homes should be able to 
recharge vehicles at home. To facilitate 
re-charging at large apartment complexes 
or at workplaces, additional infrastructure 
may need to be built. 

The time of day at which a plug-in 
hybrid or battery-electric vehicle is re-
charged will influence emissions (and cost, 
discussed later). During the day, power 
companies operate all their power plants 
to meet high demand; at night, the most 
expensive plants—typically natural gas 
plants—are turned off and just baseload 
facilities—currently coal or nuclear power 
plants—operate. This can result in higher 
night-time emissions. However, in coming 
years, as more wind generation capacity 
is installed, wind energy may provide a 
greater percentage of electricity gener-
ated at night. Additionally, because wind 
turbines can generate more power at night 
than during the day, charging vehicles 
with wind power overnight may become 
a convenient way of storing clean energy 
to feed back into the electric grid during 
the day.

In summary, even an electric vehicle 
that draws power from the national elec-
tricity grid, which includes many carbon-
intensive energy sources, produces less 
global warming pollution than a gasoline 
vehicle. Research by the Argonne National 
Laboratory concludes that plug-in hybrids 
are 36 percent less polluting.96 According to 
this same study, a plug-in hybrid recharged 
from California’s grid would be 44 percent 
cleaner than gasoline. 

Air Pollution
Should the widespread use of electric vehi-
cles result in increased consumption of coal 
or natural gas, an increase in air pollution 
could result (although federal and state air 

quality regulations limit emissions of some 
pollutants from power plants). Coal-fired 
power plants release mercury, nitrogen ox-
ides and sulfur dioxide. Mercury is a neuro-
toxin that delays development in children. 
Nitrogen oxides contribute to smog, which 
can lead to asthma, bronchitis, emphysema 
and other respiratory and cardiovascular 
problems. Sulfur dioxide is a component 
of fine particulate matter pollution, which 
can cause asthma, cancer and premature 
death. Modern coal-fired power plants 
control much of this pollution, but older 
plants have less effective pollution controls. 
Natural gas power plants are cleaner than 
coal-fired plants, but have higher emissions 
than renewable sources of energy. 

Water Pollution
Waste material from a type of coal mining 
known as mountain-top removal is typi-
cally piled in valleys, blocking streams and 
leaching into water supplies. Other forms 
of coal mining also produce rock and dirt 
that is heaped in piles. When these piles 
are exposed to rain, they release toxins into 
streams and groundwater. 

Drilling for natural gas creates sedi-
ment and toxic pollution, as well as large 
quantities of saline water that can degrade 
the quality of waterways or groundwater 
resources if improperly managed.97 Other 
forms of electricity generation—includ-
ing nuclear power and large hydroelectric 
dams—can also pollute or otherwise de-
grade water resources.

Fossil fuel power plants (and some central 
solar facilities) typically use water for cool-
ing. If that water is released back into the 
river or lake from which it was taken, the 
higher temperature can cause fish kills and 
alter the ecosystem of the waterbody. If wa-
ter is not released and is evaporated instead, 
it is no longer available to other users. 

Land Use Impacts
Coal mining destroys habitat and pol-
lutes land so that future uses are limited. 
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In mountain-top removal coal mining, 
for example, entire hillsides are scraped 
away to expose the coal beneath. Material 
with concentrations of coal too low to be 
burned is discarded in giant waste heaps. 
Even when a mountain-top mining site is 
“reclaimed,” the land remains tainted and 
the soil is inadequate to support the same 
forest as existed before mining. 

Natural gas drilling offshore disturbs 
marine wildlife. Onshore, drilling infra-
structure and pipelines create industrial 
sites within otherwise natural areas and 
fragment habitat. Pipelines for transport-
ing natural gas extend hundreds or thou-
sands of miles, cutting through ecosystems 
and fragmenting habitats.

Oil Replacement
Electricity can reduce oil consumption. 
Hybrid-electric vehicles do require gaso-
line but not as much as vehicles powered 
by a standard internal combustion engine. 
The Toyota Prius, for example, is EPA-
rated to travel 46 miles per gallon of gaso-
line, compared to 27.5 miles per gallon for 
the average car. Plug-in hybrids require 
even less gasoline. 

If electric vehicles are recharged at 
night, the U.S. has sufficient generating 
capacity to supply energy to many vehicles. 
Daytime electricity supplies are more 
limited and for that reason, night-time 
recharging could be preferable. 

Cost
Retail electricity prices average 8.9 cents 
per kilowatt-hour, but vary around the 
country. Charging an electric vehicle or 
plug-in electric vehicle and operating it in 
all-electric mode would cost consumers 
3 cents per mile, assuming a vehicle effi-
ciency of 3 miles per kilowatt-hour.98 This 
is a lower cost per mile than a gasoline or 
hybrid-electric vehicle (more than 6 cents 
per mile if gasoline costs $3 per gallon). 

It costs less to charge a vehicle at night 

than during the day because cheaper (but 
higher emission) power plants predominate 
at night. This price difference will matter 
to individual consumers only if they have a 
time-of-day pricing plan from their electric 
utility. However, all consumers will have to 
pay higher prices for electricity if vehicles 
are recharged during the day, driving up 
peak demand and requiring construction 
of more power plants. 

Widespread use of electric vehicles of-
fers new flexibility for the operation of the 
electricity system. Electric vehicles could 
be charged at night, when generating 
capacity is abundant and prices are lower. 
During the day, when vehicles are parked, 
the electricity stored in their batteries 
could be fed back into the power grid, 
thereby reducing the need for other sources 
of electricity to meet peak demand. Such 
an approach could reduce electricity costs 
by limiting the need to build new plants 
for times of high demand. 

A single coal mine can destroy hundreds of acres 
of land. Credit: stock.xchng
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Natural Gas
Vehicles operating on natural gas are in 
widespread use throughout the U.S. in 
government and utility company vehicle 
fleets. Expanding natural gas vehicle use 
could reduce global warming pollution.

Global Warming Impact
Compressed natural gas vehicles produce 
as much as 26 percent less global warming 
pollution over their life-cycle than gasoline 
powered-vehicles.99 Natural gas drilling 
and processing, transport to consumers, 
compression, and end use all contribute 
to emissions.

Feedstock Production
Natural gas must be drilled and processed 
before it is fed into a pipeline. This produc-
tion releases global warming pollution.

Transportation to Market
Natural gas is transported to consumers 
via pipeline, an efficient way to move fuel. 
However, a typical mile of natural gas 
pipeline leaks 1,360 pounds of methane, a 
powerful global warming pollutant, each 
year.100

End Use
The only commercially available light-duty 
vehicle that operates on natural gas is the 
Honda Civic GX, which is moderately ef-
ficient.101 By one estimate, the Honda Civic 
GX averages the equivalent of 28 miles per 
gallon.102 Natural gas has also come to be a 
common fuel in transit bus fleets.

Fueling a natural gas-powered vehicle 
requires compressing the natural gas so 
that more of it can be carried in the vehi-
cle’s tank. Most natural gas compressors 
in the U.S. are powered by electricity. 
Electric-powered compressors are margin-
ally more efficient than those powered by 
natural gas.103 

Finally, natural gas has lower emissions 
than gasoline. Analyses of natural gas’s 

pollution using EPA’s emission model cal-
culate that it produces 18 to 26 percent less 
global warming pollution than gasoline.104 
Another, more conservative analysis esti-
mates savings of just 5 percent.105

In the short term, natural gas may be a 
useful fuel for transitioning to lower emis-
sion fuels—particularly for vehicle fleets 
that are refueled centrally, such as transit 
buses. The California Energy Commis-
sion has identified natural gas as one of the 
fuels the state should use in transitioning 
to lower-emission transportation fuels, 
especially in the early years as other fuels 
are still being developed.106

Air Pollution
In terms of toxic and smog-forming pol-
lutants, natural gas is a much cleaner fuel 
than gasoline. Natural gas vehicles release 
56 percent less nitrogen oxide, 41 percent 
less carbon monoxide, and 84 percent less 
sulfur dioxide, but 68 percent more par-
ticulate matter.107

Fueling stations that rely upon electric 
compressors will not produce any on-site 
emissions, an important consideration for 
urban locations, though pollution will be 
released at the power plant. Natural gas 
compressors, in contrast, will release ni-
trogen oxides and other pollutants.

Water Pollution
Natural gas drilling releases sediment, 
toxics and saline water that can pollute 
groundwater and nearby waterways. 

Land Use Impacts
As discussed with electricity, drilling for 
natural gas and building pipelines to trans-
port that gas disturb thousands of acres of 
habitat. (See p. 26.)

Oil Replacement
Natural gas has limited capacity for re-
placing oil in the long run. The U.S. has 
small reserves of natural gas: 2006 levels of 
production can be sustained for only 11.3 
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years, given current knowledge of natural 
gas reserves.108 Moreover, demand for 
natural gas in other sectors of the economy 
is on the rise, especially in the electricity 
sector, where natural gas is seen as a cleaner 
alternative to coal. 

Internationally, natural gas supplies 
are greater, but importing natural gas is 
problematic on several counts. Natural 
gas has very low energy density that makes 
transport by tankers inefficient unless the 
gas is cooled to -256 degrees Fahrenheit, 
when it becomes a liquid. Once the gas 
is delivered to its destination, it must be 
warmed to return it to a gaseous state that 
can be fed into a pipeline. (This additional 
transportation and processing required for 
imported natural gas would raise life-cycle 
emissions of natural gas-powered vehicles.) 
Locating liquefied natural gas terminals 
near crowded coastal cities is potentially 
dangerous and building them in remote 
locations destroys delicate coastal ecosys-
tems. All options for importing natural 
gas are expensive. Furthermore, replac-
ing imports of petroleum with imports of 
natural gas does nothing to enhance our 
energy independence.

Cost
Compressed natural gas is significantly 
cheaper than an energy-equivalent amount 
of gasoline. Whereas a gallon of gas cost 
$2.76 in October 2007, an energy equiva-
lent amount of compressed natural gas 
cost $1.77.109

However, building new refueling 
infrastructure to facilitate wider use of 
natural gas is costly. A residential refuel-
ing unit that compresses natural gas from 
a household natural gas line costs more 
than $4,000.110 Refueling is relatively 
slow—adding enough fuel to drive 50 
miles takes four hours.111 New commercial 
refueling stations will not be cost-com-
petitive with gasoline and diesel stations 
until natural gas achieves a 20 percent 
market share.112 

Hydrogen

Global Warming Impact 
Hydrogen’s impact on global warming 
depends entirely on how the hydrogen fuel 
is produced. Hydrogen is not a primary 
energy source—it exists on its own virtu-
ally nowhere in nature. Instead, hydrogen 
must be extracted from other compounds, 
either water (through a process called 
electrolysis) or fossil fuels. If hydrogen 
is generated from electrolysis powered 
by renewable energy, it can reduce global 
warming pollution per mile driven by more 
than 90 percent.113 If, however, hydrogen is 
produced directly from fossil fuels such as 
natural gas, or created through electrolysis 
using electricity generated from coal, it 
produces far less reduction in global warm-
ing pollution. 

Feedstock Production
Hydrogen can be produced from different 
sources, including natural gas, biomass, 
and water. All production methods are 
energy-intensive. Therefore, the choice 
of feedstock and how it is processed are 
important determinants of life-cycle global 
warming pollution from hydrogen.

The lowest-emission option is to use 
renewable energy to create hydrogen from 
water by electrolysis: exposing water to an 
electric current splits it into its constituent 
parts—hydrogen and oxygen. Electrolysis 
requires a large amount of electricity. Elec-
tricity generated by wind or solar energy 
results in hydrogen with essentially no 
global warming emissions, but electricity 
from coal or natural gas is much dirtier. In 
some parts of the country, scarce water sup-
plies may limit the potential for producing 
hydrogen from water.

The next-lowest emissions are from 
hydrogen created (or “reformed”) from 
natural gas or biomass. Reformation in-
volves exposing the fuels to high-tempera-
ture steam in the presence of a catalyst. 
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The result of the process is hydrogen and 
carbon dioxide. Gasification involves using 
a super-heated reactor to turn biomass or 
other fuels into a gas, which is then exposed 
to steam and oxygen to create hydrogen, 
carbon monoxide and carbon dioxide. 
(This method can also be used to create 
hydrogen from coal.)

Using natural gas as the power source 
to create hydrogen, according to a study 
by the National Academy of Sciences, 
would cut greenhouse gas emissions by 30 
to 50 percent compared to hybrid-electric 
vehicles running on gasoline.114 Hydrogen 
generated using biomass—such as plants, 
plant wastes or animal wastes—can reduce 
global warming emissions by 60 to 100 
percent.115 However, were coal to power the 
hydrogen production process, emissions 
from a hydrogen-powered vehicle would 
be equal to or greater than those from a 
hybrid-electric vehicle.116

Transportation to Market
Hydrogen can be distributed to consum-
ers in two ways. Centralized distribution 
would operate much like the current 
gasoline distribution system. Hydrogen 
would be processed at large-scale facili-
ties and then be distributed to filling sta-
tions by pipelines and tankers. However, 
as with ethanol, hydrogen’s low energy 
density means that a tanker truck hauling 
hydrogen will expend essentially the same 
amount of energy and produce the same 
emissions as if it were hauling gasoline. 

A decentralized distribution approach 
means that hydrogen would be produced 
at filling stations from natural gas or water. 
Some of the basic infrastructure needed for 
this—pipelines for natural gas and power lines 
for electricity—already exists. The drawback 
is that such small-scale production of hydro-
gen could be less efficient and more costly.

End Use
Hydrogen can be used in vehicles with 
fuel cells or internal combustion engines. 

Fuel cell vehicles use hydrogen to generate 
electricity, which powers an electric motor, 
allowing fuel cell vehicles to benefit from 
the drivetrain efficiency of electric motors. 
Many estimates of fuel cells assume a high 
level of efficiency for hydrogen vehicles. 
The National Academy of Science, for 
example, assumes that hydrogen fuel cell 
vehicles are as efficient as a conventional 
vehicle that can travel 65 miles per gallon 
of gasoline, or more than twice as efficient 
than the average car.117 In contrast, hydro-
gen consumed in an internal combustion 
engine is only 23 percent more efficient 
than a gasoline vehicle.118 

In summary, the global warming im-
pact of hydrogen ranges from almost zero 
to greater than a conventional gasoline 
vehicle. 

Air and Water Pollution
As with electricity, many of hydrogen’s air 
and water pollution impacts are contingent 
upon the fuel used to create hydrogen. 
Tailpipe emissions of toxic compounds 
would be minimal and per-mile emissions 
of nitrogen oxides would drop 47 percent 
compared to conventional vehicles.119

Land Use Impacts
Mining fuel to create electricity for hy-
drogen production will have the same 
impacts as discussed in the electricity sec-
tion above. (See p. 26.) Hydrogen may also 
have other land use impacts if new pipelines 
are constructed to transport hydrogen 
from centralized production facilities or 
if new fueling stations are constructed to 
distribute the fuel. 

Oil Replacement
Shifting large numbers of vehicles from 
gasoline to hydrogen certainly would 
reduce our dependence on foreign oil. 
However, greater hydrogen demand could 
cause natural gas consumption to increase, 
potentially requiring greater imports of 
natural gas. Assuming that hydrogen is 
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produced from natural gas using current 
technologies, a study by the National Acad-
emy of Sciences suggests that converting 
half of the nation’s vehicles to operate on 
hydrogen would increase natural gas con-
sumption by 16 to 22 percent compared to 
2002 levels.120 Domestic reserves of natural 
gas are limited, so meeting this increased 
demand could require importing more 
natural gas. 

Cost
Hydrogen is an expensive fuel to create 
and to use. Creating a generation and dis-
tribution system, whether centralized or 
decentralized, would require development 
of new infrastructure. A decentralized fill-
ing station that could serve 854 cars per 
week, for example, could cost $1.85 million 
to build.121 While a centralized distribu-
tion system is more cost effective on a 
per-vehicle basis, cost-effectiveness relies 
upon widespread penetration of hydrogen 
vehicles into the marketplace. Decades will 
pass before such economies of scale can be 
achieved. 

Consumers will pay an additional 
$6,000 to $11,000 for a hydrogen fuel cell 
vehicle compared to a gasoline vehicle in 
2020, even if vehicle production reaches 
100,000 vehicles annually.122 On an energy 
basis, consumers likely will pay more for 
hydrogen than gasoline in 2020, though 
the greater efficiency of hydrogen fuel cell 
vehicles will mitigate this expense. The 
estimate assumes that 10 percent of fuel 
use is hydrogen.123

To achieve any of these price levels, 
industrial and governmental financing 
for research and development will need to 
continue at approximately $600 million to 
$1 billion annually.124

Coal-to-Liquid Fuel
Coal can be processed to create a liquid 
that serves as a diesel substitute. While 

coal-to-liquids has received much atten-
tion recently as a technology that can help 
reduce U.S. imports of oil, it creates so 
much global warming pollution that it is 
an unacceptable solution to our energy 
problems. 

Global Warming Impact
Liquid produced from coal creates more 
than twice the global warming pollution 
of gasoline and nearly twice the emissions 
of diesel on a life-cycle basis.125 The fuel 
starts with a high-carbon energy source 
and requires heavy processing.

Feedstock Production
Coal-to-liquids production starts with 
the mining of coal, a heavy industrial 
process that requires petroleum-powered 
equipment that releases global warming 
pollution. Perhaps more importantly, coal 
mining can release methane, which is fre-
quently trapped in coal beds. Methane is 
a greenhouse gas 16 times more powerful 
than carbon dioxide. When coal beds are 
opened for mining, the methane is released 
into the atmosphere. 

Transportation to the Refinery
Coal is typically transported by rail be-
cause rail lines have been built to serve 
mines. Coal-to-liquids processing facilities 
may be constructed near mines to reduce 
the distance coal must be transported.126

Refining
Coal-to-liquids fuel is not yet commer-
cially produced in the U.S. but the federal 
Energy Information Administration (EIA) 
expects that production could begin within 
the next few years. At the refinery, coal will 
first be turned into a gas and then convert-
ed into a liquid using the Fisher-Tropsch 
process.127 According to an estimate by 
EIA, just 49 percent of the energy in the 
original coal will remain in the final, liquid 
product. Twenty percent of the energy in 
the coal will be consumed to manufacture 
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the liquid. If the facility has co-generation 
capacity and can generate electricity, then 
30 percent of the energy will be sold into 
the power grid. However, if the plant is 
located near a coal mine, it likely will be a 
great distance from consumers who want 
to buy electricity. 

Transportation to Market
The refined fuel could be moved to market 
via rail, truck or perhaps pipeline. Coal-
to-liquids refineries built near coal mines 
will not necessarily be close to markets for 
fuel, so the product may have to be shipped 
a substantial distance.

End Use
Liquid fuel produced from coal can be 
consumed in place of gasoline or diesel 
in a conventional vehicle. As with ethanol 
and biodiesel, the overall efficiency of the 
vehicle and the inefficiencies of internal 
combustion engines will influence tailpipe 
emissions from end use. 

In summary, extensive processing of a 
high-carbon fuel means that coal-to-liquids 
fuel has approximately twice the life-cycle 
global warming pollution of conventional 
gasoline.128 Even if a coal-to-liquids facility 
were able to capture and sequester carbon 
released during the coal-to-liquids process, 

New Petroleum-Based Fuels Have High Emissions 

Oil shale and tar sands have drawn the interest of energy companies for decades 
as possible new sources of oil. As oil prices rise and as the U.S. seeks to in-

crease its domestic production of oil, oil shale and tar sands have again entered the 
conversation. However, the fuels have high life-cycle global warming emissions, 
their production creates extensive environmental damage, and they have little 
potential to displace much imported oil. 

Oil Shale
Oil shale refers to sedimentary rock with a solid petroleum substance trapped between 
the layers. If the rock is heated, the oil becomes a liquid and is released, at which 
point it can be processed as a synthetic crude oil. 

Transportation fuels produced from oil shale have significantly higher global 
warming pollution emissions than conventional gasoline or diesel.139 Oil shale re-
leases its oil when it is heated to 700 to 900°F. Producing that much heat requires a 
tremendous amount of energy: under one method of production, all the electricity 
from a medium-sized power plant would be required to produce fuel that would 
replace just 1 percent of daily U.S. gasoline consumption.140 A coal or natural gas 
power plant of this size would release millions of pounds of carbon dioxide. Thus, 
total life-cycle emissions of oil shale are extremely high. 

Processing oil shale causes other environmental damage. Producing a single bar-
rel of oil from shale requires as much as 5 barrels of water, a severe problem given 
that oil shale deposits in the U.S. are concentrated in the arid Mountain West.141 
Whether oil shale is processed on site or is mined and processed off-site, the low 
energy density of oil shale means that large areas have to be disturbed. To extract 
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just one barrel of fuel, 1.2 to 1.5 tons of oil shale must be crushed and processed, 
which increases the volume of rock by as much as 25 percent.142

Oil shale has limited potential to displace conventional oil. Though oil shale 
deposits in the U.S. contain several times more oil than exists in Saudi Arabia, 
mining it would entail tremendous environmental destruction from increased 
global warming pollution, use of all available water in the region, and destruction 
of thousands of acres of habitat. 

Tar Sands
Tar sands consist of clay, sand, water and extremely viscous oil. With strip mining and 
extensive processing at high heat, the oil can be separated from tar sands for fuel. 

As with oil shale, tar sands must be heated to turn the oil that they contain into 
a liquid, a process that results in high global warming emissions. Canada’s tar sands 
industry estimates that producing a barrel of oil from tar sands consumes the same 
amount of natural gas that could heat a home for one to four days.143 Overall, in-
creasing production of oil from tar sands is the biggest factor driving up Canada’s 
emissions of global warming pollution.144 

Extracting oil from tar sands tears up land and consumes high volumes of water. 
Deposits of tar sands near the surface are accessed with vast surface mines. Two tons 
of sand produce just one barrel of oil, so any large-scale production requires moving 
huge amounts of soil.145 Mining and processing tar sands can consume nearly six 
gallons of water for every gallon of oil produced.146 As with oil shale, tar sands in 
the U.S. are concentrated in areas with limited water resources. Tar sand mining 
in Canada has caused widespread environmental damage.147

U.S. reserves of tar sands are equal to 12 to 19 billion barrels of oil.148 Recover-
ing even a small percentage of this will raise global warming pollution and destroy 
natural resources near the mining site.

the liquid fuel itself still produces life-cycle 
emissions 4 to 8 percent greater than those 
of gasoline.129 

Air Pollution
Coal-to-liquids processing facilities will 
produce air pollution. Operators of a pro-
posed refinery in Gilberton, Pennsylvania, 
project that it will release 29 tons per year 
of sulfur dioxide, 70 tons per year of nitro-
gen oxides, 23 tons per year of particulate 
matter, and 54 tons per year of carbon 
monoxide.130 Sulfur dioxide contributes to 
acid rain, nitrogen oxides are a precursor 
to smog and particulate matter, which can 

cause lung damage and worsen heart dis-
ease, and carbon monoxide can be toxic. 

Water Pollution
As discussed regarding the use of electric-
ity as a transportation fuel, coal mining 
creates significant water pollution.

Furthermore, coal-to-liquids processing 
facilities consume large quantities of water. 
Producing one gallon of fuel requires 2.5 to 
5 gallons of water for processing, resulting 
in very large total withdrawals.131 The pro-
posed coal-to-liquids facility in Gilberton, 
Pennsylvania, has received a permit to with-
draw up to 7 million gallons per day.132
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Land Use Impacts
Coal-mining irreparably destroys huge 
swaths of land, as discussed earlier. (See 
p. 26.) 

Oil Replacement
Liquid fuel made from coal technically 
could replace all of the imported oil that 
we consume today. Domestic coal reserves 
are great enough to produce 800 billion 
barrels of liquid fuel, equal to 167 years 
of petroleum consumption at current lev-
els.133 However, this would require a huge 
increase in coal mining. To replace just 
10 percent of current transportation-re-
lated petroleum consumption, coal mining 
would need to increase by 25 percent from 
current levels, worsening the water and air 
pollution impacts of coal mining.134 

Cost
Coal-to-liquids fuel is technically feasible, 
but very expensive. Building a coal-to-
liquids refinery can cost billions: one 
proposed facility in Ohio would cost $4 
billion to construct.135 Building enough 
refining capacity to replace 10 percent of 

current petroleum use would cost $70 bil-
lion, according to a study by researchers 
at M.I.T.136 The researchers add a note 
of caution that historic projections of the 
costs of building synthetic fuel refineries 
have been “wildly optimistic,” suggesting 
that the price tag could be far higher.

Compared to refining oil, converting 
coal into liquid fuel is costly. Even without 
carbon sequestration, refining coal into 
liquid costs three to four times as much as 
refining the same amount of oil.137

Because coal-to-liquids fuel is so ex-
pensive and private capital markets will 
not finance construction of such risky 
plants, a coalition of industry and labor 
groups has sought subsidies, federal loan 
guarantees and production tax credits to 
facilitate coal-to-liquids production, with 
some success.138 In 2005, Congress agreed 
to provide funds for construction of coal-
to-liquids plants, but has not yet allocated 
the funds. However, any production of 
coal-to-liquids is unlikely if the U.S. 
commits to reducing its global warming 
pollution and turns away from the most 
polluting energy sources. 
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No single alternative fuel will be the 
solution to America’s energy and 
global warming challenges. Indeed, 

the use of alternative fuels must be just one 
piece of a larger strategy to reduce the con-
tribution of the American transportation 
system to global warming—a strategy that 
also includes reducing the number of miles 
driven in vehicles and improving vehicle 
energy efficiency.

Alternative fuels, however, can play an 
important role in addressing these chal-
lenges, if America develops a smart strategy 
to maximize their benefits. Such a strategy 
should have three components.

Three Principles for  
Alternative Fuel Development

Combine the most promising ap-
proaches to maximize environmen-
tal benefits. 
A number of the alternative fuels discussed 
above have significant potential to reduce 
global warming pollution compared to 

gasoline. The greatest global warming pol-
lution reductions, however, can be achieved 
by combining the cleanest technologies 
and fuels. Emissions from a conventional 
vehicle can be reduced by improving its 
efficiency and by powering it with a lower 
emission fuel. A vehicle that taps the best 
attributes of these options—better vehicle 
efficiency, use of a fuel affiliated with an 
efficient drivetrain, and drawing on mul-
tiple clean fuels—can achieve the greatest 
reductions, as show in Figure 5. 

Emission reductions gained through 
the use of alternative fuels, therefore, 
should be built on top of gains made 
through improved energy efficiency, and 
not substituted for them. Public policy 
should provide clear incentives to combine 
low-emission technologies in vehicles. 
Unfortunately, some current policies take 
an “either-or” approach to fuel economy 
improvements and alternative fuels. For 
example, automakers can receive credit 
toward compliance with federal corporate 
average fuel economy standards by produc-
ing vehicles that can operate on biofuels, 
even though the best solution to reducing 
emissions is to have an efficient vehicle 
using a low-emission fuel.

Getting the Most from 
Alternative Fuels
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Develop fuels with long-term  
potential. 
Alternative fuels vary greatly in the short-
term contributions they can make toward 
America’s energy and global warming 
challenges. They also vary greatly in their 
long-term potential.

Natural gas, for example, has the po-
tential to reduce global warming pollution 
in the short term, but has little long-term 
potential as a transportation fuel due to 
limited domestic gas supplies. Hydrogen 
fuel has potential in the very long run, but 
that potential is decades away from being 
realized. Electricity is available today, 
but its potential will not be realized until 
automakers begin producing cars that can 
use electricity.

Public policy should emphasize the 
development of infrastructure to support 
promising long-term fuel options over 
those with only short-term potential. In 
some cases, that may mean developing 
policies that encourage the use of fuels, like 

electricity, with limited short-term benefits 
but greater long-term potential. 

Set high environmental standards 
and mitigate environmental and 
social impacts. 
America will be more likely to reduce the 
environmental impacts of transporta-
tion fuels if we set strong environmental 
standards for those fuels. The first step 
should be to establish a low-carbon fuels 
standard (see next section) that encourages 
the development of fuels with lower life-
cycle global warming emissions. Standards 
should also be developed and implemented 
to mitigate the impacts of alternative fuels 
on the quality of our air, water and natural 
ecosystems.

Significant research and study is neces-
sary to accurately calculate life-cycle global 
warming emissions of various production 
practices of fuels and measure impacts to 
our air, water and natural ecosystems.

0% 20% 40% 60% 80% 100% 120%

Percent of Emissions Remaining Versus Gasoline Vehicle

Conventional gasoline
vehicle

Efficient gasoline vehicle

Hybrid-electric vehicle

Plug-in hybrid vehicle (1)

Efficient plug-in hybrid
vehicle using cellulosic
ethanol from waste (2)

(1) Vehicle is recharged with electricity that has the same carbon emissions as the U.S. national average.
(2) Cellulosic ethanol produced from municipal waste. Electricity has same carbon emissions as U.S. na-
tional average. 

Figure 5. Life-cycle emissions achieved by combining the best vehicle technologies 
and fuels
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Policies to Promote Clean 
Alternative Fuels
If the United States is to reduce its global 
warming pollution and curb its dependence 
on expensive and polluting fuel, it will need 
to develop alternative fuels. The best policy 
for achieving this will promote clean fuels 
that can be used efficiently and that have 
the fewest environmental impacts. 

One such policy is a low-carbon fuel 
standard, which encourages the develop-
ment of alternative fuels that have lower 
global warming emissions. A well-designed 
low-carbon fuel standard ensures that 
whatever alternative fuels replace gaso-
line will not have a negative effect on the 
climate in the short run and will reduce 
emissions over time. Furthermore, a low-
carbon fuel standard can include sustain-
ability criteria to prevent other forms of 
environmental harm. 

Low-Carbon Fuel Standard
A low-carbon fuel standard could be imple-
mented in several ways, but one of the 
easiest routes would be to require that fuel 
providers—those who refine, import, or 
blend fuel—sell fuel with a declining car-
bon content. A beginning point could be a 
requirement that transportation fuels be 10 
percent less carbon-intensive by 2020, the 
standard set by the state of California.

Fuel providers would be required to 
report the full life-cycle global warming 
pollution of the fuels that they sell.149 A 
default emission figure for each fuel should 
be established by the appropriate regula-
tory authority, but fuel sellers should have 
the option of presenting data demonstrat-
ing that their fuel is less polluting than the 
default fuel value. Life-cycle analysis of 
global warming emissions should include 
emissions from farming practices, land 
use changes here and worldwide, refining, 
shipping and use of the fuel. The efficiency 
for vehicles using non-petroleum fuels in 
high-efficiency electric drivetrains should 

also be factored in. All global warming pol-
lutants, including carbon dioxide, methane 
and nitrogen dioxide, from all stages of fuel 
production (including secondary land use 
impacts) should be considered. 

As was evident in the discussion of the 
life-cycle global warming emissions of 
different fuels, many factors influence the 
environmental profile of biofuels. Accu-
rately assessing the impact of fuels will not 
be simple, nor will it happen overnight. How-
ever, a low-carbon fuel standard could be 
implemented today, relying on estimates that 
encourage the production of fuels with less 
carbon without favoring one vehicle technol-
ogy over another. As better data becomes 
available—thanks in part to better tracking 
of production pathways and fuels once a stan-
dard is in place—the standard can be revised 
to offer greater precision about which fuels 
will provide the greatest benefit. 

Current uncertainties should be dealt 
with conservatively. For example, research-
ers assisting with development of Califor-
nia’s low-carbon fuel standard acknowledge 
that uncertainty remains regarding emis-
sion effects of land use.150 However, un-
certainty about land use impacts should 
not be an excuse to assume that there is no 
impact from land use: giving land use im-
pacts a value of zero could facilitate coun-
terproductive land use practices. Instead, 
a low-carbon fuel policy should include a 
best estimate of land use impacts, with the 
understanding that the estimate will be 
revised in the future as better data become 
available. A low-carbon fuels policy should 
be flexible enough to allow the addition of 
new information for establishing targets 
and enforcing requirements.

A low-carbon fuel standard allows 
fuel providers flexibility in deciding how 
to reduce the global warming emissions 
from the fuel they sell. Providers could 
seek out supplies of cellulosic ethanol or 
promote the use of electricity. The amount 
of renewable fuel that providers sell would 
depend on the type of fuel.
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A 10 percent reduction in global warm-
ing emissions from transportation fuels 
by 2020 is an ambitious, but reasonable, 
target. By starting the low-carbon fuel 
standard with a fairly low requirement and 
increasing the target each year, farmers, 
researchers and investors can anticipate 
future demand, developing new energy 
sources and technologies. 

Part of the value of a low-carbon fuel 
standard is its ability to push the develop-
ment of new technologies. Public policies 
that establish ambitious goals can help 
speed the evolution and production of 
cleaner technologies. California, for ex-
ample, pushed vehicle technology forward 
with its Zero-Emission Vehicle Program, 
which ultimately led to the creation of 
battery electric vehicles that made today’s 
hybrid-electric vehicles possible. A low-
carbon fuel standard can push similar gains 
in vehicle fuels. 

To avoid negative consequences from 
increasing production of low-carbon fu-
els, any low-carbon fuel standard should 
include provisions to protect air quality, 
public health, and the environment. 

Protect air quality and public health
Because fuels such as ethanol blended with 
gasoline at certain concentrations can 
worsen air quality by raising emissions 
of toxic and smog-forming pollution and 
particulate matter, a fuel standard should 
include a requirement that low-carbon 
fuels at least maintain current air quality 
and that vehicle emission standards should 
not be relaxed. Low blends of biofuels, such 
as E10, should be discouraged. Operating 
a subset of vehicles on high blends such as 
E85 will allow a sector-wide reduction in 
global warming emissions without increas-
ing air pollution.

Protect ecologically sensitive areas
A low-carbon fuel standard should not 
result in the clearing and use of ecologi-
cally sensitive areas for biofuels cultivation. 

Preventing adverse land use changes will 
be challenging because changes in crop 
planting and use in the U.S. can cause other 
changes around the world. For example, if 
more of the U.S. corn and soybean crop 
is dedicated to biofuels production rather 
for food here or abroad, farmers may clear 
additional land to increase their corn and 
soybean production. Inclusion of an accu-
rate assessment of the emission effects of 
changing land use practices will discourage 
some land conversions domestically, but 
monitoring international impacts will be 
more difficult. Researchers helping Cali-
fornia develop its low-carbon fuel standard 
recommend further research and coordina-
tion with Europe, which is struggling to 
address the same challenge.

Complementary Policies
Though a low-carbon fuel standard will 
provide the biggest push for reducing the 
global warming pollution from trans-
portation fuels, additional policies can 
make the transition to lower-emission 
fuels easier. 

Encourage the best ethanol  
production methods
The incentives for ethanol should reflect 
the environmental impact of its production 
method. Currently, however, the federal 
government offers a 51-cent-per-gallon 
subsidy for ethanol production that treats 
widely different production methods the 
same, ignoring the important differences 
between corn ethanol and cellulosic etha-
nol produced from waste material and re-
fined with renewable energy, for example. 
The subsidy should be replaced with a pro-
ducer-based tax credit. By phasing out the 
per-gallon subsidy and subsidizing ethanol 
plants based on the type of organic matter 
they use, the type of fuel they burn, and 
possibly the market price of oil, the United 
States can appropriately encourage the best 
methods with less money.
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Reject proposals to develop high  
carbon fuels
Investing in technologies and infrastruc-
ture to develop and use high-emission fuels 
is counter-productive. New coal-to-liquids 
facilities or production of fuel from oil 
shale or tar sands will increase the carbon-
intensity of transportation fuels and make 
it more difficult to achieve overall emission 
reductions. Governments should not offer 
grants, subsidies or other policy support for 
these polluting fuels. Money would be far 
better spent developing low-emission fuels. 

Include transportation fuels within 
any economy-wide cap on global 
warming pollution
As discussed earlier, the transportation 
sector is the second largest source of 
global warming pollution in the U.S. Any 
economy-wide cap on global warming pol-
lution must include transportation fuels. 
A low-carbon fuel standard can help drive 
pollution reductions in the transportation 
sector to ensure that it contributes to over-
all efforts to lower emissions.

Require vehicles that are capable of 
using lower-carbon fuels 
By 2020, all new vehicles should be capable 
of using lower carbon fuels. Manufacturers 
could comply by producing hybrid or plug-
in hybrid vehicles that operate partially on 
electricity, internal combustion engines 
that can consume E85, or other vehicles 
that operate on fuel with less carbon than 
gasoline. Widespread use of such vehicles 
will provide a market for fuel providers who 
sell low-carbon fuel. 

Replacing the entire vehicle fleet in the 
U.S. takes 12 to 15 years, so policy action 
is required now to pave the way for the 
future market of low-carbon fuels. Fortu-
nately, retrofitting vehicles to make them 
capable of using some alternative fuels is 
quite inexpensive; estimates range from 
$100 to $300 for flex-fuel vehicles that can 
operate on E85.151 

Eliminate fuel economy credits for 
flex-fuel vehicles
Flex-fuel vehicles can operate with the 
same efficiency as vehicles with conven-
tional internal combustion engines. How-
ever, the current federal corporate average 
fuel economy (CAFE) requirements allow 
car manufacturers to meet lower fuel effi-
ciency standards in exchange for producing 
a small number of flex-fuel vehicles. This 
trade-off undermines the global warming 
benefit of flex-fuel vehicles and thus should 
be ended. America needs both higher fuel 
economy standards and greater use of low-
carbon fuels. 

Encourage construction of additional 
infrastructure necessary for  
delivering low-carbon fuel
Federal tax credits are available for the de-
velopment of alternative fueling infrastruc-
ture. These credits will make it easier to 

New infrastructure, such as this electric 
vehicle charging station, will make the use 
of lower carbon fuels possible. (Credit: Jeff 
Gynane, Dreamstime.com)
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accommodate increased use of low-carbon 
fuels and should be kept in place to appro-
priately reward such development.

Support research and development  
efforts for low-carbon fuels
The cost of converting cellulosic biofuel 
feedstocks into fuel limits the competitive-
ness of ethanol with petroleum products.152 
Research into easier and cheaper methods 
of refining cellulosic materials will help 
make those fuels more competitive. Cel-
lulosic feedstock production also needs 
to be improved with research into better 

cultivation, including how to increase the 
yield of cellulosic material from food crops 
and cover crops. 

While federal funding for cellulosic bio-
mass research has increased significantly 
in percentage terms in recent years, the 
fiscal year 2007 House budget included 
only $32.8 million for cellulosic biomass 
research and development. The federal 
government should invest in efforts to 
crack the last remaining technological bar-
riers to cellulosic ethanol production and 
devise effective strategies for commercial 
introduction.
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