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Energy security is, yet again, a key political issue in the 
United States. Unlike earlier energy crises, the current 

period of high prices and supply uncertainty is not the direct 
result of a major supply disruption. Instead, strong global oil 
demand coupled with shrinking upstream investment op-
portunities and limited refi ning capacity have contributed to 
relatively high crude and refi ned product prices. And unlike 
earlier times when oil and gas alternatives were prominent 
on the U.S. legislative agenda, policymakers today face the 
looming impacts of climate change and “peak oil” production. 
Indeed, it now seems certain that climate change and energy 
security are two of the greatest challenges the global commu-
nity faces in the 21st century. 

Energy policies designed to address one of these challenges 
alone can have unintended and often negative consequences 
on the other. Converting coal into a liquid for transportation 
fuel, for example, can help offset the need to import petroleum. 
But this option introduces serious climate and environmental 
sustainability challenges. Alternatively, shifting from coal to 
natural gas in the power sector to reduce GHG emissions would 
likely elevate energy insecurity because of the expanded reli-
ance on limited gas producers and a more vulnerable supply 
infrastructure. Finally, promoting corn-based ethanol offers 
little climate benefi t while introducing new food security and 
environmental sustainability challenges. The current invest-
ment frenzy in corn ethanol production illustrates that politi-
cal decision-makers can focus too much on local issues at the 
expense of the national or international public good, as well 
as more sensible energy choices.

We would benefi t by reconsidering what energy security means 
to us today. The traditional defi nition of suffi ciency, reliabil-
ity, and affordability now seems incomplete. Environmental 
sustainability, geopolitical factors, and social acceptability are 
clearly elements that need to be added to our energy security 
calculus. A country’s energy system is not secure, after all, if it 
consumes water supplies unsustainably, fuels political instabil-
ity internationally, or results in strong local opposition.

SUMMARY

Concerns about energy security in the United States are 
not new. The current environment of high prices and 
uncertain supply is different from earlier crises, however, 
due to the widespread recognition that climate change 
needs urgent attention and that conventional global oil 
production may soon peak. There is also concern in the 
United States that some post-9/11 oil revenues are fueling 
global instability. U.S. policymakers have responded by 
promoting a variety of measures to address at least one 
of the challenges of energy security and climate change. 
These challenges are linked, however, and there are often 
unintended consequences when one is addressed without 
fully considering impacts on the other. WRI has pro-
duced the “bubble chart” on page 3 to help inform the 
debate over the choices at hand. A complete description 
of the issues discussed in this policy brief is available at 
www.wri.org/usenergyoptions.
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NOTES
1.  EIA Annual Energy Outlook 2007.
2.  The EIA forecasts less than 18 gigawatts (GW) of installed wind 

capacity in 2025 compared to today’s 12 GW, for example, and a 
corporate average fuel effi ciency (CAFE) requirement only slightly 
higher than today’s.

3.  It should be noted that scaling up each of these technologies to 
levels much greater than currently deployed may have environ-
mental and other impacts to land, water, and other resources that 
have yet to be fully considered. WRI begins to look at some of these 
issues in a new report, Scaling Up: Global Technology Deployment 
to Stabilize Emissions.

TABLE 2 Deployment Assumptions for Each Option

Energy Option WRI Assumptions, Compared to Business as Usual (BAU) in 2025

Electric Power Sector

Nuclear Additional 20 gigawatts (GW) of nuclear capacity, or roughly 5-10 plants. 

Clean Coal (IGCC) 
with CCS

Additional 15 GW of integrated gasifi cation combined-cycle (IGCC) plants with carbon capture & storage 
(15-60 plants). Assumes 20% energy penalty and 90% capture effi ciency.

Imported LNG Additional 40 BCM (1.4 trillion cubic feet) of imported LNG, fueling 48 GW of additional combined-cycle 
plants. 

Wind Additional 50 GW capacity from wind farms. 

Building Effi ciency Savings of 1.8 EJ from an additional 5% increase in the effi ciency of building electricity use and 2% in the 
effi ciency of building natural gas use compared to the baseline. 

Solar Photovoltaics Additional 16 GW capacity from solar photovoltaics, which assumes an annual growth rate of 25% through 
2025. 

Ultra-Supercritical Coal Additional 15 GW of ultra-supercritical pulverized coal (PC) plants achieving 45% effi ciency (HHV), or 
roughly 15-30 new plants. 

Transport Sector

Raise CAFE 
(30 MPG LDV fl eet avg.)

Savings of 3.1 million barrels per day (mb/d) or 48 billion gallons (bgal) from an increase in CAFE or similar 
measure that results in an average achieved fuel economy of 30 MPG for light duty vehicles (versus about 20 
MPG today).

Expanded Oil Imports Additional 1.0 mb/d (15 bgal) of additional oil imports, roughly an 8% increase in imports. 

Coal-to-liquids (CTL) Additional 0.75 mb/d (11 bgal) from “coal-to-liquids” (CTL). Assumes 85% more carbon intensive than 
petroleum. 

CTL with CCS Additional 0.75 mb/d (11 bgal) from “coal-to-liquids” (CTL). Assumes 85% more carbon intensive than 
petroleum and 70% of process emissions sequestered.

GTL Additional 0.1 mb/d (1.5 bgal) from “gas-to-liquids” (GTL). Assumes 25% more carbon intensive than 
petroleum.

Corn Ethanol Additional 0.5 mb/d (8 bgal). Assumes better technology and additional land used for corn can expand yield 
to 20 bgal. Assumes that corn ethanol reduces CO2 emissions by 15% compared to petroleum, and has a 30% 
lower energy density.

Cellulosic Ethanol Additional 0.3 mb/d (5 bgal). Assumes lower costs for cellulosic ethanol and higher oil prices. 
Assumes that cellulosic ethanol reduces CO2 emissions by 80% compared to petroleum.

Heavy Oil Imports Additional 0.5 mb/d (8 bgal) from heavy oil imports from primarily Canada and Venezuela. Assumes 50% 
more carbon intensive than traditional petroleum.

CO2 EOR with CCS Additional 0.5 mb/d (8 bgal) from “enhanced oil recovery” production from domestic sources using carbon 
dioxide as a stimulant. 

Expanded Domestic 
Oil Production

Additional 0.3 mb/d (5 bgal) production from domestic oil and natural gas sources previously considered 
“off-limits”. 

Frozen MPG Assumes a policy weakening CAFE is adopted, resulting in no increases in vehicle effi ciency from 2005 
levels (~20 MPG). Additional 1.3 mb/d (20 bgal) of fuel is required.

Plug-in Hybrid 
Electric Vehicles

Additional 0.3 mb/d (4 bgal) oil offset by 6 million vehicles. 30,000 PHEVs on the road in 2009, 40% 
annual growth rate yields about 6 million vehicles in 2025. Assumes that 50% of the needed power requires 
additional power plant operation.

ABOUT THE WORLD RESOURCES INSTITUTE

The World Resources Institute is an environmental think tank 
that goes beyond research to create practical ways to protect 
the Earth and improve people’s lives. Our mission is to move 
human society to live in ways that protect Earth’s environment 
for current and future generations.

Our program meets global challenges by using knowledge to 
catalyze public and private action:

• To reverse damage to ecosystems. We protect the capac-
ity of ecosystems to sustain life and prosperity.

• To expand participation in environmental decisions. We 
collaborate with partners worldwide to increase people’s 
access to information and infl uence over decisions about 
natural resources.

• To avert dangerous climate change. We promote public 
and private action to ensure a safe climate and sound 
world economy.

• To increase prosperity while improving the environment. 
We challenge the private sector to grow by improving 
environmental and community wellbeing.

In all of our policy research and work with institutions, WRI 
tries to build bridges between ideas and actions, meshing 
the insights of scientifi c research, economic and institutional 
analyses, and practical experience with the need for open and 
participatory decision-making.

For more information, visit WRI’s website at 
http://www.wri.org.
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U.S. policymakers are currently considering options to address 
our energy security and climate change crises. To help inform 
the political debate, the World Resources Institute has pro-
duced a graphical tool to assess energy options in the context 
of climate change and energy security. 

ASSESSING U.S. ENERGY OPTIONS

The snapshot on the following page illustrates the climate 
and security impacts of selected energy options in the United 
States. The vertical axis illustrates climate characteristics, tak-
ing into account lifecycle greenhouse gas emissions for each 
option. The horizontal axis is an expanded measure of energy 
security that each option could provide. This defi nition begins 
to include environmental sustainability (water use, soil impacts, 
local air pollution, etc.), geopolitics, and local acceptability. 
While the vertical position of each bubble is relatively objec-
tive given the assumed business as usual (BAU) centerpoint, 
horizontal placements are more subjective. We do not claim 
these placements as the only answer.

The size of each bubble represents one view of how much 
“incremental” energy the option could deliver (or offset) in 
2025 given a modest policy driver. These drivers could include 
general policies such as a cap and trade carbon constraint, or 
a targeted measure like a renewable portfolio standard or a 
nuclear tax credit. The energy values are in addition to the 
amounts forecasted under typical BAU scenarios (see fi gure at 
right). Sizes are based on a combination of existing forecasts in 
the literature and our largely qualitative view of how a moder-
ate policy push would impact penetration of different options. 
While we do not base market penetration directly on levelized 
cost analysis or other quantitative economic indicators, we have 
tried to capture the “economic feasibility” of each option given 
a modest policy push. A unique combination of factors includ-
ing technology, economic, social, and political elements will 
infl uence how quickly any option can penetrate the market. 

Bubble size is measured as the amount of primary coal (power) 
or oil (transport) that would be offset by implementing each 
option. We chose coal and oil as the points of comparison 
for power and transport, respectively, because they are the 
current most likely options on the margin. Because energy 
is measured at the same upstream (primary) point of conver-
sion, bubble sizes for each option can be directly compared. 
This is important given that coal and gas are becoming more 
substitutable for petroleum.

The chart is divided into four quadrants. Options in the top 
right quadrant have both positive climate and energy secu-

rity characteristics. Increasing vehicle corporate average fuel 
economy (CAFE) standards, for example, directly offsets the 
need to import petroleum while also reducing CO2 emissions. 
Options that fall in the bottom right quadrant have positive 
energy security but negative climate traits. Using coal-to-liq-
uids (CTL) technology, for example, may allow reduced oil 
imports, but the additional CO2 emissions resulting from the 
conversion of coal to liquid fuel are nearly double those from 
standard petroleum use (without carbon dioxide capture and 
sequestration, or CCS).

Options in the top left quadrant have positive climate but nega-
tive energy security characteristics. For example, expanding 
imports of liquefi ed natural gas (LNG) may expose the country 
to greater risks of potential imported fuel supply disruption, 
but this fuel is less carbon-intensive than the forecasted power 
sector mix in 2025. Finally, options in the bottom left quad-
rant, such as expanded reliance on imported oil or an effective 
“freeze” in actual vehicle fl eet mileage, have both negative 
energy security and climate implications.

Changes in CO2 emissions from the BAU were estimated for 
each option and included in Table 1, along with estimates of 
energy provided or offset. For the power sector, the BAU is 
the mix of energy sources forecasted (by DOE’s Energy Infor-
mation Administration) to provide this power (coal, nuclear, 
natural gas, etc.) in 2025. For the transport sector, the BAU 
is the forecasted mix of energy sources in this sector (mostly 
petroleum) in 2025.1 We also use EIA forecasts of technology 
performance and penetration, although in some cases these 
are very conservative.2 

The chart represents one of many possible energy snapshots 
of the future and is meant to encourage discussion. It is not 
an energy forecast and does not include feedback effects.3 
Assumptions used in sizing and locating each bubble are de-
scribed on the following pages.

POTENTIAL DEPLOYMENT AND ENERGY SECURITY 
IMPLICATIONS

WRI surveyed a wide range of reports, forecasts, and expert 
opinions to arrive at estimates of the potential deployment 
for each option under a moderate policy driver in 2025. To 
compare options against one another, we estimate the primary 
coal (power sector) or oil (transport sector) that could be offset 
by implementing each option. Table 2 lists our assumptions 
for each technology or policy.

The energy security implications of pursuing each of these 
options was then assessed, based on an expanded defi nition 
of energy security, which includes elements of suffi ciency, 
reliability, affordability, sustainability, social acceptance, and 
geopolitical factors. Most options in the transport sector off-
set imports of oil, increasingly from an unstable Middle East, 
and thus have relatively higher energy security benefi ts. A 
description of the energy security implications for each option 
is provided at http://www.wri.org/usenergyoptions.

KEY IMPLICATIONS

This chart and accompanying list of assumptions allow for 
comparison of a wide range of energy choices, penetration 
potential, and impacts on greenhouse gas emissions and en-
ergy security. While many conclusions can be drawn from this 
analysis, three are particularly signifi cant. 

• Increasing fuel effi ciency standards has the potential 
to make the largest cost-effective contribution to 
future energy needs. Like other effi ciency options, this 
measure has a unique combination of positive security 
and climate traits.

• Coal-to-liquids can lower our dependence on import-
ed oil in the timeframe considered here, but pursuing 
this option would have signifi cant negative impacts on 
global warming and water supply. Even if most of the 
CO2 associated with the conversion of coal to liquid fuel 
is captured and stored, climate impacts are still negative 
compared to traditional petroleum.

• Ethanol from corn can deliver signifi cant new energy 
supply and increase energy security, but the climate 
benefi ts are marginal. The long-term impacts of using 
large quantities of corn for ethanol fuel are also a major 
concern. Heavy energy inputs are required to produce 
and process corn. Food production is offset, and soils are 
often used unsustainably. Cellulosic ethanol, on the other 
hand, is likely to face tougher cost challenges through 
2025, but has a greater potential to simultaneously ad-
dress climate and energy security concerns. 

There are many options under consideration to address U.S. 
energy security and climate change challenges. Any real solu-
tion must acknowledge the linked nature of the two. While 
there are few perfect solutions, tradeoffs are often fairly clear, 
and political willpower may be the biggest hurdle in a compli-
cated legislative environment.

TABLE 1 Incremental Energy Provided and CO2 
Impact Compared to BAU in 2025

Energy Option
Energy 

(EJ)
CO2 

(MMT)

Electric Power Sector

Nuclear 1.3 -80

Clean Coal (IGCC) with CCS 1.1 -40

Imported LNG 3.7 -35

Wind 1.2 -70

Building Effi ciency 1.8 -110

Solar Photovoltaics 0.3 -15

Ultra-Supercritical Coal 0.8 +25

Transport Sector

Raise CAFE 6.3 -410

Expanded Oil Imports 2.0 +5

Coal-to-Liquids (CTL) 1.5 +85

CTL with CCS 1.5 +25

Gas-to-Liquids (GTL) 0.2 +5

Corn Ethanol 0.7 -10

Cellulosic Ethanol 0.4 -20

Heavy Oil Imports 1.0 +35

CO2 EOR with CCS 1.0 -25

Expanded Domestic Oil Production 0.6 <5

Frozen MPG 2.6 +170

Plug-in Hybrid Electric Vehicles 0.5 -15



POLICY NOTE: Weighing U.S. Energy Options: The WRI Bubble Chart POLICY NOTE: Weighing U.S. Energy Options: The WRI Bubble Chart

2 3J u l y  2 0 0 7W O R L D  R E S O U R C E S  I N S T I T U T E 4 W O R L D  R E S O U R C E S  I N S T I T U T EJ u l y  2 0 0 7

U.S. policymakers are currently considering options to address 
our energy security and climate change crises. To help inform 
the political debate, the World Resources Institute has pro-
duced a graphical tool to assess energy options in the context 
of climate change and energy security. 
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these placements as the only answer.

The size of each bubble represents one view of how much 
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a targeted measure like a renewable portfolio standard or a 
nuclear tax credit. The energy values are in addition to the 
amounts forecasted under typical BAU scenarios (see fi gure at 
right). Sizes are based on a combination of existing forecasts in 
the literature and our largely qualitative view of how a moder-
ate policy push would impact penetration of different options. 
While we do not base market penetration directly on levelized 
cost analysis or other quantitative economic indicators, we have 
tried to capture the “economic feasibility” of each option given 
a modest policy push. A unique combination of factors includ-
ing technology, economic, social, and political elements will 
infl uence how quickly any option can penetrate the market. 

Bubble size is measured as the amount of primary coal (power) 
or oil (transport) that would be offset by implementing each 
option. We chose coal and oil as the points of comparison 
for power and transport, respectively, because they are the 
current most likely options on the margin. Because energy 
is measured at the same upstream (primary) point of conver-
sion, bubble sizes for each option can be directly compared. 
This is important given that coal and gas are becoming more 
substitutable for petroleum.

The chart is divided into four quadrants. Options in the top 
right quadrant have both positive climate and energy secu-

rity characteristics. Increasing vehicle corporate average fuel 
economy (CAFE) standards, for example, directly offsets the 
need to import petroleum while also reducing CO2 emissions. 
Options that fall in the bottom right quadrant have positive 
energy security but negative climate traits. Using coal-to-liq-
uids (CTL) technology, for example, may allow reduced oil 
imports, but the additional CO2 emissions resulting from the 
conversion of coal to liquid fuel are nearly double those from 
standard petroleum use (without carbon dioxide capture and 
sequestration, or CCS).

Options in the top left quadrant have positive climate but nega-
tive energy security characteristics. For example, expanding 
imports of liquefi ed natural gas (LNG) may expose the country 
to greater risks of potential imported fuel supply disruption, 
but this fuel is less carbon-intensive than the forecasted power 
sector mix in 2025. Finally, options in the bottom left quad-
rant, such as expanded reliance on imported oil or an effective 
“freeze” in actual vehicle fl eet mileage, have both negative 
energy security and climate implications.

Changes in CO2 emissions from the BAU were estimated for 
each option and included in Table 1, along with estimates of 
energy provided or offset. For the power sector, the BAU is 
the mix of energy sources forecasted (by DOE’s Energy Infor-
mation Administration) to provide this power (coal, nuclear, 
natural gas, etc.) in 2025. For the transport sector, the BAU 
is the forecasted mix of energy sources in this sector (mostly 
petroleum) in 2025.1 We also use EIA forecasts of technology 
performance and penetration, although in some cases these 
are very conservative.2 
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our energy security and climate change crises. To help inform 
the political debate, the World Resources Institute has pro-
duced a graphical tool to assess energy options in the context 
of climate change and energy security. 
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compare options against one another, we estimate the primary 
coal (power sector) or oil (transport sector) that could be offset 
by implementing each option. Table 2 lists our assumptions 
for each technology or policy.

The energy security implications of pursuing each of these 
options was then assessed, based on an expanded defi nition 
of energy security, which includes elements of suffi ciency, 
reliability, affordability, sustainability, social acceptance, and 
geopolitical factors. Most options in the transport sector off-
set imports of oil, increasingly from an unstable Middle East, 
and thus have relatively higher energy security benefi ts. A 
description of the energy security implications for each option 
is provided at http://www.wri.org/usenergyoptions.

KEY IMPLICATIONS

This chart and accompanying list of assumptions allow for 
comparison of a wide range of energy choices, penetration 
potential, and impacts on greenhouse gas emissions and en-
ergy security. While many conclusions can be drawn from this 
analysis, three are particularly signifi cant. 

• Increasing fuel effi ciency standards has the potential 
to make the largest cost-effective contribution to 
future energy needs. Like other effi ciency options, this 
measure has a unique combination of positive security 
and climate traits.

• Coal-to-liquids can lower our dependence on import-
ed oil in the timeframe considered here, but pursuing 
this option would have signifi cant negative impacts on 
global warming and water supply. Even if most of the 
CO2 associated with the conversion of coal to liquid fuel 
is captured and stored, climate impacts are still negative 
compared to traditional petroleum.

• Ethanol from corn can deliver signifi cant new energy 
supply and increase energy security, but the climate 
benefi ts are marginal. The long-term impacts of using 
large quantities of corn for ethanol fuel are also a major 
concern. Heavy energy inputs are required to produce 
and process corn. Food production is offset, and soils are 
often used unsustainably. Cellulosic ethanol, on the other 
hand, is likely to face tougher cost challenges through 
2025, but has a greater potential to simultaneously ad-
dress climate and energy security concerns. 

There are many options under consideration to address U.S. 
energy security and climate change challenges. Any real solu-
tion must acknowledge the linked nature of the two. While 
there are few perfect solutions, tradeoffs are often fairly clear, 
and political willpower may be the biggest hurdle in a compli-
cated legislative environment.

TABLE 1 Incremental Energy Provided and CO2 
Impact Compared to BAU in 2025

Energy Option
Energy 

(EJ)
CO2 

(MMT)

Electric Power Sector

Nuclear 1.3 -80

Clean Coal (IGCC) with CCS 1.1 -40

Imported LNG 3.7 -35

Wind 1.2 -70

Building Effi ciency 1.8 -110

Solar Photovoltaics 0.3 -15

Ultra-Supercritical Coal 0.8 +25

Transport Sector

Raise CAFE 6.3 -410

Expanded Oil Imports 2.0 +5

Coal-to-Liquids (CTL) 1.5 +85

CTL with CCS 1.5 +25

Gas-to-Liquids (GTL) 0.2 +5

Corn Ethanol 0.7 -10

Cellulosic Ethanol 0.4 -20

Heavy Oil Imports 1.0 +35

CO2 EOR with CCS 1.0 -25

Expanded Domestic Oil Production 0.6 <5

Frozen MPG 2.6 +170

Plug-in Hybrid Electric Vehicles 0.5 -15
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Energy security is, yet again, a key political issue in the 
United States. Unlike earlier energy crises, the current 

period of high prices and supply uncertainty is not the direct 
result of a major supply disruption. Instead, strong global oil 
demand coupled with shrinking upstream investment op-
portunities and limited refi ning capacity have contributed to 
relatively high crude and refi ned product prices. And unlike 
earlier times when oil and gas alternatives were prominent 
on the U.S. legislative agenda, policymakers today face the 
looming impacts of climate change and “peak oil” production. 
Indeed, it now seems certain that climate change and energy 
security are two of the greatest challenges the global commu-
nity faces in the 21st century. 

Energy policies designed to address one of these challenges 
alone can have unintended and often negative consequences 
on the other. Converting coal into a liquid for transportation 
fuel, for example, can help offset the need to import petroleum. 
But this option introduces serious climate and environmental 
sustainability challenges. Alternatively, shifting from coal to 
natural gas in the power sector to reduce GHG emissions would 
likely elevate energy insecurity because of the expanded reli-
ance on limited gas producers and a more vulnerable supply 
infrastructure. Finally, promoting corn-based ethanol offers 
little climate benefi t while introducing new food security and 
environmental sustainability challenges. The current invest-
ment frenzy in corn ethanol production illustrates that politi-
cal decision-makers can focus too much on local issues at the 
expense of the national or international public good, as well 
as more sensible energy choices.

We would benefi t by reconsidering what energy security means 
to us today. The traditional defi nition of suffi ciency, reliabil-
ity, and affordability now seems incomplete. Environmental 
sustainability, geopolitical factors, and social acceptability are 
clearly elements that need to be added to our energy security 
calculus. A country’s energy system is not secure, after all, if it 
consumes water supplies unsustainably, fuels political instabil-
ity internationally, or results in strong local opposition.

SUMMARY

Concerns about energy security in the United States are 
not new. The current environment of high prices and 
uncertain supply is different from earlier crises, however, 
due to the widespread recognition that climate change 
needs urgent attention and that conventional global oil 
production may soon peak. There is also concern in the 
United States that some post-9/11 oil revenues are fueling 
global instability. U.S. policymakers have responded by 
promoting a variety of measures to address at least one 
of the challenges of energy security and climate change. 
These challenges are linked, however, and there are often 
unintended consequences when one is addressed without 
fully considering impacts on the other. WRI has pro-
duced the “bubble chart” on page 3 to help inform the 
debate over the choices at hand. A complete description 
of the issues discussed in this policy brief is available at 
www.wri.org/usenergyoptions.
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NOTES
1.  EIA Annual Energy Outlook 2007.
2.  The EIA forecasts less than 18 gigawatts (GW) of installed wind 

capacity in 2025 compared to today’s 12 GW, for example, and a 
corporate average fuel effi ciency (CAFE) requirement only slightly 
higher than today’s.

3.  It should be noted that scaling up each of these technologies to 
levels much greater than currently deployed may have environ-
mental and other impacts to land, water, and other resources that 
have yet to be fully considered. WRI begins to look at some of these 
issues in a new report, Scaling Up: Global Technology Deployment 
to Stabilize Emissions.

TABLE 2 Deployment Assumptions for Each Option

Energy Option WRI Assumptions, Compared to Business as Usual (BAU) in 2025

Electric Power Sector

Nuclear Additional 20 gigawatts (GW) of nuclear capacity, or roughly 5-10 plants. 

Clean Coal (IGCC) 
with CCS

Additional 15 GW of integrated gasifi cation combined-cycle (IGCC) plants with carbon capture & storage 
(15-60 plants). Assumes 20% energy penalty and 90% capture effi ciency.

Imported LNG Additional 40 BCM (1.4 trillion cubic feet) of imported LNG, fueling 48 GW of additional combined-cycle 
plants. 

Wind Additional 50 GW capacity from wind farms. 

Building Effi ciency Savings of 1.8 EJ from an additional 5% increase in the effi ciency of building electricity use and 2% in the 
effi ciency of building natural gas use compared to the baseline. 

Solar Photovoltaics Additional 16 GW capacity from solar photovoltaics, which assumes an annual growth rate of 25% through 
2025. 

Ultra-Supercritical Coal Additional 15 GW of ultra-supercritical pulverized coal (PC) plants achieving 45% effi ciency (HHV), or 
roughly 15-30 new plants. 

Transport Sector

Raise CAFE 
(30 MPG LDV fl eet avg.)

Savings of 3.1 million barrels per day (mb/d) or 48 billion gallons (bgal) from an increase in CAFE or similar 
measure that results in an average achieved fuel economy of 30 MPG for light duty vehicles (versus about 20 
MPG today).

Expanded Oil Imports Additional 1.0 mb/d (15 bgal) of additional oil imports, roughly an 8% increase in imports. 

Coal-to-liquids (CTL) Additional 0.75 mb/d (11 bgal) from “coal-to-liquids” (CTL). Assumes 85% more carbon intensive than 
petroleum. 

CTL with CCS Additional 0.75 mb/d (11 bgal) from “coal-to-liquids” (CTL). Assumes 85% more carbon intensive than 
petroleum and 70% of process emissions sequestered.

GTL Additional 0.1 mb/d (1.5 bgal) from “gas-to-liquids” (GTL). Assumes 25% more carbon intensive than 
petroleum.

Corn Ethanol Additional 0.5 mb/d (8 bgal). Assumes better technology and additional land used for corn can expand yield 
to 20 bgal. Assumes that corn ethanol reduces CO2 emissions by 15% compared to petroleum, and has a 30% 
lower energy density.

Cellulosic Ethanol Additional 0.3 mb/d (5 bgal). Assumes lower costs for cellulosic ethanol and higher oil prices. 
Assumes that cellulosic ethanol reduces CO2 emissions by 80% compared to petroleum.

Heavy Oil Imports Additional 0.5 mb/d (8 bgal) from heavy oil imports from primarily Canada and Venezuela. Assumes 50% 
more carbon intensive than traditional petroleum.

CO2 EOR with CCS Additional 0.5 mb/d (8 bgal) from “enhanced oil recovery” production from domestic sources using carbon 
dioxide as a stimulant. 

Expanded Domestic 
Oil Production

Additional 0.3 mb/d (5 bgal) production from domestic oil and natural gas sources previously considered 
“off-limits”. 

Frozen MPG Assumes a policy weakening CAFE is adopted, resulting in no increases in vehicle effi ciency from 2005 
levels (~20 MPG). Additional 1.3 mb/d (20 bgal) of fuel is required.

Plug-in Hybrid 
Electric Vehicles

Additional 0.3 mb/d (4 bgal) oil offset by 6 million vehicles. 30,000 PHEVs on the road in 2009, 40% 
annual growth rate yields about 6 million vehicles in 2025. Assumes that 50% of the needed power requires 
additional power plant operation.
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But this option introduces serious climate and environmental 
sustainability challenges. Alternatively, shifting from coal to 
natural gas in the power sector to reduce GHG emissions would 
likely elevate energy insecurity because of the expanded reli-
ance on limited gas producers and a more vulnerable supply 
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environmental sustainability challenges. The current invest-
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capacity in 2025 compared to today’s 12 GW, for example, and a 
corporate average fuel economy (CAFE) requirement only slightly 
higher than today’s.

3.  It should be noted that scaling up each of these technologies to 
levels much greater than currently deployed may have environ-
mental and other impacts to land, water, and other resources that 
have yet to be fully considered. WRI begins to look at some of these 
issues in a new report, Scaling Up: Global Technology Deployment 
to Stabilize Emissions.
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Clean Coal (IGCC) 
with CCS

Additional 15 GW of integrated gasifi cation combined-cycle (IGCC) plants with carbon capture & storage 
(15-60 plants). Assumes 20% energy penalty and 90% capture effi ciency.

Imported LNG Additional 40 BCM (1.4 trillion cubic feet) of imported LNG, fueling 48 GW of additional combined-cycle 
plants. 

Wind Additional 50 GW capacity from wind farms. 

Building Effi ciency Savings of 1.8 EJ from an additional 5% increase in the effi ciency of building electricity use and 2% in the 
effi ciency of building natural gas use compared to the baseline. 

Solar Photovoltaics Additional 16 GW capacity from solar photovoltaics, which assumes an annual growth rate of 25% through 
2025. 

Ultra-Supercritical Coal Additional 15 GW of ultra-supercritical pulverized coal (PC) plants achieving 45% effi ciency (HHV), or 
roughly 15-30 new plants. 

Transport Sector

Raise CAFE 
(30 MPG LDV fl eet avg.)

Savings of 3.1 million barrels per day (mb/d) or 48 billion gallons (bgal) from an increase in CAFE or similar 
measure that results in an average achieved fuel economy of 30 MPG for light duty vehicles (versus about 20 
MPG today).

Expanded Oil Imports Additional 1.0 mb/d (15 bgal) of additional oil imports, roughly an 8% increase in imports. 

Coal-to-liquids (CTL) Additional 0.75 mb/d (11 bgal) from “coal-to-liquids” (CTL). Assumes 85% more carbon intensive than 
petroleum. 

CTL with CCS Additional 0.75 mb/d (11 bgal) from “coal-to-liquids” (CTL). Assumes 85% more carbon intensive than 
petroleum and 70% of process emissions sequestered.

GTL Additional 0.1 mb/d (1.5 bgal) from “gas-to-liquids” (GTL). Assumes 25% more carbon intensive than 
petroleum.

Corn Ethanol Additional 0.5 mb/d (8 bgal). Assumes better technology and additional land used for corn can expand yield 
to 20 bgal. Assumes that corn ethanol reduces CO2 emissions by 15% compared to petroleum, and has a 30% 
lower energy density.

Cellulosic Ethanol Additional 0.3 mb/d (5 bgal). Assumes lower costs for cellulosic ethanol and higher oil prices. 
Assumes that cellulosic ethanol reduces CO2 emissions by 80% compared to petroleum.

Heavy Oil Imports Additional 0.5 mb/d (8 bgal) from heavy oil imports from primarily Canada and Venezuela. Assumes 50% 
more carbon intensive than traditional petroleum.

CO2 EOR with CCS Additional 0.5 mb/d (8 bgal) from “enhanced oil recovery” production from domestic sources using carbon 
dioxide as a stimulant. 

Expanded Domestic 
Oil Production

Additional 0.3 mb/d (5 bgal) production from domestic oil and natural gas sources previously considered 
“off-limits”. 

Frozen MPG Assumes a policy weakening CAFE is adopted, resulting in no increases in vehicle effi ciency from 2005 
levels (~20 MPG). Additional 1.3 mb/d (20 bgal) of fuel is required.

Plug-in Hybrid 
Electric Vehicles

Additional 0.3 mb/d (4 bgal) oil offset by 6 million vehicles. 30,000 PHEVs on the road in 2009, 40% 
annual growth rate yields about 6 million vehicles in 2025. Assumes that 50% of the needed power requires 
additional power plant operation.

ABOUT THE WORLD RESOURCES INSTITUTE

The World Resources Institute is an environmental think tank 
that goes beyond research to create practical ways to protect 
the Earth and improve people’s lives. Our mission is to move 
human society to live in ways that protect Earth’s environment 
for current and future generations.

Our program meets global challenges by using knowledge to 
catalyze public and private action:

• To reverse damage to ecosystems. We protect the capac-
ity of ecosystems to sustain life and prosperity.

• To expand participation in environmental decisions. We 
collaborate with partners worldwide to increase people’s 
access to information and infl uence over decisions about 
natural resources.

• To avert dangerous climate change. We promote public 
and private action to ensure a safe climate and sound 
world economy.

• To increase prosperity while improving the environment. 
We challenge the private sector to grow by improving 
environmental and community wellbeing.

In all of our policy research and work with institutions, WRI 
tries to build bridges between ideas and actions, meshing 
the insights of scientifi c research, economic and institutional 
analyses, and practical experience with the need for open and 
participatory decision-making.

For more information, visit WRI’s website at 
http://www.wri.org.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


