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1. U.S. ENERGY SYSTEM SUSTAINABILITY 

1.1.  National Energy and Environmental Scenarios from 2000 to 2050 

The combined choices of energy providers and consumers during the next fifteen years will 
greatly affect the long-term efficiency and stability of the U.S. energy system for many years to 
come.  Because the U.S. energy system and its supporting infrastructure are long-lived and highly 
capital intensive, it will take decades to shift the fuels, resources, and technologies that supply 
and consume energy in our modern economy.  This chapter compares three projections for the 
major energy consuming and supply sectors, quantifying their interrelationships and effects on 
the U.S. economy over the period 2000 to 2050.   These three projections reflect different 
assumptions regarding several prospective air emission reduction initiatives that could go into 
effect within the next ten years, and are strongly influenced by  the advance and deployment of 
technologies for energy production, delivery and consumption. Technology advances will be 
essential to move the U.S. energy system in a direction that can be sustained through the first half 
of the 21st Century. 

The first set of projections represents a “Business As Usual” (BAU) scenario. The BAU scenario 
provides a reference case that is based on energy, environmental and economic regulations and 
policies in effect or mandated as of mid-1998. In addition, BAU incorporates likely technological 
improvements, fuel market characteristics and economic responses to future energy demands in 
the energy supply and consuming sectors. The second set of projections, the “Current Policy 
Direction” differs by incorporating air emission reduction initiatives for NOx, SO2, and carbon 
(CO2) that have been proposed for implementation early in the 21st Century, plus a 5.5% non-
hydro generation portfolio standard beginning in 2010. The third set of projections, “Carbon 
Glide Path to 2030,” is an example of an alternative reduction path for carbon emissions that 
might avoid some of the near-term adverse impacts of the Current Policy Direction. The carbon 
reductions achieved under the Carbon Glide Path to 2030 case are designed to lead to the same 
cumulative nationwide carbon emissions over the 1999 to 2050 period as those under the Current 
Policy Direction, but these reductions take place over a longer period of time.  Because the 
objective for carbon reductions is to achieve a long-term stabilization of the concentration of 
carbon in the earth’s atmosphere (as opposed to the short-term air quality objectives associated 
with NOx and SO2 reductions), this objective would still be met under the Carbon Glide Path to 
2030.  

Federal air quality regulations scheduled to be implemented within the next five years include 
Phase II of the Acid Rain program, which begins in year 2000, and a summertime cap on 
Nitrogen Oxide (NOx) emissions from power plants in 22 eastern states, assumed to begin in 
2003 in all three scenarios.1   The reductions in Nitrogen Oxide (NOx) emissions are intended to 
address the long-range transport of ozone and its role in contributing to urban smog.  The 

                                                 
1  The NOx reduction requirements are currently the subject of a legal challenge, but EPA has 

stated that it does not expect this to result in any delay in implementation.  
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projected NOx reductions would yield about an 85 percent reduction in summer NOx emissions 
from power plants in 22 eastern states, relative to 1990 emissions.  Two additional emission 
reduction initiatives are included in the Current Policy Direction scenario, but not in the BAU 
scenario.  These are: 

• Reductions in sulfur dioxide (SO2) emissions to help achieve new standards for fine 
particulate matter and to address visibility concerns.  The Current Policy Direction scenario 
would require electric utilities to reduce nationwide annual SO2 emissions to 50 percent of 
the level permitted under Phase II of the Acid Rain Program, which was established by the 
1990 Clean Air Act Amendments.  The scenario assumes that nationwide SO2 emission 
allowance allocations are reduced to 4.5 million tons per year in 2007, and in years thereafter, 
instead of allocating allowances at the Phase II level of 8.95 million tons per year.  

• Reductions in carbon dioxide (CO2) and other carbon emissions to meet the goals outlined for 
the U.S. in the 1997 Kyoto Protocol on Global Climate Change.  This Protocol would require 
stabilizing U.S. carbon emissions at seven percent below the 1990 emissions level, averaged 
over the period 2008-2012, or at a higher level, if credit can be obtained for other reductions 
of greenhouse gases.  Credit can, in principle, be obtained for carbon sequestration, for joint 
implementation (funding of overseas carbon mitigation projects), or by the purchase of 
international carbon permits created by reductions of carbon emissions in other countries.    

The “Current Policy Direction” scenario assumes that energy-related carbon reductions in the 
U.S. would achieve a carbon emissions level in the energy sector equivalent to the 1990 carbon 
emissions level + 9%, during the 2008 to 2012 period and continuing thereafter at this level, 
which corresponds to about 1467 million metric tons (tonnes) of annual carbon emissions.2  The 
1990 + 9% emissions projection also assumes that the remaining portion of the U.S. obligation 
under the Kyoto Protocol could be met by a combination of carbon sequestration by trees and 
plants (4% of 1990 emissions) and the purchase of international carbon permits.  The carbon 
permits are assumed to be purchased at the prevailing U.S. market price in sufficient quantity to 
account for any remaining difference between each year’s emissions and the obligation level, 
after receiving credit for carbon sequestration within the U.S.  This means that carbon permits 
would be purchased to account for the difference between each year’s emissions in the U.S. and 
the 1990 – 3% target emissions level that would apply after receiving credit for sequestration 
projects.   

Under both the “Current Policy Direction” and the “Carbon Glide Path to 2030” a carbon tax is 
imposed on fossil fuels.  The tax is set annually at a level that makes the NEMS model project 
carbon emissions that meet the specified  target in each year.  The tax is collected during fuel 
purchases and is passed on to ultimate energy consumers (industrial, commercial, electric 
generators, residential, transportation). This effectively increases the costs of burning fossil fuels 
and induces consumers to switch to more efficient or lower carbon emitting technologies.  These 
changes in consumer behavior are, in turn, reflected in the decisions of energy and fuel producers. 

                                                 
2  Energy-related carbon emissions in the U.S. were calculated to be 1346 million metric tons in 

1990, about 82 percent of total U.S. carbon emissions in that year. 
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The “Carbon Glide Path to 2030” would achieve the same cumulative U.S. carbon emissions 
from 1999 to 2050 as the “Current Policy Direction.”  This scenario also assumes that the 22 state 
NOx cap is implemented, as in the other two scenarios, but it does not include the additional 50 
percent reduction in SO2 emissions that is part of the “Current Policy Direction.”   Under the 
Carbon Glide Path U.S. carbon emissions decline to 1415 million metric tonnes per year (equal to 
1990 emissions plus 5%) by 2030.  

1.2.  Attributes Of A Sustainable Energy System 

 
To be considered sustainable, an energy system should maintain the following characteristics 
over time: 

• meet demand for energy services, 

• operate safely,  

• avoid unacceptable risks of curtailments and shortages, 

• minimize harm to the public health and the environment, 

• operate within ecological carrying capacity, while preserving bio-diversity,  

• internalize the costs of environmental damage, so that proper market signals are 
conveyed,  

• encourage technological innovation, maturation and diversity, so that new technologies 
are available and affordable, when they are needed, 

• use natural resources and  man-made assets and infrastructure efficiently and 
productively, 

• keep a reliable fuel delivery and inventory system, 

• promote the security of U.S. energy supplies, and 

• provide good economic return vs. risk  for market participants, while letting the market 
operate to balance the objectives listed above. 

To achieve a workable balance among these objectives, it is necessary “to see the forest for the 
trees.”   Transitions among various generations of particular energy resources and assets (the 
“trees”) must ensure that the overall energy system (the “forest”) is sustained.  For the U.S. this 
means meeting our energy needs while making efficient transitions among different vintages of 
energy supply, delivery and end-use technologies, as well as among the mix of basic resources 
that fuel them.   

The evolution of a sustainable U.S. energy system will be the result of decisions made by 
thousands of energy suppliers and providers, and millions of consumers. Different technologies 
must be developed and deployed, while our continuing energy needs are met at reasonable cost.   
Diversity is needed to ensure that the risks associated with energy supply, delivery, consumption 
and disposal are spread among various resources and technologies.  Overall system diversity 
requires that:  

 4
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• reliance on any single fuel type or technology is not excessive, 

• key natural resources are not depleted too rapidly,  and 

• assets are not prematurely retired before effective and  sustainable  replacements are 
available.   

Potential barriers to achieving the objectives listed above, such as regarding availability of key 
technologies or regarding conflicting policy goals must be recognized and dealt with, particularly 
during periods of rapid transition.    

1.3.  U.S. Fuel Mix Diversity 

1.3.1 Energy Diversity from 1990 to 2050 

Given existing energy and environmental policies and the foreseeable economics of fuels and 
technologies, the Energy Information Administration (EIA) has projected U.S. energy demands, 
end-use and supply technology characteristics, fuel availability, and prices between 1990 and 
2020.  The EIA’s baseline projection, designated as its 1999 Annual Energy Outlook reference 
case (AEO99), corresponds to BAU in this analysis.3  This study has extended the projections 
under BAU to the year 2050 by performing macro-economic analysis of regional energy 
demands, fuel supplies, and fuel shares for the residential, industrial, commercial, transportation, 
and electric sectors and by more detailed projections of the electric generating sector using an 
extended version of NEMS Electricity Market Module. The consumption of primary energy 
resources by fuel type under BAU is presented in Table S-1 and shown in Figure S-1. 

 

Table S-1.  U.S. Primary Energy Consumption by Fuel Under Business-As-Usual  (Quads, 
Percent of Total).   

Supply Source 1990 2000 2010 2020 2050 

Petroleum 33.6  (40.1%) 39.1  (39.3%)  44.2  (39.8%)   48.1  (40.0%)   57.4   (42.2%) 

Natural Gas 19.2  (22.9%) 23.2  (23.5%)  29.0  (26.1%)   33.4  (27.8%)   31.8   (23.4%) 

Coal 18.9  (22.5%) 22.8  (22.9%)  24.1  (21.6%)   26.2  (21.8%)   31.2   (22.9%) 

Nuclear   6.2    (7.3%)   7.0    (7.0%)    5.9    (5.3%)     3.9    (3.2%)     0.1     (0.1%) 

Hydro-electric   3.0    (3.5%)   3.3    (3.3%)    3.3    (2.9%)     3.3    (2.7%)     3.3     (2.4%) 

Non-hydro 
renewables 

  2.9    (3.5%)   3.6    (3.6%)    4.2    (3.8%)     5.0    (4.2%)   11.5     (8.5%) 

Other   0.0    (0.0%)   0.5    (0.5%)    0.4    (0.4%)     0.3   (0.4%)     0.7     (0.5%) 

U.S. Total 83.7   (100%) 99.3   (100%)      111.1  (100%) 120.3  (100%) 136.0    (100%) 

Source: EPRI analysis. 

                                                 
3 Energy Information Administration, Annual Energy Outlook 1999.  Report DOE/EIA-0383(99), 

December 1998. 
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Figure S-1. Mix of primary energy supplies and U.S. fuel sources projected under BAU 

U.S. Primary Energy Consumption  1990-2050
 (Quads per year)
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The mix of U.S. overall energy resources now in place includes a balance between natural gas 
and coal, each supplying about 23% of U.S. primary energy in 1990.  In 2020, under BAU natural 
gas is expected to supply about 28% and coal about 22% of U.S. primary energy.   Continuing to 
overshadow both coal and natural gas is petroleum consumption, which accounts for about 40 
percent of our primary energy use, largely due to its extensive consumption in the transportation 
sector. 

Today, natural gas is used predominantly for heating homes and businesses and for fueling 
industrial processes.  Its position as an environmentally attractive and competitively priced fossil 
fuel is leading to rapid growth in its use, particularly for new electric generating plants.  
However, only about 14 percent of U.S. natural gas consumption is currently used to generate 
electricity, so considerable new infrastructure for gas supply and delivery must be added to 
accommodate the doubling of gas demand for electric generation projected under BAU in the 
next 10 years.  Under the Current Policy Direction natural gas consumption by the electric sector 
would nearly quadruple over the next ten years in order to meet carbon reduction goals, while 
under a Carbon Glide Path to 2030 consumption of natural gas for electric generation would triple 
from 3.2 quads in 2000 to about 10.6 quads in 2010.   

In contrast to our use of natural gas, almost 90 percent of U.S. total coal consumed is currently 
burned to generate electricity.  Thus, while coal and gas each supply about a quarter of U.S. 
primary energy consumption, coal is the backbone fuel for electricity production, providing over 
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56 percent of total U.S. generation in 1997. Figure S-2 shows the current and projected mix of 
fuels used to generate electricity under the baseline BAU projection. 

 

Figure S-2. Current and projected mix of fuels used to generate electricity under BAU 

US Electric Generation by Fuel  1990-2050 
(Billion kWh)
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Under BAU nuclear power is projected to diminish over time, as nuclear power plants age and are 
replaced by other sources of power.  The future of nuclear power is a huge question mark.  If 
nuclear power can be supplied at a competitive price, and if nuclear plants are successfully 
relicensed, they can generate electricity without emitting criteria air pollutants (SO2, NOx, CO, 
particulates, and VOCs) or CO2.   In the long run, substantial increases in nuclear power 
generation may be necessary to sustain lower global levels of carbon emissions.  However, 
nuclear power has its own unique characteristics that affect its viability as a long-run energy 
source.  Under the projections developed for this study nuclear power is phased out as existing 
nuclear plants are retired.  These projections are driven by the cost and performance assumptions 
used by EIA in the NEMS model, and other assumptions (for nuclear power generation or for 
other competing forms of generation) could lead to different results.  While EPRI does not 
necessarily endorse the assumptions used by EIA, it has generally not changed those assumptions 
for the purposes of this study.   

Hydroelectric power and other non-hydro renewable energy resources also contribute to the U.S. 
energy mix.  However, hydro resources are limited and are not expected to increase much, if at 
all.  Because of land use, ecological and other environmental effects, the total hydroelectric 
generation in the U.S. may only just remain at current levels, or it could decline.  Silting problems 
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and operational requirements will require many hydroelectric dams and their turbine-generators 
to be refurbished or replaced in order to maintain their operation over the next fifty years.  The 
future of other renewable power sources is also uncertain, since these technologies have yet to 
achieve widespread market penetration.  Their growth will require substantial research and 
development and a sustained commitment to their introduction and commercialization.  Even 
given the improvements in renewable technologies assumed by EIA, coal and gas-fired electric 
power plants are projected to remain less costly than non-hydro renewable energy resources 
under BAU out to 2020.4   

Although the efficiencies of energy production and consumption will improve as advanced 
technologies are commercialized, overall U.S. energy consumption is likely to increase in order to 
supply a growing population.5  As can be seen from Figure S-1, overall U.S. energy consumption 
is expected to rely on fossil fuels for the next fifty years under BAU.  Oil would continue to fuel 
the transportation sector, and coal would remain as the backbone fuel for electric generation.  
Natural gas would heat homes and fuel commercial and industrial processes, as well as capturing 
a major share of U.S. electricity production in new combined cycle and simple cycle combustion 
turbine generators. 

 

Table S-2.  U.S. Electric Generation by Fuel under Business-As-Usual (Billion kWh, 
Percent). 

Generation Fuel 
Type 

1990 2000 2010 2020 2050 

Petroleum   122     ( 4.0%)   114      (3.0%)     30     (0.7 %)     27     (0.6%)     23     (0.4%) 

Natural Gas   402    (13.1%)   537    (14.3%) 1167    (27.0%) 1554   (32.4%) 1326   (24.5%) 

Coal 1595    (52.2%) 1995    (53.4%) 2105    (48.7%) 2361   (49.2%) 3244   (60.0%) 

Nuclear   577    (18.9%)   659    (17.6%)   554    (12.8%)   367     (7.6%)     11     (0.2%) 

Hydro-electric   288      (9.4%)   323      (8.6%)   324      (7.5%)   324     (6.8%)   324     (6.0%) 

Non-hydro 
renewables 

    67      (2.2%)   109      (2.9%)   129      (3.0%)   163     (3.4%)   476     (8.8%) 

Other       4      (0.1%)       7      (0.2%)       9      (0.2%)       0     (0.0%)       0    (0.0%) 

U.S. Total 3055     (100%) 3744     (100%)     4318     (100%) 4796    (100%) 5412   (100%) 
Source: Scenario B2xt_vg,  September 1999.  Includes cogenerators. 

                                                 
4 The EIA’s baseline projection, as well as this study’s BAU, does not assume a Renewable 

Portfolio Standard. Rather, it relies on the projected economic and operating characteristics of 
renewable-fueled technologies compared to competing energy technologies and fuel supplies 
over this period.  A commitment to a Renewable Portfolio Standard and a lowering of 
renewable costs through, for example, an intensive R&D program would increase the non-
hydro renewables share of generation. 

5  These projections assume that the U.S. population of 276 million in 1999 will grow to 298 
million in 2010, 323 million in 2020 and 394 million in 2050.  
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Over the next two decades natural gas is projected to increase its share of electric generation to 
over 30% by 2020 under BAU.  However, due to natural gas price increases and the continuing 
improvement of both gas-fired and coal-fired generating technologies, the natural gas share of 
generation would fall to 25% by 2050. Because of its attractiveness as a fuel, natural gas is 
projected to account for about 26% of U.S. primary energy consumption under BAU by year 
2010, growing to 28% by 2020 and falling to  23% by 2050.   Under BAU coal will remain the 
predominant low cost fuel for electricity generation.  Petroleum will be burned mostly in peaking 
units that generate electricity during a relatively few peak hours each year, thus fueling only a 
small percentage of annual electricity generation. 

1.3.2 Long-term Effects of the Current Policy Direction and the 
Carbon Glide Path to 2030 on Fuel Mix and Electric Generation 

The Current Policy Direction analyzed in this study would reduce U.S. energy sector carbon 
emissions from Business As Usual levels of 1990 + 30% in 2008, and 1990 + 47% in 2020, down 
to 1990 + 9% levels by 2008.  Under the Current Policy Direction this level of carbon emissions, 
1467 million metric tonnes per year, would be maintained after 2008.  Under a Carbon Glide Path 
to 2030, U.S. carbon emissions would be steadily reduced from 1990 + 30% in 2008 until 
reaching the 2030 target of 1990 +5%, then remaining constant.6  Cumulative U.S. carbon 
emissions from 1999 to 2050 would be 103,000 million metric tonnes under BAU, but 77,500 
million metric tonnes under both the Current Policy Direction and the Carbon Glide Path.  Figure 
S-3 illustrates these emissions over time.   The difference between U.S. emissions and the Kyoto 
target emission level, 1990 – 7%, would be accounted for by the purchase of international carbon 
permits at the prevailing market price and by carbon sequestration projects in the U.S.  The 
market price in each year is assumed to be set by the marginal cost of reducing carbon emissions 
in the U.S.  This value corresponds to a carbon penalty or a carbon tax that is required to reduce 
projected carbon emissions to the target levels in these simulations.  The annual carbon tax levels 
necessary to achieve the emissions shown in Figure S-3 are presented in Figure S-4.  (The carbon 
tax under BAU is zero.) 

                                                 
6  Many alternative carbon reduction strategies and paths are possible.  The Current Policy 

Direction and the Carbon Glide Path to 2030 illustrate but two potential alternative reduction 
strategies. 
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Figure S-3.  U.S. Energy-related Carbon Emissions under Alternative Carbon Strategies. 
1990-2050. 

U.S. Energy Related Carbon Emissions

1,000

1,500

2,000

2,500

1990 2000 2010 2020 2030 2040 2050
Year

M
ill

io
n 

M
et

ric
 T

on
ne

s

Historical
Emissions

Business As
Usual

Current Policy
Direction

Carbon Glide
Path to 2030

Kyoto Target
(1990 - 7%)

 

 

 10



E-EPIC Report Excerpts from Chapter 2 (Draft 11 Oct 99)  

Figure S-4.  Projected U.S. Carbon Taxes under Alternative Carbon Strategies, 1990-2050. 
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If implemented, Current Policy would have major near-term impacts on the U.S. energy system 
as a whole and on the electric utility sector, in particular. To achieve these significant emission 
reductions, the overall U.S. fuel mix, as shown in Figure S-5 and Table S-3, would have to 
change rapidly.  (Compare to Table S-1 and Figure S-1.)  Changes in the primary fuel mix would 
reduce coal consumption by over 80 percent, replacing coal with natural gas and renewable 
technologies. For the these projections, generating and other technologies are assumed to be 
available with costs and performance characteristics that improve over time, as discussed in the 
Appendix on Generating Technology Assumptions.  U.S. reliance on coal as a primary fuel would 
drop from 22 percent under BAU to around 5 percent under the Current Policy by 2020, with 
most of the decline occurring between 2005 and 2015.  Natural gas would increase its share of the 
U.S. energy mix from 28% in 2020 under BAU to 36% under the Current Policy. 

As can be seen in Figure S-6, where non-electric sector carbon emissions are plotted separately 
from the carbon emissions produced by electric generation, the electric generation sector would 
provide most of the carbon emission reductions required under the Current Policy Direction. 
Transportation, commercial, industrial and residential sectors all apparently face higher marginal 
costs of carbon reduction than the electric sector, even when end-use efficiency improves.  
Therefore, the burden of carbon reduction is projected to fall principally upon electric generators. 
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Figure S-5.  U.S. Primary Energy Consumption under the Current Policy Direction 
scenario, 1990-2050. 

U.S. Primary Energy Consumption  1990-2050
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Table S-3.  U.S. Primary Energy Consumption by Fuel under the Current Policy Direction  
(Quads, Percent).   

Supply Source 1990 2000 2010 2020 2050 

Petroleum 33.6   (40.1%) 39.1   (39.3%)   42.4   (41.9%)   46.1  (42.8%)   51.3   (40.3%) 

Natural Gas 19.2   (22.9%) 23.2   (23.5%)   31.9   (31.5%)   38.4  (35.6%)   27.5   (21.6%) 

Coal 18.9   (22.5%) 22.8   (22.9%)   11.0   (10.8%)     4.9    (4.5%)   27.2   (21.4%) 

Nuclear   6.2     (7.3%)   7.0     (7.0%)     6.7     (6.6%)     6.3    (5.8%)     0.1     (0.0%) 

Hydro-electric   3.0     (3.5%)   3.3     (3.3%)     3.4     (3.4%)     3.4    (3.2%)     3.4     (2.7%) 

Non-hydro 
renewables 

  2.9     (3.5%)   3.6     (3.6%)     5.5     (5.4%)     8.4    (7.8%)   17.4   (13.7%) 

Other   0.0     (0.0%)   0.5     (0.5%)     0.4    (0.4%)     0.3    (0.3%)     0.5    (0.4%) 

U.S. Total 83.7    (100%) 99.3    (100%)      101.3   (100%) 107.8   (100%) 127.4   (100%) 
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Figure S-6.  U.S. Carbon Emissions 1990-2050 under Business As Usual and under Current 
Policy 

U.S. Carbon Emissions by Sector 
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Source: VHC9/14/99. 

U.S. Carbon Emissions by Sector 
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Source: VHC9/16/99. 
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The impacts on fuel diversity in the electric utility sector would be much more dramatic  (Table 
S-4).  Coal use for electric generation would drop by over 75 percent between 2000 and 2020 
under the Current Policy Direction, while gas-fired generation would grow by nearly 400 percent 
over the same period.  

Table S-4.  U.S. Electric Generation by Fuel under the Current Policy Direction (Billion 
kWh, Percent).   

Generation Fuel 
Type 

1990 2000 2010 2020 2050 

Petroleum   122      (4.0%)   114      (3.0%)     19      (0.5%)     40      (0.9%)     19     (0.3%) 

Natural Gas   402    (13.1%)   537    (14.3%) 1900    (47.2%) 2733    (61.3%)   825   (14.6%) 

Coal 1595    (52.2%) 1995    (53.4%)   896    (22.2%)   317      (7.1%) 3298   (58.7%) 

Nuclear   577    (18.9%)   659    (17.6%)   623    (15.5%)   553    (12.4%)     11     (0.2%) 

Hydro-electric   288      (9.4%)   323      (8.6%)   328      (8.2%)   334      (7.5%)   334     (5.9%) 

Non-hydro 
renewables 

    67      (2.2%)   109      (2.9%)   251      (6.2%)   475    (10.7%) 1118   (19.9%) 

Other       4     ( 0.1%)       7     (0.2%)       6         (0.1)       8         (0.2)       9     (0.2%) 

U.S. Total 3055     (100%) 3744    (100%)     4023     (100%) 4460     (100%) 5614    (100%) 
Source: EPRI NEMS analysis.  Includes cogenerators. 

Under the Current Policy Direction natural gas would need to increase its share of total annual 
electric production from about 15 percent in year 2000 to 47 percent within only ten years, and to 
60 percent by 2020.  Annual gas use for generation would, however decline by 2030, dropping by 
about twenty-five percent because of natural gas price increases and emerging carbon capture 
technologies (which could be used with either gas or coal generating plants).  These 
developments could then render some of the large amount of gas-fired capacity installed to meet 
the 2008 Kyoto timetable uncompetitive, depending on when superior technology becomes 
available and how rapidly gas prices rise.  The projections developed for this study show the gas 
share of electric generation falling to less than 15% by 2050. 

Over the same period coal use would plummet from 53 percent of electric generation in 2000 to 
22 percent by 2010 and to only 10 percent by 2020.   Coal would no longer be the backbone fuel 
for U.S. electric generation.  The coal supply system would be effectively dismantled, only to 
have coal re-emerge as the low cost fuel if and when carbon capture and sequestration 
technologies become competitive for electric generation. The projections developed for this study 
show the coal share of electric generation falling to less than 10% in 2020, only to rebound to 
58% in 2050.  

Comparing Figures S-2 and S-7 allows us to see the time path of the major changes in the U.S. 
electric generation mix that would occur to satisfy the Current Policy Direction.  The Carbon 
Glide Path to 2030 would mitigate some of these impacts, particularly the rapid energy 
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infrastructure shifts and energy price run ups that would occur between 2005 and 2020. However, 
it would do relatively little to change the pattern of rising, and then falling, gas use, nor would it 
alter the complementary pattern of falling, and then rising, coal use for electric generation. 

 

Figure S-7.  U.S. Electric Generation by Fuel under the Current Policy Direction, 1990-
2050. 
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To achieve 1990 + 9% carbon emission levels in the U.S. energy system primarily by making 
carbon reductions in the electric generating sector over the next decade, gas-fired and non-hydro 
renewable generation would need to expand very rapidly, by a magnitude not previously 
attempted or achieved.  Non-hydro renewable electric generation will need to increase eight-fold 
over the next twenty years to reach the levels projected here.  At the same time this rapid 
expansion is occurring, the Current Policy Direction would virtually eliminate the U.S. coal 
industry on which we now depend on for 56 percent of our electric generation.   

Figures S-8 and S-9 show projected carbon emissions by electric generators from coal, oil and 
natural gas. Under BAU, the bulk of electric generation’s carbon emissions will come from coal, 
but under the Current Policy Direction, natural gas  is projected to dominate not only electric 
generation, but also carbon emissions from electric generation.  Natural gas emits about 14.5 
million metric tonnes of carbon per quadrillion Btu (1015 Btu) of fuel burned, compared to about 
25.7 Mtonne per quad for coal and 21.5 and 20.0 Mtonne per quad for residual and distillate fuel 
oil, respectively. Carbon capture technologies might reduce these emission rates by roughly 90 
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percent, but development and effective deployment of  such technologies is uncertain and could 
take decades. 

 

Figure S-8.  U.S. Electric Sector Carbon Emissions under Business-As-Usual,  1990-2050. 
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Figure S-9.  U.S. Electric Sector Carbon Emissions under the Current Policy Direction, 
1990-2050. 

U.S. Electric Sector Carbon Emissions 
1990-2050 

(million metric tonnes per year)
Current Policy Direction:  1990 + 9%

0

250

500

750

1000

1250

1990 2000 2010 2020 2030 2040 2050

Coal 

Gas

Oil

 
The rapidity of the transition away from coal to natural gas and renewable technologies raises a 
large number of questions.  Can coal-fired generation be replaced so quickly?  Is it feasible to 
expand the gas supply and delivery infrastructure so rapidly? Will renewable and low carbon 
emitting technologies be as available and affordable as projected here? Could the coal supply 
infrastructure be resurrected, after being largely dismantled? More broadly, what are the long-
term impacts on the U.S. energy system of such a rapid transition?  

To begin to answer the last question, it is important to consider whether or not the state of the 
U.S. energy system after achieving a short-term carbon reduction goal would put us in a good 
position to make a successful, long run transition to a more sustainable energy system. 

1.4.  Long Term Energy System Sustainability 

To reach environmental goals and achieve the objectives of a sustainable energy system, the U.S. 
will need to make a transition away from its reliance on fossil fuels for 85 percent of its primary 
energy, or else develop new technologies that provide a means to utilize fossil fuels without 
producing the emissions associated with today’s fossil-fuel technologies.  In either case, this 
transition cannot be accomplished overnight, since the required technologies would have to be 
deployed on a massive scale and in most instances are not yet commercially competitive or even 
in existence today.   
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In the long run, energy technologies must achieve significant carbon reductions, as well as 
reduction in other pollutants.  Even if some carbon reductions can be accomplished in the short 
term, sustainable carbon emission reductions will require a diverse set of technologies beyond 
those that can be deployed today.  Will compliance with the short-term policy goals of the Kyoto 
Protocol encourage or inhibit the development of sustainable technologies?  Will the energy 
system that would be constructed under the Current Policy Direction provide both the sought after 
long-term carbon reductions and the economic energy supply required to support economic 
growth comparable to that which we have enjoyed in the 20th Century?   

In this section, we briefly assess each major energy resource and consider whether its use is likely 
to be sustainable in the long run. 

1.4.1 Natural Gas as a Sustainable U.S. Energy Supply Option 

a) Will Long-term U.S. Natural Gas Resources Be Adequate? 

While there are likely to be adequate gas supplies to meet the high demand requirements of the 
Current Policy Direction through 2020, it is an open question how long total U.S. domestic 
supplies will eventually last.  Based on the initial post-2020 analysis in this study, there may not 
be adequate domestic natural gas supplies to last through 2050.  Indeed, under some carbon 
reduction and gas reserve scenarios, the U.S. might be unable to replace its proven natural gas 
reserves by as early as year 2025, if the current moratorium on offshore drilling is maintained.7  

At issue are several current policies that presently limit the availability of U.S. natural gas 
supplies.  These policies include the current moratorium on offshore drilling and limitations on 
building new LNG facilities.8 There are also physical limitations to the U.S. gas resource base, 
despite its enormous size. According to the Potential Gas Committee (PGC), less than 15 percent 
of the assessed resource base is proven reserves, with the remaining 85 percent yet to be 
discovered.  Furthermore, speculative resources represent approximately 40 percent of the PGC 
assessed resource base, which incorporates foreseeable advances in technology within the 
industry.9  Even the PGC’s total estimated gas resource base of 1205 trillion cubic feet (Tcf), 
including speculative resources, could be exhausted before 2050, if natural gas replaces coal, 

                                                 
7 Details of the analysis that supports this statement are presented in an Appendix.  Rising prices 

are likely to forestall complete resource exhaustion, as substitution of other energy resources 
occurs. 

8  LNG facilities could be used either to bring gas to the contiguous U.S. from Alaska or to import 
gas from foreign sources. 

9 The Potential Gas Committee (PGC), which is coordinated by the Colorado School of Mines 
and includes representatives from a wide variety of exploration and production companies, has 
projected that the total U.S. gas resource base is 1,205 trillion cubic feet, including proven and 
speculative reserves. Potential Gas Committee, Colorado School of Mines, Potential Supply of 
Natural Gas In The United States, March 1999. 
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nuclear power is phased out, or if the projected resource base does not expand by one percent per 
year over the next fifty years.10  

Figure S-10.  Potential Gas Committee assessment of total U.S. gas resource base. 
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39%
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Source: Potential Gas Committee, Colorado School of Mines, Potential Supply Of Natural Gas In The 
United States, March 1999. 

(1) Issues affecting long-term gas supplies 

While the PGC assessment provides an estimate of U.S. gas resources, there are several other 
issues that also affect the long-term outlook for domestic natural gas supplies.  These include, 
among others, the current offshore drilling moratorium and the likelihood of bringing increased 
liquefied natural gas (LNG) supplies to the U.S. market.  In the post-2020 timeframe U.S. policy 
on both of these issues could significantly impact the adequacy of U.S. gas supplies needed to 
meet the higher gas demand levels needed under the Current Policy Direction.  Primarily in 
response to oil spills (e.g. offshore Santa Barbara and in the Prince William Sound) current U.S. 
law precludes drilling in any of the offshore areas of the U.S., except for the central and western 
regions of the Gulf of Mexico (see Figure S-11). This drilling moratorium was recently extended 
to 2012, and current judgment is that it will likely be extended for another 10 year period, if not 
indefinitely. Given the projected need for additional gas, significant tension could arise between 
U.S. policy precluding drilling in offshore areas and the need for future gas supplies. 

                                                 
10  Synthetic natural gas (SNG) and lower Btu synthesis gas could be produced from coal and 

possibly other energy resources such as oil shale.  However, these options present technical 
problems, such as production of carbon dioxide and other emissions, as well as difficulties in 
the transportation and use of synthetic gas.  Considerable research and development will be 
needed to make these options available at acceptable prices, which could take several decades. 
Note that synthesis gas from coal is a coal fuel, not a natural gas fuel.  
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Figure S-11. Lower-48 Moratorium Areas For U.S. Drilling 

Moratorium Area

Moratorium AreaOk to Drill Area

Moratorium currently in effect through 2012.  
 

(2) Analysis of U.S. Gas Demand and Supply from Year 
2000 to 2050 

U.S. domestic gas supply and demand has been evaluated, in order to begin to assess the 
adequacy of U.S. gas supplies out to year 2050.  Figure S-12 compares projected gas demands for 
the electric, residential, industrial, commercial and transportation sectors under the BAU versus 
Current Policy Direction scenarios.  Under Current Policy Direction, the demand for gas for 
electric generation must increase very rapidly after 2005, in order to achieve near-term carbon 
reductions. Furthermore, over time residential and commercial consumers would substitute some 
additional electricity for natural gas, because the carbon tax significantly raises the delivered 
prices of all fossil fuels. 
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Figure S-12.  U.S. natural gas consumption, 1990 – 2050, under BAU and Current Policy Direction 

U.S. Natural Gas Consumption 1990-2050
(Quads per year)

   Business As Usual -  Reference Case

0
5

10
15
20
25
30
35
40
45
50

1990 2000 2010 2020 2030 2040 2050

Electric
Gen
Trans

Ind

Com

Res

 
 

U.S. Natural Gas Consumption 1990-2050
(Quads per year)

   Current Policy Direction

0
5

10
15
20
25
30
35
40
45
50

1990 2000 2010 2020 2030 2040 2050

Electric
Gen
Trans

Ind

Com

Res

 

 21



E-EPIC Report Excerpts from Chapter 2 (Draft 11 Oct 99)  

Natural gas supply options were analyzed to balance supply and demand in each year, including 
expanded domestic drilling, imported LNG, imported gas from Canada, and the assumed 
elimination of the current drilling moratorium by 2022.  These assumptions apply to the two post-
2020 projections shown in Figure S-12.  Prospects for advances in technology beyond that 
foreseen by the PGC assessment were also considered.  Additional advances in technology would 
enable the industry to access supplies not now considered recoverable. As a result, total U.S. gas 
resources are assumed to increase by one percent every year over the next fifty years. However, at 
the point where cumulative gas consumed would leave only 9.5 years proven reserves, if not 
before, gas supplies and prices would tighten considerably.  The dates when domestic natural gas 
resources could become constrained are indicated in Table S-8.11 

 

Table S-8. Potential exhaustion of U.S. natural gas resources. 

 Year U.S. Natural Gas Resources Become Constrained 
 Moratorium Continued Moratorium Continued Moratorium Repealed 

 and Current PGC and Assessment of and Assessment of 

 Assessment of Gas Resources Gas Resources 

 Gas Resources Increased Increased 
BAU 2031 2038 2050+ 
Current Policy Direction 2027 2035 2050+ 
Current Policy with Higher 2025 2031 2045 
    Macroeconomic Growth  
“Year U.S. Gas Resources Become Constrained” is the first year when proved U.S. reserves fall below 9.5 years of 
remaining total resources.   
 

A similar analysis for the Canadian gas resource base and, consequently, for Canadian exports to 
the U.S., indicates that Canada will become heavily dependent upon gas from frontier areas and 
gas from coal-bed methane in the post-2020 timeframe.  Despite this stress on Canadian gas 
production, U.S. imports are assumed to reach approximately 6 TCF per year over the entire post-
2020 period through 2050.  In the absence of these Canadian imports, U.S. gas reserves would be 
exhausted earlier.   

(3) Summary of the Long-term Natural Gas Picture 

Over the next decade the United States will substantially increase its consumption of natural gas, 
because of its desirable characteristics and competitive prices, even in the absence of mandated 
carbon reductions.  However, the additional gas consumption resulting from the Current Policy 
Direction would severely challenge a gas industry that is already rapidly expanding.   If access to 
offshore resources subject to the current moratorium remains prohibited, total U.S. resources, 
including proven, probable, possible, and speculative resources, could be exhausted between 
2030 and 2050, regardless of our carbon policies.  This situation could be alleviated if the 
                                                 
11   The methodology and approach are described in an Appendix. 
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offshore drilling moratorium is lifted or new technologies come to fruition that reduce U.S. 
annual gas consumption below the peak levels projected to occur in 2025.  This study suggests 
that natural gas is, ultimately, not a sustainable energy resource, but rather, must provide a bridge 
to future resources and technologies. 

1.4.2 Coal as a Sustainable U.S. Energy Supply Option 

U.S. recoverable coal reserves are sufficient to sustain U.S. coal consumption for over two 
hundred years at current consumption rates.12  Coal industry infrastructure is extensive and 
encompasses coal mines, railroads, and barges, as well as cleaning blending, storage and loading 
facilities, and extending to equipment vendors and to skilled manpower in all of the above.  This 
infrastructure has been constructed over many decades, and many of the facilities that use or 
supply coal have long lives.  For example, today’s coal-fired power plants will be, on average, 
about 45 years old in 2010 if they continue operating.  Figure S-13 shows projected U.S. coal 
production over the next two decades under both BAU and under the Current Policy Direction. 

 

Figure S-13.  U.S. Coal Production (millions of tons)  
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Under BAU most coal-fired power plants would remain competitive past 2020, providing a 
reliable market for coal suppliers as more advanced coal technologies are deployed.  However, if 
carbon reductions are required at the levels under the Current Policy Direction, U.S. coal 
production could drop drastically.  Even now, the uncertainty surrounding U.S. environmental 
policy sends very mixed signals to the coal industry.  On the one hand, low sulfur coal production 
should continue to grow as the Phase II SO2 reductions of the 1990 Clean Air Act Amendments 
begin in 2000.  To meet increasing coal demand, coal producers would invest in new facilities.  
On the other hand, carbon reductions under the Current Policy Direction would cause coal to 
become uncompetitive in the face of carbon taxes or other carbon restrictions.  Over a relatively 

 
12   International Energy Agency, World Energy Outlook.  1998 Edition. Page 148. 
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short five-year period, beginning in 2005, annual coal production could drop from over 1100 
million tons to below 600 million tons in 2010.  By 2020 U.S. annual coal production would fall 
to less than 350 million tons, essentially dismantling the U.S. coal industry.13  Under the Carbon 
Glide Path to 2030 scenario, coal consumption would decline less rapidly, remaining at over 800 
million tons in 2010 and at 500 million tons in 2015, but still falling rapidly after 2015.  Coal 
consumption would then remain at low levels until the deployment of economic carbon capture 
technologies possibly leads to resurgence of the industry.   With greatly reduced coal generation, 
there would almost certainly be abandonment of large parts of the coal supply chain that has 
developed over decades.  Critical parts of this chain, such as technology, mining methods, and 
skilled labor, could be slow and costly to resurrect at a later time when coal is needed.   

Today, coal is an attractive fuel, because 

• it provides energy at a low cost per Btu 

• coal prices are relatively stable and less volatile than natural gas prices  

• coal mines and railroads are largely invulnerable to the vicissitudes of international 
politics and trade 

• U.S. coal resources are sufficient for more than two hundred years consumption  

• power plants often have multiple delivery modes or carriers, and  

• coal is relatively easily and economically stored. 

Despite its advantages, the coal fuel cycle has many environmental issues associated with coal 
mining, transportation, storage, combustion, and disposal. Many advances have been made in 
resolving and mitigating these environmental problems, such as the controls on power plants that 
reduce emissions of SO2, NOx and particulates.  As yet, there is no ready replacement for this 
reliable, competitively priced fuel, which could be sustainable under a wide range of future 
conditions.   

1.4.3 Petroleum as a Sustainable U.S. Energy Supply Option 

Ever since the rise of OPEC in 1973, the U.S. has been aware of its reliance on imported 
petroleum.  Nevertheless, over 25 years later, we consume and import more oil than we did then.  
In 1997 net petroleum imports were about 49 percent of domestic consumption and are expected 
by EIA to grow to 65 percent by 2020.  In 1999, the cost of gasoline was about the same in real 
dollars as it was over twenty five years ago, corrected for inflation.  Figures S-1 and S-3 show 
that oil is likely to fuel our transportation system for decades to come.  Oil consumption is likely 
to grow somewhat, if only to keep pace with population growth.  Figures S-2 and S-7 show that 
oil has been largely phased out as a primary fuel for electric power generation, supplying only 2.6 
percent of U.S. generation in 1997.   

                                                 
13As described elsewhere in this report, India, China and other developing countries also have an   

abundance of coal, which they are expected to burn as electrification proceeds in those 
countries. 
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Because domestic oil production is declining and oil imports are growing, and because oil is 
considerably more expensive than coal, it would be unlikely for petroleum to regain a substantial 
role in electric generation in the next two decades.  Figure S-15 shows the projected decline in 
domestic production and the concurrent increase in our oil imports under “Business-As-Usual.”  
Because oil is a decreasing domestic resource, it should not be considered as a sustainable 
domestic resource for the U.S., even though we will be dependent on it for many decades to 
come. 

Figure S-15. U.S. oil supply, domestic production plus imports 
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World supplies of conventional oil are likely to tighten during the next 50 years.  Although some 
believe that the supply situation could tighten as early as 2015 to 2020,14 DOE/EIA assessments 
indicate that adequate oil supplies will be available well beyond the next 25 years, potentially 
from nonconventional oil resources. According to EIA, “as technology brings the cost of 
producing a nonconventional barrel of oil [such as oil suspended in tar sands or shale] closer to 
that of a conventional barrel, it becomes reasonable to view oil as a viable energy source well into 
the twenty-second century.”15  No constraints or limitations on world oil supplies have been 
considered in the projections presented in this study.  Nevertheless, oil’s important geopolitical 
and national security implications must be considered as an added incentive toward efforts to 
develop a sustainable energy system that does not increase our dependence on oil as an energy 
source.  

                                                 
14 Campbell, C.J.,  “Depletion Patterns Show Change Due for Production of Conventional Oil,” 

Oil and Gas Journal, December 29, 1997, p 33-37. 
15 Energy Information Administration, International Energy Outlook 1998 With Projections 

Through 2020,  Report DOE/EIA-0484(98), April 1998, p 38. 
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1.4.4 Nuclear, Hydroelectric And Renewable-Fueled Power Plants 
as Sustainable U.S. Energy Supply Options 

Each of these types of technologies is capable of generating electric power using fuels that could 
be sustainable over long time periods.  However, each has characteristics that limit the extent to 
which these technologies can be deployed over the next several decades.  

Nuclear power must surmount numerous obstacles simply to maintain its position as a substantial 
source of U.S. electricity.  In 1997 nuclear power plants provided about 20 percent of U.S. 
generation, but under BAU nuclear power is projected to supply only 8 percent of U.S. generation 
by 2020.  The amount supplied from existing nuclear plants would remain at about 15 percent 
under the higher electricity prices projected to accompany carbon reductions under the Current 
Policy.  However, if nuclear plant licenses are not renewed, nuclear power might supply less than 
5 percent of electric generation in 2020.   

In order to increase the amount of electricity generated by nuclear fuel, a new generation of cost-
competitive nuclear power technology and a change in public perceptions of the risks associated 
with nuclear power plants would be essential.  As of today, nuclear power plants are the only 
proven thermal power plants capable of producing large amounts of electricity without emitting 
carbon.  If they were built and operated properly, future nuclear power plants could contribute to 
reducing global carbon emissions.   While the assumptions made by EIA for its NEMS-based 
projections and carried over into the present study preclude projections of added nuclear 
generating capacity prior to 2050, the possibility that nuclear power will play a significant role in 
the U.S. energy system in the 21st Century should not be dismissed.  If technology advances (such 
as carbon capture and sequestration) that would facilitate continued use of fossil fuels are slow to 
develop, or if there are sufficient advances in nuclear technology, nuclear power could continue 
to be an important energy source for the U.S. in the future. 

As of mid-1999, 220 hydro licenses with the Federal Energy Regulatory Commission (FERC) are 
set to expire between 2000 and 2010.  These licenses represent some 22,000 MW out of the 
79,000 MW of installed hydroelectric capacity.   The hydro facilities up for relicensing must 
satisfy many requirements to retain their licenses and continue operating.  Considerations include 
land use, fish passage, ecological, dredging, disposal, and other operational and environmental 
concerns.  It is likely that some existing hydroelectric capacity will be lost during this process.  
Since total undeveloped hydro capacity in the U.S. is estimated to be about 30 GW, a major 
expansion of today’s hydroelectric capacity is not likely. 

In 1996 and 1997 about 90 percent of the total U.S. generation from renewable resources was 
from hydroelectric power plants.  The remaining 10 percent of renewable kWh came from power 
plants fueled by geothermal steam, wind, solar, wood and other biomass, and municipal solid 
wastes.  Thus, non-hydroelectric renewable generation represented about 1.1 percent of total U.S. 
electric generation.  Ultimately, renewable generation technologies will be counted on to supply a 
much larger proportion of overall generation, but not without major research, development and 
demonstration projects to bring down costs, and only after resolving substantial issues regarding 
access to renewable resources.  In addition, renewable generating resources can be expected to 
encounter extensive transmission requirements and/or competing land uses.  Intermittent (non-
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dispatchable) generation and specific siting requirements also limit the electric generation 
potential of various renewable generation technologies.   

As performance improves and costs come down, the U.S. will rely more on renewable generating 
technologies.  However, the specific technologies and designs that will mature and emerge as 
competitive winners are often unclear and may not come to fruition for years, so that their market 
penetration may take several decades to achieve substantial generation levels.   

1.5.  A Sustainable Energy System Will Balance The Roles Of Diverse 
Technologies And Fuels 

There would be a significant difference in the technologies that are built under Business As Usual 
versus under the Current Policy Direction and, likewise, under a Carbon Glide Path to 2030.16  
(Figure S-16 shows the projected electric generating capacity mix for the BAU and Current 
Policy Direction cases.)  For example, as technology advance occurs, the efficiencies of burning 
both gas and coal are projected to improve.  Integrated Gasification Combined Cycle (IGCC) 
technology, which uses coal as the feedstock, eventually becomes a cost-effective means for 
generating electricity.  Under BAU it is a technology that is projected to be added in significant 
amounts prior to 2020, as well as throughout the 2020s.   However, under Current Policy 
Direction and the Carbon Glide Path to 2030, IGCC does not become cost-effective until carbon 
capture and sequestration become viable for power plant applications.  If that occurs, coal makes 
a strong resurgence as a fuel for electric generation.  Hence, under the Current Policy Direction 
and a Carbon Glide Path to 2030, coal would once again become an essential fuel, provided the 
coal infrastructure can be resurrected.17  

The rush to build natural gas-fired combined cycle power plants before 2020 and especially 
before 2015 may also have the unintended consequence of slowing down (or increasing the cost 
of) the development and maturation of improved vintages of future fossil and renewable 
technologies.  For example, these projections show that gas combined cycle technology built 
between 2004-2015 becomes less cost-effective as gas prices rise and technology advances 
further, and its presence later slows the market penetration and consequent improvement of 
renewable technologies.   

Renewable technologies will not be truly sustainable in the marketplace until they are competitive 
in cost.  Under Business As Usual, which does not incorporate a Renewable Portfolio Standard, 

                                                 
16 Between 2000 and 2020 this study’s projections rely on the technology assumptions made by 

EIA.  After 2020, the projections rely on EPRI and independent assessments of technology 
costs and performance that incorporate foreseeable improvements in fossil and renewable 
technologies.  The assumptions are presented in an Appendix and their implications are 
discussed in the chapter: Energy Technology Advances. 

17 All the projections in this study assume that the essential energy infrastructure can be built and 
implemented within the time period, as needed.  As pointed out, the U.S. natural gas supply 
infrastructure would be stressed to meet near-term carbon goals.  The same is true here for coal.  
If the coal supply system and expertise is abandoned in the next twenty years, it may not be 
possible to rebuild it in time, when it would be needed.  
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projected deployment of biomass, geothermal and wind technologies is limited, due to their costs.  
Under the Current Policy Direction, a potential dilemma arises, where emerging technologies that 
may be essential in the long run are not developed as rapidly or as efficiently as they could be, 
because their funding and market opportunities are limited by development and deployment of 
near-term (pre-2015) vintages of natural gas combined cycle plants to meet near-term carbon 
goals.   A less rushed turnover of U.S. electric generation assets could aid the penetration of 
advanced renewable technologies. 

 

Figure S-16.  Electric Generating Capacity Additions 2020 under BAU and the Current 
Policy (GW).  
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 Energy and environmental policies, if coordinated, can guide the evolution of the U.S. energy 
system toward reliance on more sustainable energy resources.  However, this process will take 
decades.  Many uncertainties surround the potential pace and timing for replacing the existing 
energy infrastructure, and the economic stakes are high.  A workable strategy would bring about 
these changes in a manner that minimizes the combined environmental, economic, social and 
technological risks.  Such a strategy must address, for example, the following questions: 

• Will adequate, low priced natural gas be available past 2030 to sustain carbon emission 
reductions and to recover the investment in gas-fired generation technologies built to 
satisfy near-term carbon reduction goals? 

• Is continued reliance on increasing quantities of imported petroleum a wise long run 
energy strategy? 

• Will the technologies that are assumed to be available in this analysis actually be ready 
when they are required?  What strategies could minimize the risks should key 
technologies prove to be more costly, or unavailable? What strategies maximize 
opportunities to take advantage of faster technology advance? 

• How can both coal and natural gas be utilized most effectively over time, to allow 
sufficient time to develop and deploy advanced technologies of all types without 
sacrificing emission reduction goals?  

• What technical advances and what policies are most important in enabling each key fuel 
and technology  to be environmentally acceptable, sustainable and competitive? 
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Currently, the U.S. currently is dependent on fossil fuels for 85 percent of its primary energy. 
Petroleum supplies 40 percent, yet two-thirds of our petroleum will be imported by 2010.  
Domestic coal resources are sufficient to supply U.S. needs for two centuries.  However, the 
Current Policy Direction would virtually eliminate coal as the backbone fuel in the U.S.  Natural 
gas is a relatively clean and economic fossil fuel, although it does produce NOx and carbon 
emissions.  However, domestic resources of natural gas could be exhausted or at least run up 
significantly in price within three to six decades, depending on the progress of technology and 
access to potential gas resources that are now off-limits.  

Despite the best prognostications, the realization of technology advances for any one technology 
or any one fuel is uncertain.  The time required to successfully develop and deploy advanced 
technologies, including renewables and end-use measures, is uncertain.  Eliminating coal as the 
backbone fuel for electric generation in the short run, before needed technologies are in place, 
would put the U.S. energy system at great risk.  It would also subject the U.S. to unknown costs 
and difficulties for resurrecting the coal supply system if necessary, and would lock in substantial 
amounts of near-term technologies that may not be part of a long-term environmental solution. 

Even under optimistic projections, the transition to a truly sustainable energy system will take 
decades to occur.  As a result, improved fossil fuel technologies will play an essential role in 
providing reliable energy supplies, while sustainable technologies are being developed and 
commercialized.     
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