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Preface

The Annual Energy Outlook 1996 (AEO96) presents
midterm energy forecasts by the Energy Information
Administration (EIA). This year’s report presents
projections and analyses of energy supply, demand,
and prices through 2015, based on results from
ElA’s National Energy Modeling System (NEMS).
AEO96 is the first Annual Energy Outlook with fore-
casts extended to 2015. Quarterly forecasts of energy
supply and demand for 1995 and 1996 are published
in the November 1995 issue of the Short-Term
Energy Outlook.

Forecast tables for the five cases examined in
AEQO96 are provided in Appendixes A through C.
Appendix A gives historical data and forecasts for
1993 through 2015 for the reference case. Appendix
B presents two additional cases, which assume high-
er and lower economic growth than the reference
case. Appendix C presents two cases that assume
higher and lower world oil prices.

Appendix D presents a summary of the forecasts in
units of oil equivalence. Appendix E presents a
summary of household energy expenditures. Appen-
dix F provides detailed comparisons of the AEO96
forecasts with those of other organizations. Appendix
G briefly describes NEMS and the major AEO96
forecast assumptions. Appendix H presents major
results from alternative cases that explore the
impacts of varying key assumptions in the supply,
demand, and conversion sectors of NEMS—general-
ly, assumptions about technology penetration.

Appendix | provides a table of energy conversion
factors and a table of metric conversion factors.

The AEO96 projections are based on Federal, State,
and local laws and regulations in effect on October
1, 1995, including the fuel taxes in the Omnibus
Budget Reconciliation Act of 1993, the Clean Air Act
Amendments of 1990, the Energy Policy Act of 1992,
and provisions of the Climate Change Action Plan.
Pending legislation and sections of existing legisla-
tion for which funds have not been appropriated are
generally not reflected in the forecasts. The projec-
tions include the lifting of the ban on the export of
Alaskan crude oil, enacted on November 28, 1995,
but not modifications in the same bill of oil and gas
royalties in the Gulf of Mexico. Legislative proposals
to allow leasing in the Arctic National Wildlife
Refuge for oil and gas drilling are not included.
Carbon emissions projections in AEO96 were calcu-
lated using carbon coefficients from the report
Emissions of Greenhouse Gases in the United States
1987-1994 (October 1995).

The AEQ96 projections are used by Federal, State,
and local governments, trade associations, and other
planners and decisionmakers in the public and pri-
vate sectors. They are published in accordance with
Section 205(c) of the Department of Energy Organi-
zation Act of 1977 (Public Law 95-91), which re-
quires the Administrator of EIA to prepare an
annual report that contains trends and projections
of energy consumption and supply.

The projections in AEO96 are not statements of what will happen, but what might happen given the
specific assumptions and methodologies used. These projections provide an objective, policy-neutral
reference case that can be used to analyze policy initiatives. As a policy-neutral data and analysis
organization, EIA does not propose, advocate, or speculate on future legislative and regulatory changes.
The projections assume that laws remain as currently enacted, so that policy initiatives can be analyzed
relative to the AEO forecasts. Assuming current legislation and regulations, even knowing that changes
will occur, will naturally result in projections that differ from the final data.

Models are abstractions of energy production and consumption activities, regulatory activities, and
producer and consumer behavior. The forecasts are highly dependent on the data, analytical methodolo-
gies, model structures, and specific assumptions used in their development. Trends depicted in the analysis
are indicative of tendencies in the real world rather than representations of specific real-world outcomes.
Even where trends are stable and well understood, the projections are subject to uncertainty. Many events
that shape energy markets are random and cannot be anticipated, and assumptions concerning future
technology characteristics, demographics, and resource availability cannot be known with any degree of
certainty. Many of the key uncertainties in these projections are addressed through the alternative cases
presented in this report.
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Administrator’'s Message

The Annual Energy Outlook 1996 (AEO96) projects
energy trends to the year 2015—the first AEO to
look beyond 2010. This extension reflects a belief
that 20 years is a reasonable time frame for which
detailed midterm projections can meaningfully be
made. It is our belief that general trends in the
economy, demographics, and technology can be suffi-
ciently anticipated that such projections can be
developed credibly.

As a result of its more extended coverage, this year’s
AEO focuses on issues that become more important
than in previous AEOs that had earlier time hori-
zons. In addition, the more distant target of 2015, of
necessity, adds to the uncertainty of the projections
contained in AEO96.

2010 to 2015

Analysis of an additional 5 years in the AEO96 pro-
jections draws more attention to several issues. One
is the retirement of nuclear power plants. A number
of existing nuclear plants, accounting for about 40
percent of the Nation’s current nuclear generation
capacity, will reach the end of their 40-year operat-
ing lives by 2015; in the forecast, they are assumed
to be retired. Most of the retirements are expected to
occur between 2010 and 2015. Generation of electri-
city from both coal and natural gas is likely to
expand significantly to meet growing customer de-
mand and to fill the gap caused by the retirement of
nuclear facilities.

Although AEO96 assumes that these nuclear plants
will be retired at the end of their 40-year lives, the
retirements are far from certain. Life extensions,
regulatory changes, and breakthroughs in advanced
materials could increase the useful lifetimes of
nuclear plants and delay their retirements by as
much as 20 years. If that were to occur and nuclear
plants were life-extended, we expect that the
demand and price for some fossil fuels, as well as
levels of carbon emissions, would be lower than if
the retirements occurred as assumed. In order to
capture this uncertainty, we have included a case
that assumes life extensions for approximately half
of the current nuclear capacity beyond 2015.

Another key issue in the period is shifting demo-
graphics. After 2010, there will be a notable shift of
“baby boomers” into retirement. The resulting re-

duced size of the work force is expected to slow
economic growth and shift patterns of energy use.

Technology developments are another key factor in
the extended forecast. Because of the longer time
horizon in AEO96, the mix of advanced technologies
considered has been expanded and now includes, for
example, fuel cells and photovoltaics for central
station electricity generation.

Anticipating the pace and impact of technology
change is difficult under any circumstance, but
particularly so in the longer time horizon. In recent
years, improvements in drilling and mining tech-
nology have expanded the availability of fossil fuel
resources at prices lower than those expected in
earlier projections. Improvements in motors and in
a host of end-use technologies have constrained the
growth of energy use and helped enhance the quali-
ty of many products. AEO96 projects that these
trends will continue.

The pace of technology changes has a sizable impact
on energy markets, as we have tried to display in
several alternative cases. It also makes a substantial
difference in future energy consumption if the great-
er efficiencies anticipated for end-use technologies
are used to reduce energy use or to create new
products and services.

Major trends

AEQO96 projects substantially lower fuel prices than
AEQ95, based on recent assessments of improved
supply-side technologies and an expanded resource
base. In February 1995, the U.S. Geological Survey
published a major revision of its 1989 study of
domestic oil and gas resources. The revised resource
estimates are a major factor underlying the AEO96
projections that natural gas prices will rise much
more slowly than expected in past AEOs. In the
current projections, in addition, inflation-adjusted
electricity prices are expected to remain flat; and
coal prices are expected to decline, based on continu-
ing improvements in mining productivity and flat
wage rates expected for coal miners.

This year we project that total energy use will rise
at about the same rate as expected last year. Indus-
trial energy use is expected to rise more slowly—and
residential and commercial energy demand is ex-
pected to rise more rapidly—in AEO96 than they

Energy Information Administration/ Annual Energy Outlook 1996 vii
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were in AEO95. Since energy use per capita changes
little during the 20-year period, much of the increase
in domestic energy use can be attributed to popula-
tion growth. The stability of per capita energy use
masks an underlying phenomenon, however. The
trend toward greater efficiencies in end-use tech-
nologies is likely to continue, constraining pressures
for rapid increases in energy consumption. Instead
of reducing individual energy consumption, the
energy savings from higher efficiencies are expected
to be used for new products and services and for
new features added to traditional products.

Uses of energy models

The National Energy Modeling System (NEMS), on
which the AEOs are based, was constructed primari-
ly to assist policymakers and the public in assessing
the impacts of various policy initiatives. Those
analyzing the benefits and costs of potential policies
wanted a scientific, policy-neutral methodology for
making their assessments. NEMS has been used, for
example, to examine the impacts of proposals for
environmental protection, changes in levels of taxa-
tion, new import/export regulations, and changes in
energy-using and producing technologies.

To perform this function, the model must have three
important characteristics. First, it must provide a
baseline of where current policies are likely to lead
us, which establishes a case against which changes
can be compared. Second, the model must cover the
entire energy system, allowing for full consideration
of impacts in a systematic way. Third, the model
must be open for public inspection, so that all
participants in the debate have equal access to its
inner workings. NEMS meets each of these criteria.
In the case of public access, the modules of NEMS
are currently available on the Internet at EIA’s
Home Page and on EIA’s CD-ROM for examination
and use.

The development of baseline projections can lead to
a secondary use of the NEMS model. Since the base-
lines create a presumption of what will actually
happen under current policy, they are sometimes
used as predictors of the future. Given the absence
of other methods for predicting the future of energy
supply and demand, it is easy to understand why
the baselines are used in this way.

There are, however, several limitations to the use of
baselines as predictors. Most notable is the assump-
tion of no policy change. This operational assump-
tion is necessary to allow for comparison with
potential new policies and to avoid any appearance
of policy advocacy. In fact, however, periods when
energy policy has remained stable are rare; and it is
reasonable to believe that policies will continue to
change. Policymakers might consider some trends in
the projections undesirable. Therefore, the projec-
tions themselves can be part of a process that leads
to new policies that would move the trend lines in
different directions.

We also recognize additional sources of uncertainties
in our projections. Some of these are discussed
below:

= First, the AEOs are published only once a year.
During the annual cycle, new information becomes
available that could change the baseline. As the
year goes on, increasing amounts of information
become available that have not been incorporated
in the currently published baselines. As a result,
analysts should look at a variety of forecasts,
especially those that are most recent, in their
attempts to ascertain what will actually happen.

= Second, all energy forecasts in past years have
overestimated the future prices of fossil fuels. This
tendency was most notable in the 1970s and early
1980s: predictions of energy prices made during
those years have been proven by history to have
been dramatically overstated. The major factors
that were underestimated, and which now produce
sharply lower price forecasts, include (1) increased
competition among suppliers, (2) significant pene-
tration of new exploration and drilling technolo-
gies that reduce costs and increase the size of the
U.S. petroleum resource base, and (3) decreased
energy demand as a market response to high
prices and as a result of policy initiatives to con-
strain energy use.

In recent years, energy forecasters, including EIA,
have continued to project lower estimates of future
fuel prices. At present, there is no guarantee that
new factors will not cause prices to rise slower or
faster then current projections, or even to fall from
current levels.
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= Third, the projections contained in the AEOs do
not reflect the volatility contained in the historical
numbers. In a model, based largely on smooth eco-
nomic adjustments and no unexpected disruptions,
it is not surprising to find that the projection lines
do not have the jagged pattern of historic years. It
is possible, however, that change in the future
would come in sudden spurts rather than gradual
adjustments. The impacts of rapid changes on con-
sumer choice and other economic variables could
be much more pronounced. Analysts can explore
this pattern using EIA’s Short-Term Energy
Model, which can also be downloaded off the
Internet. Variables in the model can be changed
and the model recalculated, demonstrating the
anticipated effects of short-term changes in the
U.S. economy.

The AEOs have displayed portions of the underlying
uncertainty in the baseline by publishing high and
low cases for economic growth and the world price of
oil, and for the penetration of more efficient tech-
nologies. While alerting readers to the ranges of
uncertainty, these alternative cases do not neces-
sarily solve the problems of those who need to make
decisions based on future energy supply, demand, or
price. There is merit in using a variety of projections
and information, such as those provided by futures
markets or long-term contracts, when making such
decisions.

Jay E. Hakes
Administrator
Energy Information Administration
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AEO96 Extends Energy Projections
to 2015

Figure 1. Electricity generation by fuel, 1970-2015
(billion kilowatthours)
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The Annual Energy Outlook 1996 (AEO96) is the
first Annual Energy Outlook with projections to the
year 2015. Key areas of analysis include the
availability of domestic fossil fuel resources, the
penetration of new, more advanced energy technolo-
gies, and the projected decline of nuclear generation.

Energy prices in AEO96 are lower than those in the
Annual Energy Outlook 1995 (AEO95); however,
total consumption in 2010 is expected to be about
the same, at 105 quadrillion British thermal units
(Btu). Residential and commercial demand is higher
in AEO96, due to lower prices and higher projected
growth for new electricity uses. With slower growth
in energy-intensive industries, industrial demand is
lower. Transportation demand is about the same.

Electricity generation from natural gas and coal
through 2015 increases significantly, to meet
increased electricity demand and to compensate for
the decline in nuclear generation (Figure 1). With
lower capital requirements, natural gas increases its
share of generation. Because fossil fuel prices are
lower in the AEO96 projections, renewable energy
sources penetrate more slowly than in AEO95.

One nuclear unit, Watts Bar 1, is assumed to be
completed in 1996. No other new nuclear units are
projected by 2015. Nuclear generation rises slightly
early in the projections, with this new unit and in-
creased utilization; however, with about 40 percent
of the nuclear capacity scheduled to retire by 2015,
nuclear generation declines from 2000 on.

Fuel Price Projections This Year
Are Lower Again

Figure 2. Fuel price projections, 1994-2015:
AEQO95 and AEO96 compared (1994 dollars)
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AEO96 reflects higher expectations for oil production
from the Organization of Petroleum Exporting
Countries (OPEC), and oil prices are projected to be
slightly lower than in AEO95 (Figure 2). In 2010,
the average price is $23.70 per barrel (in 1994
dollars), nearly $1 a barrel lower than last year’s
projection. The 2015 price is $25.43 a barrel.

The average wellhead price of natural gas in AEO96
is significantly lower than in AEO95. The AEO96
average wellhead price in 2010 is $2.15 per thou-
sand cubic feet (compared with almost $3.50 in
AEQ95), rising to $2.57 per thousand cubic feet in
2015. Higher assessments of domestic resources, due
in part to technology gains, contribute to reduced
price projections (see box on page 9). In addition,
industry competition reduces the costs of trans-
mission and distribution, so that delivered prices of
gas rise at a slower rate than the wellhead price.

Coal minemouth prices are projected to decline
slightly over the forecast horizon, due to increasing
productivity, flat real wage increases, and competi-
tive pressures on long-term contracts. In 2010, the
minemouth price is $17.43 per ton, compared with
$23.30 in AEO95. Average electricity prices, which
are expected to remain essentially flat through 2015,
are slightly lower than in AEQ95, because the
projected fossil fuel prices are lower. Chapter 3 of
this report (electricity) addresses some possible
implications of the evolving restructuring of the
electricity industry; the potential impacts of that
process are not included in the AEO96 forecasts.

Energy Information Administration/ Annual Energy Outlook 1996 1
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Coal and Natural Gas
Lead Energy Production in 2015

Figure 3. Energy production by source, 1970-2015
(quadrillion Btu)
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Although projected world oil prices in AEO96 are
almost $1 a barrel lower in 2010 than they were in
AEQ95, the projection for domestic crude oil produc-
tion is similar to last year’s. Production declines by
21 percent from 1994 to 2005, then increases by 11
percent from 2005 to 2015 as a result of technology
improvements and rising prices. In 2010, estimated
domestic oil production is 5.4 million barrels a day
(the same as last year's projection), rising to 5.8
million barrels a day in 2015. Overall, U.S. oil pro-
duction declines over the projection period, and the
share of petroleum consumption met by net imports
reaches 57 percent (measured in barrels per day) in
2005 and remains at about that level through
2015—compared with 45 percent in 1994.

Driven primarily by growth in consumption, natural
gas production increases at an average annual rate
of 1.3 percent between 1994 and 2015 (Figure 3).
Imports of gas, mostly from Canada, satisfy the
remaining increase in demand. Coal production also
increases by 0.8 percent a year through 2015, to
meet increasing demands for electricity generation,
industrial uses, and exports.

With lower prices projected for fossil fuels, renew-
able energy production, including hydropower, is 0.8
guadrillion Btu lower in AEO96 in 2010 than it was
in AEO95. Lower prices, particularly for natural gas,
delay the penetration of some renewable technolo-
gies. In the AEQ96 forecast, renewable energy pro-
duction is 7.8 quadrillion Btu in 2010, rising to 8.5
guadrillion Btu in 2015.

Demand for Energy From Fossil Fuels
Continues To Grow

Figure 4. Energy consumption by source, 1970-2015
(quadrillion Btu)
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Natural gas consumption increases by an average of
1.6 percent a year (Figure 4), as gas-fired electricity
generation more than doubles from 1994 to 2015.
Industrial use of natural gas for boiler fuel and
chemical feedstocks also grows. Coal remains the
primary fuel for electricity generation. Total coal
consumption grows at an average annual rate of 0.8
percent, with 90 percent of the coal used for genera-
tion. Petroleum consumption grows at an average
rate of 0.9 percent a year. About two-thirds of the
petroleum is used for transportation, as increases in
vehicle-miles traveled offset increases in vehicle
efficiency throughout the projection period.

Consumption of renewable fuels increases at an
average annual rate of 1.5 percent. Most renewable
fuels are used for electricity generation, including
cogeneration, with the remainder for dispersed heat-
ing and cooling and for blending into vehicle fuels.
Hydropower, which is the main renewable source
used for generation, increases only slightly through
2015 because of a shortage of new, large sites and
because regulatory actions, particularly for fish
protection, limit capacity at existing sites (see box
on page 31).

Electricity consumption is projected to grow at an
average annual rate of 1.4 percent through 2015.
With efficiency gains partially offsetting the
penetration of new electricity-using equipment, this
growth rate is slower than the 2.0-percent average
annual growth in gross domestic product (GDP).
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Energy Use per Dollar of Output
Declines Steadily Through 2015

Figure 5. Energy use per capita and per dollar of
gross domestic product, 1970-2015 (index, 1970 = 1)
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Energy intensity, measured as energy use per dollar
of GDP, has generally declined since 1970, particu-
larly during periods of rapid energy price increases
(Figure 5). In the 1970s and early 1980s, energy
intensity declined at an average rate of nearly 2 per-
cent annually as the economy shifted to less energy-
intensive industries and increasingly efficient tech-
nologies. In the late 1980s and into the projection
period, moderate price increases and the projected
growth of more energy-intensive industries lead to
a slower projected decline, at an average annual rate
of 1.1 percent, from 1994 to 2015.

Energy use per person, which also generally declined
from 1970 through the mid-1980s, increased in the
mid-1980s as energy prices dropped. Per capita ener-
gy use is expected to remain nearly stable through
2015 and well below the record highs of the early
1970s, as increasingly efficient technologies offset
growing demand for energy services. Per capita de-
mand for electricity increases at an average annual
rate of 0.5 percent through 2015, but per capita
demand for other energy sources remains flat.

AEQO96 incorporates the additional efficiency stand-
ards for new energy-using equipment in buildings
and for motors mandated by the Energy Policy Act
of 1992 and the National Appliance Energy Conser-
vation Act of 1987. As energy prices increase, addi-
tional efficiency improvements beyond the standards
are likely. Alternative cases in AEO96 examine the
penetration of more energy-efficient technologies
beyond that in the reference case.

Carbon Emissions Continue To Grow
Despite Stabilization Efforts

Figure 6. U.S. carbon emissions by sector and fuel,
1990-2015 (million metric tons)
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Carbon emissions from energy use are projected to
increase by 1.1 percent a year through 2010, reach-
ing 1,660 million metric tons (Figure 6). In compari-
son, AEO95 projected 1,621 million metric tons in
2010. The AEO96 forecast of total energy consump-
tion in 2010 is about the same as in AEO95, but
emissions are higher because of a shift from
renewable energy to fossil fuels, particularly for
electricity generation. Beyond 2010, with slower
demand growth, emissions grow at a slower rate,
reaching 1,735 million metric tons in 2015.

In AEQ96, lower energy prices result in more con-
sumption which is coupled with higher projected
growth for new electricity uses, so that residential
and commercial sector emissions are higher than
those in AEO95. Both industrial and transportation
sector emissions are nearly the same as in AEO95.

The Climate Change Action Plan (CCAP) was devel-
oped to stabilize greenhouse gas emissions in 2000
at 1990 levels. AEO96 analyzes the impacts of CCAP
provisions, including Climate Challenge, which
fosters voluntary reductions in emissions by electric
utilities. Because emissions grew more rapidly
during the early 1990s than expected, current
emissions estimates are higher than those in CCAP.
Funding reductions for some CCAP programs and
revised estimates of their impacts, as well as more
moderate energy price increases, are reflected in the
AEOQO96 emissions forecast.

Energy Information Administration/ Annual Energy Outlook 1996 3
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Table 1. Summary of results for five cases

2015
Sensitivity Factors 1993 1994 Low High Low High
Economic | Economic | World Oil | World Oll
Reference Growth Growth Price Price
Primary Production (quadrillion Btu)
Petroleum . ......... ... 16.99 16.57 15.50 14.61 16.25 10.86 19.03
Natural Gas . ............ ... 18.97 19.41 25.72 23.13 27.60 24.52 26.32
Coal ... 20.23 22.01 26.14 25.25 27.22 26.00 26.13
Nuclear Power . .................... 6.52 6.84 4.63 4.63 4.63 4.63 4.63
Renewable Energy . ................. 6.40 6.26 8.51 7.96 9.59 8.41 8.66
Other . ... .. ... i 0.54 0.99 0.58 0.57 0.61 0.56 0.59
Total Primary Production . .......... 69.64 72.08 81.08 76.17 85.91 74.99 85.36
Net Imports (quadrillion Btu)
Petroleum (including SPR) . ........... 16.37 17.25 25.36 23.39 27.42 32.47 19.99
Natural Gas . ...................... 2.24 2.44 4.09 4.09 4.09 4.09 4.09
Coal/Other (- indicates export) . .. ....... -1.46 -1.21 -2.58 -2.59 -2.57 -2.59 -2.55
Total Net Imports ... .............. 17.15 18.49 26.87 24.89 28.94 33.98 21.52
Discrepancy .............. ... 0.59 -1.43 0.07 0.10 0.10 -0.20 0.31
Consumption (quadrillion Btu)
Petroleum Products . ................ 33.83 34.56 41.69 38.87 44.57 43.87 40.10
Natural Gas . ............ ... 20.80 21.36 29.52 26.94 31.40 28.33 30.12
Coal ... 19.55 19.65 23.27 22.35 24.35 23.12 23.24
Nuclear Power . .................... 6.52 6.84 4.63 4.63 4.63 4.63 4.63
Renewable Energy . ................. 6.40 6.27 8.52 7.97 9.60 8.42 8.67
Other . ... ... .. . 0.29 0.46 0.40 0.39 0.40 0.40 0.42
Total Consumption . ............... 87.38 89.14 108.02 101.15 114.96 108.77 107.20
Prices (1994 dollars)
World Oil Price
(dollars perbarrel) . ................. 16.48 15.52 25.43 23.99 27.05 16.07 33.89
Domestic Natural Gas at Wellhead
(dollars per thousand cubic feet) ....... 2.09 1.88 2.57 2.07 3.34 2.34 2.79
Domestic Coal at Minemouth
(dollars per shortton) ............... 19.85 19.41 17.39 16.91 17.73 16.54 18.79
Average Electricity Price
(cents per kilowatthour) .............. 7.1 7.1 7.0 6.6 7.3 6.8 7.1
Economic Indicators
Real Gross Domestic Product
(billion 1987 dollars) . ............... 5,134 5,344 8,114 7,316 8,930 8,155 8,083
(annual change, 1994-2015) .......... -- -- 2.0% 1.5% 2.5% 2.0% 2.0%
GDP Implicit Price Deflator
(index, 1987=1.00) ................. 1.235 1.261 2.433 3.490 2.055 2.428 2.432
(annual change, 1994-2015) .......... -- -- 3.2% 5.0% 2.4% 3.2% 3.2%
Real Disposable Personal Income
(billion 1987 dollars) . ............... 3,704 3,836 5,798 5,394 6,227 5,834 5771
(annual change, 1994-2015) .......... -- -- 2.0% 1.6% 2.3% 2.0% 2.0%
Index of Manufacturing Gross Output
(index, 1987=1.00) ................. 1.113 1.193 1.766 1.583 1.958 1.771 1.760
(annual change, 1994-2015) .......... -- -- 1.9% 1.4% 2.4% 1.9% 1.9%
Energy Intensity
(thousand Btu per 1987 dollar of GDP) . .. 17.02 16.69 13.32 13.84 12.88 13.35 13.27
(annual change, 1994-2015) ........... -- -- -1.1% -0.9% -1.2% -1.1% -1.1%

Notes: Specific assumptions underlying the alternative cases are defined in Chapter 1. Quantities are derived from historical volumes
and assumed thermal conversion factors. Other production includes liquid hydrogen, methanol, supplemental natural gas, and some
inputs to refineries. Net imports of petroleum include crude oil, petroleum products, unfinished oils, alcohols, ethers, and blending
components. Other net imports include coal coke and electricity. Some refinery inputs appear as petroleum product consumption. Other
consumption includes net electricity imports, liquid hydrogen, and methanol.

Source: Tables Al, A8, A20, B1, B8, B20, C1, C8, and C20.
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Chapter 1

Key Assumptions in the Forecasts

Trends in economic activity

The output of the Nation’s economy, measured by
GDP, is expected to increase by 2.0 percent a year
between 1994 and 2015 (Figure 7). The projected
rate of growth in GDP slows in the latter half of the
forecast period due to a slowdown in the expansion
of the labor force. The effect of slowing labor force
growth is moderated by increases in labor produc-
tivity.

Figure 7. Average annual real growth rates
of economic determinants in three cases, 1994-2015
(percent)
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The growth in the size of the labor force depends on
population growth and the labor force participation
rate. The Census Bureau’s middle series population
projection is used for AEO96 [1]. Total population is
expected to grow by 0.8 percent a year between 1994
and 2015, with slower rates of growth after 2000.
Over the forecast period, the labor force participa-
tion rate is expected to rise to a peak in 2005 and
then decline as “baby boom” cohorts begin to retire.
Combining the population projections with the labor
force participation rates gives the largest growth in
the size of the labor force early in the forecast and
a declining growth rate thereafter. Consequently,
the economy grows more slowly after 2000 as these
demographic trends dampen economic growth.

Labor productivity is the second major determinant
of economic growth. A key to achieving the long-run
2.0-percent growth rate in the reference case fore-
cast is an anticipated recovery in productivity
growth, which slowed in the 1970s relative to its
growth after World War I11. Between 1980 and 1990,
the business investment share of GDP declined at
the same time that both the Federal budget deficit
and the trade deficit increased. Since 1991, the
economic recovery has been led by strong gains in

business investment as a result of lower interest
rates. Productivity has also shown strong gains,
with economic output increasing more rapidly than
employment. Projected increases in investment and
productivity, which are higher during the latter half
of the forecast, partially compensate for the expected
slowdown in labor force growth.

Increasing productivity, combined with a gradually
declining Federal deficit, leads to a projected re-
covery in the business investment share of economic
output. Although increases in business fixed invest-
ment and in research and development spending are
expected, the slowdown in labor force growth even-
tually dominates, slowing the growth of capital stock
and potential output. Consequently, economic output
grows at slower rates during the final years of the
forecast.

To reflect the uncertainty in forecasts of economic
growth, the AEO96 forecasts include high and low
economic growth cases in addition to the reference
case. The high and low growth cases show the
effects of alternative growth assumptions on energy
markets. All three economic growth cases are based
on macroeconomic forecasts prepared by Data Re-
sources, Inc. (DRI) [2]. The DRI forecasts used in
AEQ96 are the February 1995 trend growth scenario
and the optimistic and pessimistic growth projec-
tions. EIA has adjusted DRI’'s forecasts to incorpo-
rate the world oil price assumptions used in the
AEO96 reference case. With this change incorpo-
rated, the DRI projections are used as the starting
point for the macroeconomic forecasts within the
National Energy Modeling System (NEMS) simula-
tions for AEO96. The macroeconomic activity module
incorporates energy price feedback impacts on the
aggregate economy.

In the reference case, growth in the manufacturing
industries is expected to average 1.9 percent a year
until 2015, with growth for the energy-intensive
industries somewhat slower than total manufactur-
ing growth (Figure 8). Of the energy-intensive indus-
tries, chemicals and paper grow faster than do the
primary metals; refining; food; and stone, clay and
glass industries. Much of the total manufacturing
industrial growth of 1.9 percent a year results from
the industrial machinery and electronic equipment
industries, which grow by 3.0 and 3.8 percent a
year, respectively. Total employment is expected to
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grow by 1.1 percent a year through 2015, and much
of the growth in employment is concentrated in the
service sectors.

Figure 8. Sectoral composition of GDP growth,
1994-2015 (percent per year)
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The high economic growth case incorporates higher
growth rates for population, labor force, and labor
productivity. Due to the higher productivity gains,
inflation and interest rates are lower than in the
reference case. Economic output is projected to in-
crease by 2.5 percent a year between 1994 and 2015
in the high growth case.

The low economic growth case assumes lower rates
of growth for population, labor force, and produc-
tivity, resulting in higher prices, higher interest
rates, and lower industrial output growth. In the
low growth case, economic output increases by 1.5
percent a year over the forecast horizon.

Differences in long-run forecasts can be traced pri-
marily to different views of the major supply-side
determinants of growth: labor force, productivity
change, and technology changes. Other forecasts of
growth are presented in Table 2. In creating alterna-

tive growth cases, other forecasters include different
views of energy prices: lower energy prices are
assumed for the optimistic growth cases and higher
energy prices for the pessimistic growth cases. For
AEQO96, baseline energy prices were used for both
the optimistic (high growth) and pessimistic (low
growth) cases.

Table 2. Comparative forecasts of economic growth,
1994-2015

Average annual percentage growth

Forecast Real GDP Labor force Productivity

AEO96

Low 1.5 0.8 0.7

Reference 2.0 1.0 0.9

High 2.5 1.3 1.2
DRI

Low 1.5 0.8 0.7

Trend 2.0 11 0.9

High 2.5 1.3 1.2
WEFA

Low 1.9 1.1 0.8

Trend 2.4 1.3 11

High 2.8 1.4 1.4

The WEFA forecast shows the highest economic
growth, including higher growth rates for both labor
force participation and productivity. The AEO96
long-run forecast of economic growth is the same as
the AEQ95 forecast, with a projected annual growth
rate for GDP of 2.2 percent from 1994 to 2010.

In the 1995 Economic Report of the President, real
GDP growth of 2.5 percent a year was projected
through 2000 [3]. AEO96 also projects 2.5-percent
annual growth between 1994 and 2000.

World oil prices

A notable feature of the international oil market in
recent years has been the ability of non-OPEC coun-
tries to maintain, and even to expand slightly, their
levels of oil production [4]. Many past forecasts by
oil market analysts, including AEO projections, have
assumed that non-OPEC production would soon
peak and then decline. OPEC nations were expected
to supply an increasing amount of oil to meet both
declining supply from other parts of the world and
rising demand. Over the past few years, however,
non-OPEC supply has slowly crept upward rather
than declining, which has been a major factor
contributing to the relative stability of world oil
prices. OPEC supply has continued to grow, but at
a slower rate than many had expected.
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Reflecting these market conditions, the world oil
price projections for 2010 in AEO96 are lower than
those in AEO95: $23.70 per barrel (in 1994 dollars),
compared with $24.63 per barrel. The AEO96 fore-
cast for the world oil price in 2015 is $25.43 per
barrel (Figure 9).

Figure 9. World oil prices in three cases, 1970-2015
(1994 dollars per barrel)
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The historical record shows substantial variability in
world oil prices, and there is corresponding uncer-
tainty about future prices. Two additional cases with
alternative projections of prices are presented to
reflect such uncertainty.

In the low world oil price case, oil prices drop below
current prices for the next few years and then grad-
ually return to current levels, where they remain
throughout the forecast. In the high world oil price
case, prices increase to $32.61 per barrel in 2010,
continuing to $33.89 in 2015. To provide a better
assessment of the effects of higher prices, AEO96
incorporates higher prices in this case than were
used for the corresponding case in AEQ095. In
AEQ95, the world oil price was projected to be
$29.60 in 2010 in the high price case.

The high and low price cases are based on alterna-
tive assumptions about oil production levels in
OPEC nations and the Former Soviet Union and
Eastern Europe (FSU/EE). Each region is assumed
to have higher production levels in the low price
case and lower production levels in the high price
case. To simplify the assumptions for these cases,
non-OPEC supply and worldwide demand for oil are
not assumed to vary across cases, except for their
direct responses to the different price paths.

OPEC, with its vast store of readily accessible oil
reserves, is expected to be the source of marginal
supply to meet future incremental demand. By 2000,
OPEC supply in the reference case approaches 35
million barrels per day, a figure that is consistent
with announced plans for capacity expansion by
OPEC [5]. By 2015, OPEC production in the refer-
ence case is just over 52 million barrels per day, or
about twice its level of production in 1990 (Figure
10).

Figure 10. OPEC oil production in three cases,
1970-2015 (million barrels per day)
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The low price case is associated with higher produc-
tion rates from OPEC producers: 61 million barrels
per day in 2015, or 9 million more than in the refer-
ence case. This case assumes the ready availability
of capital, including financing from international
capital markets, for the substantial investments
necessary to expand production capacity in OPEC
nations. Conversely, the high price case is associated
with lower OPEC production rates: about 47 million
barrels per day in 2015, or 5 million less than in the
reference case. This case is consistent with a world
view in which OPEC nations rely more upon their
own oil revenues than upon international capital
markets to finance capacity expansion, and in which
OPEC is able to constrain the production of member
nations to raise the price sufficiently to generate
more oil revenues.

Qil production in non-OPEC nations has received
boosts from new discoveries as well as technical
innovations that have delayed production declines in
mature fields. For example, advances in three-
dimensional seismology, innovations in horizontal
drilling techniques, and improved underwater tech-
niques have made it possible to tap much smaller
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pools in offshore areas than was feasible in the past.
Assuming a continuation of this trend, production in
non-OPEC nations is projected to continue creeping
slowly upward, reaching just over 41 million barrels
per day in 2010, then declining slightly to 40.3 mil-
lion barrels per day (near the 1994 level) in 2015.

The rate of economic growth is the key driver for oil
demand. The oil market forecasts underlying the
world oil price paths presented in AEO96 assume a
4.3-percent annual economic growth rate for devel-
oping countries, with a corresponding 2.5-percent
annual growth rate for oil demand. These rates are
slightly higher than the rates in AEO95 [6]. For the
developed countries in the Organization for Econom-
ic Cooperation and Development (OECD), average
GDP growth of 2.5 percent a year is projected.

A substantial increase in world oil consumption is
expected over the next 20 years. With rapid gains in
energy demand anticipated for the developing coun-
tries, world oil consumption will rise to more than
74 million barrels a day by the end of the decade
and should reach a range of 89 to 99 million barrels
a day by 2015. Much of the growth in demand for oil
is concentrated in the developing nations of Asia,
where demand growth greater than 5 percent a year
is expected. Annual growth in oil demand slightly in
excess of 0.8 percent is anticipated for the OECD
nations.

Comparisons with other oil price forecasts are shown
in Table 3. The range between the AEO96 low and
high price cases spans the range of other published
forecasts.

Table 3. Comparative forecasts of world oil prices
1994 dollars per barrel

Forecast 1995 2000 2005 2010 2015

AEO96 reference  16.81  19.27 21.86 23.70 25.43

AEOQ96 high price 17.74 2597 31.48 3261 33.89

AEO96 low price  15.89 14.66 15.78 16.02  16.07

DRI 16.23 16.54 2045 21.99 23.53
IEAL NA 23.48 28.59  28.59 NA
IEA2 NA 18.38 18.38 18.38 NA
PEL 16.66 15.53 14.64 15.40 NA
PIRA 18.85 19.60 18.50 NA NA
WEFA 16.92 19.55 21.80  20.88 21.38
NRC 2042  20.42 2246  22.46 22.46
GRI NA 16.17 16.17 16.17 16.17

NA = not available.

New features in AEO96

AEQ96 is the first Annual Energy Outlook with pro-
jections extending to 2015. With the expansion of
the forecast period, issues associated with the
penetration of new or advanced technologies become
more important. Therefore, the slate of advanced
technologies considered in AEO96 has been expand-
ed to include, for example, fuel cells and solar
photovoltaics. Another key issue in the post-2010
period is declining nuclear generation. With many
nuclear plants scheduled for retirement in that
period, other generation technologies must fill the
gap caused by the loss of the generation facilities,
under the assumption that new nuclear capacity will
not be constructed.

The analyses of energy demand in AEO96 have been
revised to consider primary energy consumption as
well as end-use energy consumption. End-use energy
technologies using electricity tend to be efficient;
however, the delivery of 1 Btu of electricity at the
plug requires about 3 Btu of energy, or energy-
equivalent sources, to generate and deliver the elec-
tricity. Thus, when considering the energy use or
emissions impacts of technologies, it is important to
look at total energy requirements. The consumption
and emissions tables in the appendices of this report
display both end-use and total energy consumption.

Legislation

To satisfy the requirement that EIA analyses re-
main policy-neutral, the AEO96 forecasts assume
that all Federal, State, and local laws and regula-
tions in effect as of October 1, 1995, will remain
unchanged through 2015. The impacts of pending or
proposed legislation and sections of existing legisla-
tion for which funds have not been appropriated are
generally not reflected.

One exception is the lifting of the ban on exports of
Alaskan crude oil. Ultimately signed on November
28, 1995, this legislation removed the barriers to the
export of crude oil from the North Slope, which, with
the exception of limited trade agreements, has been
prohibited since 1973. With the ban removed, it is
anticipated that Alaskan crude oil will be exported
to the Pacific Rim—primarily, to Japan. Chapter 4
of this report (Oil and Natural Gas) addresses this
subject in more detail.
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New natural gas and coal assumptions
in AEO96

AEQO96 incorporates revised data and model
assumptions related to the economics of the
natural gas and coal industries, which result in
lower projections for lower 48 natural gas wellhead
prices and coal minemouth prices (see Figure 2 on
page 1). For natural gas, the revisions include the
incorporation of the recent reassessment by the
U.S. Geological Survey (USGS) of ultimate re-
covery from known fields (primarily inferred
reserves), reduced drilling costs, and a revised
representation of the domestic oil and natural gas
supply industry.

In February 1995, the USGS released its latest
assessment of U.S. oil and gas resources, almost
tripling the conventional onshore inferred reserves
estimate from the 1989 USGS assessment [7]. Be-
cause EIA had previously increased the inferred
reserve estimates to levels higher than the 1989
USGS assessment, incorporating the new USGS
estimate roughly doubled the inferred reserve base
for onshore nonassociated gas, from 114 trillion
cubic feet in AEO95 to 232 trillion cubic feet in
AEQ096. The level of inferred reserves is of particu-
lar importance because gas recovery from known
fields often has a significantly lower incremental
unit cost than recovery from newly discovered
fields that require additional exploration, leasing,
and infrastructure development. As a result, the
average finding rate for lower 48 gas reserves is
increased [8], supporting higher levels of produc-
tion and reducing natural gas wellhead prices.

Drilling costs for natural gas were reduced to
reflect current conditions and refined to better
portray the economics of a representative project
[9]. The rates of technological progress applied to
drilling and production costs were also reesti-
mated, yielding lower costs throughout the forecast
period than previous estimates. The greatest rates
of technological change are expected to occur in
offshore regions, where new technologies are start-

ing to be used in the Gulf of Mexico, and many
large gas prospects are expected to be found. For
example, subsea completions with underwater pro-
duction manifolds will enable production from deep
waters at a fraction of the cost of permanently
placing a deepwater production platform at the
surface.

Finally, a revised representation of the oil and gas
supply industry was used in producing the AEO96
forecast. Historically, most oil and gas drilling was
motivated by the search for oil; gas was usually
viewed as a byproduct of oil-directed efforts. How-
ever, the increasingly prevalent view of gas as an
abundant energy source, coupled with its environ-
mental advantage, has tended to place natural gas
on a more equal footing with oil, so that levels of
drilling activity are now determined by the eco-
nomics of both fuels. For AEO95, expenditures for
oil and gas combined were estimated at an aggre-
gate level and then disaggregated on the basis of
econometric estimates that simulated their inter-
fuel and regional allocation according to relative
profitability. For AEO96, expenditures were esti-
mated at regional levels separately for oil and gas.

In the area of coal supply, AEO96 assumes flat
wage rates for miners throughout the forecast,
compared with an annual increase of about 1 per-
cent in AEO95. Both recent history and the antici-
pated shift of production to more productive
western mines precipitated the more conservative
wage assumption. AEO96 also assumes lower in-
creases in transportation costs for coal originating
in western States.

Finally, in AEO95, new mines were constructed
only when existing production capacity was fully
utilized. In AEO96, new mine construction is
triggered at lower utilization levels. This change
was made to reflect the industry practice of
developing reserve capacity that would be needed
if long-term contract options for higher tonnages
were exercised.
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Other Federal legislation considered in the forecasts
includes the Omnibus Reconciliation Act of 1993,
which adds 4.3 cents per gallon (in nominal dollars)
to the Federal tax on highway fuels; the Clean Air
Act Amendments of 1990 (CAAA90); and the Energy
Policy Act of 1992 (EPACT). The provisions of
EPACT are focused primarily on reducing energy de-
mand, requiring minimum building efficiency stand-
ards for Federal buildings and other new buildings
that receive federally backed mortgages. Efficiency
standards for electric motors, lights, and other
equipment are required, and owners of fleets of
automobiles and trucks are required to phase in
vehicles that do not rely on petroleum products.

CAAA90 requires a phased reduction in vehicle
emissions of regulated pollutants, to be met primari-
ly through the use of reformulated gasoline. Under
CAAA90, annual emissions of sulfur dioxide by elec-
tric utilities must be reduced to less than 9 million
short tons a year in 2000 and thereafter.

During the 1995 appropriations discussions, both
the House and Senate passed measures to support
the leasing of the 1.5-million-acre coastal plain of
the Arctic National Wildlife Refuge for oil and gas
drilling; however, no conclusive action had been
taken at the time of this analysis, and the ban on oil
development in the refuge was retained in the
projections. Proposals to modify oil and gas royalties
in the Gulf of Mexico, although signed into law on
November 28, 1995, are also not included.

Climate Change Action Plan

The AEO96 projections include analysis of provisions
of the Climate Change Action Plan (CCAP), a set of
44 actions developed by the Clinton Administration
to achieve the stabilization of greenhouse gas emis-
sions (carbon dioxide, methane, nitrous oxide, and
others) in the United States by 2000, relative to
1990. Energy use is the primary source of carbon
emissions, and carbon released as a result of fuel
combustion is considered here. AEO96 emissions
estimates do not include emissions from activities
other than fuel combustion, such as landfills and
agriculture, nor do they take into account sinks that
absorb carbon, such as forests. Of the 44 CCAP
actions, 13 are not related to energy fuels and are
not incorporated in the analysis.

Emissions in the early 1990s have grown more
rapidly than projected at the time the plan was
formulated, in part because energy prices have fall-
en in relative terms. Forecasts of continued moder-
ate energy prices make it less likely that stabiliza-
tion will be achieved. Moreover, funding for many of
the CCAP programs was curtailed from the initial
plans. Thus, the estimated impacts of CCAP in the
AEQO96 forecasts are lower than those in earlier pro-
jections. Further reductions in the mitigating effects
of CCAP programs can be anticipated if additional
funding cuts are legislated. In order to achieve emis-
sions levels below those projected here, either in-
creased government funding of carbon mitigation
programs, more rapid adoption of voluntary pro-
grams, or technology improvements will be needed.

Climate Wise and Climate Challenge are two pro-
grams cosponsored by the U.S. Environmental Pro-
tection Agency and the U.S. Department of Energy
to foster voluntary reductions in emissions on the
part of electric utilities and industry. These
programs are new and are only beginning to have
effects. AEO96 includes analysis of the impacts of
the Climate Challenge program on electric utilities
(see Appendix G).

Cases

AEO96 includes five comprehensive, integrated fore-
casts: the reference case, high and low world oil
price cases, and high and low economic growth
cases. Results are also presented for a number of
alternative cases based on different assumptions
affecting the supply, demand, and conversion sec-
tors. Most of the additional cases focus on the
impacts of changes in assumptions about technology
penetration, a key uncertainty in the projections.

For both the residential and commercial sectors,
fixed technology cases have been analyzed, assuming
that the average efficiencies for equipment sold in
the future (through 2015) will be the same as the
average efficiencies for equipment sold in 1995. In
addition, alternative high technology cases are
examined, in which the most energy-efficient
technologies available in each forecast year are
chosen, regardless of cost, to replace relatively less
efficient capital stock. For the industrial and
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transportation sectors there are similar fixed
technology cases as well as high technology cases,
which assume that efficiency gains in the future will
be equivalent to those achieved since 1970.

For the coal production sector, additional analyses
were based on assumptions of productivity improve-
ments and labor wage rates that were higher or low-
er than those in the reference case. Electricity
generation cases are presented that raise and lower
the initial capital costs for advanced technologies.
Additional cases explore the impacts of earlier and
later nuclear plant retirements and higher electrici-
ty demand.

Two additional cases examine the impacts of higher
and lower efficiency trends in the oil and gas pro-
duction sectors, and the high efficiency case includes
higher efficiency trends in the refining sector. The
impact of the ethanol subsidy, scheduled to end in
2000, is examined in a final sensitivity case.

The analyses of the reference case, high and low
world oil price cases, and the high and low economic
growth cases reflect the full energy market and
economic impacts. The additional analyses focus on
primary impacts and do not trace secondary effects,
which may occur in other sectors of the economy.

Data

For most aspects of energy markets, the AEO96 fore-
casts were prepared using the most current data
available as of July 31, 1995. At that time, most
1993 and 1994 data were available but only partial
1995 data. Several data items were incorporated on
August 31, 1995: specifically, nonutility generation
capacity, coal production and minemouth prices, and
oil and gas reserves. These are key items for which
1994 data became available in August. Carbon emis-
sions presented in AEO96 were calculated using car-
bon coefficients from the EIA report, Emissions of
Greenhouse Gases in the United States 1987-1994,
published in October 1995.

Some definitional adjustments were made to EIA
data for the purpose of these forecasts. For example,
the transportation demand sector in NEMS includes
the electricity consumed for railroads; however, this
is included in commercial sector demand in EIA’s
consumption data publications. Also, the State
Energy Data Report classifies, in industrial con-

sumption, energy consumed by independent power
producers, exempt wholesale generators, and co-
generators. NEMS includes cogeneration in the
industrial sector, but other nonutility generators are
included in the electricity sector. Thus, there are
differences between AEO96 and EIA data reports.
Footnotes in the appendix tables of this report
denote the definitional differences.

In addition, the regional structure in NEMS for
analytical purposes makes it difficult to reproduce
history precisely. Historical numbers are presented
for comparative purposes only. Source documents
should be consulted for the official values.

Short-term projections

Readers who require short-term projections are re-
ferred to EIA’s Short-Term Energy Outlook (STEO),
Fourth Quarter 1995 (published in November 1995)
or later editions. The projections in STEO are pro-
duced with EIA’s short-term model, the Short-Term
Integrated Forecasting System (STIFS). STIFS is a
guarterly, national model that projects eight quar-
ters into the future, capturing the near-term fluctua-
tions due to weather, stock changes, oil markets,
and the business cycle. An econometric model,
STIFS is not designed to include policy initiatives,
technology improvements not already captured in
historical data, or distributional impacts.

The midterm projections in AEO96 were developed
using NEMS. This is a detailed, structural repre-
sentation of the supply, imports, conversion, and
consumption of energy in the United States, includ-
ing the feedback of the domestic energy industry on
the domestic economy and the international oil
market. NEMS includes a regional representation of
energy production and conversion that is specific to
each sector—oil and gas production, oil refining, coal
production and distribution, renewable energy pro-
duction, electricity generation and transmission—
with energy consumption represented for the nine
Census divisions. The principal design feature of
NEMS is its flexibility to incorporate a variety of
policy options and initiatives and a wide range of
energy-producing and energy-consuming technolo-
gies.

Due to the different purposes and designs of NEMS
and STIFS, the projections in the overlapping years
typically differ to some degree, as NEMS abstracts
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from short-term weather and economic fluctuations.
In addition, STIFS forecasts are more aggregate
than those of NEMS and rely on data series that
may differ somewhat in definitions relative to those
used in NEMS.

For AEO96, a major effort was undertaken to exam-
ine the differences between STIFS and NEMS re-
sults for the common projection years 1995 and
1996. The objective was to isolate differences in
projections not readily attributable to short-term
variations in weather, oil price, inventory, or
economic activity. The remaining differences were
considered discrepancies that warranted analysis
and adjustment to reconcile the results derived from
the two models. The review identified differences in
input data series, which were reconciled. In addi-
tion, differences in trends in energy intensities were
reviewed.

One of the most difficult issues to reconcile involves
projections of the penetration of new energy uses
and changes in energy use efficiencies. In STIFS,

new uses and changes in energy use efficiency are
captured by the trends implicitly embodied in energy
data time series. Short-term projections of energy
use entail extrapolations of these trends into the
near-term future. Alternatively, NEMS must ex-
plicitly project the trends themselves, based on
forecasts of the pace of new energy use development
and market penetration. The careful comparison of
the projections of both models led to a reevaluation
of the rate of energy use technology development
assumed for NEMS in the near term. As a result,
NEMS projects higher growth rates for energy
demand, especially for electricity, in AEO96 than in
AEO95.

As a result of these efforts, many differences be-
tween STIFS and NEMS results for common forecast
years have been greatly reduced. For major vari-
ables, including demand for total energy, petroleum,
natural gas, electricity, and coal, remaining differ-
ences are on the order of 1 to 2 percent.

The projections in this report are not statements of
what will happen but of what might happen, given
the assumptions and methodologies used. The pro-
jections provide a policy-neutral reference case that
can be used to analyze policy initiatives.

By their nature, models are abstractions of energy
production and consumption activities, regulatory
activities, and producer and consumer behavior.
The specific forecasts are highly dependent on the
data, analytical methodologies, model structures,
and specific assumptions used in their devel-
opment. Because the entire structure of energy
markets is complex, models are simplified repre-
sentations of real-world circumstances. Thus,
behavioral characteristics depicted in analysis are
designed to be indicative of tendencies in the real
world rather than representations of specific real-
world outcomes.

Even where behavioral tendencies are stable and
well understood, the energy market projections are
subject to much uncertainty. Many of the events
which shape energy markets are random and can-
not be anticipated. These include severe weather,

political disruptions, strikes, and breakthroughs in
technological developments. Assumptions concern-
ing future technology characteristics, demograph-
ics, and resource availability cannot be known with
any degree of certainty.

Many of the key uncertainties in the AEO96 pro-
jections are addressed through alternative cases.
In addition to presenting alternative market pro-
jections given different macroeconomic and world
oil market assumptions, this report examines the
impacts of alternative technology and other key
assumptions to assist the reader. Although EIA
has endeavored to make these forecasts as objec-
tive, reliable, and useful as possible, these projec-
tions should serve as an adjunct to, not a substi-
tute for, analytical processes that should be
addressed to examine specific policy initiatives.

In its role as a policy-neutral data and analysis
organization, EIA does not propose, advocate, or
speculate on future legislative and regulatory
changes. The projections assume that laws remain
as currently enacted; however, the impacts of
emerging regulatory changes are reflected.
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Chapter 2

Energy Demand by End Use

Energy consumption

This chapter examines the elements that affect total
primary energy consumption through 2015. Energy
delivered (net) to final consumers represents only
part of this total. The difference between primary
energy consumption and delivered energy consump-
tion is defined as the sum of losses associated with
the generation, transmission and distribution of
electricity. The losses are allocated to the end-use
sectors (residential, commercial, and industrial) in
proportion to each sector’s share of electricity use.

How energy consumption is measured has become
more important over time as reliance on electricity
has expanded. In 1970 electricity accounted for only
12 percent of delivered energy to the non-
transportation end-use sectors [10]. Since then,
growth in electricity use in applications such as
space conditioning, consumer appliances, telecom-
munication equipment, and industrial machinery
have resulted in a far greater divergence between
total and delivered energy consumption estimates
(Figure 11).

Figure 11. Primary and delivered energy
consumption, excluding transportation use,
1970-2015 (quadrillion Btu)
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At the end-use sectoral level, tracking primary
energy consumption is necessary to link specific
policies with overall goals. Since carbon emissions,
for example, are closely correlated with total energy
consumption, analyzing growth rates by end-use
sector may be more important in developing carbon
stabilization policies than analyzing growth rates for
delivered energy consumption.

In 1994 primary energy consumption was one-third
greater than delivered energy. This relationship is

expected to be stable through 2015, as more efficient
generation technologies offset increased demand for
electricity. The greater the share of electricity in the
delivered energy basket, the more important effi-
ciency gains in electricity-using equipment and the
electricity delivery system become in reducing
energy requirements and total carbon emissions.
Choices made at the consumer level (for example,
with regard to the efficiency of a replacement hot
water heater or a new car’s fuel economy) remain a
key element of these forecasts, but the presentation
of primary energy in this chapter assures a better
“macro” perspective regarding the energy use associ-
ated with individual end-use decisions.

In the reference case, primary energy consumption
is projected to reach 108 quadrillion Btu by 2015, 21
percent higher than the 1994 level. Between 1975
and 1985, as energy prices rose, sectoral energy
consumption grew relatively little (Figure 12).
Between 1985 and 1994, however, stable energy
prices contributed to a marked increase in sectoral
energy consumption.

Figure 12. Energy use by sector, 1970-2015
(quadrillion Btu)
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Energy prices and economic growth assumptions are
key inputs in developing energy consumption fore-
casts. To help bracket the uncertainty inherent in
any long-term forecast, alternative oil price and
economic growth assumptions were used to highlight
the sensitivity of the AEO96 forecast to different oil
price and economic growth paths. The different oil
price cases are particularly important because of
past market volatility. The primary effects of alter-
native oil price paths are on the demand for trans-
portation fuels (Figure 13). Oil use for transporta-
tion in the high world oil price case is 4 percent

Energy Information Administration/ Annual Energy Outlook 1996 13



Energy Demand by End Use

lower than in the low world oil price case in 2015.
Higher oil prices result in consumer choices that
favor the purchase of more fuel-efficient vehicles and
a slightly reduced demand for travel services.
Varying economic growth affects overall energy
demand in each of the end-use sectors to a greater
extent [11]. By 2015, high economic growth assump-
tions result in a 14-percent increase in total annual
energy consumption, as compared with the low
growth case.

Figure 13. Changes in sectoral energy consumption
growth in four alternative cases, 1994-2015
(percent difference from reference case)
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Household energy expenditures

The projection of average expenditures for energy
use in households is summarized in Table 4. More
detailed estimates by income group and geographic
location are presented in Appendix E of this report.
In the forecast, average household expenditures for
energy increase by 7 percent through 2015. Most of
the increase is for motor gasoline through 2000.
Higher appliance efficiencies mandated by recent
standards, as well as lower growth in motor gasoline
prices after 2000, contribute to the slowing of
growth rates in energy expenditures for home use.

Table 4. Average household energy expenditures,
1994, 2000, 2010, and 2015 (1994 dollars)

Motor
Year Total Home gasoline
1994 2,156 1,227 929
2000 2,327 1,218 1,109
2010 2,341 1,243 1,098
2015 2,313 1,300 1,012

Alternative energy efficiency cases

In the AEQ96 forecast, primary energy consumption
on a per capita basis remains practically unchanged
through 2015, even though the level of energy
services demanded per capita increases markedly.
For example, the average home in 2015 is expected
to be 4 percent larger and rely more heavily on
electricity-based technologies. Annual highway and
air travel (per capita) in 2015 are expected to be 13
and 57 percent higher, respectively, than their
current levels. However, continued reductions in
energy intensity in all the end-use sectors make it
possible to provide higher levels of service without
significant increases in energy use per capita.

The rate at which new, more efficient technologies
will be adopted in the marketplace remains a
fundamental uncertainty. This chapter includes
special cases that provide contrast to the reference
case based on a range of assumptions about future
energy intensities. These side case analyses assume
that existing equipment and building standards will
be met [12]; however, they do not account for any
feedback effects on either energy prices or economic
growth. Brief descriptions of the cases follow; more
complete descriptions for each end-use sector are
provided in Appendix G.

For the residential and commercial sectors, two
alternative cases are compared with the reference
case: a 1995 technology case, in which equipment
efficiencies are held at their average 1995 level; and
a high technology case, in which the most energy-
efficient technologies available in each forecast year
are chosen regardless of cost. For the industrial and
transportation sectors, a 1995 technology case par-
allels the buildings sector methodology, and a high
efficiency case assumes that efficiency gains in the
future will match those achieved between 1970 and
1990. During that period, the average industrial
energy intensity (measured as Btu per dollar of out-
put) declined by 1.9 percent a year and the average
on-road car efficiency increased by 2.2 percent a
year. In contrast, industrial energy intensity
declines in the reference case at an average annual
rate of 0.9 percent per year, and on-road fuel effi-
ciency (miles per gallon) for automobiles increases at
0.7 percent per year.
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Renewable energy: non-electric uses and
industrial cogeneration

AEO96 contains projections for non-electric renew-
able energy uses, including industrial and resi-
dential wood consumption, residential geothermal
(ground-source) heat pumps, residential and com-
mercial solar hot water heating, and ethanol used
in the transportation sector. Also included is the
use of renewable fuels, particularly wood wastes,
for industrial cogeneration of electricity.

The AEO96 differs from earlier years’ forecasts in
distinguishing marketed from nonmarketed renew-
able energy consumption [13]. EIA publishes U.S.
totals for marketed energy but shows only selected
nonmarketed consumption—for geothermal heat
pumps and for solar thermal hot water heating.
Marketed renewable energy is bought and sold in
the marketplace and contributes to the calculation
of GDP. Nonmarketed energy consumption, such as
for geothermal heat pumps, is not included in GDP
because it does not pass through the marketplace.
Excluding nonmarketed energy avoids distorting
measures of energy intensity, which are market-
based estimates of energy consumption per dollar
of GDP. Most uses of renewable energy outside the
marketplace—for example, the direct use of sun-
light—are unmeasured.

The marketed non-electric uses of renewable
resources—which include ethanol fuel use for
transportation, biomass combustion for heat in
industrial processes and residential heating, and
energy used for electricity generation for industrial
cogenerators’ own use—are a small share of total
U.S. marketed energy consumption. They increase
in the forecast from about 2.8 quadrillion Btu in
1994 to 3.7 quadrillion Btu in 2015, or from 3.1
percent to 3.5 percent of total marketed energy
consumption. At the same time, they account for
about 45 percent of all renewable energy consump-
tion.

Almost all marketed non-electric renewable energy
uses are powered by wood, wood wastes, or other
biomass-derived sources. Most wood and wood
waste consumption occurs in the industrial sector,

primarily in the pulp and paper and lumber indus-
tries, where growth of wood use is a direct function
of growth in demand for wood-based products.
Wood energy use in the residential sector (primari-
ly for woodstoves and fireplaces) is expected to
increase slightly, although residential heating with
wood is projected to decline as a share of energy
consumption.

Nonmarketed renewable energy use for heating is
projected to increase. Geothermal energy for heat-
ing, cooling, and water heating in the residential
sector is projected to increase substantially over
the forecast period, from 11 trillion Btu in 1994 to
28 trillion in 2015. Solar hot water heating is also
expected to increase overall, to 42 trillion Btu in
2015. Despite these increases, however, expected
use of nonmarketed geothermal and solar energy
in residential and commercial heating systems will
equal less than 1 percent of purchased energy use
for heating in those sectors.

Corn-based ethanol use in the transportation
sector is also projected to increase over the forecast
period, both for use in E85 (85 percent ethanol)
and in gasoline blends (10 percent ethanol or less).
Small increases are projected before 2000. Ethanol
is expected to remain a minor component of overall
transportation fuel use, at less than 1 percent of
transportation sector end-use consumption in 2015.

Renewable energy consumption for non-electric
uses and industrial cogeneration

Quadrillion Btu Growth rate,

1994-2015
Energy source 1994 2000 2010 2015 (percent)
Marketed
Biomass? 269 290 326 342 1.2
Ethanol 0.09 0.09 025 0.29 5.9
HydropowerID 0.03 0.03 0.03 0.03 0.0
Total 280 3.03 354 3.75 14
Nonmarketed
Geothermal® 0.01 0.02 0.02 0.03 4.8
Solar thermal® 0.02 0.03 0.04 0.04 4.4

@Biomass includes wood, wood wastes, municipal solid waste,
and a substantial amount consumed in the industrial sector for
own-use electricity generation. Ethanol is not included.
Includes industrial electricity generation for own use.
‘Residential geothermal heat pumps for heating, cooling, and
water heating.
Residential and commercial hot water heating only.
Note: Totals may not equal sum of components due to in-
dependent rounding.
Source: Table A18.
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Electricity Claims a Growing Share
of Residential Energy Use

Figure 14. Residential primary energy consumption
by fuel, 1970-2015 (percent of total)
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Energy consumption in the residential sector is
projected to rise by 3.6 quadrillion Btu or 20 percent
between 1994 and 2015. In 2015, out of a total of 22
qguadrillion Btu of energy use, 14.2 quadrillion Btu
will be consumed to provide electricity for homes.
Most (87 percent) of the growth in this sector is
associated with increased use of electricity (Figure
14). The trend toward electrification is longstanding.
It is expected to continue, based on sustained
growth in housing in the South, where almost all
new homes use central air conditioning, and on the
use of new electrical devices that continue to
penetrate the market.

While its share declines slightly, natural gas
consumption in the residential sector is projected to
grow by more than half a percent a year through
2015. Gas prices in the forecast are stable and
relatively low in comparison with other fuels.
Natural gas heat pumps capture an increasing share
of the home heating market, and the increase of 16.7
million in the number of homes heated by natural
gas by 2015 is higher than the increase in the
number of homes heated with electricity and oil.
Newly constructed homes are, on average, larger
than the existing stock, with correspondingly greater
needs for heating, cooling, and lighting. On average,
however, energy consumption per square foot is
lower for new construction than for the existing
stock, and further reductions could result from gains
in end-use efficiency and more stringent building
codes that would require more insulation, better
windows, and more efficient building design.

More Energy Will Be Used for Home
Computers, Other Small Appliances

Figure 15. Residential primary energy consumption
by end use, 1987, 1994, and 2015 (quadrillion Btu)
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Space heating in the residential sector is by far the
most energy-intensive end use (Figure 15). Over the
past 7 years (1987-1994), space heating consumption
has grown by more than 2 percent a year; however,
increases in equipment efficiency and tighter
building codes should moderate future growth.
Building shell efficiency gains are projected to cut
space heating demand in new homes by nearly 25
percent per square foot in 2015 relative to 1994.

Residential energy use for refrigeration, which has
had the toughest efficiency standards to date, has
declined by more than 2 percent annually over the
past 7 years. Energy requirements for this end use
are projected to decline at almost the same rate
through 2015, as older, less efficient refrigerators
are replaced by newer models.

“Other uses,” which includes smaller appliances
such as personal computers, dishwashers, and
clothes dryers, have grown by 6 percent a year over
the past 7 years (Figure 15). These uses now account
for 27 percent of total residential energy use, and
they are projected to account for 39 percent in 2015,
as small electric appliances continue to penetrate
the market. The promotion of voluntary standards,
both within and outside the appliance industry, is
expected to forestall even larger increases.
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Technology Improvements Could
Provide Substantial Energy Savings

Figure 16. Variation from reference case primary
residential energy use in two alternative cases,
1994-2015 (quadrillion Btu)
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The AEQ96 reference case forecast includes the pro-
jected effects of several different policies aimed at
increasing residential end-use efficiency. Examples
include minimum efficiency standards for equip-
ment, building efficiency standards, and voluntary
energy savings programs designed to promote en-
hanced efficiency through innovations in manufac-
turing, building, and mortgage financing.

The 1995 technology case projects residential energy
consumption by assuming no further increases in
the efficiency of equipment or building shells beyond
that available in 1995. Compared with the reference
case, 6 percent more energy would be required in
2015 (Figure 16).

The high technology case projects residential energy
consumption by assuming that the most energy-
efficient technology considered is always chosen
(regardless of cost). Energy use in this case is 14
percent below the reference case forecast in 2015.
Household energy use in 2015 would be 19 percent
lower in this case than in the 1995 technology case.

Better Water Heaters Have Potential
for Large Residential Savings

Figure 17. Residential energy savings from
improved technology, 1995-2015 (quadrillion Btu)
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In the reference case, space heating provides the
largest energy savings relative to the 1995
technology case (Figure 17), due in part to a
projected 21-percent increase in the stock efficiency
of natural gas furnaces (Table 5). Building shell
integrity is projected to increase by 9 percent over
the forecast, as new homes constructed to tighter
building codes are added to housing stock. Water
heating, which has exhibited slower efficiency gains
historically, is projected to continue that trend
throughout the forecast, with only a 4-percent
projected increase in electric water heater stock
efficiency by 2015.

In the high technology case, however, water heating
demonstrates the largest potential for energy
savings (Figure 17). The use of electric heat pump
water heaters in place of conventional resistance
technology can substantially cut the amount of
energy needed to provide the same amount of hot
water. Natural gas water heaters, utilizing
condensing technology found in furnaces, can also
provide substantial energy savings over 1994 levels.

Table 5. Residential appliance stock average efficiencies, 1994 and 2015

(indices, 1994 stock = 1.00)

1994 2015
Equipment type Stock average New purchases Reference case 1995 technology High technology
Natural gas furnace 1.00 1.17 1.21 1.14 1.29
Air source heat pump 1.00 1.16 1.50 1.17 1.86
Electric water heater 1.00 1.02 1.04 1.01 2.85
Natural gas water heater 1.00 1.05 1.15 1.06 1.67
Refrigerator 1.00 1.39 1.48 1.39 1.52
Building shell integrity 1.00 1.10 1.09 1.03 1.17
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Commercial Demand

Efficiency Improvements Are Expected
for Most Residential Equipment

Figure 18. Efficiencies of residential air-source heat
pumps, 1980-2015 (seasonal energy efficiency rating)
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Equipment efficiencies play a large role in determin-
ing energy consumption within each household. For
each end-use service, consumers value efficiency
differently in their purchase decisions. In 1993, 13
percent of consumers who purchased refrigerators
considered efficiency unimportant, compared with
only 8 percent of those who purchased central air
conditioners [14]. Historically, the efficiency of
equipment shipped within the United States has
hovered just above the minimum standards required
by law (Figures 18 and 19). For most residential
equipment, shipment efficiency has increased as a
result of mandated Federal efficiency standards and
technological improvements in general. In the
AEO96 reference case, that trend continues through-
out the forecast period, with substantial improve-
ment in the stock efficiency of most equipment.

Figure 19. Annual energy consumption of residential
refrigerators, 1980-2015 (kilowatthours per year)
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Electricity Share of Commercial
Energy Use Remains High
Figure 20. Commercial nonrenewable primary

energy consumption by fuel, 1970-2015
(percent of total)
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Energy use projections for the commercial sector
depict growth slowing overall, with shares for all
fuels essentially stable over the forecast horizon
(Figure 20). Primary energy use is expected to equal
16 quadrillion Btu in 2015, nearly three-fourths of
which is attributed to electricity use.

Slow growth in the commercial sector (0.8 percent a
year) is expected for two reasons. Commercial
floorspace growth increases by only 1.1 percent a
year between 1994 and 2015, compared with an
average increase of 1.5 percent a year over the past
two decades. Additionally, energy consumption per
square foot declines by 0.3 percent a year. Efficiency
standards, voluntary government programs aimed at
improving efficiency, other technology improve-
ments, and efficiency gains in electricity generation
all contribute to a decline in commercial energy
intensity.

Electricity, including associated production and
distribution losses, is projected to account for about
73 percent of the energy supplied to the commercial
sector throughout the forecast. All-electric end uses,
such as lighting and office equipment, allow this fuel
to keep the share gained over the past 25 years.
Natural gas contributes just over 21 percent of
commercial energy use from 1994 to 2015. Projected
stable fuel prices inhibit any appreciable growth in
renewable energy’s share of energy consumption in
the commercial sector.
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Commercial Demand

Market Penetration by New Equipment
Leads Commercial Energy Increases

Figure 21. Commercial primary energy consumption
by end use, 1994 and 2015 (quadrillion Btu)
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Primary energy consumption for commercial light-
ing—the single most important end use in the
sector—is projected to increase by 0.5 percent a year
over the forecast period. The adoption of more
energy-efficient equipment is key to slowing growth
in commercial sector energy demand for lighting, as
well as for space heating, space cooling, and water
heating end uses. Increasing building shell efficien-
cy, which affects the energy required for space
heating and cooling, is another cause of slow growth
(Figure 21).

The highest growth rates are expected for end uses
that have not yet saturated the commercial market.
Energy use for personal computers and other office
equipment grows by slightly over 2.0 percent a year
throughout the forecast. New telecommunications
technologies and medical imaging equipment in-
crease the demand for electricity in the “all other”
end-use category, which also includes ventilation,
refrigeration, minor fuel consumption, and such
varied uses of energy as service station equipment
and vending machines. Moreover, the commercial
activities that use more equipment from the “all
other” category are projected to grow faster than the
average growth rate for commercial floorspace as a
whole. One example is the mercantile and service
activity, with requirements for cash registers and
automatic teller machines, where floorspace is
expected to grow at an annual rate of 2.1 percent
from 1994 to 2015.

More Efficient Technology Choices
Could Lower Energy Use

Figure 22. Variation from reference case primary
commercial sector energy use in two alternative
cases, 1994-2015 (quadrillion Btu)
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The AEO96 reference case incorporates the selection
of improved equipment in the commercial sector,
and significant efficiency improvements are expected
for building shells, including roofing, insulation, and
windows. The projected improvements contribute to
a decline in commercial energy intensity of 0.3 per-
cent a year over the forecast. The 1995 technology
case assumes that equipment will become no more
efficient than what is available in 1995, and that no
improvements will be made to the shells of existing
buildings. In comparison, the high technology case
assumes that only technologies with the highest effi-
ciency considered in AEO96 will be chosen, regard-
less of cost, and that existing building shells will be
improved so that, by 2015, they will be as efficient
as current new construction.

Energy use in the 1995 technology case is expected
to be just 2.4 percent higher than in the reference
case by the end of the forecast (Figure 22), with
energy use per square foot of commercial floorspace
declining by 0.2 percent a year. Projections for stable
fuel prices slow the penetration of more efficient
technologies in the reference case. The exclusion of
higher equipment cost considerations in the high
technology case provides the opportunity for an
additional 2.0 quadrillion Btu (12 percent) of
primary energy savings in 2015, with energy in-
tensity falling by 0.9 percent a year from 1994 to
2015.
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Commercial Demand

Electricity Uses Have the Greatest
Potential for Efficiency Gains

Figure 23. Cumulative commercial energy savings
from improved technology, 1994-2015
(quadrillion Btu)
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Figure 23 compares cumulative total energy savings
expected over the forecast due to the use of
improved technologies in the reference and high
technology cases relative to the 1995 technology
case. Cumulative energy use is projected to be 3.7
guadrillion Btu lower in the reference case and 27.6
qguadrillion Btu lower in the high technology case
than in the 1995 technology case. Electric technolo-
gies afford the greatest opportunity for savings in
the high technology case, yielding over 83 percent of
the total.

Table 6 shows some of the equipment responsible for
the energy savings. Efficiency advances are shown
relative to stock average equipment in 1992, the
base year for commercial equipment in AEQ96.
Efficiency gains in commercial lighting, space heat-
ing, and cooling provide electricity savings. Heating,
cooling, and water heating equipment produce ener-
gy savings for natural gas.

Table 6. Increase in efficiency of highest efficiency
equipment considered, relative to 1992 stock
(percent)

1995 2005 2015
Electric heat pumps 75.9 89.5 107.1
Centrifugal chillers 73.3 75.7 78.2
Fluorescent lighting 45.5 45.5 71.8
Lighting with controls 61.6 61.6 90.9
Gas furnaces 23.1 47.7 47.7
Gas chillers 89.5 100.0 131.6
Gas water heaters 61.8 61.8 61.8
Distillate boilers 37.5 44.6 44.6

Average Efficiency of Equipment
in Place Lags Behind Best Available

Figure 24. Efficiencies of commercial water heaters
in the reference case, 1994-2015
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Water heaters provide a good example of the equip-
ment selection process that takes place in the
commercial sector in the AEO96 forecast. Cost,
performance, and availability are factors that differ-
entiate the technologies considered for selection.
Equipment that was available in 1992 is allocated a
portion of the initial water heating market, based on
data from EI1A’s 1992 Commercial Buildings Energy
Consumption Survey [15].

Equipment selections are based on minimum life-
cycle costs, depending on the discount rate assigned
to the segment of commercial floorspace served.
Within each discount rate, one group of consumers
chooses among all technologies, a second group is
limited to equipment that uses a specific fuel, and a
third group chooses only between versions of a
single technology. As equipment is selected, the
portion of the water heating market assigned to that
equipment is adjusted accordingly.

Figure 24 shows the impacts of equipment choices
on the average efficiency of commercial water heat-
ing equipment during the forecast. The average effi-
ciency for purchased equipment is expected to rise
by 130 percent overall, as the market penetration of
heat pump water heaters increases. The stock aver-
age efficiency, which rises more slowly as existing
equipment is replaced, is 46 percent higher than the
minimum efficiency available in 2015.
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Industrial Demand

Electricity, Natural Gas, and Oil
Compete in Industrial Energy Markets

Figure 25. Industrial primary energy consumption
by fuel, 1970-2015 (quadrillion Btu per year)
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Primary energy use in the industrial sector is
projected to increase by 18 percent over the forecast
(Figure 25). Electricity and natural gas are the
dominant energy sources in the industrial sector,
due to large machine drive requirements and ease of
fuel handling. Electricity demand is projected to
increase by 14 percent by 2015, whereas natural gas
consumption is 27 percent higher in 2015, primarily
because of the relatively low price projected for
natural gas. Industrial petroleum consumption
grows by 16 percent over the forecast, mostly due to
increasing demand for feedstock. Coal consumption
declines by 0.1 percent a year, as new steelmaking
technologies reduce the demand for metallurgical
coal.

From 1970 to 1986, changes in the fuel shares of
industrial energy consumption reflected the develop-
ments in energy markets. Electricity's share
increased from 23 percent to 35 percent, natural gas
fell from 33 percent to 25 percent, and coal fell from
16 percent to 10 percent. During those years,
natural gas was widely perceived to be in short
supply, and coal was less desirable because of its
environmental effects. As a result, industry began to
adopt more electricity-intensive processes. After
1986, electricity’s share stabilized, and natural gas
began to recover its share of the industrial energy
market. Natural gas continues to gain some ground
in the forecast, as gas supplies are projected to be
ample and prices stable.

Petroleum Refining and Chemicals
Lead Industrial Energy Consumption

Figure 26. Industrial primary energy consumption
by industry category, 1990-2015
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More than two-thirds of all the energy consumed in
the industrial sector is used to provide heat and
power for manufacturing; 16 percent is consumed for
nonmanufacturing heat and power; and 15 percent
is consumed as feedstocks (raw materials) and in
other miscellaneous uses (Figure 26).

In the manufacturing sector, the three largest end-
use consumers of energy for heat and power are
petroleum refining, chemicals, and pulp and paper.
In 1994 the refining industry consumed 2.9 quadril-
lion Btu of energy, mostly still gas and petroleum
coke. The chemical industry consumed 2.8 quadril-
lion Btu, of which more than half was natural gas.
The pulp and paper industry consumed 2.7 quadril-
lion Btu, of which half was from renewable sources
(wood and spent liquor).

In the nonmanufacturing industries, distillate fuel
is a major source of energy. Distillate is used to
power off-road equipment, such as mine excavation
equipment, farm tractors, and bulldozers. Also, the
construction industry uses asphalt and road oil for
paving and roofing. In 2015, nonmanufacturing
output is expected to be 31 percent and energy con-
sumption 29 percent higher than their 1994 levels.

Between 1994 and 2015 total feedstock use increases
by 21 percent. Liquid petroleum gas and petrochemi-
cals are the fastest growing feedstocks, increasing by
25 percent and 19 percent, respectively, between
1994 and 2015. These forecasts reflect strong growth
in chemical industry output.
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Industrial Demand

Shifts in Manufacturing Output
Speed the Decline in Energy Intensity

Figure 27. Manufacturing energy intensity
by component, 1990-2015 (index, 1990 = 1.0)
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Changes in manufacturing energy intensity (con-
sumption per unit of output) can be separated into
two effects. One component reflects underlying
increases in equipment efficiency; the other arises
from structural changes in the composition of manu-
facturing output. Since 1970, the use of more
energy-efficient technologies, combined with relative-
ly low growth in energy-intensive industries, has
contributed to moderate industrial energy consump-
tion. These factors have offset higher industrial
output levels; therefore, total energy consumption
has been virtually unchanged for the past 20 years.
These basic trends are expected to continue.

Between 1994 and 2015, the U.S. manufacturing
output mix is expected to shift from more energy-
intensive industries, such as primary metals, toward
less energy-intensive industries, such as electronics.
The share of total manufacturing output attributed
to the energy-intensive industries falls from 32
percent to 26 percent in the forecast. Thus, even if
no specific industry experienced a decline in intensi-
ty, aggregate manufacturing intensity would decline.
Figure 27 shows projected changes in energy intensi-
ty based on the divisia index [16]. Over the forecast
period, total intensity drops by 25 percent. Changing
composition of manufacturing output alone would
result in approximately a 13-percent drop. Thus,
about half of the change in primary energy intensity
for the manufacturing sector is attributable to struc-
tural shifts within the sector away from energy-
intensive industries.

Efficiency Gains Could Lead to
Greater Declines in Energy Intensity

Figure 28. Industrial energy intensity in two
alternative energy efficiency cases, 1990-2015
(thousand Btu per 1987 dollar)
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The balance of improvement in energy intensity
relates primarily to expected efficiency gains in both
energy-intensive and non-energy-intensive indus-
tries. The relative growth in machinery and equip-
ment production (SICs 34-38), which is driven
primarily by investment and export-related demand,
is a key factor: these industries grow almost 50 per-
cent faster than the manufacturing average (2.6
percent versus 1.9 percent annually).

In the high technology case, which assumes that
future changes in industrial energy intensity will
approximate the decline between 1970 and 1990,
almost 7 quadrillion Btu less energy is used in 2015
than for the same level of output in the reference
case (Figure 28). Over the forecast period, industrial
energy intensity declines at a rate of 1.8 percent a
year in the high technology case—almost double the
rate of decline in the reference case (0.9 percent).

In the 1995 technology case, industry consumes al-
most 3 quadrillion Btu more energy in 2015 than in
the reference case. The reference case includes cost
and market penetration estimates for new technolo-
gies, as well as continued improvements in energy
efficiency. In the 1995 technology case, energy
efficiency remains at the level achieved in 1995 new
plants, but average efficiency still improves as old
technology is retired and new 1995 technology is
brought on line. It is important to note that these
efficiency cases are based solely on the industrial
sector and do not incorporate any feedback effects on
other energy markets.
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Transportation Demand

Growth Is Projected
for All Transportation Fuels

Figure 29. Transportation energy consumption
by fuel, 1994 and 2015 (quadrillion Btu)
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By 2015, total energy demand for transportation will
exceed 30 quadrillion Btu, compared with 23 quad-
rillion Btu in 1994. Petroleum products continue to
dominate energy use in the transportation sector
through 2015 (Figure 29). In the reference case,
motor gasoline use increases by 0.6 percent annually
between 1994 and 2015. With the emphasis of cur-
rent environmental and energy legislation on reduc-
ing oil use, alternative fuels (such as ethanol) are
expected to displace 395 thousand barrels of oil
equivalent per day by 2015, but gasoline’s share of
total transportation energy demand, 53 percent in
2015, is not significantly affected. Low projected
gasoline prices and reduced fuel efficiency gains in
conventional light-duty vehicles will sustain demand
for gasoline. In the low oil price case, gasoline con-
sumption increases by 0.7 percent a year, compared
with 0.4 percent a year in the high oil price case.

Distillate use for transportation increases by 1.6
percent a year, primarily due to increases in freight
traffic and in overall economic activity. Distillate
consumption in the low economic growth case is 9.2
percent lower than in the reference case in 2015,
whereas in the high economic growth case it is 9.4
percent higher. Jet fuel consumption grows by an
average of 1.9 percent a year, with a projected 3.6-
percent annual increase in air travel attributable to
low projected jet fuel prices and to the 2.0-percent
annual economic growth rate assumed for the refer-
ence case. In the low and high growth cases, jet fuel
demand in 2015 is 9.8 percent lower and 10 percent
higher, respectively, than in the reference case.

Personal Vehicles Use More Than
Half of Transportation Energy

Figure 30. Transportation energy consumption
by mode in three cases, 2015 (quadrillion Btu)
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Currently accounting for 57 percent of total trans-
portation energy use, light-duty vehicles (cars and
light trucks) are expected to remain the largest
users, at 53 percent of all transportation energy
demand in 2015 (Figure 30). The increase in light-
duty vehicle fuel use is a consequence of 1.4-percent
annual growth in vehicle-miles traveled. Low driving
costs, rising incomes, and an expansion of the
driving-age population sustain the growth in private
vehicle use. Within the light-duty vehicle category,
fuel consumption by light trucks (which include vans
and sport utility vehicles) shows the highest growth
rate, 1.9 percent annually, based on increasing con-
sumer preference for vans and sport utility vehicles.

In a 1995 technology case, in which efficiencies are
held constant at 1995 levels, fuel demand by light-
duty vehicles is 12.4 percent higher than in the
reference case in 2015. In a high technology case, in
which efficiencies are assumed to grow at a constant
1.9-percent annual rate (as occurred between 1970
and 1990), fuel consumption in 2015 is 9.8 percent
lower than in the reference case.

Aircraft fuel consumption grows by 1.9 percent a
year, based on growth in travel demand. Fuel
efficiency gains in new wide-body aircraft and
declining use of military jet fuel ameliorate the
effects of increased travel. In 2015, aircraft fuel
consumption in the 1995 technology case is 5.3
percent higher than in the reference case, but in the
high technology case it is 6.9 percent lower than in
the reference case.
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Transportation Demand

Travel Demand Varies With
Changes in Economic Activity

Figure 31. Travel demand for light-duty vehicles
and freight trucks in five cases, 2015
(million vehicle-miles)
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Macroeconomic variables, such as disposable per-
sonal income, GDP, and population, are the primary
influences on demand for personal travel and freight
transport. Vehicle-miles traveled by light-duty
vehicles increase by only 1.4 percent a year in the
forecast (Figure 31), in contrast to an actual 5.5-
percent growth rate between 1980 and 1990.

The demand for freight transport by truck, rail, and
ship is driven by industrial output, which grows by
2.4 percent annually from 1994 to 2015. While rail
and waterborne freight shipments increase at
moderate rates of 1.1 percent and 0.9 percent a year,
respectively, truck transport grows by 1.6 percent a
year.

In the high economic growth case, the total number
of vehicle-miles traveled is 4.8 percent higher than
in the reference case in 2015, and in the low growth
case it is 5.0 percent lower than in the reference
case. This variation is due to different population
growth rates in the economic growth cases. The
greatest sensitivity to economic growth rates is seen
for freight transport: variations of approximately
plus and minus 9 to 11 percent from the reference
case are projected for truck, rail, and waterborne
freight transport demand in 2015 in the high and
low economic growth cases, respectively. World oil
price assumptions have little effect on vehicle-miles
traveled, because fuel costs are a small fraction of
the total per-mile cost of driving.

Moderate Oil Prices
Slow Fuel Efficiency Improvements

Figure 32. Transportation stock fuel efficiency
by mode, 1980-2015 (index, 1994 = 1.0)
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Expected gains in average fuel efficiency are less
than in the past (Figure 32), because projected fuel
prices are relatively low and disposable personal
income is projected to increase. As a result,
increased sales shares are expected for larger, more
powerful vehicles, such as light trucks and sport
utility vehicles (Table 7). No additional light-duty
vehicle efficiency standards are assumed in the fore-
cast. In the latter part of the forecast, the aging of
the population has a mitigating effect on this trend.

Fuel economy gains for freight trucks will be limit-
ed, averaging 0.4 percent a year over the forecast, as
fuel prices remain low. Improvements in engine
design may have only a limited impact, whereas sys-
tem efficiency improvements, such as greater coordi-
nation between rail and truck freight movement,
may play a larger role in the future. In contrast,
aircraft fleet efficiency increases substantially, by
0.9 percent a year, because new aircraft, such as the
Boeing 777, are far more fuel-efficient than the
current fleet average.

Table 7. New car and light truck horsepower ratings
and market shares, 1994, 2005, and 2015
1994 2005 2015

Vehicle Horse- Sales Horse- Sales Horse- Sales
type power share power share power share

Cars
Small 127 0.60 153 0.56 167 0.56
Medium 158 0.26 199 0.25 218 0.24
Large 199 0.14 281 0.19 307 0.20
Trucks
Small 156 0.43 194 0.43 209 0.44
Medium 163 0.51 185 0.45 196 0.44
Large 194 0.06 205 0.12 218 0.12
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Transportation Demand

Early Sales of Alternative-Fuel
Vehicles Rely on Mandates

Figure 33. Alternative-fuel vehicle sales by type of
demand, 1995-2015 (thousands of vehicles sold)
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Environmental concerns have led to Federal, and
some State, legislative mandates for the use of
alternative-fuel vehicles. Sales of alternative-fuel
vehicles as a direct result of such legislation—
estimated at 15,000 units in 1995—reach 777,000
units in 2015 (Figure 33). Fleet sales required by the
Energy Policy Act of 1992 (EPACT) are the only
legislated sales in 1995, and most of those use
compressed natural gas or liquefied petroleum gas
(Figure 34). Low Emission Vehicle Program (LEVP)
regulations are assumed to begin in California, New
York, and Massachusetts in 1998, and expected
sales under this program are approximately 341,000
units in 2015. Sales of zero emission (electric)
vehicles are also mandated under the LEVP.
Market-driven sales of alternative-fuel vehicles do
not appear in large numbers until 2001, after the
expected emergence of a functional infrastructure.

Figure 34. Alternative-fuel vehicle sales by type
of demand and fuel type, 2015 (thousands)
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Figure 35. Alternative-fuel light-duty vehicle sales
by fuel type, 1995-2015 (thousands)
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In the reference case, total sales of alternative-fuel
vehicles are about 1.7 million units, or 9.7 percent of
all vehicle sales, in 2015 (Figure 35). Vehicles that
use gaseous fuels dominate pre-1998 sales, because
of EPACT. The vehicles are presently sold by manu-
facturers at prices $1,000 to $1,500 above those for
gasoline vehicles. Their limited range (about two-
thirds that of gasoline vehicles) makes them good
candidates for centrally fueled fleet applications but
limits their use as personal vehicles. Their large fuel
tanks also limit both trunk and passenger space,
which restricts their use mainly to light trucks and
larger automobiles.

By 2015, market-driven sales of alternative-fuel
vehicles outpace mandated sales. “Flex fuel”
vehicles, which can use any combination of ethanol,
methanol, and gasoline, are expected to make up 47
percent of alternative-fuel vehicle sales in 2015. The
range, fuel efficiency, and performance of these
vehicles are similar to those of conventional gasoline
vehicles, and their incremental production cost is
expected to be less than $500 by 2015. They would
be suitable for applications in all vehicle size
classes, whereas gaseous fuels are limited to light
trucks and large automobiles.

Electric vehicle sales are not expected to appear in
large numbers until LEVP mandates begin in 1998.
Sales of dedicated and hybrid electric vehicles—
almost all (91 percent) of which originate from
LEVP mandates—are projected to reach 341,000
units in 2015.
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Energy Demand: Challenges for the Future

Challenges for the Future

Forecasts are expectations about future events that
represent logical conclusions from sets of organized
assumptions, technological information, and current
legislation. This Nation’s current reliance on tech-
nologies such as personal computers and jumbo jet
aircraft, which did not exist two decades ago, should
serve to remind us that technologies not considered
within the context of AEO96 could play an impor-
tant, currently unforeseen role in energy markets
through 2015.

One factor with an enormous potential to affect
energy use within the forecast horizon is the aging
of the population (Figure 36). After many decades of
stability, the proportion of the population over 55
will increase at a striking rate after 2000, and by
2015 it is expected to be one-third higher than it is
now.

Figure 36. Percentage of the U.S. population ages
55 years and older, 1970-2015
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Will citizens in 2015 who are over 55 be similar in
their purchasing and energy-using behavior to
people currently in that age category? What are the
implications for industrial, residential, and trans-
portation energy consumption as the share of the
population that is retired increases? What types of
medical services and housing arrangements will be
needed, and how will they affect energy consumption
patterns? What will happen to sales of minivans and
sports utility vehicles? These and other questions
reflect uncertainties in the forecast, as well as
challenges to future energy markets.

Comparative Forecasts

The AEQ96 forecast of end-use sector energy con-
sumption over the next two decades shows far less
volatility than has occurred historically. Between
1974 and 1984, volatile world oil markets dampened
domestic oil consumption. Consumers switched to
electricity-based technologies in the buildings sector,
while in the transportation sector new car fuel effi-
ciency nearly doubled. Natural gas use declined as
a result of high prices and limitations on new gas
hookups. Between 1984 and 1994, both petroleum
and natural gas consumption rebounded, bolstered
by plentiful supplies and declining real energy
prices. As a consequence, new car fuel efficiency in
1994 was only 2 miles per gallon higher than in
1984, and natural gas use (residential, commercial,
and industrial) increased by nearly one-fifth.

Three other organizations—DRI, GRI, and WEFA—
develop comprehensive energy projections with time
horizons similar to AEO96. Given their potentially
disparate assumptions about, for example, the
effects of government policies and technological
developments over the next 20 years, the forecasts
have remarkable similarities.

Electricity is expected to remain the fastest growing
source of delivered energy (Table 8). The rate of
growth is down sharply from historical rates in each
of the forecasts, because many traditional uses of
electricity (such as air conditioning) approach satu-
ration while efficiency standards rise. Growth in
petroleum and natural gas consumption also gener-
ally slows as overall population growth declines, the
population ages, and economic expansion slows.

Table 8. Alternative forecasts of average annual
growth rates in energy consumption (percent)

History Projections

AEO96 DRI GRI WEFA

1974- 1984- (1994- (1994- (1994- (1994-

Energy use 1984 1994 2015) 2015) 2015) 2013)
Petroleum* -0.1 1.2 0.9 1.0 0.7 0.9
Natural gas* -1.7 1.7 1.0 1.0 1.1 0.7
Coal* -3.0 -14 -0.1 1.0 -0.8 0.1
Electricity 3.0 25 1.4 1.6 1.9 1.7

Dellveredenergy04 ...... R P . P .
Electricity losses 2.5 1.4 0.7 0.7 14 1.2

'ﬁFi"rﬁé};i}"éﬁ'é'r'é'y ...... R R o PR e e

*Excludes consumption by electric utilities.
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Energy Demand:. Comparative Forecasts

Residential and commercial sectors

Growth rates in energy demand for the residential
and commercial sectors are expected to decrease by
50 percent from the rates between 1984 and 1994,
largely because of projected lower growth in popula-
tion, housing starts, and commercial floorspace addi-
tions. Other contributing factors include increasing
energy efficiency due to technical innovations and
legislated standards; voluntary government efficien-
cy programs; and reduced opportunities for addition-
al market penetration of end uses like residential air
conditioning and personal computers in the commer-
cial sector, where they are already being used ex-
tensively. Differences among forecasts relate impor-
tantly to differing views on the growth of new uses
for energy, which tends to affect electricity particu-
larly. By fuel, electricity (excluding generation and
transmission losses) remains the fastest growing
energy source for both sectors across all forecasts
(Table 9). Natural gas use also grows but at lower
rates, and petroleum use continues to fall but not as
rapidly as during the historical period.

Table 9. Forecasts of average annual growth in
residential and commercial energy demand (percent)

History Projections
AEO96 DRI GRI WEFA
1984- (1994- (1994- (1994- (1994-
Forecast 1994 2015) 2015) 2015) 2013)
Residential
Petroleum 0.1 -0.6 -1.1 -1.1 -0.3
Natural gas 0.7 0.5 0.5 0.5 0.1

Electricity

1.7 0.8
2.1

Primary energy

Commercial

Petroleum -4.8 -0.1 -0.6 -0.6 -0.5
Natural gas 1.5 0.7 1.1 0.7 0.2
Electricity 3.3 1.2 1.9 2.0 1.9
b'é'l'i'i)éFé'(':i'éﬁé}ég/ ............ e Gy S
Electricity losses 2.8 0.6 1.6 15 1.9
'Ifi'r'i"nﬁ'éi'r'i}"é'r'{éﬁy .............. B P R

Industrial sector

The industrial sector in all the forecasts shows slow-
er growth in primary energy consumption than it
did between 1984 and 1994 (Table 10). The decline
is attributable to lower growth for GDP and manu-
facturing output. In addition, there has been a con-
tinuing shift in the industrial output mix toward
less energy-intensive products. The growth rates in
the industrial sector for different fuels between 1984

and 1994 reflect a shift from petroleum products and
coal to a greater reliance on natural gas and elec-
tricity. Natural gas use grows more slowly than in
recent history across the forecasts, because much of
the potential for fuel switching was realized during
the 1980s. Growth for electricity in AEO96 is lower
than in the other forecasts, because the introduction
of new electricity-based processes is assumed to pro-
ceed more slowly in the coming decades. Coal fore-
casts vary according to alternative views of its
potential as an environmentally acceptable boiler
fuel, as well as expected developments in domestic
steel production and processes.

Table 10. Forecasts of average annual growth in
industrial energy demand (percent)

History Projections
AEO96 DRI GRI WEFA
1984- (1994- (1994- (1994- (1994-
Forecast 1994 2015) 2015) 2015) 2013)
Petroleum 1.0 0.7 1.1 1.4 0.7
Natural gas 2.3 1.1 1.0 1.2 1.3

Coal -1.1 -0.1 1.2 -0.6 0.1

Primary energy 2.0 0.8 11 1.3

Transportation sector

Fuel consumption in the transportation sector is
expected to grow more slowly than in the recent past
in each of the alternative forecasts (Table 11). All
the forecasts anticipate continued rapid growth in
air travel as well as significant increases in aircraft
efficiency, while growth in light-duty vehicle travel
slows considerably.

Table 11. Forecasts of average annual growth in
transportation energy demand (percent)
History Projections
AEO96 DRI GRI WEFA

1984- (1994- (1994- (1994- (1994-
Forecast 1994 2015) 2015) 2015) 2013)

Consumption

Motor gasoline 1.2 0.6 0.7 0.1 0.6
Distillate fuel 2.9 1.6 14 1.3 2.1
Jet fuel 2.7 1.9 1.7 1.7 1.2
Residual fuel 11 25 2.2 2.8 25
All energy 1.7 1.2 1.2 0.9 1.2

Key indicators

Car and light truck

travel 2.7 14 15 15 NA
Air travel 5.3 3.6 3.8 4.0 NA
Average new car

fuel efficiency 0.6 0.8 0.5 1.3 NA
Gasoline prices -3.4 0.9 0.9 -0.1 1.0

NA = not available.
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Chapter 3

Electricity

For the future, electricity is expected to continue in
its role as an economical and convenient energy
source for American consumers. The national con-
sumption of electricity has increased nearly twelve-
fold since 1950, and electrical appliances—including
air conditioners, heat pumps, clothes dryers, and
garage door openers—have become familiar compo-
nents of the American household. New appliances,
such as personal computers, facsimile machines, and
home multimedia centers, are increasing the de-
mand for electricity even further, and new, unfore-
seen uses for electricity are certain to appear in the
future. Nevertheless, although electricity consump-
tion is expected to increase, its rate of growth is
expected to decline relative to historic levels.

Historically, electricity demand has been associated
with economic growth (Figure 37). Before the 1970s,
households and industry embraced electrical
appliances and machinery as efficient work-saving
devices, and growth in electricity consumption sur-
passed the economic growth rate by nearly a factor
of 2. During the 1970s and early 1980s, however,
escalating fossil fuel prices and the costs of new
construction increased the price of electricity
production; consequently, the growth in demand for
electricity decelerated.

Even though energy prices remained relatively
stable in the first half of the 1990s, increases in
appliance efficiency and insulation standards, along
with industrial awareness of the impacts of energy
costs on production costs, dampened the growth of
electricity consumption, and demand growth lagged
behind economic growth. That trend is expected to

Figure 37. Electricity sales, GDP, and population
growth, 1970-2015 (index, 1970 = 1.0)
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continue, with electricity demand growing more
slowly than the economy over the next two decades.

Despite slower demand growth, 252 gigawatts of
new generating capacity will be needed between
1994 and 2015 to satisfy electricity demand growth
and to replace retiring units. Between 1994 and
2015, 84 gigawatts—or 12 percent of current gen-
erating capacity—is expected to retire, including 36
gigawatts of nuclear capacity; 30 gigawatts of this
nuclear capacity is assumed to be retired after 2010.
Consequently, of the 96 gigawatts of new capacity
needed after 2010 (Figure 38), almost one-third will
be needed to replace the loss of nuclear capacity.

Figure 38. New generating capacity and retirements,
1994-2015 (gigawatts)
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The reduction in baseload nuclear capacity has a
significant impact on the electricity outlook after
2010. Although 2011 to 2015 represents only 25 per-
cent of the projection period, 49 percent of the new
combined-cycle and 26 percent of the new coal capa-
city projected over the entire forecast are expected to
be brought on line during this time frame. The in-
crease in baseload construction is expected to put
upward pressure on coal and natural gas prices.
Between 1994 and 2010, coal prices to electricity
suppliers decline by 0.5 percent a year, and natural
gas prices increase by only 0.7 percent a year. After
2010, coal and gas prices rise by 0.3 and 3.9 percent
a year, respectively. As a result, electricity prices
are projected to remain relatively stable throughout
the forecast period. If the operating lives of many
nuclear plants were extended beyond their sched-
uled retirement dates, the need for new capacity and
the demand for coal and natural gas would decline.
Such extensions would also moderate the price
increases that are projected for coal and gas.
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Electricity Demand

Residential Sales Lead the Increase
in Electricity Consumption

Figure 39. Annual electricity sales by sector,
1970-2015 (billion kilowatthours)
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With the number of U.S. households projected to rise
by 25 percent between 1994 and 2015, residential
demand for electricity grows by 1.7 percent annually
(Figure 39). Residential electricity demand changes
as a function of the time of day, week, or year.
During summer in hot climates, residential demand
peaks in the late afternoon and evening, when
household cooling and lighting needs are highest.
This periodicity increases the peak-to-average load
ratio for local utilities, which rely on quick-starting
gas turbines or internal combustion engines to satis-
fy peak demand. Although many regions currently
have surplus baseload capacity, strong growth in the
residential sector will result in a need for more
“peaking” capacity. Between 1994 and 2015, gen-
erating capacity from gas turbines and internal com-
bustion engines is expected to more than double.

Between 1994 and 2015, electricity demand in the
commercial and industrial sectors grows by 1.2 and
1.1 percent a year, respectively. Annual commercial
floorspace growth of 1.1 percent and industrial
output growth of 1.7 percent drive the increase.

In addition to sectoral sales, nonutilities and
cogenerators in 1994 produced 156 billion kilowatt-
hours for their own use in industrial and commercial
processes, such as aluminum smelting and electro-
chemical processes. By 2015, these producers are
expected to maintain about the same share of total
generation, increasing their own-use generation to
218 billion kilowatthours as demand for manufac-
tured products increases.

Utilities Continue To Dominate, But
Other Generators Claim Larger Shares

Figure 40. New generating capacity by supplier and
fuel type, 1994-2015 (gigawatts)
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Three broadly defined categories of suppliers satisfy
the Nation’s electricity requirements: utilities, co-
generators, and nonutilities other than cogenerators.
In 1994, utilities accounted for 91.3 percent of total
capacity, cogenerators 5.8 percent, and other non-
utilities 2.4 percent.

In the forecast, utilities continue to dominate the
electric power industry in terms of capacity
ownership, increasing from 700 gigawatts in 1994 to
765 gigawatts in 2015 (82 percent of the total).
Utilities account for 57 percent of the new capacity
constructed during the forecast period (Figure 40).
Cogenerators and other nonutilities significantly
increase their share of the market, accounting for 43
percent of new capacity construction and capturing
18 percent of total capacity by 2015.

Two pieces of national legislation underlie the
projected increase in cogenerator and other non-
utility capacity share. The Public Utility Regulatory
Policies Act of 1978 (PURPA), which required utili-
ties to purchase electricity at “avoided cost” from
qualifying nonutilities, spurred investment in
alternative energy suppliers and inaugurated the
growth of nonutility capacity. More recently, the
Energy Policy Act of 1992 (EPACT) removed con-
straints (under specific conditions) on utility owner-
ship of significant shares of nonutility producers.
Currently, 6 of the 10 largest nonutilities are utility
affiliates.
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Electricity Supply

Electricity industry restructuring

Both suppliers and consumers are grappling with
ongoing changes in the structure of electricity
markets in the United States. In the past, electrici-
ty suppliers had secure, franchised service terri-
tories and were essentially guaranteed recovery of
expenditures made to provide service to customers.
Consumers, in turn, had to purchase their electrici-
ty from the suppliers that controlled their areas.
Today, the situation is changing. Electric utilities,
nonutility power producers, and power brokers are
positioning themselves to meet the needs of cus-
tomers; and consumers—especially large industrial
consumers—now look beyond the utilities serving
their areas to alternative suppliers for their power
needs.

Many questions remain about the evolving market
structure. Will all consumers eventually be able to
choose their electricity suppliers? How will the
major sectors of the electricity supply business—
transmission, distribution, and generation—evolve?
How long will the transition to the new structure
take? Who will bear the transition costs, and how
large will they be? How will more competitive elec-
tricity prices be set? What will be the impact on
new generating capacity construction? What effi-
ciency improvements will be seen in the supply
and demand sectors of the market? These ques-
tions and many others are being debated by utili-
ties, nonutilities, consumers, and State and
Federal policymakers.

The answers to questions about industry restruc-
turing are likely to involve both legislative changes
and new market institutions. Such issues have not
yet been resolved, and the AEO96 reference case
does not address the impacts of restructuring.
Preliminary analyses of the impact of electricity
market restructuring on capacity choice decisions
by plant type and on the near-term future of
electricity prices are discussed here.

New power generators are expected to face greater
business risk in a competitive market. There will
be simultaneously greater opportunities for profit
and greater chances of loss in the absence of regu-

latory assurances, such as established rates of
return on investment and fuel adjustment clauses.
In order to raise capital, power generators must
compensate shareholders for bearing that greater
risk by providing higher returns on equity.

Figure 41 shows the sensitivity of capacity expan-
sion decisions in NEMS to changes in the cost of
capital for electric power generators. In a competi-
tive market, generating technologies that require
high initial capital costs and relatively low operat-
ing costs are less attractive than technologies that
require smaller initial capital outlays but have
higher downstream operating costs. For example,
increasing the cost of capital by 4 percentage
points relative to the reference case leads to 4.9
gigawatts more gas-fired combustion turbine and
combined-cycle capacity among newly built plants
and 2.8 gigawatts less coal-fired capacity. Total
capacity additions decline slightly as the cost of
capital rises, because fewer plants are built to
displace existing plants whose operating costs are
rising.

Figure 41. Changes in unplanned capacity
additions (gigawatts), 1994-2015, as a function
of changes in discount rates (basis points)
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In addition to providing an incentive to build
plants with lower capital costs, growing competi-
tion will put downward pressure on electricity
prices. The costs of power plants, power purchase
contracts, and fuel supply contracts that are
uneconomical will be difficult to recover in a
competitive market. The treatment of such un-
recoverable—or “stranded”— costs is among the
most important issues in the restructuring debate.
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Electricity Supply

Figure 42 shows the potential price impact in the
near term. The upper line represents the regulated
prices in reference case, where all operating costs
and embedded costs are recovered from ratepayers.
The lower line represents the price when gen-
eration is priced at the marginal operating cost (in
other words, during a given time period, genera-
tors are paid the operating cost of the most
expensive unit running—the marginal unit). The
analysis assumes that the transmission and distri-
bution system will continue under cost-of-service
regulation. The difference between the two lines is
an indication of the change in prices that could
occur if the market were free to value generation
at its short-run marginal cost. The gap between
the two represents the portion of fixed costs that
would not be recoverable in a competitive market.

Figure 42. Electricity prices in two cases, 1995-2000
(1995 cents per kilowatthour)
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Of course, many factors will affect the actual out-
come of the restructuring process. Fuel prices and
the energy efficiency and capital costs of various
generating technologies will play a major role in
determining which types of plants are built to
meet the demand for electricity. Similarly, while
competition is expected to lead to lower electricity
prices, the treatment of stranded costs, efficiency
gains producers are able to make, and any addi-
tional costs introduced (such as higher metering
and billing costs to accommodate real-time pricing)
will influence the prices paid by various consum-
ers. In addition, while the results shown depict
average national results, consumers in different
regions of the country could see dramatically
different results.

Hydropower: regulatory issues

Recognizing the lack of available large sites for
new hydroelectric dams, reduced public invest-
ment, and environmental constraints, AEO96 pro-
jects minimal growth for conventional hydropower;
however, recent rulings, especially to protect fish,
could result in capacity declines. In June 1994, the
U.S. Supreme Court ruled that States may regulate
water under the standards of the Clean Water Act
(P.L. 95-217), shifting licensing authority from the
Federal Energy Regulatory Commission (FERC). In
September, the U.S. Court of Appeals directed that
more weight be given to State fishery and Indian
Tribe recommendations. In March 1995, the
National Marine Fisheries Service (NMFS) and the
U.S. Fish and Wildlife Service (FWS) proposed
increased flows and changes in water priorities on
the Northwest's Columbia River.

Breaching (removal of part of a dam to reduce or
eliminate its impoundment capacity) and removal
of dams are also being discussed. In December
1994, the FERC stated its authority to order dam
removal. The FWS has proposed removal of Wash-
ington’'s Wanapum and Priest Rapids dams, and
the Columbia River Inter-Tribal Fish Commission
has urged breaching four lower dams on the Snake
River and the John Day Dam on the Columbia.

Hydroelectric dams could be affected nationwide.
In July 1995, the NMFS proposed listing coho
salmon as a threatened species from the Northwest
to central California. In the Southwest, flow
restrictions could cut peaking generation at Glen
Canyon Dam, with similar changes required in
Colorado, Utah, Wyoming, and Montana. In the
Midwest, the U.S. Army Corps of Engineers may
reduce power generation on the Missouri River for
fish protection. Operational changes could also be
required at Hudson River dams to protect fish.

Each decision above is generally viewed as re-
ducing hydroelectric power output. The value of
hydropower will be reduced if water use is
switched to less valuable off-peak, rather than
peaking, generation. Operating decisions have not
been made, however, and AEO96 does not incorpo-
rate such declines.
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Natural Gas Gains a Larger Share
of Electricity Generation

Figure 43. Electricity generation by fuel,
1994 and 2015 (billion kilowatthours)
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Fossil fuels, which in 1994 accounted for 70 percent
of electricity generation, are projected to account for
79 percent in 2015. Much of the increase is in the
use of natural gas, which currently fuels 14 percent
of total generation but grows to 27 percent by 2015,
supplanting nuclear energy as the Nation’s second
largest electricity source (Figure 43). Three factors
explain this trend. First, although the utilization of
existing nuclear power plants is increasing, 37 giga-
watts of nuclear capacity are assumed to be retired
by 2015, with no new nuclear orders on the horizon.
Second, combined-cycle technologies are demonstrat-
ing efficiencies up to 60 percent, compared with 35
percent for coal-steam technologies. Third, between
1994 and 2015, gas prices to utilities increase by
only 1.4 percent annually (as compared with 2.8 per-
cent from 1994 to 2010 in AEQ95). Combined-cycle
units also have short construction times—1 to 3
years—and relatively low capital investment costs,
which make them attractive to nonutilities.

The electricity sector currently consumes 80 percent
of U.S. coal production, which is used to produce 52
percent of the Nation’s electricity. In the AEO96
forecast, average capacity factors for coal-fired power
plants increase from 62 percent to 74 percent; and
utilities have already reported plans to construct 16
gigawatts of new coal-fired capacity. Nevertheless,
slower growth in demand for electricity, long con-
struction times for coal-fired plants, and 19 giga-
watts of coal-fired retirements are expected to
decrease coal’'s share of generation to about 50 per-
cent in 2015.

Advanced Generating Technologies
Could Provide Cheaper Electricity
Figure 44. Electricity generation costs

for conventional and advanced technologies,
2000 and 2015 (1994 mills per kilowatthour)

60—

505

40 —
Capital

30— Jcap L

}Operating and

maintenance

205

a{0)=

0 2000 2015
Coal Combined- Coal Combined-
cycle cycle

Technology types for new electric generating capaci-
ty are chosen on the basis of cost while meeting local
and Federal emissions constraints. The levelized cost
of electricity production includes the time-discounted
cost of construction, fixed and variable operating
and maintenance costs, and fuel costs (Figure 44).
The choice of technologies for capacity additions can
be decided by changes in these components of the
levelized cost.

In the AEO96 forecasts, the capital costs of conven-
tional technologies are assumed to be constant. For
advanced technologies, after an initial downward
adjustment to account for technological optimism,
capital costs decline as a function of market penetra-
tion. Heat rates for both advanced and conventional
fossil-fired technologies decline annually from 2000
until 2010. In 2015, the last year of the forecast,
levelized costs for combined-cycle capacity are 8 per-
cent lower than for coal (Table 12).

Table 12. Costs of producing electricity,
2000 and 2015
2000 2015

Conventional Advanced
pulverized combined

Conventional Advanced
pulverized combined

Item coal cycle coal cycle
1994 mills per kilowatthour
Capital 26.41 11.24 26.18 7.00
O&M 10.72 4.82 10.72 4.82
Fuel 13.58 23.35 7.42 24.38
Total 50.72 39.41 44.32 36.20
Btu per kilowatthour
Heat rate 9,840 7,300 8,142 5,687
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Electricity Prices

Stable Coal Prices, Efficient Gas
Technologies Keep Prices in Check

Figure 45. Utility fossil fuel prices and electricity
prices, 1994-2015 (index, 1994 = 1.0)
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Between 1994 and 2015, the average price of elec-
tricity is projected to remain relatively stable—
declining by 0.1 percent a year (Figure 45). As a
result, average electricity expenditures for residen-
tial consumers are expected to be $11 a month (1994
dollars) lower in 2015 than they were in 1994.

The cost of producing electricity, and ultimately the
price paid by consumers, is a function of fuel costs,
operating and maintenance costs, and the cost of
capital. For existing plants, fuel costs typically
represent $23 million annually or 50 percent of the
total operational costs (fuel, wholesale power, and
operating and maintenance costs) for a 300-mega-
watt coal-fired plant and $40 million annually or 85
percent of the total operational costs for a gas-fired
combined-cycle plant of the same size in 1994.

Natural gas prices to electricity suppliers rise by 1.4
percent a year in the forecast, from $2.24 per
thousand cubic feet in 1994 to $3.02 in 2015, and
gas-fired electricity generation increases by 143
percent, from 474 to 1,153 billion kilowatthours.
Offsetting these increases are stable coal prices,
declining revenue requirements for capital expendi-
tures, and improved efficiencies for new plants.

Although oil prices to utilities are expected to
increase by 59 percent, greater utilization of plants
for which oil is the primary fuel is expected to lead
to a 19-percent increase in oil-fired generation by
2015. However, oil currently accounts for only 3.1
percent of total generation, and that share is
expected to decline to 2.8 percent by 2015.

Wholesale Power Purchases Are a
Growing Factor in Electricity Prices

Figure 46. Utility and nonutility revenue
requirements, 1994-2015 (index, 1994 = 1.0)
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Capital costs—associated with the recovery of
investments in power plants and transmission and
distribution facilities—are expected to decline by 0.6
percent annually from 1994 to 2015 (Figure 46). The
decline is made possible by increased utility reliance
on wholesale power purchases, lower construction
costs for new combustion turbine and combined-cycle
generating technologies, and the availability of
adequate capacity for current generation needs.

A yearly 0.2-percent decline in operating and
maintenance costs is also expected, as more turbine-
based capacity is installed and operated. For a
typical 300-megawatt plant, operating and
maintenance costs for advanced gas turbines are
about half those for conventional coal-fired
generators. Typically, turbine-based generators are
removed from service an average of 15 days a year
for planned maintenance, compared with 30 days for
coal-steam generators.

Fuel costs increase only slightly in the forecast, by
an average of 0.1 percent annually, as coal prices
decline by 0.3 percent and gas prices rise by 1.4
percent between 1994 and 2015. In contrast, whole-
sale power purchases (electricity sales from non-
utilities to utilities) more than triple, increasing
from 204 to 637 billion kilowatthours between 1994
and 2015. By purchasing power, utilities avoid
capital-intensive construction and financing costs.
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Electricity: Environmental Issues

Coal-Burning Power Plants Are a
Major Source of Carbon Emissions

Figure 47. Carbon emissions from electricity
generation by fuel, 1994-2015 (million metric tons)
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Electricity generators currently produce 36 percent
of national carbon emissions from energy production,
and their share is expected to increase to 38 percent
by 2015. Currently, coal accounts for 52 percent of
total electricity generation but produces 87 percent
of electricity-related carbon emissions (Figure 47). In
contrast, gas-fired generators account for 15 percent
of generation and produce only 9 percent of
electricity-related carbon emissions. As a fuel, coal
releases nearly twice as much carbon per Btu as
natural gas does. While oil accounts for 3 percent of
electricity generated, carbon emissions from oil-fired
generators make up about 4 percent of total elec-
tricity emissions.

Between 1994 and 2015, 37 gigawatts of nuclear
capacity are expected to be retired, resulting in a
decline of 207 billion kilowatthours per year, or 32
percent, from current nuclear generation. To com-
pensate for the loss of baseload capacity and to meet
rising demand, 230 gigawatts of new fossil-fueled
capacity will be needed. The resulting increase in
generation from fossil fuels will increase carbon
emissions by 160 million metric tons, or 32 percent,
over current levels. Although renewable capacity in-
creases from 94 gigawatts in 1994 to 115 gigawatts
in 2015—reducing the impact of nuclear retirements
on total carbon emissions—the intermittent nature
of renewable technologies prevents them from com-
pensating completely for the losses in nuclear
capacity.

Clean Air Act Amendments Limit
Sulfur Dioxide Emissions

Figure 48. Sulfur dioxide emissions from utility
generation, 1990-2015 (million metric tons)
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More than 95 percent of the sulfur dioxide (SO,)
produced by utility boilers comes from the combus-
tion of coal, with sulfur-bearing residual oils con-
tributing the remainder. By 2000, as a result of the
Clean Air Act Amendments of 1990, electricity pro-
ducers are required to reduce SO, emissions by 10
million tons from 1990 levels in two phases: Phase
1 in 1995 and Phase 2, which takes effect in 2000.

During Phase 1, 261 generating units at 110 utility
plants were issued emissions allowances that permit
SO, emissions up to a fixed amount per year. Be-
cause the amount allowed generally is less than a
plant’s historical emissions, most utilities instituted
additional emissions reduction strategies. Switching
to lower sulfur, subbituminous coal was the option
chosen by more than half of the Phase 1 generators.
In Phase 2, emissions constraints on Phase 1 plants
will be tightened, and restrictions will be set for the
remaining 2,500 boilers at 1,000 plants, reducing
SO, emissions by another 3 million tons (Figure 48).
Because allowance prices are expected to increase
significantly after 2000, it is expected that almost 32
gigawatts of capacity will be retrofitted with
scrubbers to achieve the Phase 2 goal (Table 13).

Table 13. Scrubber retrofits and allowance costs,
2000-2015

Forecast 2000 2005 2010 2015
Cumulative retrofits from 1994
(gigawatts of capacity) 1.7 1.7 31.5 334
Allowance costs
(1994 dollars per ton SO,) 89 148 310 313
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Electricity: Nuclear Power

Nuclear Electricity Generation Falls,
Despite High Performance Marks

Figure 49. Nuclear power plant capacity factors,
1973-2015 (percent)
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The AEO96 reference case forecast assumes that all
nuclear units will operate to the end of their current
license terms, with 49 units (37 gigawatts) retiring
through 2015. Just over 80 percent of these retire-
ments occur in the last 5 years of the forecast. One
unit under construction, Watts Bar 1, is assumed to
begin operation in 1996, and no new orders are
assumed. Given these assumptions, 61 nuclear units
are projected to provide 10 percent of total electricity
generation in 2015, down from a projected high of 20
percent in 1996. Although the forecast does not ex-
plicitly project new nuclear units to become operable
by 2015, an alternative interpretation could be that
new reactors replace existing capacity that is retired
ahead of schedule.

Nuclear generation forecasts depend on both
operating capacity and assumed capacity factors.
The national average capacity factor, which was
below 60 percent in the 1970s and 1980s, has
surpassed 70 percent since 1991 (Figure 49).
Improvements have been gained through longer
refueling cycles and a decrease in the mandated
shutdowns that were prevalent after the accident at
Three Mile Island. AEO96 assumes that individual
reactor performance improves for the first 20 or 25
years of operation, after which it declines as units
age. As a result, the national average stays near 74
percent, with a slight decline from 2007 through
2012 due to reactor aging, after which retirements
of older reactors bring the average capacity factor
back up.

Longer Nuclear Plant Operation Could
Reduce Utility Carbon Emissions

Figure 50. Operable nuclear capacity in three cases,
1994-2015 (gigawatts)
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Two alternative AEO96 analyses—the high and low
nuclear cases—show how changing assumptions
about the operating lifetimes of nuclear plants affect
the reference case forecast of nuclear capacity
(Figure 50). The low nuclear case assumes that all
units are retired 10 years before their license expira-
tion dates (90 units by 2015). Early shutdowns could
be caused by unfavorable economics, waste disposal
problems, or physical degradation of the units. The
high nuclear case assumes 10 additional years of
operation for each unit (only 2 units retired by
2015), suggesting that license renewals would be
permitted. Conditions favoring such an outcome
could include continued performance improvements,
a solution to the waste disposal problem, or stricter
limits on emissions from fossil-fired generating
facilities.

The low nuclear case forecasts approximately 100
new fossil-fueled units (assuming an average unit
size of 300 megawatts) to replace the retiring
nuclear units, split between coal-fired (12 percent)
and combined-cycle (69 percent) capacity. The
additional fossil-fueled capacity produces 23 million
metric tons of carbon emissions above the AEO96
reference case. Also, 8 gigawatts of additional new
renewable and fuel cell capacity is built. In the high
nuclear case, 35 gigawatts of new capacity
additions—mostly fossil-fueled plants—are avoided,
as compared with the AEO96 reference case, and
carbon emissions are reduced by 25 million metric
tons (4 percent of total emissions by electricity
generators).
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Electricity: Renewables

Municipal Solid Waste, Biomass

Lead Generation From Renewables
Figure 51. Electricity generation from grid-connected
renewables, 1994-2015 (billion kilowatthours)
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In the AEO96 projections, geothermal resources are
limited to steam and hot water in the western
United States. Geothermal electricity generation
grows from 17 billion kilowatthours in 1994 to 24
billion in 2015 (Figure 51). Projected expansion of
flashed steam and binary cycle units is offset by an
expected decline at The Geysers site, where res-
ervoir water is being depleted. Growth in geother-
mal electricity is expected in international markets.

Generation from biomass (wood, grasses, and resi-
dues) grows from 47 billion kilowatthours in 1994 to
67 billion in 2015. Cogeneration, mostly in the paper
and wood industries, is about 80 percent of the total.
The projections combine current direct-fired units
and additions of new integrated gasification com-
bined-cycle units. A portion of the fuel for the new
units, first available in 2000, is expected to be
produced by dedicated energy crops.

Municipal solid waste (MSW) generation increases
from 19 to 36 billion kilowatthours. Because MSW
combustion is primarily a waste disposal method, it
is limited by the availability of waste streams.
Recycling, composting, and landfills provide ample
options for disposition of the waste, while environ-
mental concerns keep costs high for MSW units.
Moreover, the ability of local jurisdictions to direct
waste flows to MSW plants has been restricted by
the courts, making use of the technology more un-
certain. The share of MSW generation from low-Btu
gas extracted from landfills is projected to grow from
14 percent in 1994 to nearly 18 percent in 2015.

Competition, Regulatory Uncertainty
Could Delay Wind Power Gains

Figure 52. Electricity generation capacity from
wind power, 1994-2015 (gigawatts)
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Although wind energy currently is one of the most
economical renewable energy technologies, its mar-
ket penetration is sensitive to cost projections for
competing fuels. Current projections of low fuel costs
(especially for natural gas) increase the uncertainty
of wind power’s future.

Wind capacity is expected to increase to about 5
gigawatts nationally by 2010 and to about 12 giga-
watts by 2015. Penetration is expected primarily in
the West, where resources are favorable, with most
of the growth coming after 2010, when gas prices
rise and the demand for new capacity is greater.

Relative to other technologies, the amount of wind
capacity that needs to be in place to deliver a given
amount of effective capacity is high (Figure 52),
because capacity factors for wind power are relative-
ly low. Nevertheless, the amount of electricity
generated from wind turbines is expected to grow
from 3 billion kilowatthours in 1994 to 33 billion
kilowatthours in 2015—an average increase of more
than 11 percent a year.

In 1995, the Federal Energy Regulatory Commission
overturned California’s Biennial Resource Planning
Update, because it set higher prices for electricity
from renewables than from traditional sources. That
decision eliminates 927 megawatts of wind capacity
that was included in previous forecasts from the
AEQ96 projection. In addition, some members of
Congress have proposed repeal of the tax credit for
wind power (1.5 cents per kilowatthour), introducing
further uncertainty into the market.
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Electricity: Renewables

Solar Generation Remains Low,
But Rises Late in the Forecast

Figure 53. Solar thermal and photovoltaicelectricity
generation, 1994-2015 (billion kilowatthours)
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AEO96 projects expansion of grid-connected solar
electricity generation—mostly late in the forecast
period—from less than 1 billion kilowatthours in
1994 to more than 6 billion in 2015 (Figure 53), pri-
marily for peak load requirements. Still, solar will
continue to account for less than 2 percent of all
renewable electricity generation, and its share of the
overall grid-connected U.S. electric power supply
will remain small.

Solar thermal generating capacity, primarily dish
stirling or central receiver technologies, is more than
1.7 gigawatts in 2015, assuming that existing para-
bolic trough capacity remains in place. Grid-connect-
ed photovoltaics continue to expand, as does U.S.
manufacture of cells and modules. Electric utilities
are investing in photovoltaics to create demand and
spur improvements, and State incentives make the
technology attractive. Nevertheless, most new photo-
voltaic applications will be on a small scale.

The AEO96 projections do not include off-grid photo-
voltaic applications, such as for isolated vacation
homes, lights and signals, and consumer devices.
Off-grid generation from photovoltaics probably will
grow by 5 to 10 megawatts a year through 2000 and
increasingly thereafter. World markets for cells and
modules produced in the United States are also
expected to grow substantially. The economics of off-
grid generation are particularly beneficial in devel-
oping countries, where new generating technologies
are needed to supply electricity to rural areas not
served by grid-connected utilities.

Greater Technology Gains
Could Increase Renewable Capacity

Figure 54. New electricity generation capacity
in three cases, 1994-2015 (gigawatts)
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In the AEO96 reference case, capital costs for con-
struction of new, advanced generating facilities are
assumed to decline as a function of market penetra-
tion. Higher costs to account for both technological
optimism and inexperience in constructing new
designs are assumed. These factors account for the
difference between costs based on engineering esti-
mates before a plant is built and the actual costs.

To examine the impacts of these assumptions, high
and low technology cases were developed. In the
high case, learning effects were assumed to decrease
by 4 percentage points (relative to the reference case
value of 10 percent) for each doubling of capacity; an
increase of 4 percentage points was assumed in the
low technology case. In addition, factors that in-
crease the cost of the earliest units constructed were
halved and doubled from their reference case values
in the high and low cases, respectively.

Between 1994 and 2015, advanced coal-fired capaci-
ty additions are 2 gigawatts higher in the high tech-
nology case than in the low case, and advanced gas-
fired capacity additions are 10 gigawatts higher
(Figure 54), due to a 35-percent difference in the
capital costs for first-of-a-kind units across the two
cases. Conversely, capacity additions for convention-
al coal- and gas-fired technologies are 5 and 15 giga-
watts lower, respectively, in the high than in the low
case. The capital costs for first-of-a-kind units using
renewable technologies are 42 percent lower in the
high case than in the low case, and renewable capa-
city additions are 16 gigawatts higher.
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Electricity: Alternative Cases

Turbines, Combined-Cycle Plants
Claim Majority of Capacity Additions

Figure 55. New generating capacity by fuel type
in three cases, 1994-2015 (gigawatts)
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In the reference case, electricity suppliers are
expected to add 252 gigawatts of new capacity,
equivalent to 840 new 300-megawatt power plants.
Of the new capacity, 12 percent is expected to be
coal-steam, 78 percent gas-turbine, 9 percent
renewable technologies, and 1 percent fuel cells
(Figure 55). In addition, between 1994 and 2015,
utilities are expected to repower or life-extend 268
gigawatts or 38 percent of current capacity.

Depending on the generating technology chosen, cur-
rent construction costs for a typical 300-megawatt
plant range from $400 per kilowatt for combined-
cycle technologies to $1,500 per kilowatt for coal-
steam technologies. These costs, combined with the
difficulty of obtaining permits and developing new
generating sites, make refurbishment of existing
power plants at $260 per kilowatt an attractive
option for utility resource planners. Between 1994
and 2015, utilities are expected to refurbish 770
coal-, 172 gas-, and 74 oil-fired generators.

From 1994 to 2015, the annual average growth rate
for GDP ranges between 2.5 and 1.5 percent in the
high and low economic growth cases, respectively.
The difference of a percentage point in the economic
growth rate leads to a 0.7-percent change in elec-
tricity demand, with a corresponding difference of
140 gigawatts of new capacity required across the
high and low economic growth cases. Regardless of
economic conditions, utilities are expected to retire
12 percent of current capacity, or 1,221 generating
plants, by 2015.

Higher Demand Increases Generating
Capacity, Carbon Emissions

Figure 56. New generating capacity by fuel type
in two cases, 1994-2015 (gigawatts)
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Electricity consumption grows in the forecast, but
the rate of increase lags behind historical levels as
a result of efficiency improvements and demand-side
management programs. The following demographic
projections for the 1994-2015 period are major deter-
minants of sectoral electricity consumption: (1) the
annual growth rate for the population over age 16 is
0.1 percentage point lower than the 1.1-percent
growth rate from 1963 through 1993; (2) the annual
growth rate for commercial floorspace is 0.8 percent-
age point lower than the 1.9-percent growth rate
from 1989 through 1993; and (3) efficiency improve-
ments in industrial processes and equipment contin-
ue at least at recent levels. A significant deviation
from these assumptions would result in substantial
changes in electricity demand.

To analyze the effects of changes in the assump-
tions, a high demand case was prepared, assuming
that growth in demand for electricity would be 0.4
percentage point higher than in the reference case,
or 1.8 percent a year. In this case, 109 gigawatts
more new generating capacity is needed than in the
reference case between 1994 and 2015—equivalent
to 363 new 300-megawatt generating plants (Figure
56). The additional capacity results in a 6-percent
increase in coal consumption and a 9-percent in-
crease in natural gas consumption relative to the
reference case in 2015, and carbon emissions are 38
million metric tons (2 percent) higher. The addition-
al capacity in the high demand case includes 19
gigawatts, or 18 percent, more renewable capacity—
equivalent to 380 new 50-megawatt power plants.
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Electricity: Challenges for the Future

The electric power industry is currently undergoing
a metamorphosis from traditional, ratebase/rate-of-
return regulation to a market-driven, competitive
structure (see box on page 30). Although the
ultimate outcome of the transformation is unclear,
sufficient pressure from consumer and business
organizations increases the likelihood that some sort
of change will occur. At a minimum, utilities and
regulators need to respond to consumer demands for
competitive pricing and flexibility in choosing local
suppliers. At a maximum, a complete divestiture of
transmission facilities by investor-owned utilities
(I10Us), coupled with retail wheeling (which gives
customers the ability to select their electricity sup-
pliers) may prevail. The reality will, most probably,
fall somewhere between these two extremes. In
addition to market-driven uncertainties, recent and
future legislation affecting demand-side manage-
ment (DSM) programs, emissions control strategies,
transmission access, and the uncertain future of the
nuclear industry could also influence utility
decisions.

The stringent efficiency standards for new appli-
ances mandated by EPACT could displace the cur-
rent market for DSM programs and cause resources
to be refocused on policies designed to cut operating
costs. In 1993, utilities reduced their overall actual
peak load by 23 gigawatts, with energy savings in
excess of 44 billion kilowatthours or 1.5 percent of
total U.S. generation. Although the future of DSM
programs is uncertain, utilities report that, by 1998,
they expect to reduce their potential peak load by a
total of 33 gigawatts, with energy savings of 90
billion kilowatthours or 3 percent of total U.S.
generation. In 1993, utilities spent $2.8 billion on
DSM, and they currently plan to increase that
amount to $3.9 billion by 1998.

EPACT also created a class of generators called
exempt wholesale generators (EWGs), which have
the potential to transform the role of new nonutility
suppliers and to affect electricity trade. These non-
rate-based generators are exempt from traditional
utility regulation and can market their power to
utilities through access to utility transmission
systems as ordered by the FERC. This first step
toward restructuring could expand into the forma-

tion of regional transmission groups (RTGs)—which
are power pools dedicated to the efficient and
equitable use of regional transmission facilities—or
shared ownership of the transmission facilities,
where suppliers share transmission costs on the
basis of resource utilization. By severing the current
binding of local generation to local distribution,
these agreements could significantly affect the
amounts and types of new generating capacity and
lead to the retirement of uneconomical generating
facilities.

Although utilities have responded to the reductions
in sulfur dioxide and nitrogen oxide emissions
mandated by CAAA90 (see discussion on page 34),
new environmental regulations and advances in low-
pollution generating sources could also alter the
future mix of generating capacity. Voluntary pro-
grams such as CCAP could be replaced by emissions
reduction mandates similar to the Clean Air Act of
1963—which established the Federal Government's
role in regulating air quality—and increase the cost
of fossil fuel generation technologies relative to
renewable technologies. Conversely, by providing
alternates to large-scale, central-site coal-steam
units, distributed generation, including fuel cell and
solar technologies, could preempt future emissions
control mandates and decrease coal’'s dominant posi-
tion as a generating fuel. Furthermore, advances in
gas turbine technologies could dampen the effect of
rising gas prices by providing more output per unit
of fuel.

Progress has continued on new nuclear designs.
Four advanced designs are being developed jointly
by the U.S. Department of Energy and private
industry, and two have received Final Design
Approval from the Nuclear Regulatory Commission.
The last step of the design certification process for
the two approved designs was expected to be
completed by the end of 1995. Due to high techno-
logical optimism and learning factors, the AEO96
forecast does not project new nuclear units to
become operable by 2015. However, a significant
decrease in nuclear construction costs or greater
experience in the implementation of new nuclear
designs could accelerate penetration with new orders
possible before 2015.
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Electricity: Comparative Forecasts

Overview

Of the major electricity forecasts available at the
time of this writing, NERC and NERA provide elec-
tricity projections to 2005, DRI and GRI to 2015,
and WEFA to 2013. Comparisons with AEQ96 are
limited here to a forecast horizon of 2010. DRI and
WEFA projections are from mid-year 1995 forecasts,
and GRI projections are from 1996 baseline fore-
casts. Projections for 2000 from NERA, NERC, DRI,
GRI, and WEFA and for 2010 from DRI, GRI, and
WEFA are provided in Appendix F.

Sales

Comparison across forecasts shows considerable
variation in the commercial and residential sectors.
Electricity sales projections for 2010 range from
1,220 billion kilowatthours (DRI) to 1,346 billion
kilowatthours (WEFA) for the residential sector
(EI1A’s projection is 1,282), and from 1,105 (EIA) to
1,262 (GRI) billion kilowatthours for the commercial
sector (Figure 57). The forecasts for total electricity
sales in 2010 range from 3,958 billion kilowatthours
(GRI) to 3,604 billion (EIA). Different assumptions
governing the expected economic activity in each
sector, coupled with diversity in the estimation of
penetration rates of energy-efficient technologies,
are the primary reasons for the variation among
forecasts. For example, by assuming slow growth in
housing stocks but more powerful growth in com-
mercial floorspace, DRI projects weaker residential
sales but stronger commercial and industrial sales
than the AEQ96. Similarly, because GRI projects
stronger industrial output, its industrial sales
projections are higher than the other forecasts.

Figure 57. Electricity sales projections, 2010
(billion kilowatthours)
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All the forecasts compared agree that stable coal
prices and slow growth in electricity demand rela-
tive to GDP will tend to keep the price of electricity
stable—or declining in real terms—until 2010.

Capability

Because the other forecasters project higher total
electricity sales than EIA, their projections of the
total capacity needed by 2010 is also proportionally
higher. Although sensitive to the mix of technologies
chosen, typically, an increase of 0.1 percentage point
in sales results in an average capacity increase of
about 20 gigawatts. For example, EIA’s projection of
capacity in 2010 is 92 gigawatts lower than the
WEFA forecast—reflecting the difference between
consumption growth rates of 1.3 percent and 1.7 per-
cent a year, respectively.

Figure 58. Electricity generating capacity
projections, 2010 (gigawatts)
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The distribution of sales among sectors affects the
mix of capacity types needed to satisfy sectoral
demand. Although EI1A’s mix of capacity among fuels
is similar to the other forecasts, small differences in
sectoral demands across the forecasts lead to signifi-
cant changes in capacity mix. For example, growth
in the residential sector coupled with an oversupply
of baseload capacity results in a need for more peak-
ing and intermediate capacity than baseload. Conse-
guently, utilities would be expected to plan for more
combustion turbine and fuel cell technologies than
coal, oil, or gas steam capacity for the future. With
a higher projection of residential demand growth
than the other forecasts, EIA expects more oil and
gas capacity in 2010 (Figure 58).
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Chapter 4

Oil and Natural Gas

Net imports of both oil and gas grow to fill the
difference between domestic production and con-
sumption in the AEO96 forecast (Figure 59). In the
reference case, the growth in net natural gas
imports from 12 percent of total gas consumption in
1994 to 14 percent in 2015 is far less than the
growth in net oil imports from 45 percent of oil
consumption in 1994 to 56 percent in 2015.
Although projected oil prices in the AEO96 forecast
are lower than they were in AEO95, oil production
is projected to be higher and oil consumption lower.
Thus, U.S. dependence on oil imports is less than
was projected in AEO95. The change in the outlook
is attributable primarily to a revised assessment of
the resource base (specifically, an increase in the
level of inferred reserves) and to a reexamination of
technological advances that tend to increase finding
rates and reduce unit costs.

Figure 59. Oil production, consumption, and
imports, 1970-2015 (million barrels per day)
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AEO96 incorporates exports of Alaskan North Slope
crude oil from the United States starting in 1996.
The projections indicate export levels near 200
thousand barrels a day in 1996 and 1997, declining
to about 140 thousand barrels a day in 1998. After
1998, no more exports of North Slope oil are
expected until the last 4 years of the forecast, when
moderating product demand and a slight upturn in
North Slope production results in exports of 20 to 70
thousand barrels a day.

Natural gas consumption grows from 20.8 trillion
cubic feet per year in 1994 to 28.7 trillion in 2015.
The 1972 historic high of 22.1 trillion cubic feet is
exceeded in 1997, after which consumption increases

steadily through 2015. Growth is seen in all sectors,
with the largest increase in the electricity
generation sector, where consumption doubles by
2013 and continues to grow through 2015. Gas use
in the residential, commercial, and industrial sectors
grows more slowly, at 0.5, 0.7, and 1.1 percent a
year, respectively, through 2015. Natural gas use as
a vehicle fuel remains relatively level through 2003
and then begins a rapid increase, from 0.01 trillion
cubic feet in 2003 to 0.21 trillion cubic feet in 2015.
Qil consumption grows at a slower pace but exceeds
its historic high toward the turn of the century,
primarily because of increased transportation
demand.

EIA forecasts of oil and gas wellhead prices have
varied over the past several years, with differences
resulting from changes in assumptions and data
based on updated information. Projected lower 48
wellhead oil prices in 2010 are 37 percent lower in
AEO96 than they were in AEO92, and projections of
lower 48 wellhead prices for natural gas are 58 per-
cent lower (Table 14). The significant drop in
natural gas wellhead prices between the AEO95 and
AEO96 forecasts is based on a variety of factors,
including a reassessment of the resource base and a
determination that the impact of technology on the
economics of offshore drilling will be greater than
previously assumed (see box on page 9). Although
the undiscovered resource base has not changed sig-
nificantly, the inferred resource base as assessed by
the U.S. Geological Survey has increased substan-
tially. Higher levels of inferred reserves allow for
more sustained recovery from known fields, which in
turn leads to lower wellhead prices.

Table 14. EIA forecasts of world oil price and
domestic oil and gas wellhead prices, 2010
Forecast AEO92 AEQ093 AE094 AEO095 AEO096

World oil price

(1994 dollars per 37.17 3142 29.37 2463 23.70
barrel)

Lower 48 oil
wellhead price
(1994 dollars per
barrel)

Lower 48 gas
wellhead price
(1994 dollars per
thousand cubic feet)

36.02 30.26 28.14 2340 22.87

5.18 3.95 3.62 3.46 2.15
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Oil and Gas Prices

Lower 48 Oil Prices Rise More Rapidly
Than Natural Gas Wellhead Prices

Figure 60. Lower 48 crude oil wellhead prices,
1970-2015 (1994 dollars per barrel)
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Wellhead prices for lower 48 crude oil grow at an
average annual rate of 2.6 percent from 1994 to
2015 in the reference case (Figure 60). Domestic oil
prices are determined largely by the international
market, and significant variation in world oil price
assumptions results in similar variation in the
projection of domestic prices.

Figure 61. Lower 48 natural gas wellhead prices,
1970-2015 (1994 dollars per thousand cubic feet)
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Wellhead prices for lower 48 natural gas increase at
an average annual rate of 1.5 percent between 1994
and 2015 in the reference case (Figure 61). The
steady increase reflects rising domestic demand for
natural gas as well as other effects, including the
gradual depletion of domestic natural gas resources.
In contrast to oil prices, natural gas prices are less
affected by changing world oil prices, largely because
oil and natural gas do not compete directly in all
domestic markets.

Well Completions Increase
in the Forecast

Figure 62. Successful new lower 48 natural gas and
oil wells, 1970-2015 (thousand successful wells)
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Drilling levels, both exploratory and developmental,
increase in the forecast (Figure 62). With rising
prices and generally declining drilling costs, crude
oil and natural gas well completions grow at average

annual rates of 6.7 and 4.5 percent, respectively.

Natural gas drilling is projected to be more produc-
tive than oil drilling in terms of total production and
production per well, in part because remaining re-
coverable gas resources are more abundant than oil
resources. Over the past two decades, crude oil
reserve additions have come primarily from upward
revisions and adjustments to the reserves of older
fields, whereas gas reserve additions have come
from discoveries in new and old fields. The future
productivity of both oil and gas drilling is uncertain,
however, because the extent of the Nation’s oil and
gas resources is highly uncertain [17].

In the high and low oil price cases, oil drilling shows
greater variation than gas drilling (Table 15)
because the wellhead price of domestic oil responds
more strongly to changes in the world oil price.

Table 15. Natural gas and crude oil drilling
in three cases (thousands of successful wells)

1994 2000 2010 2015
Natural gas
Low oil price case 10.5 15.2 20.3
Reference case 8.9 11.3 16.1 22.3
High oil price case 12.5 17.3 24.7
Crude oil
Low oil price case 6.8 10.9 134
Reference case 6.8 10.8 21.5 26.5
High oil price case 19.7 30.5 334
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Oil and Gas Production

Reserve Additions Rise
for Both Oil and Gas

Figure 63. Lower 48 natural gas and oil reserve
additions, 1970-2015 (billion barrels oil equivalent)
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Higher drilling levels lead to significant increases in
annual reserve additions (Figure 63). Lower 48
natural gas reserve additions generally rise at an
average annual rate of 0.8 percent over the 1994-
2015 period, continuing the overall trend of the past
two decades. Lower 48 oil reserve additions increase
by about 2.0 percent a year over the projection
period, reversing the generally declining trend of the
past two decades.

Natural gas reserve additions more than offset
production between 1998 and 2007. Lower 48 gas
reserves peak at more than 164 trillion cubic feet in
2007, then decline to 162 trillion cubic feet by 2015,
driven by the fall in conventional onshore reserves.
Despite the projected increase in oil reserve addi-
tions, production generally exceeds additions. Oil
reserves are depleted at a rate of 1.0 percent a year.
In the high and low oil price cases, oil and gas
reserve additions also rise throughout the forecast
period (Table 16). In fact, the depletion of oil
reserves is reversed in the high price case.

Table 16. Lower 48 natural gas and crude oil
reserve additions in three cases
(billion barrels oil equivalent)

1994 2000 2010 2015
Natural gas
Low oil price case 3.48 3.74 3.93
Reference case 3.58 3.81 3.94 4.19
High oil price case 4.24 4.05 4.28
Crude oil
Low oil price case 0.70 1.15 1.30
Reference case 1.33 1.18 191 1.99
High oil price case 1.94 2.49 2.32

Higher Production Outlook Relies
on Resource, Technology Assumptions

Figure 64. Natural gas and crude oil production,
1970-2015 (quadrillion Btu)
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Natural gas production increases throughout the
forecast (Figure 64) in response to rising demand.
Expanded production over time reflects the com-
bined impact of rising prices, relatively abundant
natural gas resources, and improvements in technol-
ogies, particularly for unconventional gas recovery
and offshore projects.

Domestic oil production [18] declines from 1994
through 2005 as the depletion of domestic oil re-
sources continues. After 2005, production increases
as prices rise, stimulating overall drilling, and the
cumulative effects of improved technology extend
development efforts to more costly resources.

Key assumptions have significant effects on the
projections. For example, the resource estimates
used in AEO96 are higher than those in AEO95 [19].
Also, the estimates of economically recoverable oil
and gas resources [20] vary significantly with differ-
ent assumptions regarding technological improve-
ment (Table 17).

Table 17. Economically recoverable oil and gas
resources in 1990, measured under different
technology assumptions

Crude oil
(billion barrels)

Lower 48 1990 tech- 2015 tech-

Natural gas
(trillion cubic feet)

1990 tech- 2015 tech-

resources nology nology nology nology
Proved 26 26 169 169
Unproved 106 142 1,040 1,696
Total 132 168 1,209 1,865
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Oil and Gas Production

Increases Seen for Conventional
and Offshore Gas Production

Figure 65. Natural gas production by source,
1970-2015 (trillion cubic feet)
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The continuing increase in domestic natural gas
production over the forecast comes primarily from
lower 48 onshore nonassociated (NA) conventional
sources (Figure 65). Gas from offshore wells in the
Gulf of Mexico also contributes significantly,
particularly after 2005.

Production of natural gas from lower 48 crude oil
reservoirs—either free gas (associated) or gas in
solution with crude oil (dissolved)—generally
declines, following the expected pattern of domestic
crude oil production. Associated/dissolved (AD) gas
accounts for less than 9 percent of total lower 48
production in 2015, compared with 13 percent in
1994.

Natural gas production from Alaska rises gradually
throughout the forecast. No Alaskan gas is
transported to the lower 48 States, because lower 48
prices are not projected to be high enough to support
the required transport system w