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Preface

The Annual Energy Outlook 1998 (AEO98) presents
midterm forecasts of energy supply, demand, and
prices through 2020 prepared by the Energy Informa-
tion Administration (EIA). The projections are based
on results from EIA's National Energy Modeling Sys-
tem (NEMS).

The report begins with an “Overview” summarizing
the AEO98 reference case. The next section, “Legisla-
tion and Regulations,” describes the assumptions
made with regard to laws that affect energy markets
and discusses evolving legislative and regulatory
issues. “Issues in Focus” discusses three current
energy issues—electricity restructuring, renewable
portfolio standards, and carbon emissions. It is
followed by the analysis of energy market trends.

The analysis in AEO98 focuses primarily on a refer-
ence case and four other cases that assume higher and
lower economic growth and higher and lower world oil
prices than in the reference case. Forecast tables for
these cases are provided in Appendixes A through C.
Appendixes D and E present a summary of the refer-
ence case forecasts in units of oil equivalence and
household energy expenditures. Other cases explore
the impacts of varying key assumptions in
NEMS—generally, technology penetration. The major
results are shown in Appendix F. Appendix G briefly
describes NEMS and the AEO98 assumptions, with a
summary table of the cases. Appendix H provides

tables of energy and metric conversion factors. AEO98,
the detailed assumptions, and supplementary tables
will be available on the EIA Home Page and on
CD-ROM.

The AEO98 projections are based on Federal, State,
and local laws and regulations in effect on July 1, 1997.
Pending legislation and sections of existing legislation
for which funds have not been appropriated are not re-
flected in the forecasts. Historical data used for the
AEQ98 projections were the most current available as
of July 31, 1997, when most 1996 data but only partial
1997 data were available. Historical data are pre-
sented in this report for comparative purposes; docu-
ments referenced in the source notes should be
consulted for official values. The AEO98 projections for
1997 and 1998 incorporate the short-term projections
from the August update of EIA's Short-Term Energy
Outlook (STEO), Third Quarter 1997.

The AEQ98 projections are used by Federal, State, and
local governments, trade associations, and other
planners and decisionmakers in the public and private
sectors. They are published in accordance with Section
205c of the Department of Energy Organization Act of
1977 (Public Law 95-91), which requires the
Administrator of EIA to prepare an annual report that
contains trends and projections of energy consumption
and supply.

The projections in AEO9S8 are not statements of what will
happen but of what might happen, given the assumptions and
methodologies used. The projections are business-as-usual
trend forecasts, given known technology and demographic
trends and current laws and regulations. Thus, they provide a
policy-neutral reference case that can be used to analyze pol-
icy initiatives. EIA does not propose, advocate, or speculate
on future legislative and regulatory changes. All laws are as-
sumed to remain as currently enacted; however, the impacts
of emerging regulatory changes, when defined, are reflected.

Because energy markets are complex, models are simplified
representations of energy production and consumption, regu-
lations, and producer and consumer behavior. Projections are
highly dependent on the data, methodologies, model struc-
tures, and assumptions used in their development.

Behavioral characteristics are indicative of real-world ten-
dencies rather than representations of specific outcomes.

Energy market projections are subject to much uncertainty.
Many of the events that shape energy markets are random and
cannot be anticipated, including severe weather, political dis-
ruptions, strikes, and technological breakthroughs. In addi-
tion, future developments in technologies, demographics, and
resources cannot be foreseen with any degree of certainty.
Many key uncertainties in the AEO98 projections are ad-
dressed through alternative cases.

EIA has endeavored to make these projections as objective,
reliable, and useful as possible; however, they should serve as
an adjunct to, not a substitute for, analytical processes in the
examination of policy initiatives.
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Administrator Message

The Energy Information Administration (EIA) presents its
Annual Energy Outlook 1998 (AEO9S8), the first Annual
Energy Outlook to extend the projections to the year 2020.
This extension is in keeping with our general philosophy of

providing projections to a horizon of approximately 20 years.

As we extend the forecasts, the question of technology im-
provements for both energy production and energy use be-
comes even more important. Advances in the cost and
performance of energy consumption technologies can help to
moderate the growth in consumption even as the demand for
energy equipment and services continues to increase. In addi-
tion, technology and productivity improvements in the pro-
duction of energy can restrain the price impacts as production
requirements increase or production moves to more expensive
sources.

AEO98 incorporates ongoing technological improvements in
its projections; however, the rate of technology improvement
and penetration is highly uncertain. Consequently, we include
a number of sensitivities within the report that present the
impact of more rapid and slower improvements in costs, effi-

ciency, productivity, and resources.

Carbon emissions and the role that energy consumption plays
in contributing to emissions are among today’s most critical
and visible energy issues. The technology sensitivities indicate
the extent to which carbon emissions might be mitigated by
cost reductions that lead to faster market penetration of more

efficient equipment or shifts to less carbon-intensive fuels.

Energy Information Administration/ Annual Energy Outlook 1998

The ongoing restructuring of the electricity industry and the
trend to increased competition in the industry are also vital is-
sues. Although last year’s report included a number of as-
sumptions on cost reductions indicated by the increasing
competition in the industry, AEO98 incorporates additional
trends for lower production costs and changes to the financial
requirements for construction, as a wider range of investors
enter the competitive market. Also, the baseline includes the
specific plans by California, New York, and New England to
begin the transition to market-based pricing in 1998. In keep-
ing with EIA’s fundamental assumption that the AEO baseline
incorporate only current laws and regulations, actions that
might be taken by other States are not included because they
have not been specifically formulated. Again, the report in-
cludes sensitivities exploring the impact of a transition to a

fully competitive electricity market nationwide.

We recognize the importance of energy baselines to many
users of the AEO. However, we also believe it is critically
important that we continue to help inform the debate on
current energy issues. The sensitivities and analyses of the key
uncertainties and evolving issues included in the AEO are one
way that EIA provides this service to policymakers and to the

public.

Jay E. Hakes
Administrator
Energy Information Administration

X
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Overview

Key Issues

The Annual Energy Outlook 1998 (AEO9Y8) is the first AEO
with projections to 2020. Key issues for the forecast exten-
sion are trends in energy efficiency improvements, the ef-
fects of increasing production and productivity
improvements on energy prices, and the reduction in nuclear
generating capacity.

Projections in AEO98 also reflect a greater shift to electricity
market restructuring. Restructuring is addressed through
several changes that are assumed to occur in the industry, in-
cluding a shorter capital recovery period for capacity ex-
pansion decisions and a revised financial structure that
features a higher cost of capital as the result of higher com-
petitive risk. Both assumptions tend to favor less capital-
intensive generation technologies, such as natural gas, over
coal or baseload renewable technologies.

The forecasts include specific restructuring plans in those
regions that have announced plans. California, New York,
and New England are assumed to begin competitive pricing
in 1998. The provisions of the California legislation for
stranded cost recovery and price caps are incorporated. In
New York and New England, stranded cost recovery is as-
sumed to be phased out by 2008.

Prices

Average world crude oil prices in AEO98 are projected to be
similar to those in AEO97 (Figure 1), $21.48 a barrel (all
prices are in 1996 dollars) in 2015, rising to $22.32 a barrel
in 2020. Worldwide demand for oil is expected to reach
116.6 million barrels per day in 2020. Because of higher as-
sumed economic growth, the AEO98 projection of world oil
demand in 2015 is 3 percent higher than the AEO97 projec-
tion—106.2 million barrels per day compared with 102.8
million barrels per day.

Figure 1. Fuel price projections, 1996--2020:
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Oil production in the Organization of Petroleum Exporting
Countries (OPEC) continues to expand to 2020 in the
AEO98 projections, but OPEC production in 2015 is 7 per-
cent lower than was projected in AEO97 (Figure 2). Partially
offsetting a lower outlook for Persian Gulf production are
recent offshore discoveries in Nigeria and Algeria and ca-
pacity expansion in Venezuela. It is assumed that Iraqi oil
production will not exceed sanction-approved levels until
after 1998 and then will increase to full capacity within a
decade. OPEC production capacity expansion in the Persian
Gulf is lower than in AEO97 because of a more optimistic
assessment of oil production potential and technological ad-
vances in non-OPEC countries.

Higher expectations for non-OPEC oil production in
AFE098, as compared with AEO97, maintain world oil prices
at AEO97 levels even with higher world demand. New fields
in the North Sea slow the projected production decline in
that area. Production in Central and South America in-
creases, particularly in Mexico, Brazil, Colombia, and Ar-
gentina. In the oil-producing areas of the Former Soviet
Figure 2. Sources of world oil supply, 1996--2020:
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Union, current production increases through 2020, mostly
due to the development of the Caspian Sea oil fields. Expec-
tations for oil production in Canada and in the offshore areas
of West Africa are also higher in AEO98 than they were in
AEO97.

The average wellhead price of natural gas in AEO9YS is pro-
jected to increase to $2.38 per thousand cubic feet in 2015 (9
percent higher than the $2.18 in AE097), increasing to $2.54
in 2020. Higher price projections are the result of a lower as-
sessment of the expansion of the oil and gas resource base,
higher drilling costs as indicated in more recent data, and
higher projected demand for natural gas.
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In AEO98, the average minemouth price of coal is projected
to be $13.99 per ton in 2015, 12 percent lower than the
$15.84 in AEO9Y7. Prices are lower in AEO98 due to analysis
of more recent data showing a greater impact of productivity
on mining costs and price, regional analysis of productivity
improvements that reduce costs for western surface mines,
and a higher share for western coal. By 2020, the price de-
clines to $13.27 per ton as a result of increasing productivity,
a continued shift to lower-cost western production, and com-
petitive pressures on labor costs.

AEO97 represented increased competition in electricity
markets by incorporating the Federal Energy Regulatory
Commission actions on open access, lower costs for gas-
fired technologies, and early retirements of higher cost
coal-fired plants. In addition, AEO98 assumes lower operat-
ing and maintenance costs as indicated by recent data, lower
capital costs and improved efficiency for coal- and gas-fired
generation technologies, lower general and administrative
costs, early retirement of higher cost nuclear units, changes
in financial structure, and transition to competitive prices in
California, New York, and New England (as noted above).
Average electricity prices decline to 5.5 cents per kilowatt-
hour in 2020. Because of these assumptions and lower coal
prices, electricity prices are 13 percent lower than in
AEO97—5.6 cents per kilowatthour in 2015 in AEO9S,
compared to 6.4 cents in AEO97.

Currently evolving legislative actions that could shape the
future of the electricity industry are discussed in the “Legis-
lation and Regulations” section of this report (page 15). An
analysis of the potential impacts of competitive pricing na-
tionwide is included in “Issues in Focus” on page 20.

Consumption

Total U.S. energy consumption is projected to increase from
94.0 to 118.6 quadrillion British thermal units (Btu) between
1996 and 2020. In 2015 the AEO9Y8 projection is 4.7 quadril-
lion Btu (4 percent) higher than in AEO97, reflecting higher
projected consumption levels in all end-use sectors.

Transportation demand grows at an average annual rate of
1.6 percent through 2020 and is 2.6 quadrillion Btu (8 per-
cent) higher in 2015 compared with AEO97. Recent data in-
dicate increased light-duty vehicle travel, particularly by the
older age groups and women, and slower growth in effi-
ciency of light-duty vehicles because of continuing con-
sumer preference for improved performance and larger
vehicles over efficiency. In 2015, motor gasoline demand is
10 percent (0.9 million barrels per day) higher than was pro-
jected in AEO97. In AEOYS, jet fuel demand is 17 percent

higher in 2015, reflecting an ongoing trend of more air
travel, combined with slower sales of the more efficient
wide-body aircraft.

In AEOYS, residential and commercial demand is higher
than in AEO97 by a total of 1.5 quadrillion Btu (4 percent) in
2015, partly as the result of lower projected electricity
prices. In the absence of additional efficiency standards be-
yond the new refrigerator and room air conditioner stan-
dards that were issued in 1997, penetration of more efficient
technologies is assumed to occur more slowly than in
AEQ97. In the residential sector, there are also more mobile
homes, a more disaggregated representation of end uses, and
greater use of the more traditional heating technologies (as
indicated by recent data), all contributing to higher projected
demand in AE098. Commercial floorspace increases at a
faster rate than in AEO97 early in the projection period, con-
tributing to higher demand in AEO9S. Industrial sector de-
mand is 2 percent (0.6 quadrillion Btu) higher in 2015, with
higher expected growth in some of the more energy-
intensive industries partially offset by more rapid efficiency
improvements.

AEO9S8 incorporates the efficiency standards for new
energy-using equipment in buildings and for motors man-
dated through 1994 by the National Appliance Energy Con-
servation Act of 1987 and the Energy Policy Act of 1992.
Several alternative cases in AEO98 examine the impacts of
technology on the projections by assuming the penetration
of more energy-efficient technologies in the end-use sectors
beyond that projected in the reference case and, conversely,
assuming slower penetration of technology improvements.
Modifications to residential equipment standards are dis-
cussed on page 11.

Natural gas consumption increases by an average of 1.6 per-
cent a year (Figure 3), with increased demand in all sectors.
The most rapid growth is in consumption by electricity gen-
erators (excluding cogenerators), which is projected to in-
crease from 3.0 to 10.1 quadrillion Btu between 1996 and
2020. Total gas consumption in 2015 is 0.5 quadrillion Btu
(2 percent) higher than in AEO97, due to higher projected
consumption in the residential, commercial, and industrial
sectors.

Although coal-fired generation loses market share over the
projection period, it accounts for more than one-half of elec-
tricity generation (excluding cogeneration). Total coal con-
sumption increases from 20.9 to 25.6 quadrillion Btu
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between 1996 and 2020, an average annual rate of 0.9 per-
cent. About 90 percent of U.S. coal consumption is used for
electricity generation. Coal consumption is 5 percent (1.2
quadrillion Btu) higher than in AEO97 in 2015, due to an in-
crease in projected consumption for generation.

Demand for petroleum products is projected to grow by an
average of 1.2 percent a year through 2020. In 2020, 72 per-
cent of petroleum use is in the transportation sector, up from
66 percent in 1996. Increases in light-duty vehicle miles

Figure 3. Energy consumption by fuel, 1970--2020
(quadrillion Btu)
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traveled more than offset the increases in vehicle efficiency
throughout the projection period. Continued economic
growth also increases petroleum use for air and freight travel
and shipping over the forecast horizon. In 2015, total petro-
leum demand is 7 percent higher than in AEO97, due primar-
ily to higher travel and slower efficiency inceases in the
transportation sector.

Renewable fuel use increases by an average of 0.5 percent a
year. In 2020, 59 percent of the total is for electricity genera-
tion and the rest for dispersed heating and cooling, industrial
uses, and blending in vehicle fuels. In 2015, renewables con-
sumption is lower than in AEO97 by 0.2 quadrillion Btu (3
percent) due to lower demand for renewables for electricity
generation and for industrial sector cogeneration, as indi-
cated by recent data.

Electricity consumption is projected to grow by 1.4 percent
a year through 2020. Efficiency gains in electricity use par-
tially offset the continued trend of electrification and the
penetration of new electricity-using equipment. Compared
to AEOY7, electricity demand is 0.2 quadrillion Btu (2 per-
cent) higher in 2015, due to slower efficiency improvements
in the residential and commercial sectors and a more disag-
gregated treatment of residential end uses.

Energy Efficiency

Energy intensity, measured as energy use per dollar of GDP,
has generally declined since 1970, particularly during peri-
ods of rapid increases in energy prices (Figure 4). From
1970 to 1986, it declined on average by 2.3 percent a year, as
the economy shifted to less energy-intensive industries and
more efficient technologies. Energy intensity was relatively
stable from 1986 to 1996 due to moderate price increases
and the growth of more energy-intensive industries. From
1996 to 2020, intensity is projected to decline at an average
annual rate of 0.9 percent.

Energy use per capita, which also declined from 1970
through the early 1980s, rose in the mid-1980s as energy
prices declined. Per capita energy use is expected to remain
relatively stable through 2020 and below the high in the
early 1970s, as efficiency gains offset higher demand for en-
ergy services.

Electricity Generation

Electricity generation from nuclear power declines signifi-
cantly over the projection period (Figure 5). Of the 101 giga-
watts of nuclear capacity available in 1996, 52 gigawatts (65
units) are assumed to be retired by 2020, with no new plants
constructed by 2020. In AE097, it was assumed that nuclear
plants would be retired at the end of their 40-year operating
licenses; however, AEO98 assumes that 24 units will be re-
tired as early as 10 years before their licenses expire. The

Figure 4. Energy use per capita and per dollar of
gross domestic product, 1970--2020 (index, 1970 = 1)
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early retirement assumptions are based on utility announce-
ments and on analysis of the ages and operating costs of the
units.
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Generation from both natural gas and coal is projected to in-
crease significantly through 2020 to meet increased demand
for electricity and offset the decline in nuclear power. With
lower coal prices, lower capital costs for coal-fired generat-
ing technologies, and higher electricity demand, the projec-
tion for coal-fired generation is higher than the AEO97
projection. The share of coal generation declines in the
AEO98 forecast to 2020, because the assumptions concern-
ing the restructuring of the electricity industry favor the less
capital-intensive gas technologies for new capacity addi-
tions. AEO9S also incorporates a more optimistic assess-
ment of ultimately recoverable natural gas resources, which
affects capacity expansion decisions in favor of natural gas
technologies. The natural-gas-fired share of electricity gen-

Figure 5. Electricity generation by fuel, 1970--2020
(billion kilowatthours)
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eration (excluding cogenerators) more than triples, from 9
percent to 31 percent, between 1996 and 2020.

Generation from renewable energy sources remains nearly
stable between 1996 and 2020. Compared with AEO97, re-
newable generation is 2 percent (6 billion kilowatthours)
lower in 2015. Renewables penetrate more slowly than they
did in AEO97 due to competition with fossil fuel technolo-
gies. In addition, the shorter assumed capital recovery
period for new projects weighs against more capital-
intensive projects, such as coal and baseload renewables.
Biomass generation is significantly lower than in AEO97 be-
cause of lower coal prices and reduced costs for coal tech-
nologies, which compete with biomass.

In AEO98, hydropower, the main renewable source of elec-
tricity generation, is lower in 2020 than in 1996, primarily
because regulatory actions limit capacity at existing sites
and no large new sites are available for development. Gen-
eration from all other renewables increases to 2020, al-
though at slower rates than in AEOQ97.

Production and Imports

U.S. crude oil production declines at an average rate of 1.1
percent a year between 1996 and 2020 to a projected level of
4.9 million barrels a day. Advances in oil exploration and
production technologies are insufficient to offset declining
resources. In 2015, projected world oil prices are the same in
AEO9S as those in AEO97, and domestic crude oil produc-
tion is also the same at 5.2 million barrels a day. In

Figure 6. Energy production by fuel, 1970--2020
(quadrillion Btu)
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projections of total petroleum production (Figure 6),
increases in the production of natural gas plant liquids par-
tially offset the decline in crude oil production.

Declining production and rising consumption lead to in-
creasing petroleum imports through 2020 (Figure
7). The share of petroleum consumption met by net imports
rises from 46 percent in 1996 (measured in barrels per day)
to 66 percent in 2020. Comparing AEO97 to AEO9S, the
2015 share increases from 61 to 63 percent as a result of
higher demand and stable production.

In AEOY8, dry natural gas production is projected to in-
crease from 19.0 trillion cubic feet in 1996 to 27.4 trillion
cubic feet in 2020, an average annual rate of 1.5 percent, to
meet most of the growing demand for gas. Net imports of
natural gas, primarily from Canada, increase from 2.7 to 4.9
trillion cubic feet between 1996 and 2020. It is assumed that
pipeline capacity from Canada and pipeline utilization rates
increase to encourage imports of competitively priced Cana-
dian gas. Net imports of liquefied natural gas increase to 0.3
trillion cubic feet in 2020.

Coal production increases by an average of 1.1 percent a
year, from 1,064 million tons in 1996 to 1,376 million tons
in 2020, with increasing demand for domestic use and for
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exports. Exports of steam coal will primarily serve expanding
markets for electricity generation in Asia, although exports to
Europe and the Americas also increase. Total metallurgical
coal exports are essentially unchanged from 1996 to 2020. In
2015, coal production in the AEO98 projections is higher than
in AEO97 by 58 million tons (5 percent) due to increased con-

Figure 7. Net energy imports by fuel, 1970--2020
(quadrillion Btu)
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sumption by electricity generators, which is offset slightly by a
reduction in industrial demand.

Renewable energy production, including hydropower, is pro-
jected to increase from 6.9 to 7.7 quadrillion Btu between
1996 and 2020, primarily from industrial biomass, along with
municipal solid waste, geothermal, wind, and biomass for
electricity generation. With lower consumption in the indus-
trial and generation sectors, the AEO98 projection for renew-
able energy production is 0.2 quadrillion Btu (3 percent) lower
in 2015 than in AEO97.

Carbon Emissions

Carbon emissions from energy use are projected to increase by
1.2 percent a year, to 1,956 million metric tons in 2020 (Figure
8). Projected emissions in 2015 are 5 percent higher than in
AEO097—1,888 million metric tons compared with 1,799 mil-
lion metric tons—due to higher energy consumption and lower
penetration of renewables. About one-third of the increase
over AEO97 is attributable to increased electricity demand and
the resulting increase in consumption of natural gas and coal
for generation. Increased use of petroleum in the transporta-
tion sector contributes more than 50 percent of the increased
emissions in AEO98 compared to AEOY7.

The Climate Change Action Plan (CCAP) is a collection of 44
actions developed by the Clinton Administration in 1993 to
stabilize greenhouse gas emissions at 1990 levels in 2000. In
1990, carbon emissions from energy use were estimated to be

about 1,346 million metric tons. AEO98 incorporates the im-
pacts of those CCAP provisions related to carbon emissions
from energy use, including the Climate Challenge and Climate
Wise programs, which foster voluntary reductions in emis-
sions by electric utilities and industry; however, projected
emissions exceed 1990 levels in 2000 by 17 percent and in
2020 by 45 percent. Further discussion of carbon emissions is
presented on pages 25 and 74.

Figure 8. U.S. carbon emissions by sector and fuel,
1990--2020 (million metric tons)
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Table 1. Summary of results for five cases

2020
Low High Low High
Economic | Economic | World Oil | World Oil
Sensitivity Factors 1995 1996 Reference | Growth Growth Price Price
Primary Production (quadrillion Btu)
Petroleum. . . . . .. .. ... L. 16.26 16.17 13.71 13.13 14.28 11.47 16.03
NaturalGas. . . . .. .. .. ... .. .. 19.12 19.55 28.21 25.65 30.12 27.28 28.62
Coal. . .. .. ... ... ... ... 21.98 22.64 28.59 26.10 31.28 28.68 28.64
Nuclear Power . . . . . . .. ... .. .. 7.19 7.20 4.09 4.09 4.09 4.09 4.09
Renewable Energy . . . . . . . .. .. .. 6.40 6.91 7.71 7.28 8.45 7.68 7.74
Other . . . . . . . ... ... ... .. 1.36 1.33 0.47 0.46 0.51 0.46 0.48
Total Primary Production . . . . . . .. 72.31 73.80 82.77 76.71 88.73 79.66 85.60
Net Imports (quadrillion Btu)
Petroleum (including SPR) . . . . . . . .. 16.87 18.25 33.71 29.28 37.35 38.57 29.24
NaturalGas. . . . . ... ... .. .... 2.75 2.77 5.02 4.70 5.48 491 5.23
Coal/Other (-- indicates export). . . . . . . -1.73 -1.80 -2.68 -2.71 -2.65 -2.68 -2.68
Total NetImports . . . . . . .. . .. .. 17.89 19.22 36.06 31.26 40.19 40.80 31.79
Discrepancy . . . .. .. .. .. ... .. 0.66 0.99 -0.25 -0.24 0.18 -0.48 0.36
Consumption (quadrillion Btu)
Petroleum Products. . . . . . ... .. .. 34.74 36.01 47.64 42.65 52.31 50.02 46.12
NaturalGas. . . . . . .. .. .. ... .. 22.18 22.60 33.06 30.19 35.43 32.00 33.69
Coal. . . .. .. ... 19.96 20.90 25.61 23.08 28.34 25.71 2567
NuclearPower . . . . .. .. .. ... .. 7.19 7.20 4.09 4.09 4.09 4.09 4.09
Renewable Energy . . . . . . . . ... .. 6.40 6.91 7.74 7.31 8.48 7.72 7.77
Other . . . . . .. . ... ... ... .. 0.39 0.39 0.43 0.42 0.45 0.44 0.42
Total Consumption . . . . . . . . .. .. 90.86 94.01 118.58 107.74 129.10 119.98 117.75
Prices (1996 dollars)
World Qil Price
(dollars perbarrel). . . . ... .. ... .. 17.58 20.48 22.32 21.24 23.44 14.43 28.71
Domestic Natural Gas at Wellhead
(dollars per thousand cubic feet) . . . . . . 1.61 2.24 2.54 1.91 2.97 2.45 2.58
Domestic Coal at Minemouth
(dollars per shortton). . . . . .. ... .. 19.25 18.50 13.27 13.14 13.50 13.16 13.28
Average Electricity Price
(cents per kilowatthour). . . . . . . .. .. 7.0 6.9 55 5.0 5.8 54 55
Economic Indicators
Real Gross Domestic Product
(billion 1992 dollars) . . . . . . . .. ... 6,742 6,928 10,900 9,533 12,191 10,953 10,873
(annual change, 1996--2020) . . . . . . . -- -- 1.9% 1.3% 2.4% 1.9% 1.9%
GDP Implicit Price Deflator
(index, 1992=1.00) . . . ... .. ... .. 1.08 1.10 2.26 3.20 1.69 2.27 225
(annual change, 1996--2020) . . . . . . . - - 3.0% 4.5% 1.8% 3.1% 3.0%
Real Disposable Personal Income
(billion 1992 dollars) . . . . . .. ... .. 4,964 5,077 8,217 7,336 9,006 8,289 8,171
(annual change, 1996--2020) . . . . . . . -~ - 2.0% 1.5% 2.4% 21% 2.0%
Index of Manufacturing Gross Output
(index, 1987=1.00). . . . . . ... .. .. 1.264 1.299 2125 1.761 2.444 2.124 2121
(annual change, 1996--2020) . . . . . . . - - 21% 1.3% 2.7% 2.1% 21%
Energy Intensity
(thousand Btu per 1992 dollar of GDP). . . 13.52 13.57 10.89 11.31 10.60 10.96 10.84
(annual change, 1996--2020). . . . . . . . - - -0.9% -0.8% -1.0% -0.9% -0.9%
Carbon Emissions (million metric tons). . 1,411 1,463 1,956 1,770 2,134 1,990 1,940

Notes: Assumptions underlying the alternative cases are defined in the Economic Activity and International Oil Markets sections, beginning on
page 34. 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 refin ery inputs appear as petroleum
product consumption. Other consumption includes net electricity imports, liquid hydrogen, and methanol.

Energy Information Administration/ Annual Energy Outlook 1998



Legislation and
Regulations



Legislation and Regulation

Introduction

Because EIA analyses are required to be policy-neutral, the
AEO9S projections assume that Federal, State, and local
laws and regulations in effect on July 1, 1997, remain un-
changed through 2020. The potential impacts of pending or
proposed legislation and sections of existing legislation for
which funds have not been appropriated are not reflected in
the projections.

Federal legislation incorporated in the projections includes
the Omnibus Budget Reconciliation Act of 1993, which
adds 4.3 cents per gallon to the Federal tax on highway fuels
[1]; the National Appliance Energy Conservation Act of
1987, the Clean Air Act Amendments of 1990 (CAAA90);
the Energy Policy Act of 1992 (EPACT); the Outer Conti-
nental Shelf Deep Water Royalty Relief Act of 1995; and the
Tax Payer Relief Act of 1997. AEO98 also incorporates
regulatory actions of the Federal Energy Regulatory Com-
mission, including Orders 888 and 889, which provide open
access to interstate transmission lines in electricity markets,
and other actions to foster more efficient natural gas mar-
kets.

CAAAO90 requires a phased reduction in vehicle emissions
of regulated pollutants, to be met primarily through the use
of reformulated gasoline. In addition, under CAAA90, an-
nual emissions of sulfur dioxide by electricity generators
are, in general, capped at 8.95 million short tons a year in
2000 and thereafter, although “banking” of allowances from
earlier years is permitted. CAAA90 also calls for the U.S.
Environmental Protection Agency (EPA) to issue standards
for the reduction of nitrogen oxide (NOy) emissions, leading
to regulations that impose limits on electricity generators for
NO, emissions. The impacts of CAAA90 on electricity gen-
erators are discussed on page 76.

The provisions of EPACT focus primarily on reducing en-
ergy demand, requiring minimum building efficiency stan-
dards 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.
Climate Change Action Plan

The AEO9S projections include analysis of provisions of the
Climate Change Action Plan (CCAP)— 44 actions devel-
oped by the Clinton Administration in 1993 to achieve the
stabilization of greenhouse gas emissions (carbon dioxide,
methane, nitrous oxide, and others) in the United States at
1990 levels by 2000. CCAP was formulated as a result of the

Framework Convention on Climate Change, which was
signed by more than 160 countries in Rio de Janeiro on May
4, 1992. As part of the Rio Treaty, the economically devel-
oped countries, including the United States, agreed to take
voluntary actions to reduce emissions to 1990 levels.

Energy combustion is the primary source of anthropogenic
(human-caused) carbon emissions. 4EO98 estimates of
emissions from fuel combustion do not include emissions
from activities other than fuel combustion, such as landfills
and agriculture, nor do they take into account sinks that ab-
sorb carbon, such as forests. Of the 44 CCAP actions, 13 are
not related either to energy combustion or to carbon dioxide
and, consequently, are not incorporated in the analysis. The
projections do not include any other carbon mitigation ac-
tions that may be enacted as a result of the third Conference
of the Parties (the signatories of the Framework Conven-
tion), which is scheduled for December 1997 in Kyoto, Ja-
pan, to consider carbon reduction goals beyond 2000.

Climate Wise and Climate Challenge are two programs co-
sponsored by EPA and the U.S. Department of Energy to
foster voluntary reductions in emissions on the part of indus-
try and electricity generators, as reported in the EIA publica-
tion Mitigating Greenhouse Gas Emissions: Voluntary
Reporting [2]. AEO98 includes analysis of the impacts of
both programs (see Appendix G).

Tax Payer Relief Act

AEOY8 includes the changes to excise taxes on propane and
methanol produced from natural gas in the Tax Payer Relief
Act signed on August 5, 1997. The Act also changed the ex-
cise taxes on liquefied natural gas (LNG); however, AEO98
does not project a price for LNG. Taxes on these motor fuels
had previously been set to be equivalent to the gasoline tax
on a cents-per-gallon basis. This tax structure effectively
gave a competitive advantage to gasoline because it has a
much higher energy content— measured in British thermal
units (Btu)—per gallon than the other fuels. Provisions of
the Tax Payer Relief Act changed taxes on these special fu-
els to be equivalent with gasoline in terms of Btu content
starting on September 30, 1997. The new tax structure re-
duces excise taxes on propane from 18.3 to 13.6 cents per
gallon, on LNG from 18.4 to 11.9 cents per gallon, and on
methanol from 11.4 to 9.15 cents per gallon.
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Revisions to Appliance Efficiency Standards

In 1987, Congress passed the National Appliance Energy
Conservation Act (NAECA), which gave the U.S. Depart-
ment of Energy (DOE) legal authority to promulgate mini-
mum efficiency requirements for 13 classes of consumer
products. The law also mandated that DOE revise and up-
date standards through time, as technologies and economic
conditions changed. From 1988 to 1995, DOE was active in
establishing and updating standards for the consumer prod-
ucts it was assigned to evaluate. Table 2 shows the products
and years in which standards were either established or re-
vised under NAECA.

The standards that were established generally have been re-
garded as successful in terms of reducing energy require-
ments without substantial negative effects on appliance
manufacturers or consumers. In the mid-1990s, however,
the standards program came under public scrutiny, follow-
ing the release of the Notice of Proposed Rulemaking
(NOPR) for eight product categories in 1994. The 1994
NOPR issued standards that some considered too stringent
on both appliance manufacturers and consumers. After in-
tense public debate, focusing primarily on the adverse ef-
fects the standards could have on domestic ballast
manufacturers, water heater manufacturers, and consum-
ers—who would have been required to purchase more ex-
pensive heat pump water heaters in place of conventional

electric resistance water heaters—DOE agreed to delete
electric water heaters and ballasts from the original 1994
NOPR and to exempt color televisions from the standards
process entirely. In 1995, Congress issued a standards mora-
torium for fiscal year 1996, which prohibited DOE from is-
suing any new standards. DOE spent the better part of fiscal
year 1996 reevaluating the standards process.

In July 1996, DOE formalized its new procedures and poli-
cies for appliance efficiency standards, creating a new pro-
cess that is intended to provide for early input from
stakeholders, increase the predictability of the rulemaking
timetable, increase the use of outside technical experts,
eliminate problematic or controversial design options, and
encourage nonregulatory approaches. In January 1997,
DOE established the Advisory Committee on Appliance En-
ergy Efficiency Standards to review and participate in the
standards process. The committee, representing govern-
ment, industry, environmental, and public concerns, moni-
tors and advises DOE on both the analytical and logistical
aspects of the standards process.

The new process has yielded some tangible near-term re-
sults. For example, at the request of the Advisory Commit-
tee, DOE is developing computer software that allows users
to vary important key inputs for the economic evaluation of
appliance standards, such as future energy prices, discount

Table 2. Effective dates of appliance efficiency standards, 1988-1995

Product 1988

1990

1992 1993 1994 1995

X
X
X

Clothes dryers
Clothes washers
Dishwashers
Refrigerators and freezers
Kitchen ranges and ovens
Room air conditioners
Direct heating equipment
Fluorescent lamp ballasts
Water heaters
Pool heaters
Central air conditioners and heat pumps
Furnaces
Central (45,000 Btu per hour)
Small (-,000 Btu per hour)
Mobile home
Boilers
Fluorescent lamps, 8 foot

Fluorescent lamps, 2 and 4 foot (U tube)
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rates, and efficiency levels. To foster a greater level of trust
between industry and government, this development has
moved away from a “black box” approach to one that en-
courages interested parties to test the sensitivity of a pro-
posed standard level to key inputs. DOE has also prioritized
the standards process by characterizing each of the product
classes as either high, medium, or low priority (Table 3).
Thus, all interested parties will be able to focus their atten-
tion on products that have a more immediate likelihood of
regulation.

Although the standards moratorium has brought about some
sound changes to the standards process, it has also contrib-
uted to at least a 5-year delay in the issuance of new stan-
dards. By the end of 1997, DOE hopes to have released final
actions for several product groups, including refrigerators
and freezers, room air conditioners, and kitchen ranges,
ovens, and microwaves. By “pre-negotiating” with industry
and environmental concerns, DOE established a new stan-
dard for refrigerators that would require 30 percent less elec-
tricity by July 1, 2001. The standard still was not without
controversy, precipitating protests from some manufactur-
ers and environmental groups who believed that the original
pre-negotiated arrangement, calling for a standard in 1998,
was not honored.

In summary, the revised process should allow for more
flexibility and public participation with respect to appliance
efficiency standards. With the new process in place, DOE
plans to take final action on its high-priority items over the
next 2 years, setting the stage for numerous efficiency stan-
dards in the early 21st century, with the potential for greater
energy savings over the next several decades. Given the his-
torical uncertainty of the standards process, the AEO98 pro-
jections take into account only the standards for which final
actions have been taken. At the time the projections were
finalized, the only product categories for which final action
had been taken in the promulgation of new standards were
room air conditioners and refrigerators and freezers. The
AEO9S projections reflect only these new standards and
none of the other potential new appliance efficiency stan-
dards.

New National Ambient Air Quality Standards

In July 1997, the EPA finalized new attainment standards
for ground-level ozone (smog) and fine particulate matter
(PM). The new standards will have no immediate impact on
energy markets; however, some impacts may be seen after

2004, to the extent that pollution control strategies focus on
reducing emissions from electric utilities, industry, and mo-
tor fuels combustion. The potential energy impacts of the
new standards have not been incorporated in AEO98, be-
cause noncompliance areas and control strategies have not
yet been identified. Some possible impacts of the new stan-
dards are explored below.

Ground Level-Ozone Standards

The ambient air standards for ozone have been changed
from a measurement of 0.12 parts per million (ppm) aver-
aged over a 1-hour period to a new 0.08 ppm standard aver-
aged over 8 hours. The revised standards also include some
methodological differences for measuring exceedences. The
current limit of “1 expected exceedence” (i.e., when the
expected number of days above the standard per year, aver-
aged over 3 years, is greater than 1) will be replaced by a

Table 3. Product categories and priority levels for new standards

Distribution ) .
High Clothes dryers Low
transformers e
Clothes washers High Dishwashers Low
Fluorescent lamp bal- ) )
t High Furnaces and boilers Low
lasts
Water heaters High Pool heaters Low
Kitchen ranges, ovens, ) Direct heating equip-
. .g High & equi Low
and microwaves ment
Central air condition- ) 1- to 200-horsepower
. Medium Low
ing and heat pumps motors

. . Fluorescent and
Small electric motors Low . Low
incandescent lamps

High-intensity

. Low
discharge lamps

“concentration-based” limit, calculated as the 3-year aver-
age of the annual fourth-highest daily maximum ozone con-
centration.

The EPA estimates that 67 percent of the nonattainment ar-
eas under the new standards could be brought into compli-
ance merely by continuing current pollution control
strategies[3]. States will not be required to provide new at-
tainment plans until 2003; however, areas that met the
former standard but do not attain the current standard are en-
couraged by the EPA to achieve a “transitional status” by
providing early attainment plans in 2000 [4].
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Ground-level ozone is caused by the photochemical reaction
of nitrogen oxides (NO,) and volatile organic compounds
(VOCs). NO, emissions result when fuel is burned in motor
vehicles, industrial plants, and electric utility plants. VOC
emissions include unburned motor fuels and vapors that es-
cape from petroleum products, paints, dyes, etc. [5].

Although State implementation plans (SIPs) will be unique
to each State, all are likely to include strategies to reduce
NOy and VOC emissions from such key sources as electric
utilities, industries, and motor fuels consumption. The EPA
is relying heavily on States to adopt voluntary regional
strategies for reducing the long-distance transport of ozone.
In 1997 the Ozone Transport Assessment Group (OTAG),
with representatives from 37 States, provided the EPA with
recommendations for reducing ozone transport, including
utility and nonutility NOy controls, an NO trading program,
implementation of a national low-emissions vehicle pro-
gram, changes to vehicle emissions inspection and mainte-
nance controls, changes to diesel fuel standards, and
increased use of reformulated gasoline. Some of those
strategies may play a role in ozone compliance.

Particulate Matter Standards

The previous standards for particulate matter were con-
cerned with relatively coarse combustion particles, at least
10 microns (um) in diameter (PMy,). The new standards
change the methodology for measuring PM;, exceedences,
from one expected exceedence per year of 150 micrograms
per cubic meter (ug/m’) in a 24-hour period and an annual
mean standard of 50 pg/m’, to a concentration-based form
that preserves the 50 pg/m’ annual standard but changes the
24-hour standard to a 99th percentile form averaged over 3
years. In addition, the major change is the creation of a new
standard for fine particles, smaller than 2.5 um in diameter
(PM;;5). The new health-based standard sets the exceedence
limits for PM, s at 15 ug/m’ (3-year annual arithmetic mean)
and a 24-hour standard of 65 pg/m’ (99th percentile of con-
centrations in a year averaged over 3 years). The change will
require tighter controls for fine ash and solid particles result-
ing from combustion. Controls for a new class of pollutants,
nitrate and sulfate particles, will also become necessary [6].

Because fine particles are not currently monitored, the EPA
is allowing States 5 years to gather and analyze the data for
compliance. Areas not in compliance will have until 2005 to
submit air quality plans, followed by another year and a half
for review of the plans and several more years before com-
pliance will be required.

Implications for Electric Utilities

The new attainment standards for NOy and fine particulates
could have a significant effect on the operating costs for
electricity generating plants. Although the selection of an
appropriate technology to control NO, and particulates de-
pends on the specific generating technology, configuration
of the plant site, and economic considerations, utilities have
successfully employed many pollution abatement systems.
Low-NO, burners, flue gas recirculation, staged combus-
tion, and reduced oxygen concentration have already been
used to control NO, formation, and electrostatic precipita-
tors, fabric filters, and cyclone separators have been used to
control particulates. For compliance with the new standards,
it is expected that utilities will need to install NOx removal
technologies that are more efficient than those widely used
at present. Possibilities include selective catalytic reduction,
switching from coal to gas as the generating fuel, and derat-
ing boilers to produce less steam and, hence, less NO,.
Similarly, utilities may need to install wet cyclone or wet
ionizing scrubbers to capture particles as fine as PM; s.

Innovative technologies that are more efficient in removing
NOy and particulates than those that currently are widely
employed are not without costs. Generally, they have high
capital costs and, in addition, use a portion of the generating
plant's output. The cost to utilities of new scrubbers to re-
duce soot alone could run into the billions of dollars. And,
according to the EPA [7], a selective catalytic reduction
(SCR) system for reducing NO, has capital costs of $60 to
$70 per kilowatt of capacity. Thus, adding an SCR unit to an
existing 500-megawatt coal-fired generator would cost be-
tween $30 and $35 million. The additional costs, both in-
vestment and operating costs, of the SCR unit would
increase the plant's generating costs by nearly 3 mills per
kilowatthour—roughly 10 to 15 percent of its operating
costs. It is not clear how many plants may have to add SCR
systems. If a quarter to one-half of the existing U.S. coal-
fired generating plants (75,000 to 150,000 megawatts) were
required to do so, the capital costs would be between $5 bil-
lion and $10 billion. The impact on electricity prices would
be between 0.8 and 1.5 mills per kilowatthour, or a 1- to 2-
percent increase. For the average residential customer, this
might amount to an increase of $1.00 to $1.50 in average
monthly bills.

The cost of compliance with the new rules will not be dis-
tributed evenly across the country. Compliance costs are ex-
pected to be lower, for example, in the Northeast, where
utilities have made significant reductions in nitrogen oxides
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in recent years, than in the Midwest and Southeast, which
have large amounts of coal-fired baseload capacity.

In general, the extended time line for compliance with the
new rules may help to dampen the costs. In the case of the
new ozone rules, States will not need to submit their plans to
EPA until 2003. Implementation of the plans can occur be-
tween 2005 and 2012. For PM, ;s particulates, pollution
monitors will need to be sited and the data collected and re-
viewed before compliance strategies are submitted. Imple-
mentation is not required until at least 2007 and can extend
to 2016.

Implications for Industrial Energy Consumption

Typically, more stringent limits on emissions tend to favor
natural gas over other fuels. In the industrial sector, how-
ever, there is little room for fuel switching. The AEO98 pro-
jections do not indicate any significant increases in
industrial use of either coal or petroleum. Thus, although
there may be some modest amounts of shifting from coal to
natural gas, the aggregate effect is likely to be small. The
VOC standards could have the effect of increasing natural
gas consumption in those industries engaged in coating and
finishing, where fugitive VOCs often are controlled by com-
bustion with natural gas. Since it is unclear what the energy
consumption impacts of the new standards will be, no im-
pact has been assumed in the AEO98 energy forecast.

Impliations for Mtor hiels ©Gnsumption

In the transportation sector, it is unclear what impacts the re-
cent National Ambient Air Quality Standards (NAAQS)
will have on fuel consumption. The EPA is currently evalu-
ating the following compliance strategies: heavy-duty vehi-
cle retrofits and/ or voluntary standards; heavy-duty in-use
initiatives, especially with more inspection and maintenance
programs; long-term research on emissions standards for
heavy-duty vehicles; new truck and bus PM standards;
lower tailpipe standards for all emissions; new vehicle tech-
nologies and clean fuels programs; nonroad diesel PM test
procedures and standards; and research into further reduc-
tions in emissions from locomotives, aircraft, ships, and
lawnmowers and other small engine equipment. In addition,
some current fuel quality requirements could be extended,
such as the Federal Reid vapor pressure regulation on gaso-
line, requirements for oxygenated and reformulated gasoline
(RFG), and the Clean Air Act Amendments of 1990
(CAAA90) low-sulfur diesel fuel program, which reduces
particulate emissions as well as some hydrocarbon and car-
bon monoxide emissions.

Ten of the areas with the worst ozone pollution currently are
required to use RFG under the provisions of CAAA90. Ar-
eas with less severe ozone problems in 13 States have opted
to use RFG as part of their States' attainment strategies. Un-
der more stringent ozone standards, additional areas may
adopt RFG requirements to reduce NO, and VOC emissions.

Because the decision to join the RFG program is at the dis-
cretion of each State, the outlook for RFG demand is uncer-
tain. In the AEO98 projections, the possible impact of higher
RFG demand in the regions with the most new nonattain-
ment areas was explored in an alternative case, assuming a
10-percent increase in the RFG market share in areas east of
the Rocky Mountains (Census Divisions 1, 2, 3,4, 5, 6, and
7). Relative to gasoline price projections in the AEO98 refer-
ence case, the overall impact of the shift toward RFG con-
sumption on projected average U.S. gasoline prices in the
alternative case was small. Higher RFG prices in the alterna-
tive case were offset in part by lower prices for conventional
gasoline: RFG prices were 1 to 4 cents per gallon higher than
in the reference case, depending on the region and year,
whereas conventional gasoline prices were 1 to 3 cents per
gallon lower. The net effect on national average gasoline
prices was an increase of no more than 1 cent per gallon.

In its final recommendations to the EPA, OTAG included
several fuel-related proposals for reducing ozone pollution.
In addition to encouraging participation in the Federal RFG
program, OTAG recommended that EPA adopt a lower (un-
specified) sulfur standard for gasoline. OTAG also recom-
mended that the EPA evaluate a change in the cetane
standard for diesel fuel by 1999 and implement a new stan-
dard if appropriate, and that new diesel fuel standards be
identified and implemented by 2004 if they are found to be
beneficial and cost-effective. The new diesel fuel standards,
implemented in conjunction with new diesel engine stan-
dards, would have the potential to reduce PM emissions sig-
nificantly, as well as reducing NO, and VOC emissions.

Electricity Deregulation

Throughout the United States, a march toward more com-
petitive electricity markets is continuing. At the Federal
level, several bills have been introduced in Congress to en-
courage competition in electricity markets. In addition, the
Federal Energy Regulatory Commission (FERC) continues
to work to ensure that transmission capacity will be avail-
able on equal terms to all market participants. At the local
level, some State regulators and legislatures are moving to-
ward competition very rapidly. In fact, some consumers will
be able to choose among electricity suppliers in 1998.
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The bills that have been introduced in Congress generally in-
clude provisions in one or all of the following key areas [8].
First, they require that all consumers have the right to choose
their electricity suppliers within a specified time peri-
od—generally, 3 to 6 years. Second, they repeal portions of
the Public Utility Regulatory Policies Act of 1978
(PURPA), releasing utilities from their obligation to pur-
chase power from qualifying cogenerators and small power
producers at specified costs. Third, they repeal portions of
the Public Utility Holding Company Act of 1935 (PUHCA),
allowing large utility holding companies more freedom to
invest in businesses in multiple States. Fourth, they establish
funds and/or portfolio standards to continue support for low
income, energy efficiency, environmental protection, and
renewable energy programs.

For example, H.R. 655, the “Electric Consumers’ Power to
Choose Act of 1997,” introduced on February 10, 1997,
calls for all consumers to have the right to choose their elec-
tricity suppliers by December 15, 2000. Once consumers in
a State have the right to choose, the bill repeals the provi-
sions of PUHCA and PURPA. It also establishes a renew-
able energy credit program, requiring that a certain
percentage of power be generated from qualifying renew-
able energy sources. A more complete discussion of renew-
able portfolio standards is presented in the “Issues in Focus”
section of this report, on pages 23-25. A similar bill, S. 237,
the “Electric Consumers Protection Act of 1997,” was intro-
duced in the Senate on January 30, 1997. The major differ-
ence between S. 237 and H.R. 655 is that the Senate bill
delays the requirement for consumers to have the right to
choose electricity suppliers until December 15, 2003.

At the FERC, efforts continue to ensure that the electricity
transmission system is available, under comparable terms,
to all who wish to use it. In 1996, FERC issued Orders 888
and 889, which were designed to provide open access to the
transmission system to all market participants. Open access
is critical to the development of competitive electricity mar-
kets. Electricity transmission lines are the highways of the
electricity market, carrying large quantities of high-voltage
electricity from generating plants to the local distribution
system that deliver it to homes and businesses. Currently,
the system is owned and operated primarily by the same
companies that generate power and sell it to consumers.
Such a structure might cause problems in a competitive mar-
ket. It is the equivalent of having one or a small number of
trucking companies controlling access to all the roads over
which trucks travel.

To overcome this problem, FERC Orders 888 and 889 re-
quire that electric utilities “unbundle” the different sectors
of their business. In other words, they must separate the op-
eration of transmission systems from the operation of gen-
eration and distribution systems. Essentially, they must
operate their transmission systems as if they were independ-
ent businesses. Toward this end FERC required that
transmission-owning utilities implement an Open Access
Same-Time Information System (OASIS) and encouraged
them to establish independent system operators (ISOs) for
transmission systems.

The OASIS concept was devised because FERC realized
that access to information about the transmission system is
critical to the formation of a competitive electricity market.
If the owners of transmission lines were the only ones who
had this information, they would have a significant ad-
vantage in the market for wholesale and retail power. The
OASIS is intended to provide all the information needed to
use the transmission system, including the amount of avail-
able transmission capacity, the price for using it, and the
availability and price of ancillary services [9]. In order to en-
sure that all OASIS nodes provide information in a similar
fashion, FERC, working with the industry, has carefully de-
fined the minimum data elements that must be included, the
look and feel of the node, and the service levels required
[10]. To date, 22 OASIS nodes are operating [11].

ISOs will be independent entities set up to maintain and op-
erate utility-owned transmission facilities. In particular,
they will be independent from the utilities that own the trans-
mission lines. A variety of functions have been proposed for
ISOs, but in general they would be responsible for operating
and maintaining the transmission system and ensuring that
proposed generator operating plans are consistent with con-
sumer demands for power. In some cases, they would also
operate a short-term market for electricity, taking power
supply bids from generators and matching them to consumer
power demands.

Like Congress at the Federal level and FERC at the whole-
sale level, many State regulators and legislatures are moving
aggressively toward competitive electricity markets at the
retail level. The list of States preparing to open their electric-
ity markets to full competition continues to grow. A review
of State plans indicates that between 15 and 20 States are
planning to move to full retail choice by 2002 [12]. In fact, at
least 5 States—California, Massachusetts, New York, New
Hampshire, and Rhode Island—are expected to introduce
some level of retail competition in 1998. The thorniest prob-
lem facing State regulators and legislatures continues to be
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dealing with utility stranded costs. Stranded costs occur
when the competitive market price for power is below the
price needed to recover the investment in an existing plant
(or contract). In most regions of the country, competitive
prices for power are expected to be below historical prices,
and some utilities could see their market values fall.

In California, all consumers are to have the right to choose
electricity suppliers starting on January 1, 1998. An ISO will
operate the transmission system, and a separate entity, the
power exchange (PE), will operate a short-term spot market
for electricity. The existing utilities in California are re-
quired to sell off a portion of their fossil-fired generating ca-
pacity to ensure that there will be sufficient competition
among electricity suppliers. In addition, existing utilities are
required to sell all their power through the PE during the first
few years of competition. Stranded costs are to be collected
through a competitive transition charge (CTC) between
1998 and 2001. However, residential rates are capped at
10 percent below 1996 levels in 1998 and as much as 20 per-
cent below 1996 levels in 2002. The rates will include a pub-
lic benefits charge to support various programs. The
required rate reductions are to be achieved in part through
special financing arrangements supported by the State.

In Massachusetts, all consumers are expected to be able to
choose their suppliers in 1998. As in California, an ISO and
a PE will be set up to operate the transmission system and
provide a short-term pool for energy transactions. Utilities
are required to separate the operations of their different busi-
ness sectors—generation, transmission, and distribu-
tion—and to operate them as separate companies. In fact,
they are encouraged to divest themselves fully of their gen-
erating assets, and several utilities in the State have an-
nounced plans to sell their non-nuclear generating assets. A
fee of 1 mill (0.1 cent) per kilowatthour will be collected to
support renewable energy. Utilities are also required to
make efforts to mitigate their potential stranded costs
through cost reductions. They will be afforded the opportu-
nity to recover any remaining stranded costs over a 10-year
transition period through an access fee. Full recovery of
stranded costs is not guaranteed.

In New York, full retail access is being phased in over 4 to 5
years. As in California and Massachusetts, an ISO will oper-
ate the State’s transmission system. Large industrial custom-
ers will, in general, have access earlier, followed by
commercial and residential customers in 2001 and 2002. In-
dividual agreements are being negotiated with each of New
York's major utilities to phase in retail access and recover
stranded costs. Each of the proposed agreements calls for

some level of rate reduction over the phase-in period, but the
amount varies by company and customer class. The agree-
ments also require each of the companies to sell off a portion
of its generating assets to ensure that there will be enough
suppliers to make the market competitive.

In New Hampshire, retail pilot programs were begun in
1996, bringing significant rate reductions to many custom-
ers. Retail access for all customers will begin in 1998. Utili-
ties must functionally unbundle their different business
sectors, and an ISO will run the transmission system. A fee
of 1.5 mills per kilowatthour will be assessed to support en-
ergy efficiency and integrated resource planning programs.
Initial stranded costs have been estimated by comparing
each utility’s rates with average regional rates. Final
stranded costs will be determined when assets are sold off.

Finally, in Rhode Island, where industrial customers were
given full retail access to electricity suppliers in July 1997,
all customers are to have retail access by July 1, 1998. Utili-
ties are required to provide a standard offer to their custom-
ers that is equal to their rates as of September 30, 1996,
adjusted for 80 percent of the change in the consumer price
index (CPI). Utilities are working on selling off their gener-
ating assets. A stranded cost fee has been established to re-
cover regulatory assets, nuclear obligations (including
decommissioning and costs independent of operation),
above-market payments for purchased power, and net unre-
covered costs of generating plants. The fee is set at 2.8 cents
per kilowatthour between July 1, 1997, and December 31,
2000, and will be adjusted by the State’s public utilities com-
mission as needed between December 31, 2000, and Decem-
ber 31, 20009.
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Electricity Pricing in a Competitive Environment

If State plans for the deregulation of electricity mar-
kets are implemented as expected, some consumers
will soon have the ability to choose their electricity
suppliers. While this by itself represents a signifi-
cant market adjustment, there may be an even more
profound change in the way electricity is priced.
(This discussion refers to the price of generation
services. It is assumed that prices for transmission
and distribution services will continue to be set
administratively.) For the past 60 years or so, elec-
tricity prices in the United States have not been
determined in a competitive market. Rather, prices
have been set administratively to the average cost of
producing and delivering electricity to consumers.
State regulators determine the average “embedded
cost” of each kilowatthour of electricity sold, by add-
ing all costs—including fuel, recovery of investment
costs, operations and maintenance costs, and a regu-
lated profit—and dividing by the number of kilo-
watthours sold.

In competitive markets, prices will not be equal to
average embedded costs but will be determined
freely by buyers and sellers in the marketplace.
During most time periods the generation price of
electricity will be set by the operating costs of the
most expensive generating unit needed to meet
demand, or what in economics is referred to as the
“marginal cost” of production. In general, a supplier
will not be willing to sell power below the market
price of the most expensive facility operating at a
given time, because consumers will be willing to pay
the higher price. Similarly, consumers will be un-
willing to pay more than the cost of the most ex-
pensive operating available generator, since other
suppliers will be offering lower prices [13]. Thus,
prices will tend to be set by the marginal costs during
any given time period.

Only during periods of extremely high (peak) de-
mand, typically on very hot summer (or cold winter)
days, when the demand for electricity approaches
the available generating capacity, might prices rise
above the operating costs of the most expensive gen-
erator operating. Because the amount of capacity

available at any point in time is fixed, and new
generating capacity cannot be built quickly, the only
way in which demand and supply can be kept in bal-
ance during extremely high demand periods is
through an increase in the price, to a level that will
encourage some consumers to reduce their usage.

The movement to prices based on marginal costs has
several implications. First, electricity prices are
likely to vary from hour to hour as consumer demand
changes. In many regions of the country, consumer
demand for electricity during a typical summer day
is lowest in the early morning hours when people are
asleep and businesses are closed. Through the day,
demand rises as temperatures rise and homes and
businesses use more air conditioning (Figure 9). As a
result, in the early morning only generators with the
lowest operating costs are running. Over the course
of the day, more expensive generators are brought
into service as demand grows. The competitive price

Figure 9. Hourly load curve for the
South Atlantic region (megawatthours)
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of electricity follows the operating costs of the mar-
ginal generator—that is, the last one brought on line.
Another implication of the change in pricing of gen-
eration services is the sensitivity of electricity prices
to the operating costs of the marginal generator.
With average cost pricing, the impact of any underly-
ing change in operating costs (such as higher fuel or
operations and maintenance costs) on electricity
prices tends to be muted, because it is averaged in
with all the other costs that are not changing. With
marginal cost pricing, any change that affects the
operating costs of the generators setting the market
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clearing price will be fully seen in the price of elec-
tricity.

Consumer responses to price variations and new
product offerings in competitive electricity markets
are likely to vary, depending on such factors as the
type of customer, the value placed on electricity-
based services, the price and availability of alter-
native energy sources, and the availability of new
technologies that will permit the levels and timing of
electricity consumption to be altered with relative
ease. For example, large, electricity-intensive in-
dustrial customers, who have a strong incentive to
reduce their electricity expenditures, may be willing
to alter work schedules to take advantage of lower
electricity prices during periods of lower demand;
residential customers may be willing to change home
heating patterns to reduce consumption during high
load hours while they are away from home; but com-
mercial customers who rely on uninterrupted service
during the prime business hours of the day may be
unwilling or unable to change their consumption
patterns to take advantage of price fluctuations
unless storage or backup technologies become less
expensive and more widely available.

In the long term, new technologies are likely to play
a key role in determining the level of consumer re-
sponse to changing prices. Faced with more volatile
prices, equipment vendors will develop, and con-
sumers will seek to purchase, equipment that allows
for better control of electricity use. For example,
intelligent electric meters, which monitor the elec-
tricity use of a household or business minute by
minute, are already entering the marketplace. Com-
bining this equipment with a real-time price signal
and the ability to control key appliances or equip-
ment may enable consumers to reduce electricity
usage during high cost periods.

Many residential customers participating in de-
mand-side management programs are already famil-
iar with the boxes connected to their water heaters
and/or air conditioners that allow local utilities to
shut them off during periods of high demand. Simi-
larly, some commercial establishments have cool
storage systems that make ice during low cost

periods and then use it for space cooling when prices
are higher. Such systems may become more preva-
lent where competitive electricity prices and time-
of-use rates are implemented. Ultimately, their suc-
cess will depend on weighing the costs associated
with new meters, equipment control boxes, and tele-
communication devices for transmitting price sig-
nals against the potential savings from lowering the
amount of electricity consumed or shifting consump-
tion to lower cost periods.

The following analysis discusses the impacts of a
movement to electricity prices based on marginal
costs and their sensitivity to demand variations and
the operating costs of the marginal generator. In the
reference competitive pricing case, it is assumed that
competition will be phased in over a 10-year period,
with full competition and prices based entirely on
marginal costs beginning in 2008. As shown in
Figure 10, in most parts of the country today, mar-
ginal operating costs are below average embedded
costs, because some of the plants that are operating
have costs, including recovery of construction costs,
that make them uncompetitive in today's market for
power. As a result, competitive electricity prices
(based on marginal operating costs) fall below the
average-cost-based (regulated) prices until the end of
the projection period in the reference case (Figure
10) [14]. The gap is fairly narrow, because it is
assumed that the transition to competitive prices
based on marginal costs will occur slowly over a 10-
year period. If it occurs more rapidly, the gap in the
early years could be much larger. Many factors have

Figure 10. Average and marginal costs of electricity
generation in the reference case, 1998--2020
(1996 mills per kilowatthour)
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contributed to this situation, including lower-than-
expected fossil fuel prices, the unexpected slowing of
demand growth through the 1980s, and the develop-
ment of new low-cost, high-efficiency generating
technologies (gas combustion turbines and com-
bined-cycle plants).

The difference between the two price lines in Figure 10 is the
source of stranded costs. In a few regions of the country,
where average costs already are relatively low, stranded
costs may be negligible or actually negative. In most regions
of the country, marginal-cost-based prices in 2010 are ex-
pected to be between 4 and 15 percent lower than average-
cost-based prices. Only in the Northwest, where average-
cost-based prices are very low, are marginal-cost-based
prices expected to be higher— by 10 percent [15]. It is also
possible that, in a competitive pricing environment,
some costs could rise—such as the costs of sales,
marketing, and system operations. The recovery of
such costs in competitive prices might reduce the
amount of stranded costs. At any rate, over time, the
difference between costs and prices narrows, as
stranded costs are paid off or written off [16].

Over the course of a day and year, competitive prices do vary
with demand. In the fall and spring, when consumer needs
for electricity are relatively low, prices are low. Conversely,
in the summer, or when a large number of plants are out of

Figure 11. Generation price of electricity by hour
for the January/February season
(1996 cents per kilowatthour)
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service, prices rise as the most expensive generators—nor-
mally idle—are brought on line to meet demand. In the sam-
ple region and season shown in Figure 11, competitive prices
in 2020 range from a high of 19 cents per kilowatthour to a
low of just over 3 cents per kilowatthour in the reference
case. Fortunately, the periods of high prices are expected to

be limited to only a few hours during the season.

Two alternative competitive pricing cases—which incorpo-
rate alternative assumptions about improvements in natural
gas recovery and distribution technology, leading to different
gas price paths—are discussed. Gas prices are varied in these
cases for illustrative purposes only, to demonstrate how mar-
ginal electricity prices might respond. The projections
should not be seen as representing an expected outcome.

As in the reference competitive pricing case, it is as-
sumed that competition will be phased in over a 10-
year period, with full competition and prices based
entirely on marginal costs beginning in 2008.
Whereas the reference competitive pricing case as-
sumed moderate improvement in natural gas avail-

Table 4. Natural gas prices to electricity producers
in three competitive pricing cases, 2000-2020
(1996 dollars per million Btu)

2000 2010 2015 2020
lowgas prie 2.48 2.72 2.64 2.65
Referene 2.50 2.92 3.07 3.25
ligh gas prie 2.49 3.27 3.50 3.83

ability, the low gas price competitive pricing case
assumes rapid improvement; and the high gas price
competitive pricing case assumes little improve-
ment. Table 4 shows projected natural gas prices to

Figure 12. Average and marginal cost-based prices
for electricity in three cases, 1998--2020
(1996 mills per kilowatthour)
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electricity generators in the three cases.

Higher or lower gas prices have an impact both on
prices that are based on average embedded costs and
on prces based on margal costs; however, the magni-
tude of the impact is quite different (Figure 12). With
18 percent lower gas prices in 2020, average-cost--
based prices are 3 percent lower than in the refer-
ence case, while marginal-cost-based prices are 9
percent lower than in the reference case. Similarly,
with 18 percent higher gas prices in 2020, average-
cost-based prices are 2 percent higher, while
marginal-cost-based prices are 8 percent higher. In
the high fuel price case, marginal-cost-based prices
actually exceed average-cost-based prices by 7 per-
cent. The difference is explained by the fact that
prices based on marginal costs are much more sensi-
tive to changes in the operating cost of the marginal
unit than are prices based on average costs.

Stimulating Renewables in a Competitive
Environment

As the price of electricity and the procurement of new gener-
ating resources become increasingly competitive, many are
worried that some programs formerly sponsored by utilities
will fall by the wayside. Such programs include low-income
support programs, demand-side management (DSM) pro-
grams, and integrated resource planning programs, which
have increased the penetration of renewable technologies.
These programs were developed by utilities and regulators
to achieve social goals, overcome barriers thought to prevent
some technologies from penetrating the market, and incor-
porate the environmental externalities associated with
power production in the resource selection process. In a
competitive environment, where new resources are selected
solely on the basis of their market economics, they may be
hard to sustain.

Several approaches for continuing these, or similar, pro-
grams are being considered. Among the two most popular are
the establishment of a public benefits fund (PBF) and a re-
newable portfolio standard (RPS). With a PBF, a small fee
would be added to the price of each kilowatthour of electric-
ity sold to support qualifying programs, typically including
renewable energy, universal electric service, affordable elec-
tric service, and energy conservation and efficiency pro-
grams. A typical proposal—S. 687, the “Electric System
Public Benefits Protection Act of 1997”—calls for a fee, not
to exceed 2 mills per kilowatthour, to be established. For the

typical residential consumer, such a fee would increase aver-
age monthly electricity bills by no more than $2.

The RPS would specify a percentage of total electric-
ity generation (or sales) that must come from quali-
fying renewable generating sources, including wind,
solar, landfill gas, geothermal, and biomass gen-
erating plants. Credits would be issued for each kilo-
watthour of qualifying renewable generation. The
credits could then either be held or sold to electricity
providers generating power from nonqualifying
facilities. For example, with a 5-percent RPS, a coal
or gas plant generating 100 megawatthours of power
would have to purchase 5 megawatthours of renew-
able credits to meet the standard. New qualifying
renewable facilities would be encouraged, because
they would be able to make money both by selling
power at market prices and by selling excess credits.

Several bills that include RPS provisions have been
introduced in the U.S. Congress, including S. 237
(Senator Bumpers), S. 687 (Senator Jeffords), and
H.R. 655 (Congressman Schaefer). The most signifi-
cant differences among the bills are in the level of re-
newables required and the technologies that qualify
for renewable credits. In S. 237, the RPS grows from
5 percent in 2003 to 12 percent in 2013. All renew-
able technologies other than municipal solid waste
(MSW)—including new hydroelectric plants (the
treatment of hydroelectric plants varies by the vin-
tage of the plant)—are included. In S. 687, the RPS
requirement is much higher, growing from 2.5 per-
cent in 2000 to 20 percent in 2020. Neither inciner-
ated MSW nor hydroelectric plants are included. In
H.R. 655, the RPS grows from 2 percent to 4 percent
between 2000 and 2010, and all renewable technolo-
gies other than hydroelectric plants are included.

Several States also may pursue RPS or similar
requirements. Nevada's recently passed “Domestic
Energy Portfolio Standard” (Assembly Bill 366)
requires all retail sellers of electricity in the State to
purchase or generate a percentage of their energy
sales from biomass, geothermal, solar, or wind re-
sources. Beginning at 0.2 percent of sales in 2001,
the renewables standard rises to 1 percent in 2008.
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The energy must come from new systems, at least
half of it from solar energy, and at least half from
systems located in Nevada. Vermont's proposed RPS
(approved in the Vermont Senate and under consid-
eration in the House) calls for increasing the State's
use of “new” and “emerging” renewables, including
solar and wind, starting in 1998 and reaching 4 per-
cent of sales by 2008. California's restructuring
legislation (Assembly Bill 1890), while not setting
percentages for renewables, requires investor-owned
utilities to collect $540 million from ratepayers from
1998 through 2002 for the support of renewables,
with funds to support both operation of existing
projects and also the development of new and emerg-
ing renewable energy technologies in the State.

The following analysis discusses the impacts on
technology selection for new capacity, generation by
fuel, average electricity prices, total expenditures on
electricity, and carbon emissions of two alternative
RPS cases—assuming a 5-percent RPS program and
a 10-percent program. In both cases, the standard is
assumed to begin in 2000 at 2 percent, growing
linearly to 5 or 10 percent by 2020. Qualifying
facilities include wind, solar, landfill gas, geo-
thermal, and biomass generating plants. Hydro-
electric plants and MSW plants are excluded.

Relative to the reference case, a 5- or 10-percent RPS
would increase the amount of new renewable capac-
ity built by 24 gigawatts and 59 gigawatts, respec-
tively, in 2020 (Figure 13). The impacts in the

Figure 13. Generating capacity by fuel
in three cases, 2020 (gigawatts)
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5-percent case are relatively small, because the
amount of new renewable capacity that is built,
above what is built in the reference case, is not large.
Among the renewable technologies, biomass and
wind plants are expected to account for most of the
new additions. The technologies displaced are new
gas- and coal-fired plants.

In the reference case, gas-fired combustion turbines and
combined-cycle plants are projected to account for the vast
majority of new plants built between 1996 and 2020, because
their efficiency and low capital costs make them economi-
cally attractive. Few new coal-fired plants are expected to be
built until after 2010. Imposition of the RPS reduces the
number of new gas- and coal-fired plants projected to be
built, although natural gas technologies still account
for the vast majority of new builds. The percentage of
new plants that are gas-fired falls from 85 percent in
the reference case to 82 percent and 76 percent in the
5- and 10-percent RPS cases, respectively. A 5- or
10-percent RPS is not large enough to eliminate the
growth expected for new gas-fired capacity.

Similar changes in generation by fuel are seen in the
5- and 10-percent RPS cases (Figure 14). Biomass
and wind generation are higher, and gas- and coal-
fired generation are lower, than in the reference
case. One important difference is that biomass
accounts for most of the increase in renewable gen-
eration. Even though a large number of new wind
plants are projected in the RPS cases, they do not
generate nearly as much electricity as do the

Figure 14. Electricity generation by fuel
in three cases, 2020 (billion kilowatthours)
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projected new biomass plants. New biomass plants
are expected to operate at capacity factors of 70 to 80
percent, whereas new wind plants, because of their
dependence on wind conditions, are expected to
operate at 30 to 35 percent of capacity.

In the RPS cases, average regulated electricity prices
are projected to be higher than those in the reference
case (Figure 15). The higher cost of the small
amounts of renewable capacity brought on line in the
5- and 10-percent RPS cases leads to prices that are 2
percent and 5 percent higher, respectively, in 2020

Figure 15. Projected electricity prices in three cases
(1996 cents per kilowatthour)
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than those in the reference case. For the average
residential consumer, projected monthly electricity
bills in 2020 would be $1 and $3 higher, respectively,
than in the reference case. On a national scale, how-
ever, total expenditures for electricity in the 5-
percent RPS case in 2020 would be $2 billion higher
than those projected in the reference case, and in the
10-percent RPS case they would be $8 billion higher.
RPS programs would also affect revenues in the
natural gas and coal industries, both of which—par-
ticularly the gas industry—are expected to see sig-
nificant growth as the demand for electricity
increases over the next 20 to 25 years. In the RPS
cases, their projected growth is dampened. Relative
to the reference case, the natural gas and coal indus-
tries are expected to have lower revenues in the 5-
percent and 10-percent RPS cases. At the national
level, the lower revenues in the gas and coal indus-
tries would be offset by increased revenues to

renewable technology and fuel suppliers (biomass
fuel); however, regional impacts could be significant.

Figure 16. Carbon emissions from electricity
generation in three cases (million metric tons)
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Carbon emissions are projected to be slightly lower
in the RPS cases than in the reference case (Figure
16). In 2020, projected carbon emissions from the
generation of electricity are 26 million metric tons (1
percent) and 62 million metric tons (3 percent) below
the level in the reference case in the 5- and 10-
percent RPS cases, respectively. Even with those
reductions, however, U.S. carbon emissions from
electricity generation would still be 201 and 165 mil-
lion metric tons above the 1996 level.

Carbon Emissions

Background

Over the past several decades, rising concentrations of green-
house gases have been detected in the Earth's atmosphere.
The greenhouse gases include carbon dioxide, methane, ni-
trous oxide, chloro- fluorocarbons (CFCs), hydrochloro-
fluorocarbons (HCFCs), and others. Although there is not
universal agreement within the scientific community on the
impacts of increasing concentrations of greenhouse gases,
there is concern that they may lead to rising temperatures
and, in turn, a variety of changes in the global climate, sea
level, agricultural patterns, and ecosystems that could be, on
net, detrimental.

As a result of increasing warnings by members of the
climatological and scientific community, the Inter-
governmental Panel on Climate Change was estab-
lished under the auspices of the United Nations in
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1988 to provide advice on climate change issues to
policymakers. This was followed by a series of inter-
national conferences, and in 1990 the United
Nations established the Intergovernmental Negoti-
ating Committee for a Framework Convention on
Climate Change. After a series of negotiating ses-
sions, the Framework Convention on Climate
Change was signed by more than 160 countries at
the Earth Summitin Rio de Janeiro on May 4, 1992.

The purpose of the Framework Convention, or Rio
Treaty, was to “. . . achieve . . . stabilization of the
greenhouse gas concentrations in the atmosphere at
a level that would prevent dangerous anthropogenic
interference with the climate system.” The signa-
tories of the Rio Treaty agreed to voluntary commit-
ments to achieve the treaty objectives and to prepare
national action plans and periodic emissions inven-
tories for review. In addition, the developed country
signatories, known as the Annexe | Countries [17],
agreed to take actions that would reduce their na-
tional anthropogenic emissions of greenhouse gases
to 1990 levels by 2000. Specifically excluded from the
Convention are CFCs and HCFCs, which are con-
trolled by the Montreal Protocol, signed in 1987.

On April 21, 1993, President Clinton committed the
United States to the stabilization of greenhouse gas
emissions by 2000 at 1990 levels. Specific steps to
achieve the U.S. commitment were enumerated in
the Climate Change Action Plan (CCAP), published
in October 1993, which consists of a series of 44
actions to reduce emissions. The Energy Policy Act
of 1992 (EPACT), Section 1605(a), provided for an
annual inventory of U.S. greenhouse gas emissions,
which is contained in the EIA publication series,
Emissions of Greenhouse Gases in the United States
[18].In addition, EPACT, Section 1605(b), estab-
lished the Voluntary Reporting Program, permitting
corporations, government agencies, households, and
voluntary organizations to report to EIA on actions
that have reduced or avoided emissions of green-
house gases. The results of the Voluntary Reporting
Program are reported annually by EIA, most re-
cently in the Mitigating Greenhouse Gas Emissions:
Voluntary Reporting [19], which reports 1995 ac-
tivities. Entities providing data to the Voluntary
Reporting Program include some participants in

government-sponsored voluntary programs, such as
the Climate Wise and Climate Challenge programs,
which are cosponsored by the U.S. Environmental
Protection Agency and the U.S. Department of
Energy to foster reductions in greenhouse gas emis-
sions by industry and electricity generators.

In 1995, the Conference of the Parties, which meets
annually to review the implementation of the
Framework Convention, met in Berlin and issued
the Berlin mandate, an agreement to begin to negoti-
ate the successor agreement to the Convention,
addressing the period beyond 2000. The second Con-
ference of the Parties, held in Geneva in July 1996,
called for negotiations on legally binding measures
to achieve specific emissions limitations and reduc-
tions in specified timeframes for adoption at the
third Conference in Kyoto, Japan, in December 1997.

Several negotiating sessions leading to the Kyoto
Conference have not yielded an agreement among
the signatories. The European Union (EU) member
nations have announced support of a 15-percent
reduction in greenhouse gas emissions from 1990
levels by 2010. Under this proposal, nations outside
the EU would be held to the 15-percent reduction in-
dividually, although the EU would achieve the
target collectively.

Several countries, including Australia and Japan,
have announced opposition to the EU proposal on the
basis that it is too extreme and inequitable between
the members and nonmembers of the EU. Other
countries have joined Australia in calling for differ-
ential targets based on the potential impact to each
country. Japan has proposed that developed coun-
tries reduce emissions by an average of 5 percent
below 1990 levels between 2008 and 2012, with some
flexibility of targets among the nations. Major oil-
producing countries are concerned about the loss of
revenue that would occur from the likely reduction
in oil consumption. The Alliance of Small Island
Nations has proposed an even more stringent
target—to reduce emissions by 20 percent from 1990
levels by 2005—because of their concern that
increasing emissions and rising temperatures could
lead to melting ice caps and rising sea levels.
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On October 22, 1997, President Clinton proposed a
stabilization of emissions by developed countries at
1990 levels between 2008 and 2012, with reductions
below 1990 levels in the following 5-year period, and
a $5 billion program of tax cuts and research and de-
velopment spending for energy-efficient and lower
carbon technologies. In 2008, an emissions trading
system would be put into place, with credit for early
reductions. Electricity restructuring and reductions
of emissions from Federal sources will also be pur-
sued. Although the President indicated that develop-
ing countries must participate, proposals for
reductions by those countries were not specified,;
however, joint implementation projects are favored.

Earlier, at the June 26, 1997, Earth Summit+5 Con-
ference at the United Nations, President Clinton
pledged support for binding emissions targets and
announced three initiatives: a pledge of $1 billion
over 5 years by the United States for the develop-
ment of more energy-efficient and alternative energy
technologies in developing countries; the strengthen-
ing of environmental guidelines for U.S. companies
investing overseas; and a partnership with private
industry to install solar panels on 1 million roofs in
the United States by 2010.

In addition to the debates over the need for emissions
reductions and the cost and economic impact of re-
ductions, another key issue is the limitations, if any,
to be placed on the developing countries in an inter-
national agreement. Two-thirds of the growth in
world energy demand over the coming 20 years is
likely to be in the developing countries and countries
in transition to market economies, with attendant
growth in emissions. Because such countries gen-
erally use far less energy per capita than do the
developed countries, some proposals suggest that
these countries should be exempt from emissions
restrictions in order not to constrain their economic
development. Such an exemption would likely lead to
significant growth in emissions even if all the devel-
oped nations were successful in their stabilization ef-
forts. In addition, an exemption could lead polluting
industries to move from the developed to the devel-
oping countries, exacerbating the worldwide growth

in emissions and restraining the economic growth of
the developed countries through the loss of industry.

Carbon Emissions in the AEO98 Reference Case

The United States is the largest emitter of anthropogenic
(human-caused) carbon in the world, producing about 23
percent of the energy-related carbon emissions worldwide
[20]. In 1990, total greenhouse gas emissions in the
United States were 1,618 million metric tons carbon
equivalent [21]. Of this total, 1,346 million metric
tons, or 83 percent, was due to carbon emissions from
the combustion of energy fuels. By 1996, total U.S.
greenhouse gas emissions had risen to 1,753 million
metric tons carbon equivalent, including 1,463 mil-
lion metric tons of carbon emissions from energy
combustion.

The initial estimates of the impacts of the CCAP pro-
grams projected stabilization of greenhouse gas
emissions in 2000 at 1990 levels; however, a more re-
cent review and update of CCAP significantly re-
duced the expected impact [22]. The projections of
carbon emissions in the AEO98 include EIA's analy-
sis of the impacts of CCAP, but the projections do not
take into account carbon-absorbing sinks, such as
increased planting of forests, nor do they account for
the 13 CCAP actions related to non-energy programs
or greenhouse gases other than carbon dioxide. The
remaining CCAP programs are represented in the
AEO98 projections but do not result in the reduc-
tions originally estimated by the developers of
CCAP.

The Annual Energy Outlook 1995 (AEO95) was the
first AEO to include the impacts of CCAP in the
projections. Even then, the goal of stabilizing carbon
emissions in 2000 at 1990 levels seemed unlikely.
AEQ95 projected that carbon emissions in 2000 from
energy combustion would be 1,471 million metric
tons—9 percent higher than the 1990 level of 1,346
million metric tons—a level nearly achieved in 1996,
when emissions reached 1,463 million metric tons.

There are several reasons that the target specified
by CCAP is unlikely to be realized. First, U.S. eco-
nomic growth has been higher than assumed at the
time the CCAP programs were formulated. Second,
energy prices have increased at a more moderate
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rate than initially assumed in the early 1990s. Both
these factors have contributed to higher growth in
energy consumption than earlier assumed, leading
to higher emissions levels. Third, the funding levels
for a number of the CCAP programs are lower than

Figure 17. U.S. carbon emissions by sector and fuel,
1990-2020 (million metric tons)
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those initially requested, resulting in lower effective
impacts. Subsequent AEOs have continued to raise
the estimate of carbon emissions, primarily because
of lower price projections that encourage energy use
and reduce the penetration of renewable sources of
energy.

In AEQ98, carbon emissions from energy combustion
are expected to reach 1,577 million metric tons in
2000, 17 percent above the 1990 level of 1,346 million
metric tons. The projected emissions rise to 1,803
million metric tons in 2010 and 1,956 million metric
tons in 2020 (Figure 17). Total emissions increase at
an average annual rate of 1.2 percent between 1996
and 2020 in the reference case projections, and per
capita emissions also increase at an average rate of
0.4 percent, as continued economic growth and mod-
erate price increases encourage growth in energy
services and energy consumption, and as electricity
generation from nuclear power plants declines, par-
ticularly after 2010.

In 2020, electricity generation accounts for 38 per-
cent of all carbon emissions, increasing from 35
percent in 1996. Electricity use increases at an aver-
age annual rate of 1.4 percent through the forecast
horizon, and the growth in emissions from

generation is mitigated somewhat by the increasing
share of natural gas generation. Nuclear generation,
which is carbon free, declines significantly over the
forecast period, with plant retirements that total 52
gigawatts, or 51 percent of the current nuclear ca-
pacity. This loss of nuclear baseload capacity, as well
as the additional capacity needed to meet demand
growth, is in general met by new gas- or coal-fired
generation.

Because of increased travel and slow growth in fuel
efficiency, energy consumption and emissions for
transportation grow the fastest of all end-use sec-
tors—1.6 percent annually through 2020. In 2020,
the transportation sector share of emissions is 35
percent. Over the forecast period, vehicle-miles trav-
eled in light-duty vehicles increase at an annual rate
of 1.5 percent, although the population over age 16
grows at a rate of only 0.9 percent. At the same time,
the average efficiency of the light-duty fleet grows by
only 0.2 percent annually, with the slow improve-
ment exacerbated by the penetration of light-duty
trucks, vans, and sport utility vehicles. Growth in air
travel also contributes to the overall increase in
transportation sector petroleum use and emissions.

Although the industrial sector contributes 30 per-
cent of the emissions in 2020, including emissions
from the generation of electricity used in the sector,
industrial emissions grow by only 0.9 percent a year,
as shifts to less energy-intensive industries and effi-
ciency gains moderate the growth in energy use.
Emissions in the residential and commercial sectors
grow by 1.2 and 1.1 percent a year, respectively, and
their 2020 shares are 19 and 15 percent. In both sec-
tors, continuing growth in electricity use and in the
use of new appliances and energy services contrib-
utes to increasing consumption and emissions,
dampened somewhat by efficiency improvements in
both sectors.

Petroleum products are the leading source of carbon
emissions from energy use, contributing approx-
imately 42 percent of the emissions in 2020—822
million metric tons of the total of 1,956 million
metric tons. About 80 percent of the petroleum-
related emissions are from transportation uses.
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Although natural gas has the fastest growth rate in
consumption among all the fossil fuels in the projec-
tions—an average of 1.6 percent annually— natural
gas is projected to produce only 24 percent of the car-
bon emissions in 2020, including the natural gas con-
sumed for end uses and for electricity generation.
Coal, which emits about twice as much carbon as
natural gas per unit of input, is the second leading
source of emissions, after petroleum. In 2020, coal
emits 34 percent of the total carbon emissions, about
90 percent of which is from electricity generation.

Impact of Technology Improvements

Energy intensity—defined as total energy consumption per
dollar of gross domestic product (GDP)—decreased signifi-
cantly in the 1970s and early 1980s. Approximately half the
decline in energy intensity resulted from structural shifts in
the economy (i.e., shifts to service industries and other less
energy-intensive industries); however, the other half of the
decline was due to the use of more energy-efficient technolo-
gies. Particularly from the mid-1970s through the mid-
1980s, there was a period of rapid escalation in the price of
energy. As the growth in energy prices moderated, growth in
some energy-intensive industries resumed and the decline in
energy intensity moderated. Recent improvements in energy
efficiency are more a result of government-sponsored regula-
tory programs, including the Corporate Average Fleet
Efficiency standards for light-duty vehicles and
standards for motors and energy-using equipment in
buildings in EPACT and the National Appliance En-
ergy Conservation Act of 1987, although the impacts
of those programs are slowed by the pace of stock
turnover.

In keeping with the general practice of considering
only current policy and regulations, the AEO98
reference case assumes no new efficiency standards
or improvements in current efficiency standards,
despite the likelihood that additional standards will
be introduced over the nearly 25-year forecast hori-
zon. Frozen standards, the modest increase in the
price of energy in the reference case, and growing
demand for certain energy services, such as appli-
ances, office equipment, and travel, all slow further
declines in energy intensity over the projection
period. Energy intensity is projected to decline by an

average of 0.9 percent annually between 1996 and
2020. The projected decline in energy intensity is
significant but considerably less than the decline in
the 1970s and early 1980s, which averaged 2.3 per-
cent a year between 1970 and 1986.

The AEQ98 reference case includes continued
improvement in technologies for both energy con-
sumption and production—for example, improve-
ments in building shell efficiencies for both new and
existing buildings; efficiency improvements for new
appliances; productivity improvements for coal
production; and improvements in the exploration
and development costs, finding rates, and success
rates for oil and gas production. Technology improve-
ments could reduce energy consumption, and there-
fore energy-related carbon emissions, below that in
the reference case. Conversely, slower improvement
than that assumed in the reference could increase
both consumption and emissions. AEO98 presents a
range of alternative cases that vary key assumptions
concerning technology improvement and penetra-
tion.

In the residential and commercial sectors, alterna-
tive technology cases assume that the cost of the
most energy-efficient equipment and technologies
will decline over time from their reference case val-
ues, and that building shell efficiencies will improve
more rapidly. Appendix G contains further discus-
sion of the assumptions for the alternative cases. In
the 1998 technology cases, it is assumed that all

Figure 18. U.S. energy intensity in three cases,
1995-2020 (thousand Btu per dollar GDP)
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future equipment purchases will be made only from
the equipment available in 1998, and that building
shell efficiencies will be frozen at 1998 levels.

Figure 19. U.S. energy consumption in three cases,
1995-2020 (quadrillion Btu)
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For the advanced technology case in the transporta-
tion sector, advanced technologies are assumed to
have lower costs and higher efficiencies than those
assumed to be available in the reference case. Effi-
ciencies for new equipment are fixed at 1998 levels
for all travel modes in the 1998 technology case.

A high technology case is defined for the industrial
sector by increasing the assumed rates of decline in
energy intensity for the energy-intensive industries
relative to those in the reference case. In this high
technology case, energy intensity in the industrial
sector declines at an average rate of 1.5 percent a
year, compared with 1.1 percent a year in the

Figure 20. U.S. carbon emissions in three cases,
1995-2020 (million metric tons)
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reference case. In the 1998 technology case for the in-
dustrial sector, plant and equipment efficiencies are
fixed at 1998 levels.

Figure 18 illustrates the change in aggregate energy
intensity for the high technology and 1998 tech-
nology cases combined for the four end-use demand
sectors. Through 2020, the high technology case
projects an average annual decline of 1.2 percent in
energy consumed per dollar of GDP, compared with
0.9 percent in the reference case. In the 1998 technol-
ogy case, the average decline in intensity is only 0.8
percent a year. Energy consumption increases to
111.3 quadrillion Btu in 2020 in the high technology
case, compared with 118.6 quadrillion Btu in the
reference case (Figure 19), but increases to 122.4
guadrillion Btu in the 1998 technology case.

Even the adoption of more efficient technologies in
the high technology case is insufficient to achieve
carbon stabilization. The lower energy consumption
in the high technology case serves to lower carbon
emissions from 1,956 million metric tons in the refer-
ence case in 2020 to 1,816 million metric tons (Figure
20); however, in the 1998 technology case, emissions
rise to 2,029 million metric tons. Approximately 39
percent, or 55 million metric tons, of the reduction in
carbon emissions in 2020 in the high technology case
compared to the reference case results from lower
electricity demand and generation. An additional 51
million metric tons of the reduction, or 36 percent, is
in the transportation sector, as a result of shifts to
more efficient or alternatively fueled vehicles.

Options for Reducing Emissions

A wide range of options have been proposed to reduce car-
bon emissions. It is possible that some combination of these
options may be selected to form the basis of national policy
in the wake of an international agreement on carbon reduc-
tion.

Ultimately, there are three ways in which energy
consumers can have an impact on emissions. First,
selecting more energy-efficient equipment reduces
the amount of energy required to meet the demand
for energy services. Second, shifts to noncarbon or
less carbon-intensive fuels reduces the carbon
released per unit of energy consumed. Among the
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major categories of energy fuels, renewable fuels and
nuclear power emit little or no carbon, and natural
gas emits the lowest level of carbon per unit con-
sumed of all the fossil fuels—about half that of coal.
On average, petroleum products emit a level of
carbon about halfway between natural gas and coal.
Third, emissions can be reduced through reduction
in the demand for energy services—for example,
fewer vehicle miles traveled or smaller homes.

Although the primary focus of this discussion is on
carbon emissions, an additional approach to carbon
mitigation is carbon sequestration. The growth of
forests and other vegetation serves to absorb carbon
from the atmosphere (although, if the forests are
eventually burned, the carbon is released and the
overall level in the atmosphere is unchanged).
Encouragement of forest growth, research, and de-
velopment of additional sequestration techniques
could reduce the atmospheric concentration of car-
bon and its detrimental effects.

An expansion of current voluntary reduction pro-
grams already included in the AEQ98 projections,
coupled with increased public awareness of the need
to reduce emissions, could lead to additional reduc-
tions in carbon emissions. Such programs serve to
encourage consumers to make more energy-efficient
choices when purchasing equipment or to select
more renewable technologies, and they may also
encourage industry and electricity generators to in-
vest in more efficient or renewable technologies.

Consumer preferences may also indirectly influence
choices made by generators, as shown by the reac-
tion to differential pricing programs in several
States, where some electricity consumers have
expressed a willingness to pay more for electricity
generated from renewable sources (although this
has not been demonstrated in practice). Changes in
the overall composition of the stock of energy-using
equipment can be slow, however, and only in more
extreme cases is it likely that equipment with
remaining functional economic life would be pre-
maturely retired from the capital stock. The high

end-use technology cases described above represents
a range for the reductions achievable through effi-
ciency improvements in end-use technologies alone.

Increased efficiency standards would also serve to
reduce the use of energy beyond that induced by vol-
untary measures. New or tightened standards could
be applied to a range of appliances, building shell
technologies, motors, and vehicles, but the penetra-
tion of the more efficient equipment would again be
limited by the capital stock turnover rate. Additional
standards have also been proposed to alter the
composition of electricity generation. One example is
S. 687, the “Electric System Public Benefits Protec-
tion Act of 1997,” which proposes a renewable port-
folio standard for electric generators and also caps
carbon emissions from electricity generators at 1990
levels by 2005.

Both the reference case and the high technology
cases analyzed in AEO98 include efficiency improve-
ments that result from the penetration of newer
technologies that either are available now or are
assumed to be available within the forecast horizon.
Additional research and development in energy-
efficient or alternatively fueled technologies would
serve to increase the slate of choices available to
consumers, likely leading to further increases in
efficiency and reductions in emissions.

Some European countries have considered imposi-
tion of carbon taxes as a means of reducing emis-
sions. Under such proposals, energy fuels are
generally assigned taxes relative to their carbon con-
tent. More widely favored as a way of achieving fixed
emissions limits, however, is an emissions trading
program. In the United States, the Clean Air Act
Amendments of 1990 (CAAA9Q) established a trad-
ing program for emissions of sulfur dioxide (SO,) by
electric generators in order to reduce emissions to
fixed specified levels. Permits issued to electricity
generators allow them to emit a specified level of
SO,, with the total number of permits equal to the
national limit on emissions. Generators have the op-
tion of reducing emissions through the use of lower
sulfur coal or the installation of scrubbers and
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selling excess emissions permits, which can be pur-
chased by other generators for whom it is more cost-
effective to purchase permits at the prevailing mar-
ket price than to reduce emissions. Emissions per-
mits can also be banked for future use.

A similar trading scheme for carbon emissions could be formu-
lated either internationally or within individual countries to
achieve fixed emissions levels; however, implementing and
enforcing such a plan internationally would be highly com-
plex. Even within the United States, a carbon emissions trading
plan would be far more complicated than the SO2 plan, in part
because of the number of entities that emit carbon (households,
commercial establishments, industries, vehicles, and generat-
ing stations) as opposed to the smaller number of sources (elec-
tricity generators) covered by the CAAA90. Further
complexity could be introduced by consideration of non-
energy sources and sinks of carbon.

The current EU proposal calls for emissions trading among the
EU member nations. There are numerous ways in which an in-
ternational trading plan could be devised; however, a likely
outcome would be a flow of investment from developed to de-
veloping nations in the form of joint implementation projects
for the development of energy-efficient and renewable tech-
nologies in those countries.

Within the United States, concern has been raised about the
economic loss that could occur under an emissions trading plan
as the result of an increase in the effective cost of energy. Esti-
mates of the carbon fee necessary to achieve stabilization vary
widely.

Lower estimates are suggested by those who believe that there
are a number of low-cost options readily available to reduce
the use of energy or to shift to low-carbon or noncarbon fuels.
Higher estimates are suggested by analysts who think that the
effective price of carbon-intensive fuels will have to be raised
significantly to encourage changes in consumer choices and
the development of additional alternative technologies.

A carbon trading system in the United States would likely re-
duce end-use energy consumption through the adoption of
more energy-efficient equipment and alternative fuel technolo-
gies and through reductions in demand for energy services. In
the electricity generation sector, there would likely be some re-
duction in emissions because of lower electricity demand by
end-use consumers. In addition, there would likely be less
coal-fired generation and more generation from natural gas and

renewable fuels, which would capture a larger share of new
generation capacity. Higher carbon fees could lead to prema-
ture retirements of some less efficient coal-fired facilities, ex-
tensions of the operating lives of some nuclear plants (if
allowed), and the development and construction of additional
nuclear and other non-carbon-emitting generation technolo-
gies.

In addition to producing the projections in the AEO, the Na-
tional Energy Modeling System (NEMYS) is frequently used for
analytical studies for the U.S. Congress, other offices in the
epartment of Energy, and other Government organizations. For
such studies, requesting organizations specify their own as-
sumptions for the alternative cases analyzed and frequently re-
quest modifications to the reference case as well. NEMS has
been used in two recent studies on carbon emissions—An
Analysis of Grlon Migation Gses for the U.S. Environmen-
tal Protection Agency [23] and Analysis of Carbon Stabiliza-
tion Cases for the Office of Policy and International Affairs,
U.S. Department of Energy [24]. Both studies, which used the
assumptions of the requesting organizations, illustrate the ca-
pability of NEMS to represent technological change and pene-
tration and a range of potential carbon policies, including
carbon taxes and alternative trading and permit schemes that
vary the level, timing, and phase-in of carbon emissions tar-
gets.

Approaching the Kyoto conference, there is no universally ac-
cepted goal for either stabilization or reduction of emissions.
Having established a goal, the conference negotiators must
agree on a process for achieving the goal, which could range
from a voluntary process, such as the Rio agreement, to jointly
implemented international targets, to legally binding emis-
sions targets for each country. National targets, if established,
might be universally or differentially specified and might ei-
ther include or exempt the developing countries. As a result,
there is considerable uncertainty about future carbon mitiga-
tion policies.

Because AEO98 includes only policies, programs, legislation,
and regulations as of July 1, 1997, and because the provisions
of the President's October 22 emissions stabilization proposal
are not precisely defined, it is not included in the reference
case. Thus, U.S. carbon emissions are projected in the refer-
ence case to increase at an average rate of 1.2 percent per year
from 1996 to 2020.
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The projections in AEO98 are not statements of
what will happen but of what might happen, given
the assumptions and methodologies used. The
projections are business-as-usual trend forecasts,
given known technology and demographic trends
and current laws and regulations. Thus, they pro-
vide a policy-neutral reference case that can be
used to analyze policy initiatives. EIA does not
propose, advocate, or speculate on future legisla-
tive and regulatory changes. All laws are assumed
to remain as currently enacted; however, the
impacts of emerging regulatory changes, when
defined, are reflected.

Because energy markets are complex, models are
simplified representations of energy production
and consumption, regulations, and producer and
consumer behavior. Projections are highly depend-
ent on the data, methodologies, model structures,

and assumptions used in their development. Be-
havioral characteristics are indicative of real-world
tendencies rather than representations of specific
outcomes.

Energy market projections are subject to much
uncertainty. Many of the events that shape energy
markets are random and cannot be anticipated,
including severe weather, political disruptions,
strikes, and technological breakthroughs. In addi-
tion, future developments in technologies, demo-
graphics, and resources cannot be foreseen with
any degree of certainty. Many key uncertainties in
the AEO98 projections are addressed through alter-
native cases.

EIA has endeavored to make these projections as
objective, reliable, and useful as possible; however,
they should serve as an adjunct to, not a substitute
for, analytical processes in the examination of
policy initiatives.




Trends in Economic Activity

AEQ98 Projects Strong Growth
in Economic Output, Productivity

Figure 21. Average annual real growth rates
of economic factors, 1996--2020 (percent)
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The output of the Nation's economy, measured by gross do-
mestic product (GDP), is projected to increase by 1.9 percent a
year between 1996 and 2020 (with GDP based on 1992 chain-
weighted dollars) (Figure 21). Through 2015, the forecast ho-
rizon for last year's AEQO, the projected economic growth rate
is 2.1 percent a year, slightly higher than the 1.9-percent
growth in AEO97. The projected growth rate for the labor
force is similar to last year's forecast through 2015; however,
in the AEOY8 projection, productivity growth is 1.1 percent a
year, up from 0.9 percent a year in AEQ97.

The projected rate of growth in GDP slows in the latter half of
the forecast period as the expansion of the labor force slows,
but increases in labor productivity moderate the effects of
lower labor force growth. The slowing growth in the size of the
labor force is a result of slowing population growth after 2000.
From 2010 to 2015, labor force growth slows to 0.5 percent,
and from 2015 to 2020 it falls to 0.3 percent a year. Labor force
productivity growth, however, remains at or near 1 percent a
year throughout each of the 5-year periods. In addition, the la-
bor force participation rate—the percentage of the population
over 16 years of age actually holding or looking for employ-
ment—peaks in 2007 and then begins to decline as “baby
boom” cohorts begin to retire.
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More Rapid Growth Projected for
Non-Energy-Intensive Industries

Figure 22. Sectoral composition of GDP growth,
1996--2020 (percent per year)
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The projected growth rate for manufacturing production is 2.1
percent a year, just slightly higher than the growth of 1.9 per-
cent a year for the aggregate economy. Energy-intensive in-
dustries, however, are projected to grow more slowly than
non-energy-intensive industries (1.0 percent and 2.6 percent
annual growth, respectively) [2 ], due in part to rising real en-
ergy prices.

The electronic equipment and industrial machinery sectors
lead the expected growth in manufacturing, as semiconductors
and computers find broader applications (Figure 22). The rub-
ber and miscellaneous plastic products sector is expected to
grow faster than manufacturing as a whole, with plastics con-
tinuing to penetrate new markets as well. Higher growth is ex-
pected for the wholesale trade and services sectors than for the
manufacturing sector, as in last year's forecast.
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Economic Growth Cases

High and Low Growth Cases Show

Effects of Economic Assumptions

Figure 23. Average annual real growth rates of
economic factors in three cases, 1996--2020 (percent)
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To reflect the uncertainty in forecasts of economic growth,
AEO9S includes high and low economic growth cases in ad-
dition to the reference case (Figure 23). The high and low
growth cases show the effects of alternative growth assump-
tions on energy markets. All three economic growth cases
are based on macroeconomic forecasts prepared by DRI/
McGraw-Hill (DRI) [ ]. The DRI forecasts used in AEO98
are the August 1997 trend growth scenario and the optimis-
tic and pessimistic growth projections. EIA has adjusted
DRI's forecasts to incorporate the world oil price assump-
tions used in the AEO98 reference case. With this change in-
corporated, the DRI projections are used as the starting point
for the macroeconomic forecasts in the National Energy
Modeling System (NEMS) simulations for AEO98. The
macroeconomic activity module in NEMS incorporates en-
ergy price feedback effects on the aggregate economy.

The high economic growth case incorporates higher
growth rates for population, labor force, and labor
productivity. With higher productivity gains, infla-
tion and interest rates are lower than in the refer-
ence case, and economic output is projected to
increase by 2.4 percent a year. The low economic
growth case assumes lower growth rates for popula-
tion, labor force, and productivity, resulting in
higher prices, higher interest rates, and lower indus-
trial output growth. In the low growth case, eco-
nomic output increases by 1.3 percent a year from
1996 through 2020.

Figure 24 shows the trend in the moving 20-year annual
growth rate for GDP, including projections for three
AEQ98 cases. The value for each year is calculated as

Investment Rates Are Key
to Economic Growth Paths

Figure 24. Change in annual GDP growth rate
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the annual growth rate over the preceding 20 years.
The pattern for the 20-year average shows major
long-term trends in GDP growth by smoothing more
volatile year-to-year changes. The trend is down-
ward, reflecting lower rates of capital accumulation
during the 1970s and 1980s, lower labor force growth
rates, and shifts in the demographic makeup of the
population. In addition, annual GDP growth has
fluctuated considerably around the trend. The high
and low growth cases are presented to capture the
potential for different paths of long-term output
growth in the forecast.

One reason for the variability of the forecasts is the
composition of economic output, reflected by growth
rates of consumption and investment relative to the
overall GDP growth for the aggregate economy. In
the reference case, consumption grows by 2.0 percent
a year, while investment grows at a robust 2.9 per-
cent. In the high growth case, growth in investment
increases to 3.6 percent a year—a shift that is signifi-
cant for overall economic growth. Higher investment
rates lead to faster capital accumulation and higher
productivity gains, which, coupled with higher popu-
lation and labor force growth, yield faster aggregate
economic growth than in the reference case. In the
low growth case, annual growth in investment ex-
penditures slows to 2.1 percent. With the labor force
also growing more slowly, aggregate economic
growth slows considerably.
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International Oil Market

Alternative Cases Show Uncertainty
in Future Oil Prices

Figure 25. World oil prices in three cases, 1970--2020
(1996 dollars per barrel)
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Just as the historical record shows substantial variability in
world oil prices, there is considerable uncertainty about future
prices. Three AEO98 cases with different price paths
allow an assessment of alternative views on the
course of future oil prices (Figure 25). For the refer-
ence case, prices rise by about 0.4 percent a year,
reaching $22.32 in constant 1996 dollars in 2020. In
nominal dollars, the reference case price reaches al-
most $47 in 2020. The low price case has prices fal-
ling to $14.47 by 2000 and remaining at about that
level out to 2020. The high price case has a price rise
of about 1.4 percent a year out to 2015 and then re-
mains at $28.65 out to 2020. The leveling off at about
$28.65 in the high price case is due to the market
penetration of alternative energy supplies that could
become economically viable at that price.

All three price cases out to 2015 are similar to the
price projections in AEO97, reflecting considerable
optimism about the potential for worldwide petro-
leum supply, even in the face of the substantial ex-
pected increase in demand. Production from
countries outside OPEC is expected to show a steady
increase, exceeding 45 million barrels per day by the
turn of the century and increasing gradually thereaf-
ter to more than 50 million barrels per day by 2020.

Total worldwide demand for oil is expected to exceed
116 million barrels per day by 2020. Developing
countries in Asia show the largest growth in de-
mand, averaging almost 5 percent a year.

The three price cases are based on alternative assumptions about
oil production levels in OPEC nations: higher production in the

OPEC Oil Production Rises in the
Three World Oil Price Cases

Figure 26. OPEC oil production in three cases,
1970--2020 (million barrels per day)
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low price case and lower production in the high price case. With
its vast store of readily accessible oil reserves, OPEC— primar-
ily the Persian Gulf nations—is expected to be the principal
source of marginal supply to meet future incremental demand.

By 2000, OPEC supply in the reference case is al-
most 33 million barrels per day, consistent with an-
nounced plans for OPEC capacity expansion [27]. By
2020, OPEC production is almost 66 million barrels
per day (more than twice its 1996 production) in the
reference case, 58 million in the high case, and over
78 million in the low case (Figure 26). Worldwide de-
mand for oil varies across the price cases in response
to the price paths. Total world demand for oil ranges
from 126.3 million barrels per day in the low price
case to 111.0 in the high price case.

This variation reflects uncertainty about the pros-
pects for future production from the Persian Gulf re-
gion. The expansion of productive capacity will
require major capital investments, which could de-
pend on the availability and acceptability of foreign
investments. Irag is assumed to continue selling oil
only at sanction-allowed volumes for the remainder
of this decade. Recent discoveries offshore of Algeria
and Nigeria as well as Venezuela's aggressive capac-
ity expansion plans will more than accommodate in-
creasing demand in the absence of Iraqg's full return
to the oil market.

36 Energy Information Administration/Annual Energy Outlook 1998



International Oil Markets

OPEC Production Is Lower in the
Optimistic Non-OPEC Supply Case

Figure 27. OPEC and non-OPEC oil production
in two cases, 1990--2020 (million barrels per day)
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The growth and diversity in non-OPEC oil supply has played a
significant role in the erosion of OPEC's market share over the
past two decades. Although OPEC producers will certainly
benefit from the projected growth in oil demand, significant
competition is expected from non-OPEC suppliers, who have
demonstrated surprising resilience even in the low price envi-
ronment of this decade. In the reference case, the OPEC market
share of worldwide production does not begin to exceed that of
non-OPEC suppliers until the year 2011 (Figure 27). Non-
OPEC production rises to over 45 million barrels per day by
the year 2000 and continues a gradual increase, exceeding 50
million barrels per day by the year 2019.

While the oil price cases make alternative assump-
tions about OPEC supply, it is also possible that
non-OPEC supply could expand beyond the levels as-
sumed for the reference case. In an optimistic non-
OPEC supply case—in which one-third of the world's
undiscovered oil is assumed to be economical to de-
velop over the forecast period at reference case
prices—OPEC would not regain the majority market
share throughout the forecast period. In this case,
non-OPEC production would increase steadily to
more than 60 million barrels a day. While significant
production increases are anticipated from the
world's developing countries (especially those of
Latin America and Asia), much of the increase in
non-OPEC supply over the next decade is expected to
come from the former Soviet Union.

Considering the world market in oil exports, the his-
torical peak for Persian Gulf exports (as a percent of

Persian Gulf Could Supply Half
of World Oil Exports by 2020

Figure 28. Persian Gulf share of worldwide
oil exports, 1965--2020 (percent)
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world oil exports) occurred in 1974, when they made
up more than two-thirds of the oil traded in world
markets (Figure 28). The most recent historical low
for Persian Gulf oil exports came in 1985 as a result
of more than a decade of high oil prices, which led to
significant reductions in worldwide petroleum con-
sumption. Less than 40 percent of the oil traded in
1985 came from Persian Gulf suppliers. Following
the 1985 oil price collapse, the Persian Gulf export
percentage has been steadily increasing. For the first
time since the early 1980s, Persian Gulf producers
are expected to account for more than 50 percent of
worldwide trade. This is expected to occur before the
end of this decade.

In the reference case, the Persian Gulf share of total
exports is expected to exceed 52 percent shortly after
the turn of the century and gradually increase to
over 65 percent by the year 2020. In the AEO98 low
oil price case, the Persian Gulf share of worldwide
petroleum exports is expected to exceed 54 percent
shortly after the turn of the century and steadily in-
crease to almost 74 percent by 2020. In the optimistic
non-OPEC supply case, the Persian Gulf share of oil
exports does not return to its historical peak during
the forecast period. While all Persian Gulf producers
are expected to increase their oil production capacity
significantly over the forecast period, both Saudi
Arabia and Iraqg are expected to more than double
their current production capacity levels.
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International Oil Markets

U.S. Oil Imports Continue To Rise
in the AEO98 Projections

Figure 29. U.S. gross petroleum imports by source,
1996--2020 (million barrels per day)
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In the reference case, total U.S. gross oil imports in-
crease from 9.5 million barrels per day in 1996 to 16.1
million in 2020 (Figure 29). Crude oil accounts for most
of the increase before 2000, whereas imports of petro-
leum products make up a larger share after 2000.
Product imports increase more rapidly, as U.S. produc-
tion stabilizes and U.S. refineries lack the capacity to
process a larger quantity of imported crude oil.

By 2010, OPEC accounts for more than one-half of to-
tal projected U.S. petroleum imports. After 2010, the
OPEC share increases steadily, to more than 54 per-
cent in 2020. The Persian Gulf share of U.S. imports
from OPEC increases from about 38 percent in 1996 to
more than 50 percent in 2020. Crude oil imports from
the North Sea increase slightly through 2000, then
level off as North Sea production ebbs. Significant im-
ports of petroleum from Canada and Mexico continue,
and West Coast refiners are expected to import crude
oil from the Far East to replace the modest volumes of
Alaskan crude oil that will be exported.

Imports of light products are expected to more than
double by 2020, to nearly 2.8 million barrels per day.
Most of the projected increase is from refiners in the
Caribbean Basin and the Middle East, where refining
capacity is expected to expand significantly. Vigorous
growth in demand for lighter petroleum products in
developing countries means that U.S. refiners are
likely to import smaller volumes of light, low-sulfur
crude oils.
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World Refining Capacity Is Expected
To Increase by More Than Half

Figure 30. Worldwide refining capacity by region,
1996 and 2020 (million barrels per day)
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Worldwide crude oil distillation capacity was 74.5 mil-
lion barrels per day at the beginning of 1996. To meet
the growth in international oil demand in the refer-
ence case, worldwide refining capacity is expected to
increase by more than half—to almost 129 million bar-
rels per day—by 2020. Substantial growth in distilla-
tion capacity is expected in the Middle East, Central
and South America, and the Asia/Pacific region (Fig-
ure 30).

The Asia/Pacific region has been the fastest growing
refining center in the 1990s. It has recently passed
Western Europe as the world's second largest refining
center and, in terms of distillation capacity, is ex-
pected to surpass the United States by 2010. While not
adding significantly to their distillation capacity, re-
finers in the United States and Europe have tended to
improve product quality and enhance the usefulness of
heavier oils through investment in downstream capac-

ity.

Future investments in the refinery operations of devel-
oping countries must include configurations that are
more advanced than those currently in operation.
Their refineries will be called upon to meet increased
worldwide demand for lighter products, to upgrade re-
sidual fuel, to supply transportation fuels with re-
duced lead, and to supply both distillate and residual
fuels with decreased sulfur levels. An additional bur-
den on new refineries will be the need to supply lighter
products from crude oils whose quality is expected to
deteriorate over the forecast period.
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Energy Demand

Gap Between Primary and Delivered
Energy Is Expected To Stabilize

Figure 31. Primary and delivered energy
consumption, excluding transportation use,
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Net energy delivered to consumers represents only a part of total
primary energy consumption. Primary consumption includes en-
ergy losses associated with the generation, transmission, and dis-
tribution of electricity, which are allocated to the end-use sectors
(residential, commercial, and industrial) in proportion to each sec-

tor's share of electricity use [28].

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 energy delivered to the end-use sectors, ex-
cluding transportation. Since then, the growth in elec-
tricity use for applications such as space conditioning,
consumer appliances, telecommunication equipment,
and industrial machinery has resulted in greater di-
vergence between total and delivered energy consump-
tion (Figure 31). This trend is expected to stabilize over
the forecast horizon, as more efficient generating tech-
nologies offset increased demand for electricity. Pro-
jected primary energy consumption and delivered
energy consumption grow by 0.7 percent and 0.8 per-
centayear, respectively, excluding transportation use.

At the end-use sectoral level, tracking of primary en-
ergy consumption is necessary to link specific policies
with overall goals. Carbon emissions, for example, are
closely correlated with total energy consumption. In
the development of carbon stabilization policies,
growth rates for primary energy consumption may be
more important than those for delivered energy.

Energy intensity, both as measured by primary energy
consumption per dollar of GDP and as measured on a
per capita basis, declined between 1970 and the mid-
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A Slower Rate of Decline in
Energy Intensity Is Projected

Figure 32. Energy use per capita and per dollar of
gross domestic product, 1970--2020 (index, 1970 = 1)
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1980s (Figure 32). While the overall GDP-based en-
ergy intensity of the economy is projected to continue
declining between 1996 and 2020, the rate of decline is
expected to diminish, as a result of relatively stable
projected energy prices and increased use of
electricity-based energy services. As electricity claims
a greater share of energy use, projected consumption
per dollar of GDP declines at a slower rate, because
electricity use contributes both end-use consumption
and energy losses to total energy consumption. Be-
tween 1996 and 2020, GDP is estimated to increase by
57 percent, compared with a 26-percent increase in
primary energy use.

In the AEO98 forecast, the demand for energy services
increases markedly over current levels. The average
home in 2020 is expected to be 5 percent larger and to
rely more heavily on electricity-based technologies.
Annual highway travel and air travel per capita in
2020 are expected to be 18 and 99 percent higher, re-
spectively, than their current levels. Growth in de-
mand for energy services notwithstanding, primary
energy intensity on a per capita basis will remain es-
sentially static through 2020, with efficiency improve-
ments in many end-use energy applications making it
possible to provide higher levels of service without sig-
nificant increases in energy use per capita.
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Energy Demand

Oil and Electricity Fuel Projected
Growth in End-Use Energy Demand

Figure 33. Primary energy use by fuel, 1970--2020
(quadrillion Btu)
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Petroleum products, mainly for transportation, claim the
greatest share of primary energy consumption in the
AEQ98 forecast (Figure 33). Growth in energy demand in
the transportation sector, which averaged 2.0 percent a
year during the 1970s, was diminished in the 1980s by
rising fuel prices and by new Federal vehicle efficiency
standards, which led to an unprecedented 2.1-percent an-
nual increase in average vehicle fuel economy. In the
AEQ98 forecast, fuel economy gains slow as a result of
stable fuel prices and the absence of new legislative man-
dates. A growing population and increased travel per cap-
ita lead to increases in demand for gasoline throughout
the forecast.

Increased competition and technological advances in
electricity generation and distribution are expected to
reduce the real cost of electricity. Despite low projected
prices, however, growth in electricity use is slower
than the rapid growth seen in the 1970s. End-use de-
mand for natural gas grows at a slightly slower rate
than overall energy demand, in contrast to the recent
trend of more rapid growth in the use of gas as the in-
dustry was deregulated. Natural gas is projected to
meet 19.4 percent of all end-use energy demand re-
guirements in 2020.

End-use demand for renewable energy from sources
such as wood, wood wastes, and ethanol increases by
1.1 percent a year. The use of geothermal and solar
thermal energy in buildings increases by about 5.6
percent a year but does not exceed 1 percent of energy
consumption for space and water heating.
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The Fastest Growth in Energy Use
Is Projected for Transportation

Figure 34. Primary energy use by sector, 1970--2020
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Primary energy use in the reference case is projected to reach 119
quadrillion Btu by 2020, 27 percent higher than the 1996 level. In
the early 1980s, as energy prices rose, sectoral energy consump-
tion grew relatively little (Figure 34). Between 1985 and 1996,
however, stable energy prices contributed to a marked increase in
sectoral energy consumption.

In the forecast, energy demand in the residential and
commercial sectors grows at about the same rate as
population. Demand for energy in the transportation
sector grows more rapidly, driven by estimates of in-
creased per capita travel and slower fuel efficiency
gains. Assumed efficiency gains in the industrial sec-
tor are projected to cause the demand for primary en-
ergy to grow more slowly than GDP.

To help bracket the uncertainty inherent in any long-
term forecast, alternative assumptions were used to
highlight the sensitivity of the AEO98 forecast to dif-
ferent oil price and economic growth paths. At the con-
sumer level, oil prices primarily affect the demand for
transportation fuels. Oil use for transportation in the
high world oil price case is 5.6 percent lower than in
the low world oil price case in 2020, as consumer
choices favor 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 [29]. By 2020, high
economic growth assumptions result in a 20-percent
increase in total annual energy use over its projected
level in the low growth case.
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Residential Sector Energy Demand

Electricity Supplies Most of the
Projected U.S. Residential Energy Use

Figure 35. Residential primary energy consumption
by fuel, 1970--2020 (percent of total)

w= /_/_’_’—’— Electricity

60 -

40 -

N \J\/\—\'\/\/\,
———————— Natwral gas

History

- N |

0
1970

Projections

Distillate
Other

2020

1980 1990 2000 2010

Residential energy consumption is projected to in-
crease by 20 percent overall between 1996 and 2020.
Most (87 percent) of the growth in total energy use is
related to increased use of electricity. Sustained
growth in housing in the South, where almost all new
homes use central air conditioning, is an important
component of the national trend, along with the pene-
tration of consumer electronics, such as home office
equipment and security systems (Figure 35).

While its share declines slightly, natural gas use in the
residential sector is projected to grow by 0.4 percent a
year through 2020. Natural gas prices to residential
customers decline in the forecast and are lower than
the prices of other fuels, such as heating oil. The
number of homes heated by natural gas increases
more than the number heated by electricity and oil.
Liquefied petroleum gas (LPG) use is projected to rise,
as mobile homes—which tend to use LPG more inten-
sively than multifamily units— provide a larger share
of new housing.

Newly built homes are, on average, larger than the ex-
isting stock, with correspondingly greater needs for
heating, cooling, and lighting. Under current building
codes and appliance standards, however, energy use
per square foot is typically lower for new construction
than for the existing stock. Further reductions in resi-
dential energy use per square foot could result from
additional gains in equipment efficiency and more
stringent building codes, requiring more insulation,
better windows, and more efficient building designs.
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“Other” Residential Energy Uses
Increase Rapidly in the Projections

Figure 36. Residential primary energy consumption

by end use, 1990, 1996, and 2020 (quadrillion Btu)
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Energy use for space heating, the most energy-
intensive end use in the residential sector, grew by 3.4
percent a year from 1990 to 1996 (Figure 36). Future
growth should be slowed by higher equipment effi-
ciency and tighter building codes. Building shell effi-
ciency gains are projected to cut space heating demand
in new homes by over 25 percent per household in 2020
relative to the demand in 1996.

A variety of appliances are now subject to minimum ef-
ficiency standards, including heat pumps, air condi-
tioners, furnaces, refrigerators, and water heaters.
Current standards for a typical residential refrigera-
tor limit electricity use to 690 kilowatthours a year,
and revised standards are expected to reduce con-
sumption by another 30 percent by 2002. Energy use
for refrigeration has declined by 4.5 percent annually
since 1990 and is projected to decline by about 2.1 per-
cent a year through 2020, as older, less efficient refrig-
erators are replaced with newer models.

The “all other” category, which includes smaller appli-
ances such as personal computers, dishwashers,
clothes washers, and dryers, has grown by 5 percent a
year since 1990 (Figure 36) and now accounts for 29
percent of total residential energy use. It is projected
to account for 39 percent in 2020, as small electric ap-
pliances continue to penetrate the market. The promo-
tion of voluntary standards, both within and outside
the appliance industry, is expected to forestall even
larger increases. Even so, the “all other” category is ex-
pected to exceed other components of residential de-
mand by 2020.
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Commercial Sector Energy Demand

Efficiency Improvements Are
Projected for Residential Appliances

Figure 37. Efficiency indicators for selected
residential appliances, 1995 and 2020
(index, 1995 stock efficiency =1)
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The AEO98 reference case projects an increase in the
stock efficiency of residential appliances, as stock
turnover and technology advances in most end-use
services combine to reduce residential energy inten-
sity over time. For most appliances, recent Federal ef-
ficiency standards are at least 5 percent higher than
the 1995 stock, ensuring an increase in stock efficiency
(Figure 37). Future updates to the Federal standards
can have a significant effect on residential energy con-
sumption. (See “Legislation and Regulations,” page 11,
for details on the priorities established by the U.S. De-
partment of Energy for appliances covered under the
National Appliance Energy Conservation Act of 1987.)

For almost all end-use services, technologies now exist
that can significantly curtail future energy demand if
they are purchased by consumers. The most efficient
technologies can provide significant long-run savings
in energy bills, but their higher purchase cost tends to
restrict their market penetration. For natural gas fur-
naces, for example, condensing technology, which re-
claims most of the heat in exhaust gases, can increase
efficiency by more than 20 percent over the current
standard. The use of variable-speed compressors in air
conditioners and refrigerators can increase their effi-
ciency by 50 percent or more over the current stan-
dard. On the other hand, there is little room for
improvement in the efficiency of electric resistance wa-
ter heaters, because the technology is approaching its
thermal limit. (See page 48 for additional analysis of
technology improvements for residential appliances.)
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Slower Growth Is Projected for
Commercial Energy Use Overall

Figure 38. Commercial nonrenewable primary
energy consumption by fuel, 1970--2020
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Projected energy use trends in the commercial sector show stable
shares for all fuels, with growth in overall consumption slowing
from its pace over the past two decades (Figure 38). Slow growth
(0.6 percent a year) is expected in the commercial sector, for two
reasons. Commercial floorspace is projected to grow by only 0.8
percent a year between 1996 and 2020, compared with an average
of 1.5 percent a year over the past two decades. Lower growth in
floorspace reflects the slowing population growth expected after
2000. Additionally, energy consumption per square foot is pro-
jected to decline by 0.2 percent a year, as a result of efficiency
standards, voluntary government programs aimed at improving ef-
ficiency, and other technology improvements.

Electricity accounts for nearly three-fourths of com-
mercial primary energy consumption throughout the
forecast. Expected efficiency gains in electric equip-
ment are offset by continuing penetration of new tech-
nologies and greater use of office equipment. Natural
gas accounts for 22 percent of commercial energy con-
sumption in 1996 and maintains that share through-
out the forecast. Distillate fuel oil makes up only 3
percent of commercial demand in 1996, down from 6
percent in the years before deregulation of the natural
gas industry. The fuel share projected for distillate
drops to 2 percent in 2020, as natural gas continues to
compete for space and water heating uses. With stable
prices projected for conventional fuels, no appreciable
growth in the share of renewable energy in the com-
mercial sector is anticipated.
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Industrial Sector Energy Demand

Electricity Use for New Types of
Equipment Grows Rapidly

Figure 39. Commercial primary energy consumption

by end use, 1996 and 2020 (quadrillion Btu)
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Through 2020, commercial lighting remains the most
important individual end use in the commercial sector.
Energy consumption for lighting is projected to decline
slightly in the forecast, as more energy-efficient light-
ing equipment and more efficient generating technolo-
gies are adopted. Efficiency gains are also expected for
space heating, space cooling, and water heating equip-
ment, moderating the growth in overall commercial
sector energy demand. Increasing building shell effi-
ciency, which affects the energy required for space
heating and cooling, also contributes to the trend (Fig-
ure 39).

The highest growth rates are expected for end uses
that have not yet saturated the commercial market.
Energy use for personal computers grows by 1.2 per-
cent annually, and consumption for other office equip-
ment, such as fax machines and copiers, grows by
about 1.7 percent a year. Miscellaneous natural gas
consumption for such uses as cooking, district heating,
and self-generated electricity is expected to grow by
1.0 percent a year. New telecommunications technolo-
gies and medical imaging equipment increase the de-
mand 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.
Growth in the “all other” category is expected to be es-
pecially vigorous during the first half of the forecast
period and to slow somewhat in later years as emerg-
ing technologies achieve greater market penetration.
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Industrial Use of All Energy Fuels
Is Projected To Increase

Figure 40. Industrial primary energy consumption
by fuel, 1970--2020 (quadrillion Btu per year)
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From 1970 to 1986, electricity's share of industrial en-
ergy use increased, as demand for coking coal was re-
duced by declines in steel production and
electricity-intensive industries grew rapidly. The elec-
tric share of industrial total energy consumption rose
from 23 percent to 35 percent, natural gas fell from 33
percent to 25 percent, and coal fell from 16 percent to
10 percent. After 1986, natural gas began to recover its
share as end-use regulations were lifted and supplies
became more certain and less costly. Over the forecast
horizon, expectations of plentiful supplies and stable
prices allow natural gas to maintain its current share
of industrial energy consumption.

Primary energy use in the industrial sector—which in-
cludes the agriculture, mining, and construction in-
dustries in addition to traditional
manufacturing—increases by 0.7 percent a year in the
forecast (Figure 40). Electricity (for machine drive and
some production processes) and natural gas (given its
ease of handling) are the major energy sources for the
industrial sector. Industrial electricity use is projected
to increase by 22.1 percent, as competition in the gen-
eration market keeps electricity prices low. Relatively
low prices are also expected for natural gas, resulting
in consumption that is 16.4 percent over its 1996 level
by 2020. Industrial petroleum use grows by 22.0 per-
cent over the same period. Coal consumption is stable
over the forecast, as new steelmaking technologies
continue to reduce demand for metallurgical coal, off-
setting modest growth (0.6 percent a year) in coal use
for boiler fuel.
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Industrial Sector Energy Demand

Manufacturing Industries Continue
To Claim Major Share of Energy Use

Figure 41. Industrial primary energy consumption
by industry category, 1990--2020
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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; the remainder is approximately
equally distributed among nonmanufacturing heat
and power and consumption as feedstocks (raw mate-
rials) and other miscellaneous uses (Figure 41).

Petroleum refining, chemicals, and pulp and paper are
the largest end-use consumers of energy for heat and
power in the manufacturing sector. These three
energy-intensive industries used 7.9 quadrillion Btu
in 1996. The major fuels used in petroleum refineries
are still gas, natural gas, and petroleum coke. In the
chemical industry, natural gas accounts for more than
half of the energy consumed for heat and power. The
pulp and paper industry consumes the most renew-
ables, in the form of wood and spent liquor.

A major use of energy in the nonmanufacturing indus-
tries is for diesel-powered off-road equipment, such as
mine excavation equipment, farm tractors, and bull-
dozers. The construction industry uses asphalt and
road oil for paving and roofing. By 2020, nonmanufac-
turing output is expected to be 37.1 percent higher and
delivered energy consumption (including asphalt and
road oil) 28.7 percent higher than their 1996 levels. To-
tal feedstock use is expected to increase by 17.6 per-
cent. Natural gas is the fastest growing feedstock,
increasing by 18.4 percent between 1996 and 2020.
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Manufacturing Energy Intensity Is
Projected To Decline by One-Fourth

Figure 42. Manufacturing primary energy intensity
by component, 1990--2020 (index, 1990 = 1)
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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 and production efficiencies; the other
arises from structural changes in the composition of
manufacturing output. Since 1970, the use of more
energy-efficient technologies, combined with relatively
low growth in the energy-intensive industries, has
moderated growth in industrial energy consumption.
Thus, despite higher industrial output, total energy
consumption in the sector has been virtually un-
changed for the past 20 years. These basic trends are
expected to continue.

The share of total manufacturing output attributed to
the energy-intensive industries falls from 30 percent
to 24 percent from 1996 to 2020. Thus, even if no spe-
cific industry experienced a decline in intensity, aggre-
gate manufacturing intensity would decline. Figure 42
shows projected changes in energy intensity due to
structural effects and efficiency effects separately [30].
Over the forecast period, total manufacturing inten-
sity drops by 27 percent, and the changing composition
of manufacturing output alone results in approxi-
mately a 16-percent drop. Thus, more than half of the
change in total energy intensity for the sector is attrib-
utable to structural shifts and the remainder to
changes in energy intensity associated with increases
in equipment and production efficiencies.
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Transportation Sector Energy Demand

Petroleum Products Dominate
Energy Use for Transportation

Figure 43. Transportation energy consumption

by fuel, 1975, 1996, and 2020 (quadrillion Btu)
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By 2020, total energy demand for transportation is ex-
pected to be 36.5 quadrillion Btu, compared with 24.8
guadrillion Btu in 1996 (Figure 43). Petroleum prod-
ucts dominate energy use in the sector. Motor gasoline
use accounts for more than half of transportation en-
ergy demand, increasing by 1.1 percent a year in the
reference case. Alternative fuels are projected to dis-
place about 500,000 barrels of oil equivalent a day [31]
by 2020, in response to current environmental and en-
ergy legislation intended to reduce oil use. Gasoline's
share of demand is sustained, however, by low pro-
jected gasoline prices and a slower pace of fuel effi-
ciency gains in conventional light-duty vehicles (cars,
vans, pickup trucks, and utility vehicles) than was
achieved during the 1980s.

Assumed economic growth of 1.9 percent a year
through 2020 leads to an increase in freight transport,
with a corresponding increase in diesel use of 1.4 per-
cent ayear. Economic growth and low projected jet fuel
prices yield a 3.7-percent annual increase in air travel,
causing jet fuel use to increase by 2.8 percent a year.

In the forecast, energy prices directly affect the level of
oil use through travel costs and average vehicle fuel ef-
ficiency. Most of the projected price sensitivity is seen
as variations in motor gasoline use in light-duty vehi-
cles, because the stock of light-duty vehicles turns over
more rapidly than the stock for other modes of travel.
In the high oil price case, gasoline use increases by
only 1.0 percent a year, compared with 1.3 percent a
year in the low oil price case.
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Transportation Fuel Efficiency
Grows More Slowly in the Forecast

Figure 44. Transportation stock fuel efficiency

by mode, 1980--2020 (index, 1996 = 1)
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Projected fuel efficiency improves at a slower rate
through 2020 than in the 1980s (Figure 44). Light-
duty vehicle efficiency standards are assumed to stay
at current levels. Projected low fuel prices and higher
disposable personal income [32] increase demand for
more powerful and larger vehicles, although aging of
the car-buying population is likely to moderate this
trend later in the forecast. Projected average horse-
power increases by two-thirds in 2020, but the use of
advanced technologies and materials keeps new vehi-
cle fuel economy from declining. Low fuel prices and
slow stock turnover limit efficiency gains for freight
trucks to 0.4 percent a year. Aircraft efficiency grows
by 0.6 percent a year, with increasing sales of new
wide-body aircraft.

If vehicle horsepower increased by 1 percent a year
through 2020, as compared with 2.1 percent in the ref-
erence case, new car fuel efficiency could be 13 percent
higher than in the reference case in 2020 (Table 5). The
improvement would cut fuel consumption by light-
duty vehicles by 7.3 percent, or 1.4 quadrillion Btu, by
2020 and reduce total carbon emissions by 27 million
metric tons.

Table 5. Changes in efficiency, fuel consumption,
and carbon emissions with changes in horsepower,
2000-2020 (percent change from the reference case)

New car fuel Light-duty Total

Average efficiency vehicle fuel carbon
Year  horsepower (mpg) consumption emissions
amw -6.9 29 -06 -01
10 -16.6 8.3 -35 -07
am -21.8 130 -73 -1.4
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Transportation Sector Energy Demand

Market for Alternative-Fuel ¥hicles
Grows in the 21st Century

Figure 45. Alternative-fuel vehicle sales by
type of demand, 1996--2020 (thousand vehicles sold)
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Sales of alternative-fuel vehicles (AF¥) as a result of legislative
mandates at the Federal level—under the Energy Policy Act of
1992 (EPACT)—and at the State level—under the Low Emission
‘¥hicle Program (LEW)—are expected to reach about 0.62 mil-
lion units in 2020 (Figure 45). AFVacquisitions mandated for
fleets under EPACT, predominantly fueled by compressed natural
gas (CNG) or liquefied petroleum gas, represent the earliest legis-
lated sales. ¥hicles that use gaseous fuels continue to capture a
large share of the AFVimarket through 2020 (Table 6).

Implementation of LEVP regulations is assumed to be-
gin in New York in 1998, with California and Massa-
chusetts mandates following in 2003. LEVP legislated
sales are expected to total 285,000 units in 2020, boost-
ing electric and electric hybrid vehicles to about 25
percent of AFV sales. With relatively low gasoline
prices and the lack of an infrastructure to support
AFVs, mandated sales will outpace market-driven
sales of AFVs [33] until around 2005.

In the reference case, total AFV sales reach approxi-
mately 1.16 million units, or 8.0 percent of all vehicle

Table 6. Market shares of alternative-fuel
light-duty vehicles by technology type, 2020
(percent)

Market Market
Technology share Technology share

Dedicated Flex fuel
internal combustion internal combustion

Alwhol 10.0 Alcohol 26.0

oG 16.8 CNG 3.8

IR7 13.1 LPG 4.6
Electric 24.5 Electric hybrid 1.0
Fuel cell 0.0 Gas turbine 0.2
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AFWIarket Share in 2020 Projected
To Be 8 Percent of All ¥hicle Sales

Figure 46. Alternative-fuel light-duty vehicle sales
by fuel type, 1996--2020 (thousand vehicles sold)
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sales, in 2020 (Figure 46). The use of light-duty AFVs
is expected to reduce carbon emissions by 1 million
metric tons of carbon by 2020. Vehicles that use gase-
ous fuels—already being sold by manufacturers at
prices $1,000 to $1,500 above those for gasoline vehi-
cles—dominate pre-2000 sales. Their limited range
(about two-thirds that of gasoline vehicles) makes
them good candidates for centrally fueled fleet applica-
tions. Because the large fuel tanks required to main-
tain vehicle range restrict both trunk and passenger
space, the market potential for gaseous fuel AFVs for
private use is limited to larger vehicles.

Electric vehicles are currently being developed by sev-
eral automobile manufacturers, but large numbers of
sales are not expected until LEVP mandates begin.
Sales of dedicated and hybrid electric vehicles—96
percent of which originate from LEVP mandates—are
projected to reach nearly 296,000 units in 2020.

“Flex fuel” vehicles, which can use any combination of
ethanol, methanol, and gasoline, are expected to make
up 26 percent of AFV sales in 2020. The range, fuel ef-
ficiency, and performance of these vehicles are similar
to those of conventional gasoline vehicles, and their in-
cremental production cost is expected to be less than
$500 by 2020. Unlike AFVs that use gaseous fuels,
“flex-fuel” vehicles would be suitable for applications
in all vehicle size classes.
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Energy Demand in Alternative Technology Cases

More Efficient Technologies
Could Reduce Total Energy Use

Figure 47. Variation from reference case primary
energy use by sector in two alternative technology
cases, 2000--2020 (quadrillion Btu)
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Adoption rates for new, more efficient technologies are
uncertain. Alternative cases for each sector (see Ap-
pendix G), based on a range of assumptions about tech-
nological progress, show the effects of the assumptions
(Figure 47). The alternative technology cases assume
that existing equipment and building standards will
be met, but they do not include feedback effects on en-
ergy prices or on economic growth.

Three cases are examined for the residential and com-
mercial sectors. The 1998 technology case holds equip-
ment efficiencies at 1998 levels. The best available
technology case assumes that the most energy-
efficient technologies available each year will be cho-
sen, regardless of cost. The advanced technology cost
reduction case permits choices based on cost, but over
time the costs for the most efficient technologies de-
cline from their reference case values.

For the industrial and transportation sectors, 1998
technology cases parallel the buildings sector case. A
high technology case for the industrial sector assumes
a more rapid, 1.5-percent annual decline in aggregate
industrial energy intensity, compared with 1.1 percent
in the reference case. The advanced technology case for
the transportation sector includes reduced costs for ad-
vanced technologies and improved fuel efficiencies,
comparable to levels assumed in a recent Department
of Energy (DOE) interlaboratory study for air, rail,
marine, and freight travel and provided by the DOE
Office of Energy Efficiency and Renewable Energy for
light-duty vehicles [34].
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Lower Costs for New Technologies
Could Cut Residential Energy Use

Figure 48. Variation from reference case primary
residential energy use in three alternative cases,
1996--2020 (quadrillion Btu)
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The AEQO98 reference case forecast includes the pro-
jected effects of several different policies aimed at in-
creasing residential end-use efficiency. Examples
include minimum efficiency standards and voluntary
energy savings programs designed to promote energy
efficiency through innovations in manufacturing,
building, and mortgage financing. In the 1998 technol-
ogy case, which assumes no further increases in the ef-
ficiency of equipment or building shells beyond that
available in 1998, 6.0 percent more energy would be re-
quired in 2020 (Figure 48).

In the best available technology case, assuming that
the most energy-efficient technology considered is al-
ways chosen regardless of cost, energy use is 18.7 per-
cent lower than in the reference case in 2020, and
household primary energy use is 23.3 percent lower
than in the 1998 technology case in 2020.

The advanced technology cost reduction case does not
constrain consumer choices. Instead, costs for the most
energy-efficient technologies are assumed to decline
by as much as 35 percent from reference case costs by
2020, as manufacturers gain experience. The con-
sumer discount rates used to determine the purchased
efficiency of all residential appliances in the advanced
technology cost reduction case do not vary from those
used in the reference case; that is, consumers value ef-
ficiency equally across the two cases. Energy savings
in this case relative to the reference case reach 7.2 per-
cent in 2020; however, the savings are not as great as
those in the best available technology case.
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Energy Demand in Alternative Technology Cases

Efficient Home Water Heaters Could
Give Significant Energy Cost Savings

Figure 49. Cost and investment changes for selected
residential appliances in the best available

technology case, 1996--2020 (billion 1997 dollars)
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In the best available technology case, which requires
the purchase of the most efficient equipment available,
residential energy expenditures are lower but capital
investment costs are higher (Figures 49 and 50). This
case captures the effects of installing the most efficient
(usually the most expensive) equipment at reference
case turnover rates, regardless of economic considera-
tions. An incremental investment of $137 billion [35]
reduces residential delivered energy use by more than
16 quadrillion Btu—saving consumers $74 billion in
energy expenditures—through 2020. Water heating
has the greatest potential for savings relative to in-
vestment. In place of conventional technologies, such
as electric resistance water heaters, condensing natu-
ral gas and electric heat pump water heaters and hori-
zontal-axis washing machines can substantially cut
the amount of energy needed to provide hot water serv-
ices.

Figure 50. Present value of investment and savings
for residential appliances in the best available

technology case, 1999--2020 (billion 1997 dollars)
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Projected Energy Use Is Lowest
Using Best Available Technologies

Figure 51. Variation from reference case primary
commercial energy use in three alternative cases,
1996--2020 (quadrillion Btu)
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The AEQ98 reference case incorporates efficiency im-
provements for commercial equipment and building
shells, contributing to a decline in commercial energy
intensity of 0.2 percent a year over the forecast. The
1998 technology case assumes that future equipment
and building shells will be no more efficient than those
available in 1998. In comparison, the best available
technology case assumes that only the most efficient
technologies considered in AEO98 will be chosen, re-
gardless of cost, and that building shells will improve
at a faster rate than in the reference case. The ad-
vanced technology cost reduction case assumes the
same range of available technologies as in the refer-
ence case, but costs for the most energy-efficient tech-
nologies are assumed to decline over time more than
they do in the reference case.

Energy use in the 1998 technology case is 2.7 percent
higher than in the reference case by 2020 (Figure 51),
with commercial primary energy intensity declining
by 0.1 percent a year. In the best available technology
case there is an additional 13.6-percent energy savings
in 2020, and primary energy intensity falls by 0.8 per-
cent a year from 1996 to 2020. Allowing the cost of effi-
ciency advances to decline in the advanced technology
cost reduction case yields energy use that is 5.8 per-
cent lower than energy use in the reference case by
2020. Commercial primary energy intensity declines
more slowly in this case than in the best available tech-
nology case, by 0.5 percent a year.

Energy Information Administration/Annual Energy Outlook 1998



Energy Demand in Alternative Technology Cases

Changes in Technology Assumptions
Alter Industrial Energy Intensity

Figure 52. Industrial primary energy intensity
in two alternative technology cases, 1996--2020
(index, 1996 = 1)
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Expected efficiency gains in both energy-intensive and
non-energy-intensive industries provide improvement
in energy intensity. The growth in machinery and
equipment production, driven primarily by investment
and export-related demand, is a key factor: these less
energy-intensive industries grow 48 percent faster
than the manufacturing average (3.1 percent vs. 2.1
percent a year).

In the high technology case, 2.8 quadrillion Btu less
energy is used in 2020 than for the same level of output
in the reference case. Industrial energy intensity de-
clines by 1.5 percent a year through 2020 in this case,
compared with a 1.2-percent annual decline in the ref-
erence case (Figure 52). While the individual industry
intensities decline about twice as rapidly in the high
technology case as in the reference case, the aggregate
intensity falls less rapidly, because the composition of
industrial output is the same in the two cases.

In the 1998 technology case, industry consumes 1.6
quadrillion Btu more energy in 2020 than in the refer-
ence case. Energy efficiency remains at the level
achieved in 1998 new plants, but average efficiency
still improves as old technology is retired and replaced
by new 1998 technology. Aggregate industrial energy
intensity declines by only about 1.0 percent a year be-
cause of reduced efficiency gains and changes in indus-
trial structure. The composition of industrial output
accounts for 69 percent of the change in aggregate in-
dustrial energy intensity, compared with 59 percent in
the reference case.
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Major Fuel Efficiency Gains
Are Possible for Freight Trucks

Figure 53. Changes in key components of the
transportation sector in two alternative cases,
2020 (percent change from reference case)
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Two alternative cases were examined to bracket the
potential impacts of technology improvements in the
transportation sector. The 1998 technology case held
new fuel efficiencies for light-duty vehicles, freight
trucks, and aircraft at 1998 levels throughout the fore-
cast, resulting in average stock efficiencies for light-
duty vehicles that were as much as 2.6 percent lower
than those in the reference case in 2020. As a result,
fuel use in 2020 was 1.4 quadrillion Btu (3.8 percent)
higher than in the reference case (Figure 53). The in-
crease in fuel use was attributable primarily to light-
duty vehicles (55 percent of the total increase), fol-
lowed by aircraft (25 percent) and freight trucks (20
percent).

The advanced technology case assumes cost and per-
formance criteria provided by the DOE Office of En-
ergy Efficiency and Renewable Energy for light-duty
vehicles and from the efficiency case of the recent in-
terlaboratory study [36] for air, freight, marine, and
rail travel, including high-efficiency advanced light-
duty diesel vehicles; electric, electric hybrid, and fuel
cell light-duty vehicles with higher efficiencies and
earlier introduction dates; advanced drag reduction,
reduced vehicle weights, and advanced diesel engines
for freight trucks, with shorter market penetration
times and lower cost-effectiveness criteria; and air-
craft with higher load factors and higher fuel effi-
ciency. In the advanced technology case, total fuel
consumption for the transportation sector was 2.6
qguadrillion Btu (7.2 percent) lower than the reference
case level in 2020.
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Electricity Sales

Slower Growth Is Projected
for U.S. Electricity Sales

Figure 54. Population, gross domestic product,
and electricity sales growth, 1960--2020
(index, 1960 = 1)
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While generators and cogenerators try to adjust to the
evolving structure of the electricity market, they are
also faced with slower growth in demand than in the
past. Historically, the demand for electricity has been
related to economic growth. This positive relationship
will continue, but the magnitude of the ratio is uncer-
tain.

During the 1960s, electricity demand grew by more
than 7 percent a year, nearly twice the rate of economic
growth (Figure 54). In the 1970s and 1980s, however,
the ratio of electricity demand growth to economic
growth declined to 1.5 and 1.0, respectively. Several
factors have contributed to this trend, including in-
creased market saturation of electric appliances; im-
provements in equipment efficiency and utility
investments in demand-side management programs;
and legislation establishing more stringent equipment
efficiency standards. For similar reasons, a continued
decline is expected throughout the forecast.

Changing consumer markets could mitigate the slow-
ing of electricity demand growth seen in these projec-
tions. New electric appliances are introduced
frequently. Only a few years ago, no one foresaw the
growth in home computers, facsimile machines, copi-
ers, and security systems, all powered by electricity. If
new uses of electricity are more substantial than cur-
rently expected, they could partially offset future effi-
ciency gains.

With the number of U.S. households projected to rise
by 1.0 percent a year between 1996 and 2020,
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Residential Electricity Sales
Lead the Projected Increase

Figure 55. Annual electricity sales by sector,

1970--2020 (billion kilowatthours)
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residential demand for electricity grows by 1.5 per-
cent annually (Figure 55). Residential electricity de-
mand changes as a function of the time of day, week, or
year. During summer, residential demand peaks in
the late afternoon and evening, when household cool-
ing and lighting needs are highest. This periodicity in-
creases the peak-to-average load ratio for local
utilities, which rely on quick-starting gas turbines or
internal combustion engines to satisfy peak demand.
Although many regions currently have surplus
baseload capacity, strong growth in the residential sec-
tor will result in a need for more “peaking” capacity.
Between 1996 and 2020, generating capacity from gas
turbines and internal combustion engines is expected
to more than triple.

Electricity demand in the commercial and industrial
sectors grows by 1.2 and 1.3 percent a year, respec-
tively, between 1996 and 2020. Annual commercial
floorspace growth of 0.8 percent and industrial output
growth of 1.9 percent drive the increase.

In addition to sectoral sales, cogenerators in 1996 pro-
duced 149 billion kilowatthours for their own use in in-
dustrial and commercial processes, such as petroleum
refining and paper manufacturing. By 2020, these pro-
ducers are expected to maintain about the same share
of total generation, increasing their own-use genera-
tion to 165 billion kilowatthours as demand for manu-
factured products increases.
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Electricity Generating Capacity

New Capacity Will Be Needed
To Replace Retirements, Meet Demand

Figure 56. New generating capacity and

retirements, 1996--2020 (gigawatts)
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Despite slower demand growth, 403 gigawatts of new
generating capacity will be needed by 2020 to meet
growing demand and to replace retiring units. The ref-
erence case assumes that fossil-steam plants with op-
erating costs above 4 cents per Kilowatthour will be
retired in the next decade. Between 1996 and 2020, 52
gigawatts (51 percent) of current nuclear capacity and
73 gigawatts (16 percent) of current fossil-steam ca-
pacity [37] are expected to be retired. Of the 142 giga-
watts of new capacity needed after 2010 (Figure 56), 22
percent will replace retired nuclear capacity.

The reduction in baseload nuclear capacity has a
marked impact on the electricity outlook after 2010: 47
percent of the new combined-cycle and 58 percent of
the new coal capacity projected in the entire forecast
are brought on line between 2010 and 2020. Before the
advent of natural gas combined-cycle plants, fossil-
fired baseload capacity additions were limited primar-
ily to pulverized-coal steam units; however, efficien-
cies for combined-cycle units are expected to approach
54 percent by 2010, compared to 38 percent for coal-
steam units, with construction costs only about 37 per-
cent those for coal-steam plants.

As older nuclear power plants age and their operating
costs rise, more than one-half of currently operating
nuclear capacity is expected to retire by 2020. More op-
timistic assumptions about operating lives and costs
for nuclear units would reduce the need for new fossil-
based capacity and reduce fossil fuel prices.
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Natural Gas Is Projected
To Fuel Most New Capacity

Figure 57. Electricity generation and cogeneration
capacity additions by fuel type, 1996--2020
(gigawatts)
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Before building new capacity, utilities are expected to
use other options to meet demand growth—Ilife exten-
sion and repowering of existing plants, power imports
from Canada and Mexico, and purchases from co-
generators. Even so, assuming an average plant capac-
ity of 300 megawatts, a projected 1,344 new plants
with a total of 403 gigawatts of capacity will be needed
by 2020 to meet growing demand and to offset retire-
ments. Of the new capacity, 85 percent is projected to
be combined-cycle or combustion turbine technology
fueled by natural gas or both oil and gas (Figure 57).
Both technologies are designed primarily to supply
peak and intermediate capacity, but combined-cycle
technology can also be used to meet baseload require-
ments.

More than 49 gigawatts of new coal-fired capacity is
projected to come on line between 1996 and 2020, ac-
counting for more than 12 percent of all capacity ex-
pansion. Competition with low-cost gas-turbine-based
technologies has compelled vendors to standardize de-
signs for coal-fired plants in efforts to reduce capital
and operating costs in order to maintain a share of the
market. Renewable technologies account for the re-
maining 2 percent of capacity expansion by 2020—pri-
marily, wind and biomass gasification units. Oil-fired
steam plants, with higher fuel costs and lower efficien-
cies, account for less than 0.5 percent of new capacity
in the forecast.
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Electricity Prices

Competition, Lower Coal Prices Are
Expected To Reduce Electricity Prices

Figure 58. Fuel prices to electricity suppliers
and electricity price, 1990--2020 (index, 1990 = 1)
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Between 1996 and 2020, the average price of electric-
ity in real 1996 dollars is projected to decline by 1.0
percent a year as a result of competition among elec-
tricity suppliers (Figure 58). By sector, projected prices
in 2020 are 19, 21, and 24 percent lower than 1996
prices for residential, commercial, and industrial cus-

tomers.

The cost of producing electricity is a function of fuel
costs, operating and maintenance costs, and the cost of
capital. For existing plants, fuel costs typically repre-
sent $24 million annually or 79 percent of the total op-
erational costs (fuel and operating and maintenance)
for a 300-megawatt coal-fired plant and $31 million
annually or 93 percent of the total operational costs for
a gas-fired combined-cycle plant of the same size in
1996.

Natural gas prices to electricity suppliers rise by 0.7
percent a year in the forecast, from $2.70 per thousand
cubic feet in 1996 to $3.22 in 2020. Gas-fired electricity
generation increases by 376 percent, from 462 to 1,583
billion kilowatthours. Offsetting these increases are
declining coal prices, declining capital expenditures,
and improved efficiencies for new plants. Oil prices to
utilities are expected to increase by 29 percent. Asare-
sult, oil-fired generation is expected to decline by more
than 56 percent between 1996 and 2020. However, oil
currently accounts for only 2.5 percent of total genera-
tion, and that share is expected to decline to 0.8 per-
cent by 2020 as oil-fired steam generators are replaced
by gas turbine technologies.
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Three Regions Illustrate Projected
Effects of Market Competition

Figure 59. Electricity prices in the New England,
New York, and California regions, 1990--2020
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The reference case assumes a transition to competitive
pricing in California, New York, and the New England
States. It is assumed that electricity prices in Califor-
nia will remain constant at nominal 1996 levels be-
tween 1998 and 2001 for commercial and industrial
customers, whereas residential customers will see a
10-percent reduction from 1996 prices in 1998; that
there will be a transition from regulated to competitive
prices between 2002 and 2007; and that the market
will be fully competitive by 2008. Similarly, in New
York and New England, the transition period is as-
sumed to be from 1998 through 2007, with fully com-
petitive pricing of electricity beginning in 2008.

The transition period reflects the time needed for the
establishment of competitive market institutions and
recovery of stranded costs as permitted by regulators.
The reference case assumes that competitive prices in
these regions will be the marginal cost of generation,
and the distribution of prices across economic sectors
is the same as that for regulated prices.

As a result of the moves toward competition in Califor-
nia, New York, and New England electricity prices in
those regions are expected to fall rapidly from 1996 to
2005—bhy 2 to 3 percent a year (Figure 59). Over the
longer term, prices in the three regions are projected to
decline at approximately the same rate as the national
average—1 percent a year—as electricity prices in all
regions approach the cost of building and operating
new power plants.
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Electricity Generation

Lower Projected Capital Costs Give
Gas Technologies a Competitive Edge

Figure 60. Electricity generation costs,
2005 and 2020 (1996 mills per kilowatthour)
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Technology choices for new generating capacity are
made to minimize cost while meeting local and Federal
emissions constraints. The choice of technology for ca-
pacity additions is based on levelized costs (Figure 60).
The reference case assumes a capital recovery period
of 20 years. In addition, the cost of capital is increased
by 1 percentage point, to account for the competitive
risk of siting new units.

In the AEQ98 forecasts, capital costs of conventional
technologies are assumed to decline by 2.5 percent for
each doubling of new capacity. For advanced technolo-
gies, after an initial upward adjustment to account for
technological optimism, capital costs decline by 10 per-
cent for each doubling of capacity for the first 5 units, 5
percent for the 6th through 40th units, and 2.5 percent
after 40 units. Heat rates for both advanced and con-
ventional fossil-fired technologies decline annually
from 1995 until 2010. In 2020, levelized costs for gas-
fired combined-cycle capacity are 19.2 percent lower
than those for coal (Table 7).

Table 7. Costs of producing electricity
firom new plants, 2005 and 2020

2005 2020
Conventional  Advanced Conventional  Advanced
pulverized combined pulverized combined
Item coal cycle coal cycle
1996 mills per kilovatthour
@pital 5.6 75 Z1 72
o 6.9 28 6.9 28
Tiel 6.9 7 6.1 25
Total 43 3.0 91 24
Bu per kilovatthour

Hat rate 9,36 6,812 9,87 6,30
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Projected Electricity Production Costs
Continue To Decline

Figure 61. Production costs for coal- and gas-fired
generating plants, 1982--2020
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Since 1982, nonfuel operating and maintenance ex-
penses for coal- and gas-fired steam generating plants
have declined by 1.8 percent annually in real terms
(Figure 61). These expenses include operation and
maintenance of the boiler and electric plant, supervi-
sory and engineering expenses, steam production ex-
penses, and rents. The decline is the result of more
energy-efficient plant components, more exacting en-
gineering methods, demand growth, and reductions in
staff. In addition, fuel expenses for these plants have
declined by 5.5 percent a year, mirroring the falling
prices of natural gas and coal during the period. As a
result, total production expenses for coal- and gas-
fired steam plants have declined by 5.1 percent annu-
ally since 1982.

The same trend is expected to continue but at a slower
pace than the decline seen over the past decade. In
1982, coal-fired steam plants used 250 employees per
gigawatt of installed capacity, and utilities were able
to reduce that number to 200 by 1995. Gas-fired steam
plants employed more than 138 staff per gigawatt in
1982 and fewer than 100 in 1995. Much of the incen-
tive to cut staff and reduce operating costs came from
the anticipation of competitive electricity markets.
The amount by which utilities can continue to cut costs
is uncertain, but many analysts agree that further re-
ductions are possible, if not inevitable, in a competitive
environment. Between 1996 and 2020, operating and
maintenance costs for coal- and gas-fired steam gener-
ating plants are expected to decline by 0.8 percent a
year and fuel costs by 1.2 percent a year.
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Nuclear Power

Coal Continues as the Leading
Electricity Fuel in the Projections

Figure 62. Electricity generation by fuel, 1996--2020
(billion kilowatthours)
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As they have since early in this century, coal-fired
power plants are expected to remain the dominant
source of electricity through 2020 (Figure 62). In 1996,
coal accounted for 1,797 billion kilowatthours or 52
percent of total generation. Although coal-fired gen-
eration is projected to increase to 2,304 billion kilowat-
thours, increases in natural gas generation will lower
coal's share to 49 percent in 2020. Concerns about the
environmental impacts of coal plants, combined with
their relatively long construction leadtimes and the
availability of economical natural gas, make it un-
likely that many new coal plants will be built before
2000. Nevertheless, slow demand growth and the huge
investment in existing plants will keep coal in its
dominant position.

The large investment in existing plants will also make
nuclear power a growing source of electricity at least
through 2000. In recent years, the performance of nu-
clear power plants has improved substantially. As a
result, nuclear generation is projected to increase until
2000, then decline as older units are retired.

In percentage terms, generation from gas-fired power
plants shows the largest increase in the forecast, grow-
ing from 14 percent of generation in 1996 to 33 percent
in 2020. As a result, by 2003, gas-fired generation
overtakes nuclear power as the Nation's second-
largest source of electricity. Generation from oil-fired
plants remains fairly small throughout the forecast.
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Nuclear Power Plant Capacity Factor
of 85 Percent Is Projected by 2020

Figure 63. Nuclear power plant capacity factors,
1975--2020 (percent)
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The AEO98 reference case forecast assumes that 24

nuclear units will be retired before their license expi-
ration dates, based on utility announcements and an
analysis of the operating costs and aging degradation
of the oldest vintage of plants. The remaining nuclear
units are assumed to operate to the end of their cur-
rent 40-year license terms, with 65 units (51 percent of
current nuclear capacity) retiring between 1996 and
2020. Sixty percent of the projected retirements occur
in the last 10 years of the forecast. (One new unit,
Watts Bar 1, became operable in 1996.) Given these as-
sumptions, 45 nuclear units are projected to provide 8
percent of total electricity generation in 2020, down
from 19 percent in 1996. No new nuclear units are ex-
pected to become operable by 2020, because natural
gas and coal-fired plants are projected to be more eco-

nomical.

Nuclear generation forecasts depend on both operating
capacity and assumed capacity factors. The national
average capacity factor, which was below 65 percentin
the 1970s and 1980s, has surpassed 70 percent since
1991 (Figure 63), achieving 76 percent in 1996. AEO98
assumes that individual reactor performance im-
proves for the first 20 or 25 years of operation, main-
tains this level for several years, then declines slightly
just before retirement. As a result, the national aver-
age capacity factor increases fairly steadily through-
out the forecast, reaching 85 percent in 2020.

Energy Information Administration/Annual Energy Outlook 1998



Electricity: Alternative Cases

Nuclear Capacity Is Projected
To Decline in All Cases

Figure 64. Operable nuclear capacity
in three cases, 1996--2020 (gigawatts)
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Two alternative AEO98 analyses—the high and low
nuclear cases—show how changing assumptions about
the operating lifetimes of nuclear plants affect the ref-
erence case forecast of nuclear capacity (Figure 64).
The low nuclear case assumes that, on average, all
units are retired 10 years before the end of their 40-
year license periods—108 units (all but 2) by 2020.
Early shutdowns could be caused by unfavorable eco-
nomics, in conjunction with waste disposal problems
or age-related degradation of the units. The high nu-
clear case assumes 10 additional years of operation for
each unit beyond the reference case retirement date
(only 28 units retired by 2020), suggesting that license
renewals would be permitted. Conditions favoring that
outcome could include continued performance im-
provements, a solution to the waste disposal problem,
or stricter limits on emissions from fossil-fired gener-

ating facilities.

In the low nuclear case, more than 170 new fossil-
fueled units (assuming an average size of 300 mega-
watts) would be built to replace additional retiring nu-
clear units. The new capacity would mainly be split
between coal-fired (73 percent) and combined-cycle (22
percent) units. The additional fossil-fueled capacity
would produce 74 million metric tons of carbon emis-
sions above those in the AEO98 reference case in 2020.
In the high nuclear case, 31 gigawatts of new capacity
additions—mostly fossil-fueled plants—are avoided,
as compared with those in the AEO98 reference case,
and carbon emissions are reduced by 42 million metric
tons (6 percent of total emissions by electricity genera-
tors) in 2020.
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High Demand Case Projects a
Significant Increase in New Capacity

Figure 65. Cumulative new generating capacity
by type in two cases, 1996--2020 (gigawatts)
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Electricity consumption grows in the forecast, but the
rate of increase lags behind historical levels as a result
of assumptions regarding efficiency improvements in
end-use technologies, demand-side management pro-
grams, and population and economic growth. Devia-
tions from these assumptions could result in
substantial changes in electricity demand. For exam-
ple, if electric vehicles enter the market faster than ex-
pected, the demand for electricity would also increase
more rapidly. Lower electricity prices due to the effect
of competitive markets could lead to increased con-
sumption and less concern for conservation. In a high
demand case, electricity demand is assumed to grow
by 2.0 percent a year between 1996 and 2020, compa-
rable to the annual growth rate of 2.2 percent between
1990 and 1996. In the reference case, electricity de-
mand is projected to grow by 1.4 percent a year.

In the high demand case, 106 gigawatts more new gen-
erating capacity is built than in the reference case be-
tween 1996 and 2020—equivalent to 353 new
300-megawatt generating plants (Figure 65). The
shares of coal- and gas-fired generation are about the
same—12 and 85 percent, respectively, in the refer-
ence case and 17 and 81 percent in the high demand
case. Relative to the reference case, there is a 12-
percent increase in coal consumption and a 23-percent
increase in natural gas consumption in the high de-
mand case, and carbon emissions from electricity gen-
eration are 114 million metric tons (15 percent) higher.
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Electricity: Alternative Cases

Plant Refurbishment Is an Attractive
Option for Electricity Generators

Figure 66. Cumulative new generating capacity
by type in three cases, 1996--2020 (gigawatts)
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From 1996 to 2020, the annual average growth rate for
GDP ranges between 2.4 and 1.3 percent in the high
and low economic growth cases, respectively. The dif-
ference of a percentage point in the economic growth
rate leads to a 21-percent change in electricity demand
in 2020, with a corresponding difference of 161 giga-
watts of new capacity required in the high and low eco-
nomic growth cases. In both cases, utilities are
expected to retire 17 percent of their current generat-
ing capacity (equivalent to 423 300-megawatt generat-
ing plants) by 2020 as the result of increased operating
costs for aging plants.

In the reference case, electricity suppliers are expected
to add 403 gigawatts of new capacity, equivalent to
1,344 new 300-megawatt power plants. Of the new ca-
pacity, 12 percent is expected to be coal-steam, 85 per-
cent gas turbine and combined-cycle, and 2 percent
renewable technologies (Figure 66). In addition, be-
tween 1996 and 2020, utilities are expected to repower
or life-extend 232 gigawatts or 30 percent of current
capacity.

Current construction costs for a typical 400-megawatt
plant range from $400 per kilowatt for combined-cycle
technologies to $1,079 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 a
profitable option for utility resource planners. Be-
tween 1996 and 2020, utilities are expected to
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New Capacity Types Change with
Different Technology Assumptions

Figure 67. Cumulative new electricity generating
capacity by technology type in three cases,
1996--2020 (gigawatts)
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refurbish 381 coal-, 190 gas-, and 40 oil-fired generat-
ing units.

The AEO98 reference case uses the cost and perform-
ance characteristics of generating technologies to se-
lect the mix and amounts of new generating capacity
for each year in the forecast. Numerical values for the
characteristics of different technologies are deter-
mined in consultation with industry and government
specialists. In the high fossil fuel case, capital costs,
operating costs, and heat rates for advanced fossil-
fired generating technologies (integrated coal gasifica-
tion combined cycle, advanced combined cycle, ad-
vanced combustion turbine, and molten carbonate fuel
cell) were revised to reflect potential improvements in
costs and efficiencies as a result of accelerated re-
search and development. The low fossil fuel case as-
sumes that no advanced technologies will come on line
during the projection period.

Because of their high initial capital costs, no inte-
grated coal gasification combined cycle (IGCC) units
are projected between 1996 and 2020 in the reference
case. In the high fossil fuel case, which assumes lower
initial capital costs and higher efficiencies for the
IGCC technology, 18 gigawatts of IGCC capacity are
projected. The low fossil fuel case, as compared with
the reference case, projects 36 gigawatts less gas-fired
capacity additions, 28 gigawatts more coal-fired capac-
ity additions, and 4 gigawatts more renewable capac-
ity additions between 1996 and 2020 (Figure 67).
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Electricity from Renewable Sources

Modest Gains Are Projected
for Nonhydroelectric Renewables

Figure 68. Grid-connected electricity generation
from renewable energy sources, 1970--2020
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Total grid-connected electricity generation from re-
newable resources, including hydropower, increases
only slightly in the forecast, from 433 billion kilowat-
thours in 1996 to 436 billion in 2020 (Figure 68). A 34-
percent increase (30 billion kilowatthours) in genera-
tion from other renewables is offset by a decline in hy-
droelectricity to normal long-term levels after 1996. In
addition, because fossil-fueled capacity increases sub-
stantially while conventional hydroelectric capacity
remains almost unchanged, the total renewable share
of U.S. generation (including utilities, nonutilities,
and industrial cogenerators) drops from 12.5 percent
in 1996 to 9.2 percent in 2020.

The largest source of renewable energy, conventional
hydroelectric power—which in 1996 provided 80 per-
cent of renewable electricity generation—is projected
to show almost no growth in the forecast. Hydropower
generation in 1996 was unusually high as a result of
higher than normal precipitation. The growth of hy-
droelectric generation is constrained by a lack of avail-
able new sites, high construction costs, growing
environmental concerns, and competing uses for water
resources.

Expectations vary for nonhydroelectric renewables, in-
cluding biomass, geothermal, municipal solid waste
(MSW), solar (thermal and photovoltaic), and wind
technologies. By 2020, electricity generation from re-
newable resources other than hydroelectricity is pro-
jected to provide about 117 billion kilowatthours a
year, or about 2.5 percent of the U.S. grid-connected
electricity supply.
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Biomass, Municipal Solid Waste, Wind
Show Increases in the Projections

Figure 69. Nonhydroelectric renewable electricity
generation by energy source, 1996, 2010, and 2020
(billion kilowatthours)
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Most of the growth in renewable electricity generation
is projected for MSW (including landfill gas), wind,
and biomass (Figure 69). Growth in grid-connected so-
lar power generation reflects only currently planned or
mandated new capacity, or minimum estimates re-
flecting experimentation and commercialization pro-
grams. These technologies are not expected to be
competitive in the reference case. Continued rapid
growth is expected for small, off-grid applications of
highly valued photovoltaic technologies, but those
sources are not included in the AEO98 projections.
New geothermal capacity in the western United States
is more than offset by retirements at The Geysers
power station; however, efficiency gains yield a slight
increase in geothermal generation. The growth in elec-
tricity generation from biomass is nearly equally di-
vided between industrial cogeneration and
gasification combined-cycle units owned by electricity
generating firms. The increase in MSW generation
comes largely from the recovery and use of landfill gas
(methane) for electricity generation.

Overall, electricity generation from renewable energy
sources could accelerate if efforts to emphasize their
use gain public favor. If successful, programs such as
renewable portfolio standards and voluntary con-
sumer investments through “green pricing” programs
could, in combination with heightened environmental
concerns, lead to more rapid growth in the use of re-
newable energy resources—probably at the cost of
higher electricity prices.
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Electricity from Renewable Sources

Wind-Powered Generating Capacity
Is Expected To Increase Through 2020

Figure 70. Wind-powered electricity generating
capacity in two cases, 1985--2020 (gigawatts)
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Improvements in wind power technology are expected
over the forecast period, including larger, more effi-
cient turbines and improved turbine siting. As a re-
sult, U.S. wind capacity is projected to increase from
1.8 gigawatts in 1996 to 4.1 gigawatts in 2020 (Figure
70), penetrating more deeply into regions outside Cali-
fornia, including the Northern Plains, Midwest,
Southwest, and Northwest. Little new wind power ca-
pacity is expected in the Northeast or the Southeast,
where wind resources are less favorable. Nationwide,
wind-powered electricity generation is projected to
grow from 3.2 billion kilowatthours in 1996 to 10.1 bil-
lion kilowatthours in 2020, contributing about 0.2 per-
cent of all U.S. grid-connected electricity generation.
Growth in wind power capacity reflects both improved
economics and other influences, including State man-
dates for renewable generation, “green pricing” initia-
tives, and environmental objectives. In the near term,
new capacity is eligible for subsidies under the Energy
Policy Act of 1992, which apply to units entering serv-
ice by June 30, 1999.

Use of wind energy could increase more rapidly if addi-
tional technological improvements made it viable as a
fuel saver in competition with the variable operating
and fuel costs of natural-gas-fired generating units.
On the other hand, many wind resources are located
far from consumers; in some cases, installations would
require modifications to the transmission network;
and at many potential sites the land is more highly val-
ued for recreational, aesthetic, or environmental rea-
sons.
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Improved Technologies Could Raise
Generation From Renewable Fuels

Figure 71. Nonhydroelectric renewable electricity
generation in two cases, 2020 (billion kilowatthours)
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To examine more rapid improvements in renewable technologies,
the high renewables case replaces the AEO98 reference case
assumptions for capital costs, variable operations and
maintenance expenses, and capacity factors for nonhy-
droelectric renewables with more optimistic Depart-
ment of Energy renewable energy assumptions, with
no change in the assumptions for nuclear and fossil
fuel technologies. In addition, the high renewables
case assumes that 305 megawatts of capacity at The
Geysers geothermal station continue in operation after
their projected retirement in the reference case, and
that the share of landfill gas captured for energy pro-
duction increases to 50 percent in 2020, compared with
40 percent in the reference case.

The results of the high renewables case suggest that
technology improvements would increase generation
from some renewable sources (Figure 71) but would
not alter the dominant role of fossil fuels in the U.S.
fuel mix overall. Generation from nonhydroelectric re-
newables is projected at 275 billion kilowatthours in
2020, compared with 117 billion in the reference case.
The increment in generation is mostly from wind, bio-
mass, and geothermal resources, which displace coal
and natural gas. Wind capacity in 2020 is over 25 giga-
watts, compared with 4 gigawatts in the reference case
(Figure 70). As a result, the share of total electricity
generation from nonhydroelectric renewables in-
creases to 5.8 percent, compared with 2.5 percent in
the reference case, and carbon emissions in 2020 are
reduced by 30 million tons, or 2 percent.

Energy Information Administration/Annual Energy Outlook 1998



Oil and Gas Prices

Stable Oil Prices Are Projected,
Despite Rising Consumption

Figure 72. Lower 48 crude oil wellhead prices,
1970--2020 (1996 dollars per barrel)
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From 1996 to 2020, wellhead prices for crude oil in the
lower 48 States are projected to fall by 1.3 percent a
year in the low world oil price case, and to grow by 0.4
and 1.5 percent a year in the reference and high price
cases, respectively (Figure 72). The variation in world
oil price assumptions leads to similar variation in pro-
jected domestic prices, which are determined largely
by the international market.

U.S. petroleum consumption continues to rise in all
the AEQ98 cases (Figure 73). Total petroleum product
supplied ranges from 21.8 million barrels per day in
the low economic growth case to 26.8 million in the
high growth case, as compared with 18.4 million in
1996. Petroleum continues as the primary source of en-
ergy in the United States, growing from 38 percent of
total U.S. energy consumption in 1996 to 40 percent in
2020.

Figure 73. U.S. petroleum consumption
in five cases, 1970--2020 (million barrels per day)
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Projected Technology Improvements
Moderate Gas Price Increases

Figure 74. Lower 48 natural gas wellhead prices,
1970--2020 (1996 dollars per thousand cubic feet)
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Wellhead prices for natural gas in the lower 48 States
increase by 0.5 and 1.2 percent a year in the reference
and high economic growth cases, respectively, com-
pared with a 0.7-percent annual decline in the low eco-
nomic growth case (Figure 74). The increases reflect
rising demand for natural gas and its impact on the
natural progression of the discovery process from
larger and more profitable fields to smaller, less eco-
nomical ones. Price increases also reflect more produc-
tion from higher cost sources, such as unconventional
gas recovery. Lower 48 unconventional gas production
grows by 2.2 percent a year in the reference case, com-
pared with 1.8-percent annual growth for conventional
sources.

Although the demand for natural gas rises in all three
cases, the rise in the low economic growth case is grad-
ual enough for price increases due to rising demand to
be overshadowed by the beneficial impacts of techno-
logical progress on the discovery process (Table 8). In
the reference and high growth cases, the impacts of
technological progress are able only to moderate the
resulting price increases.

Table 8. Economically recoverable oil and gas
resources in 1990, measured under different
technology assumptions

Crude oil
(billion barrels)

Natural gas
(trillion cubic feet)

Total U.S. 1990 tech- 2020 tech- 1990 tech- 2020 tech-

resources nology nology nology nology
Proved 26 26 169 169
Unproved 92 102 870 1,186
Total 119 128 1,040 1,355
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Oil and Gas Reserve Additions

Drilling Levels Generally Increase
in the AEO98 Projections

Figure 75. Successful new lower 48 natural gas
and oil wells in three cases, 1970--2020

(thousand successful wells)
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Both exploratory and developmental drilling generally
increase in the forecast. With rising prices and gener-
ally declining drilling costs, crude oil and natural gas
well completions increase on average by 0.7 and 2.2
percent a year in the low and high oil price cases, re-
spectively, compared with 1.6 percent in the reference
case (Figure 75). Changes in world oil price assump-
tions have a more pronounced effect on projected oil
drilling than on gas drilling (Table 9).

The productivity of natural gas drilling does not de-
cline as much as that of oil drilling, because remaining
recoverable gas resources are more abundant than oil
resources by current estimates. At projected levels of
productivity, the remaining recoverable resources of
conventional natural gas decline rapidly, particularly
in the onshore Southwest and offshore Gulf of Mexico
regions. The future overall productivity of both oil and
gas drilling is uncertain, however, because of the high
degree of uncertainty that surrounds such factors as
the extent of the Nation's oil and gas resources [38].

Table 9. Natural gas and crude oil drilling
in three cases, 1996-2020
(thousands of successful wells)

1996 2000 2010 2020
Natural gas
Low oil price case 9.3 11.0 12.0
Reference case 9.4 9.4 11.3 12.4
High oil price case 9.5 11.5 12.7
Crude oil
Low oil price case 6.2 7.0 7.5
Reference case 7.6 7.6 9.9 11.6
High oil price case 9.0 12.9 15.4
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Oil and Gas Reserve Additions
Are Expected To Slow After 2010

Figure 76. Lower 48 natural gas reserve additions
in three cases, 1970--2020 (trillion cubic feet)
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Historically, for both crude oil and natural gas, lower
48 production has generally exceeded reserve addi-
tions. The recent reversal of that pattern for natural
gas is projected to continue as supply grows to meet ex-
pected increases in demand, primarily for electricity
generation. The relatively high levels of annual gas re-
serve additions through 2020 reflect an extension of
recent technological improvements affecting explora-
tion and development for a sustained period of un-
precedented duration (Figure 76). As a result, more
than 85 percent of the lower 48 nonassociated natural
gas resources assumed to be technically recoverable
from conventional sources (based on current technol-
ogy) are projected to be discovered by 2020. In con-
trast, despite varying patterns of lower 48 oil reserve
additions (Figure 77), lower 48 crude oil production
generally exceeds reserve additions in all cases.

Figure 77. Lower 48 crude oil reserve additions
in three cases, 1970--2020 (billion barrels)
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Natural Gas Production and Imports

Significant Increases Are Projected
for Most Sources of Natural Gas

Figure 78. Natural gas production by source,
1970--2020 (trillion cubic feet)
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The continuing increase in domestic natural gas pro-
duction in the forecast comes primarily from lower 48
onshore nonassociated (NA) sources (Figure 78). Con-
ventional onshore production, which accounted for
41.9 percent of total U.S. domestic production in 1996,
increases in share to 44.9 percent of the total in 2020.
Unconventional sources also increase in share, and
gas from offshore wells in the Gulf of Mexico contrib-
utes significantly to production. The innovative use of
cost-saving technology and the expected continuation
of recent huge finds, particularly in the deep water off
the Gulf of Mexico, have encouraged greater interestin
this area.

Natural gas production from Alaska rises gradually in
the forecast. Currently, all production is either con-
sumed in the State, reinjected, or exported to Japan as
liquefied natural gas (LNG). Alaskan gas is not ex-
pected to be transported to the lower 48 States, be-
cause the projected lower 48 prices are not high
enough to support the required transport system in
the forecast period. Expected Alaskan natural gas pro-
duction does not include gas from the North Slope,
which primarily is being reinjected to support oil pro-
duction. In the future, North Slope gas may be mar-
keted as LNG to Pacific Rim markets [39].

Production of associated/dissolved (AD) natural gas
from lower 48 crude oil reservoirs generally declines,
following the expected pattern of domestic crude oil
production. AD gas accounts for 7.4 percent of total
lower 48 production in 2020, compared with 13.9 per-
cent in 1996.

Energy Information Administration/Annual Energy Outlook 1998

Natural Gas Imports Continue
To Grow in the Projections

Figure 79. Natural gas production, consumption,
and imports, 1970--2020 (trillion cubic feet)
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Net natural gas imports are expected to grow in the
forecast (Figure 79) from 12.4 percent of total gas con-
sumption in 1996 to 15.2 percent in 2020. Most of the
increase is attributable to imports from Canada, which
are projected to grow substantially as considerable
new pipeline capacity comes on line. While most of the
new capacity provides access to supplies from western
Canada through the Midwest, new capacity is also ex-
pected to provide access to Sable Island supplies in the
offshore Atlantic [40].

Since 1984, U.S. natural gas trade with Mexico has
consisted primarily of exports. That trend is expected
to continue throughout the forecast, with exports in-
creasing as mandated conversion of power plants from
heavy fuel oil to natural gas commences in 1998, in
compliance with Mexico's new environmental regula-
tions. Mexico has a considerable natural gas resource
base, but there is uncertainty as to whether production
can be increased sufficiently to satisfy rising demand.

LNG provides another source of gas imports; however,
given the projected low natural gas prices in the lower
48 markets, LNG is not expected to become a signifi-
cant source of U.S. supply. LNG imports into Everett,
Massachusetts, and Lake Charles, Louisiana, are pro-
jected to increase over the forecast, reaching a level of
0.36 trillion cubic feet in 2020, compared with 0.04 tril-
lion cubic feet in 1996 [41].
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Natural Gas Consumption

Natural Gas Consumption Increases
in All the AEO98 Cases

Figure 80. Natural gas consumption in five
cases, 1970--2020 (trillion cubic feet)
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Natural gas consumption increases from 1996 to 2020
in all the AEO98 cases (Figure 80). Domestic consump-
tion ranges from 29.4 trillion cubic feet per year in the
low economic growth case to 34.5 trillion in the high
growth case in 2020, as compared with 22.0 trillion cu-
bic feet in 1996. Growth is seen in all end-use sectors,

Growing Demand for Natural Gas
Spurs Pipeline Capacity Expansion

Figure 81. Pipeline capacity expansion by Census
division, 1996--2020 (billion cubic feet per day)
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Demand for natural gas is projected to outstrip exist-
ing pipeline capacity. Expansion of interstate capacity
(Figure 81) will be needed to provide access to new sup-
plies and to serve expanding markets. Expansion is
projected to proceed at a rate of 1.5 percent a year
through the forecast. The greatest increases are pro-

with more than half of the growth as a result of rising jected along the corridors that move Canadian and

demand for electricity, including industrial cogenera-
tion.

Natural gas consumption in the electricity generation
sector (excluding cogeneration) grows steadily
throughout the forecast. In the reference case it more
than triples, from 3.0 trillion cubic feet a year in 1996
t0 9.9 trillion in 2020. Restructuring of the electric util-
ity industry is expected to open up new opportunities
for gas-fired generation. In addition, growth is spurred
by increased utilization of existing gas-fired power
plants in the forecast and the addition of new turbines
and combined-cycle facilities, which are less capital-
intensive than coal, nuclear, or renewable electricity
generation plants. Although projected coal prices to
the electricity generation sector fall throughout the
forecast, the natural gas share of new capacity is
nearly six times the coal share. Lower capital costs,
projected improvements in gas turbine heat rates, and
an assumed increase in the service life of gas-fired
plants to 20 years make the overall cost of gas-
generated electricity per Kilowatthour competitive
with the cost of electricity from new coal-burning gen-
erators.
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Gulf Coast supplies to markets in the eastern half of
the United States. Natural gas deliverability is also
augmented by new storage capacity which is projected
to increase in most regions over the forecast period. In
several regions, growth in new pipeline construction is
tempered by higher utilization of pipeline capacity
(Figure 82).

Figure 82. Pipeline capacity utilization by Census
division, 1996 and 2020 (percent)
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Natural Gas Prices

Residential, Commercial Prices for
Natural Gas Are Projected To Fall

Figure 83. Natural gas end--use prices by sector,
1970--2020 (1996 dollars per thousand cubic feet)
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While consumer prices to the industrial, electricity,
and transportation sectors generally increase
throughout the forecast period, prices to the residen-
tial and commercial sectors decline (Figure 83). The
decreases reflect declining distribution margins to
these sectors due to anticipated efficiency improve-
ments in an increasingly competitive market. In the
industrial sector, a modest decrease in margins is
overshadowed by an increase in wellhead prices, and
the overall trend is a slight rise in prices. In the elec-
tricity generation sector, increases in pipeline margins
and wellhead prices combine to yield an average 0.7-
percent annual rise in end-use prices. A significant
part of the increase in national average prices results
from higher consumption increases in the regions with
the highest prices.

Compared with their rise and decline over the
1970-1996 period, transmission and distribution reve-
nues in the natural gas industry are relatively stable
in the forecast through 2010, when they begin a grad-
ual increase (Table 10). Declines in margins are bal-
anced by higher volumes.

Table 10. Transmission and distribution revenues
and margins, 1970--2020

1970 1985 1996 2010 2015 2020
T revenues
(lillion 1996 dollars) .64 .69 088 P.2A 40D 4.87
End-use wnsumption
(trillion ailicfeet) 19.2 1381 2.99 X.84 361 222
Average margin*
(1996 dollars per
thousand ailicfeet) 1.% 368 200 1.9 14 1.8

Revenue diided ly end-use wnsumption.
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Reduced Margins Compensate for the
Projected Rise in Wellhead Prices

Figure 84. Wellhead share of natural gas end-use
prices by sector, 1970--2020 (percent)
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With distribution margins declining, the wellhead
shares of end-use prices generally increase in the fore-
cast (Figure 84). The greatest impact is in the residen-
tial and commercial markets, where most customers
purchase gas through local distribution companies
(LDCs). In the electricity generation sector, which has
a declining share, the majority of customers do not
purchase from distributors.

Changes have been seen historically in all components
of end-use prices (Table 11). Pipeline margins fell
markedly between 1985 and 1996 with industry re-
structuring. Modest decreases are projected to con-
tinue through the early part of the forecast, followed
by increases that reflect the cost of interstate pipeline
expansion. Although LDC margins in the residential
and commercial sectors have seen only modest de-
creases since 1985, efficiency improvements and other
impacts of restructuring are exerting downward pres-
sure on distribution costs, and reduced margins are
projected for these sectors.

Table 11. Components of residential and
commercial natural gas end-use prices, 1985--2020
(1996 dollars per thousand cubic feet)

Price Component 1985 1996 2000 2010 2020
Wellhead price 3.54 2.24 2.11 231 2.54
Gtygate prie 5.22 3.21 3.04 3.19 3.46
Epeline margin 1.69 0.97 0.93 0.89 0.92
IDGnargin

Residential 3.30 3.15 2.88 2.38 2.13
©Ommerdal 2.44 2.23 1.99 1.61 1.46
End-use prie
Residential 8.52 6.37 5.93 5.58 5.60
©@mmerdal 7.66 5.43 5.02 4.79 4.91
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Oil and Gas Alternative Technology Cases

Price Projections ¥ry With
Different Technology Assumptions

Figure 85. Lower 48 natural gas wellhead prices
in three cases, 1970--2020 (1996 dollars
per thousand cubic feet)
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Rapid and slow technology cases were created to as-
sess the sensitivity of the AEQO98 projections to
changes in the economically recoverable oil and gas re-
source base, exploration and development costs, and
finding rates as a result of technological progress. Rep-
resentative values for the affected parameters are
shown in Table 12 [42].

As shown in Figure 85, natural gas prices are highly
sensitive to changes in assumptions about technologi-
cal progress. For the first decade of the forecast, both
price and production levels for lower 48 oil and natural
gas are almost identical in the reference case and the
two technological progress cases. By the year 2020,
however, natural gas prices are 27.9 percent higher (at
$3.28 per thousand cubic feet) in the slow technology
case and 24.4 percent lower (at $1.92) in the rapid
technology case than the reference case price of $2.54
per thousand cubic feet.

Gas Share of Fossil Fuel Use
Follows Technology Assumptions

Figure 86. Lower 48 natural gas production
in alternative technology cases, 1996--2020
(trillion cubic feet)
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Changes in production in the alternative technology
cases are more significant in the second half of the
forecast than in the earlier years, as new investments
in the industrial sector and in electric power genera-
tion facilities respond to changes in natural gas prices
(Figure 86).

In the rapid technology case, the natural gas share of
fossil fuel inputs to electricity generation facilities in
2020 is 33.9 percent, compared with 25.3 percent in
the slow technology case. The higher level of gas con-
sumption comes largely at the expense of coal. There is
little additional displacement of petroleum products in
the rapid technology case, since natural gas captures
the bulk of the dual-fired boiler market in the refer-
ence case. In contrast, in the slow technology case,
natural gas loses market share to both coal and petro-
leum products in the electricity generation sector.

Table 12. Representative average annual rates of technological progress in alternative technology cases

(percent)
Natural gas Crude oil
Slow Rapid Slow Rapid
technology Reference technology technology Reference technology
Oon- Off- Oon- Off- Oon- Off- Oon- Off- Oon- Off- Oon- Off-
Technology area shore shore shore shore shore shore shore shore shore shore shore shore
Costs
Drilling 1.1 1.9 1.3 2.3 1.5 2.7 1.1 1.9 1.3 2.3 1.5 2.7
lease eqipment 1.0 1.1 1.3 1.9 1.6 2.6 1.0 1.1 1.3 1.9 1.6 2.6
Operating 0.4 0.9 0.8 1.2 1.2 1.7 0.4 0.9 0.8 1.2 1.2 1.7
Resoures
Inferred reseres 0.2 1.0 0.5 1.0 0.9 1.0 0.0 1.0 0.0 1.0 0.0 1.0
Undisavered 0.5 0.9 0.9 1.4 1.4 1.8 0.4 0.9 0.8 1.4 1.3 1.8
linding rates 2.4 5.0 4.2 10.2 6.0 15.3 18 6.5 3.2 9.6 4.6 12.6
Suaess rates 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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Oil and Gas Alternative Technology Cases

Technology Effects on Projected
Oil Production Are Greater

Figure 87. Lower 48 oil production in alternative
technology cases, 1996-2020 (million barrels per day)
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Domestic oil production is also sensitive to changes in
the technological progress assumptions (Figure 87). In
comparison with the projected 2020 lower 48 produc-
tion level of 4.4 million barrels a day in the reference
case, oil production increases to 4.7 million barrels a
day in the rapid technology case and decreases to 4.1
million in the slow technology case. The changes, in
relative terms, are greater than those seen for natural
gas, primarily because of key differences between the
oil and natural gas markets.

Domestic oil prices are determined largely by the in-
ternational market. Thus, changes in U.S. oil produc-
tion do not constitute a significant volume relative to
the global market. Given the assumption that the
changes in the levels of technology are isolated to U.S.
oil producers, total oil supply largely adjusts to the
changes in technological progress simply by adjusting
imports of crude oil and other petroleum products. Net
imports range from a low of 11.2 million barrels per
day in the rapid technology case to a high of 12.1 mil-
lion barrels per day in the slow technology case.

Unlike oil, natural gas is not easily transported
between the United States and countries outside
North America. Therefore, changes in gas production
are determined more by the availability of supplies in
North America than by the international market.

Energy Information Administration/Annual Energy Outlook 1998

Expansion of the Resource Base Is a
Key Factor for Prices and Production

Figure 88. Variation from reference case projections
of prices and production in three alternative
oil and gas cases, 2020 (percent change)
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The rapid and slow technology cases show that the out-
look for natural gas is highly dependent on the as-
sumed size of the economically recoverable resource
base. A moderate resource case shows the sensitivity of
the AEO98 projections to a change in the assumed rate
of resource expansion. Assumptions in this case vary
from the reference case in two ways: (1) the initial esti-
mate of inferred reserves does not increase over the
forecast period, and (2) undiscovered economically re-
coverable resources in the shallow waters of the Gulf of
Mexico are assumed to expand to technologically re-
coverable levels, growing by roughly 0.1 percent a
year. With these assumptions, the estimate of lower 48
unproved oil resources, given 2020 technology, is 3.0
percent lower than in the reference case, and the same
estimate for natural gas is 6.2 percent lower.

Natural gas prices vary significantly from the refer-
ence case to the moderate resource case (Figure 88).
Reduced gas supply in the moderate case results in a
3.5-percent decrease in gas production in 2020 relative
to the reference case projection and a 14.6-percent in-
crease in the lower 48 average wellhead price. The 10-
percent relative drop in offshore production is partially
offset by increased onshore production from unconven-
tional sources in response to higher prices.

Crude oil production from offshore wells is also
significantly lower in the moderate resource case than
in the reference case. In 2020, there is a difference of
13.3 percent between the two cases.
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Oil Production and Consumption

Continued Decline Is Projected
for U.S. Oil Production

Figure 89. Crude oil production by source,
1970--2020 (million barrels per day)
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Projected domestic crude oil production continues its
historic decline throughout the forecast (Figure 89),
declining by 1.1 percent a year, from 6.5 million bar-
rels per day in 1996 to 4.9 million barrels per day in
2020 [43]. Conventional onshore production in the
lower 48 States, which accounted for 48.6 percent of to-
tal U.S. crude oil production in 1996, is also projected
to decrease at an average annual rate of 1.1 percent
over the forecast.

Crude oil production from Alaska is expected to decline
at an average annual rate of 4.3 percent between 1996
and 2020. The overall decrease in Alaska's oil produc-
tion is driven by the continued decline in production
from Prudhoe Bay, the largest producing field, which
historically has accounted for more than 60 percent of
total Alaskan production.

Offshore production generally increases in the forecast
through 2006 and then declines almost to current lev-
els in 2020, resulting in an overall increase of 0.1 per-
cent a year. Technological advances and lower costs
associated with deep exploration and production in the
Gulf of Mexico contribute to the increase in the early
years of the forecast.

Increased production from enhanced oil recovery
(EOR), which becomes more profitable as oil prices in-
crease, slows the overall downward trend of oil produc-
tion [44] through 2013, when EOR also begins to
decline.
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AEQO98 Projects a Growing Gap
Between Oil Supply, Consumption

Figure 90. Petroleum supply, consumption, and
imports, 1970--2020 (million barrels per day)
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U.S. supply of petroleum declines in all AEO98 cases
(Figure 90), as domestic crude oil production falls off.
In the low price case, domestic supply drops from its
1996 level of 9.9 million barrels per day to 7.2 million
barrels per day in 2020. In the high price case, domes-
tic supply declines only slightly, to 9.6 million barrels
per day in 2020.

The greatest variation in petroleum consumption lev-
els is seen in the economic growth cases, with an in-
crease of 8.4 million barrels per day over the 1996 level
in the high growth case, as compared with an increase
of only 3.4 million barrels per day in the low growth
case.

Additional petroleum imports will be needed to fill the
widening gap between supply and consumption. The
greatest gap between supply and consumption is seen
in the low world oil price case and the smallest in the
low economic growth case. The projections for net pe-
troleum imports in 2020 range from a high of 18.4 mil-
lion barrels per day in the low oil price case—more
than double the 1996 level of 8.5 million barrels per
day—to a low of 13.7 million barrels per day in the low
growth case. The value of petroleum imports in 2020
ranges from $102.1 billion in the low price case to
$157.5 billion in the high growth case. Total annual
U.S. expenditures for petroleum imports, which
reached a historical peak of $75.8 billion in 1980 [45],
were $62.3 billion in 1996.
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Petroleum Imports and Refining

Imports Are Projected at Two-Thirds
of U.S. Consumption in 2020

Figure 91. Share of U.S. petroleum consumption
supplied by net imports, 1970--2020 (percent)
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In 1996, net imports of petroleum climbed to 46 per-
cent of domestic petroleum consumption, matching the
1977 peak. Continued dependence on petroleum im-
ports is projected, reaching 66 percent in 2020 in the
reference case (Figure 91). The corresponding import
shares of total consumption in 2020 are 58 percent in
the high oil price case and 72 percent in the low price
case.

Although crude oil is expected to continue as the major
component of petroleum imports, refined products rep-
resent a growing share. More imports will be needed as
growth in demand for refined products exceeds the ex-
pansion of domestic refining capacity. Refined prod-
ucts make up 17 percent of net petroleum imports in
2020 in the low economic growth case and 30 percent
in the high growth case, as compared with their 13-
percent share in 1996 (Table 13).

Table 13. Petroleum consumption and net imports,
1996 and 2020 (million barrels per day)

Net Net

Year and Product Net crude product

projection supplied imports imports imports
1996 18.4 8.5 7.4 1.1

am

Referene 24.4 16.0 11.7 4.3
Iowoil price 25.6 18.4 12.9 5.5
kkh oil price 23.6 13.8 10.6 3.2
lowgrowh 21.8 13.7 114 2.3
Fgh growh 26.8 17.8 12.4 54
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Additions at Existing U.S. Refineries
Are Expected To Increase Capacity

Figure 92. Domestic refining capacity, 1975--2020
(million barrels per day)
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Falling demand for petroleum and the deregulation of
the domestic refining industry in the 1980s led to 13
years of decline in U.S. refinery capacity [46]. That
trend was broken in 1995 by a capacity increase of 0.5
million barrels per day over a 2-year period. Financial
and legal considerations make it unlikely that new re-
fineries will be built in the United States, but addi-
tions at existing refineries are expected to increase
total U.S. refining capacity in all the AEO98 cases
(Figure 92).

Distillation capacity is projected to grow from the 1996
level of 15.4 million barrels per day to 17.0 million in
2020 in the low economic growth case and 18.5 million
in the high growth case, as refining capacity almost
meets the 1981 peak of 18.6 million barrels per day.
Refining capacity is projected to expand on the East,
West, and Gulf coasts. Existing refineries will con-
tinue to be utilized intensively throughout the fore-
cast, in a range from 93 to 96 percent of design
capacity. In comparison, the 1996 utilization rate was
94 percent, well above the rates of the 1980s and early
1990s.

Domestic refineries will produce a slightly higher yield
of gasoline and jet fuel in 2020 in response to growing
demand for those products. In 2020, gasoline is pro-
jected to represent 49 percent of production and jet fuel
13 percent, compared with 46 percent and 9 percent,
respectively, in 1996.
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Refined Petroleum Products

Petroleum Use Mries by Sector
in Different AEO98 Cases

Figure 93. Change in petroleum consumption
by sector in five cases, 1996 to 2020

(million barrels per day)

10 - . . .
Commercial/residential

Industrial

Transportation

High
price

Low
growth

Low
price

High
growth

Reference

U.S. petroleum consumption is projected to increase by
6.0 million barrels per day between 1996 and 2020 in
the reference case, compared with 3.4 million in the
low economic growth case and 8.4 million in the high
growth case (Figure 93). Industry will continue to ac-
count for about one-fourth of petroleum consumption,
and two-thirds will be used for transportation.

All the cases show growth in petroleum consumption
in the transportation and industrial sectors and, with
the exception of the low world oil price case, show
slight declines in consumption by residential, commer-
cial, and electric utility users. In addition, a shift in
consumption patterns is expected within the transpor-
tation sector. Gasoline, which in 1996 represented 65
percent of the petroleum consumed for transportation,
shrinks to a 60-percent share in 2020, as alternative
fuels penetrate transportation markets. The jet fuel
share rises from 13 percent to 18 percent as air travel
increases substantially. The share for diesel drops
slightly, from 18 percent to 17 percent. Residual fuel
used for vessel bunkering edges up from 3 percent to 4
percent, while other petroleum remains at 1 percent.

Gasoline, diesel, and jet fuel account for 74 percent of
the growth in total petroleum consumption in the high
economic growth case and 92 percent in the low eco-
nomic growth case. All these fuels are “light products,”
which are more difficult to produce than are heavier
products, such as asphalt and residual fuel oil.
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Demand Growth Drives Up Costs for
Gasoline, Jet Fuel, Heating QOil

Figure 94. Components of refined product costs,
1996 and 2020 (1996 dollars per gallon)
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Refined product prices are determined by crude oil
costs, refining process costs (including refiner profits),
marketing costs, and taxes (Figure 94). In the AEO98
projections, crude oil costs continue to make the great-
est contribution to product prices, and marketing costs
remain stable, but the contributions of processing
costs and taxes change considerably.

The processing costs for gasoline and jet fuel increase
by 8 cents and 9 cents per gallon, respectively, between
1996 and 2010. For the most part, the increases can be
attributed to the growth in demand for these products.
A small portion of the increases can be attributed to in-
vestments related to compliance with refinery emis-
sions, health, and safety regulations, which add 1 to 3
cents per gallon to the processing costs of light prod-
ucts (gasoline, distillate, jet fuel, kerosene, and lique-
fied petroleum gases).

Whereas processing costs tend to increase refined
product prices, assumptions about Federal taxes tend
to slow the growth of motor fuels prices. In keeping
with the AEO98 assumption of current laws and legis-
lation, Federal motor fuels taxes are assumed to re-
main at nominal 1996 levels throughout the forecast.
Federal taxes have actually been raised sporadically in
the past. State motor fuels taxes are assumed to keep
up with inflation, as they have in the past. The net im-
pact of these assumptions is a decrease in total taxes
between 1996 and 2020—9 cents per gallon for gaso-
line, 12 cents for diesel fuel, and 2 cents for jet fuel.
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Coal Production and Prices

Western Coal Production Surpasses
Eastern in the Projections

Figure 95. Coal production by region, 1970--2020
(million short tons)
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Major trends in the AEO98 forecasts for coal can be
contrasted with changes since 1970. For instance,
eastern coal production, which declined slightly from
568 million tons in 1970 to 563 million tons in 1996, is
projected to increase to 623 million tons in 2020, a
change of 0.4 percent a year (Figure 95).

As coal-fired generation grows, labor productivity im-
provements make western low-sulfur coal the least-
cost low-sulfur fuel in most regions. However, progres-
sive tightening of the regulatory sulfur emissions cap
and engineering limits on the use of western low-rank
coal in older boilers mandate the use of scrubbers and
other clean coal combustion technologies to meet emis-
sions limits. The environmental efficiency of these
technologies allows increasing use of eastern mid- and
high-sulfur coals. Nevertheless, eastern mines are los-
ing market share to less expensive, lower sulfur coal
from western mines. The eastern share of national pro-
duction, which fell from 93 percent in 1970 to 53 per-
cent in 1996, is projected to be 45 percent in 2020.

Eastern consumers often limit western subbituminous
coal to between 15 and 20 percent of the total burn in
older boilers, to maintain good boiler performance.
However, many older eastern boilers will operate effi-
ciently on western bituminous coals, which, while they
are more expensive than subbituminous coals, are
lower in emissions potential and less expensive than
eastern low-sulfur bituminous coals.

Minemouth coal prices declined by $4.32 per ton in
1996 dollars between 1970 and 1996, and they are
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Average Minemouth Prices
Are Projected To Continue Declining

Figure 96. Average minemouth price of coal
by region, 1990--2020 (1996 dollars per ton)
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projected to decline by 1.4 percent a year, or $5.23 per
ton, between 1996 and 2020 (Figure 96). The price of
coal delivered to electricity generators, which rose
from $25.68 per ton in 1970 to $26.45 in 1996 as both
the quantity and average distance of western coal
shipments increased, falls to $19.52 per ton in 2020—a
1.3-percent annual decline.

The mines of the Northern Great Plains have large re-
serves in very thick seams with low overburden ratios.
Their labor productivity, higher than that of eastern
mines in 1996, also increases more rapidly, in absolute
terms, through 2020. Average U.S. labor productivity
(Figure 97) follows the trend for eastern mines most
closely, because eastern mining is more labor-
intensive than western mining.

Figure 97. Coal mining labor productivity by
region, 1990--2020 (short tons per miner per hour)
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Coal Mining Labor Productivity

Declining Labor Costs Contribute to
the Projected Drop in Coal Prices

Figure 98. Labor cost component of minemouth
coal prices, 1970--2020 (billion 1996 dollars)
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Gains in coal mine labor productivity result from tech-
nology improvements, economies of scale, and better
mine design. At the national level, however, average
labor productivity will be influenced more by changing
regional production shares. Competition from very low
sulfur, low-cost western and imported coals is pro-
jected to limit the growth of eastern low-sulfur coal
mining. Western low-sulfur coal has been successfully
tested in Ohio, South Carolina, and New England, and
its penetration of eastern markets is projected to in-
crease.

A market for inexpensive higher sulfur coals will per-
sist, because the regulatory cap on sulfur oxides even-
tually will require emissions below the level produced
by the lowest sulfur coal. Eastern coalfields contain ex-
tensive reserves of higher sulfur coal suited to inex-
pensive longwall mining. With natural gas prices
projected to rise relative to coal prices after 2010, the
projected construction of coal boilers with scrubbers
will lead to expanded mining of Appalachian medium-
and high-sulfur coals.

As labor productivity improved between 1970 and
1996, the number of miners fell by 2.1 percent a year.
With improvements continuing through 2020, a fur-
ther decline of 0.9 percent a year in the number of min-
ers is projected. The contribution of wages to
minemouth coal prices [47], which fell from 31 percent
to 18 percent between 1970 and 1996, is projected to
decline to 15 percent by 2020 (Figure 98).
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Coal Price Projections ¥ry
With Mining Cost Assumptions

Figure 99. Average minemouth coal prices
in three cases, 1996--2020 (1996 dollars per ton)
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Alternative assumptions about future regional mining
costs affect the market shares of eastern and western
mines and the national average minemouth price of
coal. In two alternative mining cost cases, coal demand
was held constant in Btu terms, although supply, in
tons, varied as a result of regional differences in the
coal's heat content. Also, delivered prices varied
slightly more than minemouth prices as transporta-
tion costs changed with increasing or decreasing west-
ern market shares.

In the reference case projections, productivity in-
creases by 2.0 percent a year through 2020, while wage
rates are constant in 1996 dollars. The national mine-
mouth coal price declines by 1.4 percent a year to
$13.27 per ton in 2020 (Figure 99). In the low mining
cost case, productivity increases by 3.3 percent a year,
and real wages decline by 0.5 percent a year [48]. The
average minemouth price falls by 2.3 percent a year to
$10.68 per ton in 2020 (19.5 percent less than in the
reference case). Eastern coal production is 34 million
tons higher in the low case than in the reference case
in 2020, reflecting the higher labor intensity of mining
in eastern coalfields. In the high mining cost case, pro-
ductivity increases by only 0.8 percent a year, and real
wages increase by 0.5 percent a year. The average mi-
nemouth price of coal falls by 0.4 percent a year to
$16.76 per ton in 2020 (26.3 percent higher than in the
reference case). Eastern production in 2020 is 29 mil-
lion tons lower in the high labor cost case than in the
reference case.
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Coal Transportation Costs

Coal Transportation Costs
Are Projected To Be Lower in 2020

Figure 100. Percent change in coal transportation
costs in three cases, 1996--2020
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The competition between coal and other fuels, and
among coalfields, is influenced by coal transportation
costs. Changes in fuel costs affect transportation rates
(Figure 100), but fuel efficiency also grows with other
productivity improvements in the forecast. As a result,
in the reference case, average coal transportation
rates decline by 0.8 percent a year between 1996 and
2020. The most rapid declines have occurred on routes
that originate in coalfields with the greatest declines
in real minemouth prices. Railroads are likely to rein-
vest profits from increasing coal traffic to reduce trans-
portation costs and, thus, expand the market for such
coal. Therefore, coalfields that are most successful at
improving productivity and lowering minemouth
prices are likely to obtain the lowest transportation
rates and, consequently, the largest markets at com-
petitive delivered prices.

The economic value of steam coal is measured in dol-
lars per million Btu. Thus, an increase in the heat con-
tent of a coal, other things being equal, tends to
broaden its market potential. Powder River Basin coal,
at 17 to 18 million Btu per ton, has a disadvantage
relative to Appalachian coal at 24 to 26 million Btu per
ton. Several processes have been developed to produce
high-Btu, environmentally compliant solid fuels from
Powder River Basin coal. If they prove to be physically
stable and the economics are favorable, these prod-
ucts—with heat contents increased by up to 40 percen-
per ton [49]—will greatly enlarge the geographic
market area for Powder River Basin coal.
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High Economic Growth Assumptions
Lead to Higher Projected Coal Use

Figure 101. Variation from reference case

projection of coal demand in two alternative cases,
2020 (million short tons)

120 -

80 -

40 -

Low growth

High growth

Industrial steam

-120 - Electricity

A strong correlation between economic growth and
electricity use accounts for the variation in coal de-
mand across the economic growth cases (Figure 101),
with domestic coal consumption ranging between
1,138 and 1,382 million tons. Of this difference, coal
demand for electricity generation accounts for 216 mil-
lion tons. The difference in total coal production be-
tween the two economic growth cases is 243 million
tons, of which 151 million tons (62 percent) is projected
to be western production. Demand for western coal in-
creases more rapidly than total demand, because west-
ern coal contains less sulfur than eastern coal and
sulfur emissions are subject to a regulatory cap, and
because western coal is competitively priced in most
regions where coal is an important utility fuel.

Changes in world oil prices affect the petroleum fuel
costs for coal mining. In the high and low oil price
cases, average minemouth coal prices are 0.1 percent
higher and 0.8 percent lower, respectively, in 2020
than in the reference case. Low oil prices encourage
electricity generation from oil, causing sulfur emis-
sions to rise. Because emissions are legally capped,
those from coal must decline—which is most economi-
cally achieved through the use of more eastern coal in
units with scrubbers. In the absence of emissions lim-
its, more western coal would be used and less eastern
coal. Because western coal has lower heat content than
eastern coal, more is consumed to generate the same
amount of electricity. Thus, coal production is slightly
higher in both the high and low oil price cases than in
the reference case.
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Coal Consumption

Electricity Generation Accounts for
Nearly All Projected U.S. Coal Demand

Figure 102. Electricity and other coal consumption,
1970--2020 (million short tons per year)
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Domestic coal demand rises by 254 million tons in the
forecast, from 1,003 million tons in 1996 to 1,257 mil-
lion tons in 2020 (Figure 102), because of growth in
coal use for electricity generation. Coal demand in
other domestic end-use sectors increases by 2 million
tons, as reduced coking coal consumption is offset by
coal demand for industrial cogeneration.

Coal consumption for electricity generation (excluding
industrial cogeneration) rises from 896 million tons in
1996 to 1,147 million tons in 2020, due to increased
utilization of existing generation capacity and, in later
years, additions of new capacity. The average utiliza-
tion rate for coal-fired power plants increases from 66
to 80 percent between 1996 and 2020. Coal consump-
tion (in tons) per kilowatthour of generation is higher
for subbituminous and lignite coals than for bitumi-
nous coal. Thus, the shift to western coal increases the
tonnage per kilowatthour of generation in midwestern
and southeastern regions. In the East, generators shift
from higher to lower sulfur Appalachian bituminous
coals that contain more energy (Btu) per short ton.

Although coal maintains its fuel cost advantage over
both oil and natural gas, gas-fired generation is the
most economical choice for new power generation
through 2010 when capital, operating, and fuel costs
are considered. Between 2010 and 2020, rising natural
gas costs and nuclear retirements are projected to
cause increasing demand for coal-fired baseload capac-

ity.
In the non-electricity sectors, an increase of 11 million
tons in industrial steam coal consumption between

1996 and 2020 (0.6-percent annual growth) is offset by
a decrease of 9 million tons in coking coal consumption
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Small Increases in Industrial
Coal Use Are Also Projected

Figure 103. Non-electricity coal consumption
by sector, 1996, 2000, and 2020 (million short tons)
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(Figure 103). Increasing consumption of industrial
steam coal results primarily from increased use of coal
in the chemical and food-processing industries and
from increased use of coal for cogeneration (the pro-
duction of both electricity and usable heat for indus-
trial processes).

The projected decline in domestic consumption of cok-
ing coal results from the displacement of raw steel pro-
duction from integrated steel mills (which use coal
coke for energy and as a material input) by increased
production from minimills (which use electric arc fur-
naces that require no coal coke) and by increased im-
ports of semi-finished steels. The amount of coke
required per ton of pig iron produced is also declining,
as process efficiency improves and injection of pulver-
ized steam coal is used increasingly in blast furnaces.
Domestic consumption of coking coal is projected to fall
by 1.4 percent a year through 2020. Domestic produc-
tion of coking coal is stabilized by export demand, as
consumption of imported coke and coking coal contin-
ues to increase.

While total energy consumption in the residential and
commercial sectors grows by 0.8 percent and 0.6 per-
cent a year, respectively, most of the growth is cap-
tured by electricity and natural gas. Coal consumption
in these sectors remains constant, accounting for less
than 1 percent of total U.S. coal demand.
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Coal Exports

Steam Coal Exports to Europe
Are Projected To Double by 2020

Figure 104. U.S. coal exports by destination,
1996, 2000, and 2020 (million short tons)
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U.S. coal exports rise in the forecast from 90.5 million
tons in 1996 to 127.7 million in 2020 (Figure 104), as a
result of higher demand for steam coal imports in
Europe. Exports of metallurgical coal in 2020 are 4.2
million tons lower than the 1996 level. Metallurgical
exports to other regions do not increase significantly,
because worldwide trade in metallurgical coal remains
essentially unchanged.

U.S. steam coal exports to Europe increase from 21.5
million tons in 1996 to 47.4 million in 2020 (3.3-
percent annual growth). Europe's steam coal imports
rise from 113.1 million tons in 1996 to 174.5 million
tons in 2020 (1.8 percent a year), as Germany, Spain,
and France reduce subsidies for domestic coal. The
AEQO98 forecast for European imports is lower than
some that have been provided by the governments of
the importing nations themselves, where environ-
mental considerations, including emerging carbon
emissions issues, limit fuel choices.

U.S. coal exports to Asia increase by 1.9 percent a year,
from 16.8 million tons in 1996 to 26.4 million in 2020,
as metallurgical exports fall by 1.4 percent and steam
coal exports rise by 3.9 percent annually. Coal imports
to Asia from all sources rise by 2.3 percent a year, from
257.2 million tons in 1996 to 441.6 million in 2020, as
Pacific Rim nations without indigenous fossil fuel re-
sources base electricity generation on imported coal.
Most of the growth in Asian imports is projected to be
supplied by Australia, South Africa, and Indonesia.
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Low-Sulfur Coal Use Rises
Throughout the Projections

Figure 105. Coal distribution by sulfur content,
1996, 2000, and 2020 (million short tons)
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Phase 1 of the Clean Air Act Amendments of 1990 re-
quired 261 coal-fired generators to reduce sulfur diox-
ide emissions to about 2.5 pounds per million Btu of
fuel. Beginning on January 1, 2000, Phase 2 imposes a
permanent cap of 8.95 million tons sulfur dioxide emis-
sions per year (less than 1.2 pounds per million Btu of
heat input for all units over 25 megawatts that were
built before 1990) [50].

Relatively modest capital investments have allowed
many generators to blend very low sulfur subbitumi-
nous and bituminous coal in Phase 1 affected boilers.
Such fuel switching often generates sulfur oxide allow-
ances beyond those needed for Phase 1 compliance. Ex-
cess allowances are banked for use in Phase 2 or sold to
other generators (the proceeds of such sales can be
seen as further reducing fuel costs for the seller). Fuel
switching for regulatory compliance and cost savings
is projected to reduce the composite sulfur content of
all coal produced (Figure 105). National sulfur emis-
sions from all fossil fuel generators have already de-
creased from 15.6 million tons in 1990 to 11.6 million
tons in 1995 [51].

A decision to regulate air toxic emissions could require
utilities to install equipment for removing them from
combustion gases. On the supply side, such regulation
might result in interregional switching to coals with
lower levels of toxic trace elements. Either approach is
likely to encourage more intensive coal preparation to
reduce the content of several air toxic elements associ-
ated with sulfide minerals in coal ash.
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Carbon Emissions and Energy Use

AEO98 Projects Higher Carbon
Emissions Than AEO97

Figure 106. Carbon emissions by sector, 1990--2020
(million metric tons per year)
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Carbon emissions from energy use are projected to in-
crease by an average of 1.2 percent a year from 1996 to
2020, reaching 1,956 million metric tons (Figure 106).
The 2015 projection of 1,888 million metric tons is
higher than the AEO97 projection of 1,799 million met-
ric tons, due to higher energy consumption and a re-
duced share of renewable fuels.

Increasing concentrations of greenhouse gases— car-
bon dioxide, methane, nitrous oxide, and others— may
increase the Earth's temperature and, in turn, affect
the climate. The AEO98 projections include analysis of
the Climate Change Action Plan (CCAP), developed by
the Clinton Administration in 1993 to stabilize U.S.
greenhouse gas emissions by 2000 at 1990 levels. Car-
bon emissions from fuel combustion, the primary
source of carbon emissions, were about 1,346 million
metric tons in 1990. The analysis does not account for
carbon-absorbing sinks, the 13 CCAP actions that are
related to non-energy programs or gases other than
carbon dioxide, nor any future mitigation actions that
may be proposed.

Emissions in the 1990s have grown more rapidly than
projected at the time the plan was formulated, partly
due to moderate energy price increases and higher eco-
nomic growth, which have led to higher energy de-
mand. In addition, some CCAP programs have been
curtailed. Additional carbon mitigation programs,
technology improvements, or more rapid adoption of
voluntary programs could result in lower emissions
levels than projected here.

U.S. carbon emissions from energy use are projected to
grow at an average annual rate of 1.2 percent; how-
ever, per capita emissions grow by only 0.4 percent a
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U.S. Carbon Emissions per Capita
Level Off Late in the Projections

Figure 107. Carbon emissions per capita, 1990--2020
(metric tons per person)
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year (Figure 107). To achieve stabilization of total
emissions, population growth would need to be offset
by reductions in per capita emissions.

Emissions in the residential sector, including emis-
sions from the generation of electricity used in the sec-
tor, are projected to increase by 1.2 percent a year,
reflecting the ongoing trends of electrification and
penetration of new appliances and services. Signifi-
cant growth in office equipment and other uses is also
projected in the commercial sector, but growth in con-
sumption—and in emissions, which increase by 1.1
percent a year—is likely to be moderated by slowing
growth in floorspace, coupled with efficiency stan-
dards, voluntary efficiency programs, and technology
improvements. Transportation emissions grow at an
average annual rate of 1.6 percent as a result of in-
creases in vehicle-miles traveled and freight and air
travel, combined with slow growth in the average
light-duty fleet efficiency. Industrial emissions are
projected to grow by only 0.9 percent a year, as shifts to
less energy-intensive industries and efficiency gains
moderate growth in energy use.

Further reductions in emissions could result from Cli-
mate Wise and Climate Challenge, voluntary pro-
grams for emissions reductions by industry and
electricity generators, which are cosponsored by the
U.S. Environmental Protection Agency (EPA) and the
U.S. Department of Energy.
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Carbon Emissions and Energy Use

Petroleum Products Are the Leading
Energy Source of Carbon Emissions

Figure 108. Carbon emissions by fuel, 1990--2020
(million metric tons per year)
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Petroleum products are the leading source of carbon
emissions from energy use. In 2020, petroleum is pro-
jected to contribute 822 million metric tons of carbon to
the total 1,956 million tons, a 42-percent share (Figure
108). About 80 percent (659 million metric tons) of the
petroleum emissions result from transportation use,
which could be lower with less travel or more rapid de-
velopment and adoption of higher efficiency or
alternative-fuel vehicles.

Coal is the second leading source of carbon emissions,
projected to produce 658 million metric tons in 2020, or
34 percent of the total. The share declines from 36 per-
cent in 1996 because coal consumption increases at a
slower rate through 2020 than consumption of petro-
leum and natural gas, the sources of virtually all other
energy-related carbon emissions. Most of the increases
in coal emissions result from electricity generation. A
slight increase in emissions from industrial steam coal
use is offset by a decline in emissions from coking coal.

In 2020, natural gas use is projected to produce 474
million metric tons of carbon emissions, a 24-percent
share. Of the fossil fuels, natural gas consumption and
emissions increase most rapidly through 2020, at aver-
age annual rates of 1.6 and 1.7 percent, respectively;
however, natural gas produces only half the carbon
emissions of coal per unit of input. Average emissions
from petroleum use are between those for coal and
natural gas. The use of renewable fuels and nuclear
generation, which emit little or no carbon, mitigates
the growth of emissions.
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Coal Produces Most Carbon Emissions
from Electricity Generation

Figure 109. Carbon emissions from electricity
generation by fuel, 1990--2020
(million metric tons per year)
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Electricity use is a major cause of carbon emissions.
Although electricity produces no emissions at the point
of use, its generation currently accounts for 35 percent
of total carbon emissions, and that share is expected to
increase to 38 percent in 2020. Coal, which accounts
for about 51 percent of electricity generation in 2020
(excluding cogeneration), produces 80 percent of
electricity-related carbon emissions (Figure 109). In
2020, gas-fired generation accounts for 31 percent of
total electricity but only 19 percent of electricity-
related carbon emissions.

Between 1996 and 2020, 52 gigawatts of nuclear ca-
pacity are expected to be retired, resulting in a 43-
percent decline in nuclear generation. To compensate
for the loss of baseload capacity and meet rising de-
mand, 389 gigawatts of new fossil-fueled capacity (ex-
cluding cogeneration) will be needed. Increased
generation from fossil fuels will raise electricity-
related carbon emissions by 228 million metric tons, or
44 percent, from 1996 levels. Generation from renew-
able technologies remains level between 1996 and
2020, because of competition from fossil-fueled tech-
nologies.

The projections include activities under the Climate
Challenge program, such as fuel switching, repower-
ing, life extension, and demand-side management, to
the extent that such plans have been announced, but
they do not include offset activities. Additional use of
lower carbon fuels, reduced electricity demand growth,
or improved technologies all could contribute to lower
emissions than are projected here.
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Emissions from Electricity Generation

Electricity Sulfur Dioxide Emissions
Are Projected To Decline

Figure 110. Sulfur dioxide emissions from
electricity generation, 1990--2020
(million tons per year)
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CAAAO9O calls for emissions of sulfur dioxide (SO,) by
electricity generators to be reduced to 12 million short
tons in 1996 and to 8.95 million tons a year in 2000 and
thereafter. More than 95 percent of the SO, produced
by generators results from coal combustion, with the
rest from residual oil.

In Phase 1, 261 generating units at 110 plants were is-
sued tradeable emissions allowances permitting SO,
emissions to reach a fixed amount per year— generally
less than the plant's historical emissions. Allowances
may also be banked for use in future years. Switching
to lower sulfur, subbituminous coal was the option cho-
sen by more than half of the generators. In Phase 2, be-
ginning in 2000, emissions constraints on Phase 1
plants will be tightened, and limits will be set for the
remaining 2,500 boilers at 1,000 plants. With allow-
ance banking, emissions are expected to decline from
11.6 million tons in 1995 to 10.2 million in 2000 (Fig-
ure 110). Since allowance prices are projected to in-
crease after 2000, it is expected that 11.4 gigawatts of
capacity—about 38 300-megawatt plants—will be ret-
rofitted with scrubbers to achieve the Phase 2 goal (Ta-
ble 14).

Table 14. Scrubber retrofits, allowance costs,
and banked allowances, 2000--2020

Forecast 2000 2005 2010 2015 2020
Cumulative retrofits
from 1996
(gigawatts of capacity) 114 114 114 114 114
Allowance costs
(1996 dollars per ton SO,) 121 176 189 181 167
Cumulative banked
allowances (million tons SO5) 75 25 02 00 00
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Nitrogen Oxide Emissions Rise
in the Projections After 2000

Figure 111. Nitrogen oxide emissions from
electricity generation, 1995--2020
(million tons per year)
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CAAA90 also directed the EPA to study and issue
standards for nitrogen oxide (NOy) emissions, which
are precursors to acid rain and ground-level ozone. In
response, EPA promulgated regulations that impose
NO, emissions limits on electricity generators, based
on specific boiler technologies. Combined with other
NO, reduction programs, such as those for mobile
sources, the goal of the regulations is to reduce NO,
emissions in 2000 by about 2 million tons from what
they would otherwise have been.

There are two phases to the program to reduce NOy
emissions from coal-fired plants, which produce most
of the NOy from electricity generation. In Phase 1, be-
tween 1996 and 1999, NO, emission limits are applied
to dry-bottom wall-fired and tangentially-fired boilers,
designated as Group 1 boilers, by using available con-
trol technologies. In Phase 2, starting in 2000, emis-
sions limits on the Group 1 boilers will be lowered
slightly. In addition, in Phase 2, limits will be set for
Group 2 boilers, which are coal-fired boilers that use
other technologies. Under current regulations, NO,
emissions by electricity generators are projected to de-
cline by 1.6 million tons between 1995 and 2000 but in-
crease by nearly 0.7 million tons by 2020 with
increasing coal use (Figure 111).

Other mitigation strategies could include voluntary
programs or an allowance program similar to that for
SO.,. Increased use of other fossil and renewable fuels
for generation or technology advances that increase ef-
ficiency or produce less emissions could also reduce
emissions from those projected here.
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Three other organizations — DRI/McGraw-Hill (DRI), the
WEFA Group (WEFA), and the Gas Research Institute (GRI)
— also produce comprehensive energy projections with a time
horizon similar to that of AEO98. The most recent projec-
tions from these organizations and others that concen-
trate on petroleum, natural gas, and international oil
markets are compared to the AEO98 projections in this
section.

Economic Growth

Differences in long-run economic forecasts can be
traced primarily to different views of the major
supply-side determinants of growth: labor force and
productivity change. Other forecasts are presented in
Table 15. From an energy perspective, other forecast-
ers also include different views of energy prices: typi-
cally, lower energy prices are assumed for the
optimistic growth cases and higher energy prices for
the pessimistic cases. For AEO98, reference case en-
ergy prices are used for both the high and low economic
growth cases. The WEFA forecast shows the highest
economic growth compared to the AEO98 and DRI ref-
erence cases, including higher growth rates for the la-
bor force. The AEO98 long-run forecast of economic
growth is higher than the AEO97 forecast by 0.2 per-
cent, when compared on a similar basis, with a pro-
jected annual growth rate for GDP of 2.1 percent from
1996 to 2015.

Table 15. Forecasts of economic growth, 1996--2020
Average annual percentage growth

Forecast Real GDP Labor force Productivity

AEQO98

Low growth 13 0.5 0.8

Reference 1.9 0.8 1.1

High growth 2.4 1.0 14
DRI

Low 13 0.6 0.7

Reference 1.9 0.8 1.1

High 2.4 1.1 1.3
WEFA

Reference 2.1 1.0 1.1

In the 1997 Economic Report of the President, real GDP
growth of 2.2 percent a year between 1996 and 2003
was projected. AEO98 projects annual growth of 2.3
percent over the same period.
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World QOil Prices

Comparisons with other oil price forecasts—including
the International Energy Agency (IEA), Petroleum
Economics Ltd. (PEL), Petroleum Industry Research
Associates, Inc. (PIRA), Natural Resources Canada
(NRCan), and NatWest Securities (NWS)— are shown
in Table 16. With the exception of PEL in 2010 and
IEA in 2005, the range between the AEO98 low and
high world oil price cases spans the range of other pub-
lished forecasts. The AEO98 reference case prices tend
to be within $1.00 of the middle of the range for all the
forecasts.

Table 16. Forecasts of world oil prices, 2000--2020
1996 dollars per barrel

Forecast 2000 2005 2010 2015 2020
AEO98 reference 19.11 20.19 20.81 2148 2232
AEOQO98 high price 2186 2450 26.87 2859 28.71
AEQO98 low price 1447 1458 1444 1442 1443
DRI 17.29 19.27 21.07 23.43 26.16
IEAT 18.18 26.73  26.73 NA NA
IEA2 18.18 18.18 18.18 NA NA
PEL 18.01 1552 13.14 NA NA
PIRA 16.27 15.96 NA NA NA
WEFA 18.35 19.05 19.77 2053 2131
GRI 17.05 17.06 17.05 17.06 NA
NRCan 20.38 20.38 20.38 20.38 20.38
NWS 19.00 19.00 19.00 19.00 NA

NA = not available.

Total Energy Consumption

The AEO98 forecast of end-use sector energy consump-
tion 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 efficiency nearly
doubled. Natural gas use declined as a result of high
prices and limitations on new gas hookups. Between
1984 and 1995, however, both petroleum and natural
gas consumption rebounded, bolstered by plentiful
supplies and declining real energy prices. As a conse-
guence, new car fuel efficiency in 1995 was less than 2
miles per gallon higher than in 1984, and natural gas
use (residential, commercial, and industrial) was al-
most 25 percent higher than it was in 1984,
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Given potentially different assumptions about, for
example, technological developments over the next
20 years, the forecasts from DRI, GRI, and WEFA
have remarkable similarities to those in AEO98.
Electricity is expected to remain the fastest growing
source of delivered energy (Table 17), although its
rate of growth is down sharply from historical rates
in each of the forecasts, because many traditional
uses of electricity (such as for air conditioning) ap-
proach saturation while average equipment efficien-
cies rise. Petroleum consumption grows at the same
rate as in recent history. Consumption growth for
the remaining fuels slows as a result of moderating
economic growth, fuel switching, and increased end-
use efficiency.

Table 17. Forecasts of average annual growth rates
for energy consumption (percent)

History Projections

AEO098 DRI GRI  WEFA
1974-1984-  (1996- (1996- (1995- (1997-

Energy use 1984 1995 2020) 2020) 2015) 2020)
Petroleum* 0.1 1.2 1.2 1.0 1.2 1.0
Natural gas* -1.7 19 0.7 0.8 1.4 1.0
Coal* -3.0 -14 0.2 0.3 -0.6 0.3
Electricity 3.0 25 14 15 2.0 1.7
Delivered energy  -0.4 2.0 1.1 1.0 1.3 11
Electricity losses 25 15 0.7 0.7 1.4 1.1
Primary energy 02 18 1.0 0.9 1.3 11

*Excludes consumption by electric utilities.

Residential and Commercial Sectors

Growth rates in energy demand for the residential
and commercial sectors are expected to decrease by
more than 50 percent from the rates between 1984
and 1995, largely because of projected lower growth
in population, housing starts, and commercial floor-
space additions. Other contributing factors include
increasing energy efficiency due to technical innova-
tions and legislated standards; voluntary govern-
ment efficiency programs; and reduced opportunities
for additional market penetration of such end uses
as air conditioning in the residential sector and per-
sonal computers in the commercial sector, where
they are already being used extensively.

Differing views on the growth of new uses for energy
contribute to variations among the forecasts. By fuel,
electricity (excluding generation and transmission
losses) remains the fastest growing energy source for
both sectors across all forecasts (Table 18). Natural
gas use also grows but at lower rates, and petroleum
use continues to fall.

Table 18. Forecasts of average annual growth in
residential and commercial energy demand
(percent)

History Projections
AEO98 DRI GRI  WEFA
1984- (1996- (1996- (1995- (1997-
Forecast 1995 2020) 2020) 2015) 2020)
Residential
Heating oil/LPG 0.2 -0.3 -0.9 -0.9 -0.1
Natural gas 0.6 0.4 0.6 1.0 0.7
Electricity 2.7 15 1.2 1.8 1.6
Delivered energy 1.7 0.7 0.6 1.0 1.0
Electricity losses 2.2 0.8 0.4 1.3 1.1
Primary energy 1.9 0.8 0.5 11 1.0
Commercial
Petroleum -3.6 -0.5 -1.6 -1.9 -0.6
Natural gas 1.7 0.7 0.5 14 0.7
Electricity 3.3 1.2 15 1.8 1.8
Delivered energy 15 0.8 0.8 13 11
Electricity losses 2.8 0.4 0.7 13 1.2
Primary energy 2.1 0.6 0.8 1.3 1.2

Industrial Sector

In all the forecasts, the industrial sector shows
slower growth in primary energy consumption than
it did between 1984 and 1995 (Table 19). 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
1995 reflect a shift from petroleum products and coal
to a greater reliance on natural gas and electricity.
Natural gas use grows more slowly than in recent
history across the forecasts, because much of the po-
tential for fuel switching was realized during the
1980s. A key uncertainty in industrial coal forecasts
is the environmental acceptability of coal as a boiler
fuel.
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Table 19. Forecasts of average annual growth in
industrial energy demand (percent)

History Projections

AEQO98 DRI GRI  WEFA

1984- (1996- (1996- (1995- (1997-

Forecast 1995 2020) 2020) 2015) 2020)
Petroleum 0.7 0.8 0.7 1.3 0.8
Natural gas 2.7 0.6 0.9 1.3 0.9
Coal -1.2 0.1 0.4 -0.6 0.3
Electricity 1.7 1.3 1.7 2.2 L5
Delivered energy 2.3 0.8 0.9 1.3 0.9
Electricity losses 0.7 0.6 1.0 1.6 0.9
Primary energy 2.0 0.7 0.9 1.4 0.9

Transportation Sector

Overall fuel consumption in the transportation sec-
tor is expected to grow more slowly than in the recent
past in each of the alternative forecasts (Table 20).
All the forecasts anticipate continued rapid growth
in air travel as well as significant increases in air-
craft efficiency, while growth in light-duty vehicle
travel slows considerably.

Table 20. Forecasts of average annual growth in
transportation energy demand (percent)
History Projections

AEO98 DRI GRI WEFA
1974- 1984-  (1996- (1996- (1995- (1997-

Forecast 1984 1995 2020) 2020) 2015) 2020)
Consumption
Motor gasoline 01 14 1.1 1.0 0.7 0.8
Diesel fuel 45 28 1.4 1.1 1.9 1.4
Jet fuel 1.9 24 28 1.6 22 2.3
Residual fuel 14 07 2.3 24 2.5 22
All energy 09 18 1.6 1.3 1.4 1.3

Key indicators

Car and light
truck travel 2.8 28 L5

Air travel
(revenue

passenger-miles) 7.0 5.0 2.9 2.9 3.1 NA
Average new car
fuel efficiency 45 0.5 0.4 0.6 0.8 NA

Gasoline prices 1.8 -3.1 0.1 0.5 0.0 0.3
NA = not available.

Electricity

Comparison across forecasts shows slight variation
in projected electricity sales (Table 21). Sales projec-
tions for 2020 range from 1,422 billion kilowatthours

(DRI) to 1,585 billion kilowatthours (WEFA) for the
residential sector, as compared with the AEO98

reference case value of 1,548 billion kilowatthours. The
forecasts for total electricity sales in 2020 range from 4,308
billion kilowatthours (AEO98) to 4,581 billion kilowat-
thours (WEFA). All the projections for total electric-
ity sales in 2020 fall within the range of the AEO98
low and high economic growth cases (3,876 and 4,708
billion kilowatthours, respectively). Different as-
sumptions governing expected economic activity,
coupled with diversity in the estimation of penetra-
tion rates for energy-efficient technologies, are the
primary reasons for variation among the forecasts.

All the forecasts compared here agree that stable
fuel prices and slow growth in electricity demand
relative to GDP growth will tend to keep the price of
electricity stable—or declining in real terms—until
2020.

Both the DRI and GRI forecasts assume that the
electric power industry will be fully restructured, re-
sulting in average electricity prices that approach
long-run marginal costs. AEO98 assumes that com-
petitive pressures and FERC Orders 888 and 889
will push average costs and prices down somewhat,
but not to the extent that would be achieved under a
full restructuring of the industry. AEO98 also as-
sumes that increased competition in the electric
power industry will lead to lower operating and
maintenance costs, lower general and administra-
tive costs, early retirement of inefficient generating
units, and other cost reductions. Further, in the DRI
forecast, it is assumed that time-of-use electricity
rates will cause some flattening of electricity de-
mand (lower peak period sales relative to average
sales), resulting in better utilization of capacity and
capital cost savings.

The distribution of sales among sectors affects the
mix of capacity types needed to satisfy sectoral de-
mand. Although the AEO98 mix of capacity among
fuels is similar to those in the other forecasts, small
differences in sectoral demands across the forecasts
lead to significant changes in capacity mix. For ex-
ample, growth in the residential sector, coupled with
an oversupply of baseload capacity, results in a need
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for more peaking and intermediate capacity than
baseload capacity. Consequently, generators are ex-
pected to plan for more combustion turbine and fuel
cell technology than coal, oil, or gas steam capacity.

Natural Gas

The diversity among published forecasts of natural
gas prices, production, consumption, and imports
(Table 22) indicates the uncertainty of future market
trends. Because the forecasts depend heavily on the
underlying assumptions that shape them, the as-
sumptions should be considered when different pro-
jections are compared. The forecasts for total natural
gas consumption in 2015 vary from a high of 32.90
trillion cubic feet in the WEFA forecast to a low of
28.74 trillion cubic feet in the AEO98 low economic
growth case. The variation in the 2020 projections is
even greater (a 20-percent difference between the
high and low projections for 2020 and a 15-percent
difference for 2015). The high projection for 2020 is
35.29 trillion cubic feet in the WEFA forecast, com-
pared with a low of 29.40 trillion cubic feet in the
AEQO98 low economic growth case. The main point of
difference among the consumption forecasts for both
years is the projected use of natural gas for electric-
ity generation, with WEFA projecting high average
annual growth rates for most of the country and con-
siderably higher gas consumption by electricity gen-
erators than in any of the other forecasts.

The projections of wellhead prices for natural gas
vary considerably more than the consumption fore-
casts: by 44 percent for 2015 and 56 percent for 2020.
All the price projections fall within the range defined
by the AEO98 low and high economic growth cases.
In the low economic growth case, the price path for
natural gas between 2015 and 2020 is nearly flat,
whereas the other forecasts show increases ranging
from 7 cents (WEFA) to 29 cents (DRI) per thousand
cubic feet. AEO98 projects stronger growth of well-
head prices in the other cases. With the exception of
the low economic growth case, the AEO98 projec-
tions of wellhead prices for natural gas are higher in
both 2015 and 2020 than those in any of the other
forecasts.

Petroleum

Projected prices for crude oil in the AEO98 low and
high world oil price cases bound the 2010 and 2020
projections in five other petroleum forecasts (Table
23)—the AEQ98 reference case, WEFA, GRI, DRI,
and the Independent Petroleum Association of
America (IPAA). Comparisons with the GRI and
IPAA forecasts, which do not extend to 2020, apply
only to 2010. The AEO98 reference case oil price pro-
jection for 2010 is similar to DRI's but more than $1
per barrel higher than WEFA's and almost $3 higher
than GRI's; the projection for 2020 is less than $1
higher than WEFA's and nearly $4 less than DRI's.

The AEO98 low and high oil price cases also bound
the other projections for domestic production. Pro-
jected production in 2010 in the high price case is
only slightly higher than the IPAA forecast, how-
ever. Production levels in the AEO98 reference case
are comparable with the WEFA, GRI, and DRI pro-
jections for 2010 and with the WEFA and DRI projec-
tions for 2020.

The most striking difference between the AEQ98
projections and the other forecasts is in petroleum
consumption. All three AEO98 cases project con-
sumption levels higher than those in the four other
forecasts.

Net petroleum imports in the AEO98 reference and
low price cases are well above the levels of the other
forecasts. The projected percentage of petroleum
consumption from imports, which is an indicator of
the relative direction of production, net imports, and
consumption, ranges between 55 percent (AEO98
high oil price case) and 67 percent (AEO98 low oil
price case) in 2010. The range in 2010 falls between
58 percent in the AEO98 high world oil price case
and 72 percent in the low price case.

The AEO98 high oil price case, which projects the
lowest share of imports in both 2010 and 2020, also
features the strongest production. In contrast, the
low price case, with the highest imports share in
both years, also features the lowest production and
highest consumption. The AEO98 reference case is
distinguished from the DRI and WEFA projections
by its relatively high levels of petroleum
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consumption, imports, and share of consumption from
imports. IPAA also projects lower net imports and pe-
troleum consumption than in the AEO98 reference
case but stronger production for 2010. GRI, which does
not project imports, has production forecasts similar to
those in the AEO98 reference case, but with much
lower levels of consumption.

Coal

In terms of projected coal production in 2015, the
WEFA coal forecast is most comparable to, although
somewhat higher than, the AEO98 low economic
growth case (Table 24). WEFA's sectoral demands for
domestic coking coal and electricity generation are
higher than those in the AEO98 low economic growth
case, but its industrial consumption and net exports
are lower. By 2020, sectoral demands in the WEFA
projection are similar to the AEO98 reference case
(consumption by the electricity generation sector is 9
million tons lower). Industrial demand is lower than in
any AEQ98 case. In 2020, the WEFA projection of net
exports is 2.0 percent higher than the AEO98 level,
while domestic coking coal consumption is 161 percent
of the AEO98 forecast. Overall, WEFA's projected coal
consumption grows more slowly than that in AEO98
before 2015 and more rapidly after that date, with the
most significant difference being that WEFA shows
growth in domestic coking coal consumption while all
other forecasts show a steep decline. The WEFA pro-
jection foresees relatively high average mine prices
($0.70 per million Btu in 2015 and 2020, compared
with the AEO98 low growth case values of $0.66 in
2015 and $0.63 in 2020). Delivered prices to the elec-
tricity sector are also higher than in AEO98, with
WEFA projecting $1.12 per million Btu in 2015 and
$1.11 in 2020, compared with the AEO98 low growth
case values of $1.00 and $0.95.

The GRI coal forecast, which extends only to 2015, is
most comparable to the AEO98 high economic growth
case in 2015—GRI has 1,427 million tons of produc-
tion, whereas the AEO98 high growth case has 1,415, a
difference of 0.8 percent. Sectoral demand for domestic
industrial coal in 2015 is lower than those in any of the
AEQO98 cases included in this comparison. The demand
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for coal for electricity generation, at 1,262 million tons,
is 6.7 percent higher than that in the AEO98 high
growth case. GRI projects net coal exports at 71 million
tons in 2015, 63 percent of the forecast level in AEO98.
GRI has a lower 2015 minemouth price ($0.64 per mil-
lion Btu) and a higher delivered price ($1.15 per mil-
lion Btu) for coal to electric utilities than the other
projections. Clearly, the GRI forecast sees more robust
growth in electricity sector coal demand than do the
other forecasts.

The DRI forecast of coal production is lower than the
GRI forecast in 2015 and most comparable to the
AEQ98 reference case, although industrial steam coal,
coking coal, and net export values are lower than those
in the AEO98 low economic growth case. However, coal
consumption by the electricity sector reaches 1,188
million tons, compared with AEO98 projections of
1,103 million tons in the reference case and 1,183 mil-
lion tons in the high growth case. DRI shares GRI's
pessimistic view of coal export markets, forecasting
net exports at 79 million tons in 2015, compared to 112
million tons in AEO98. In 2020, DRI forecasts 1,424
million tons of production, a level between the AEO98
reference case (1,376 million tons) and high growth
case (1,501 million tons). Relatively high electricity de-
mand is combined with pessimistic forecasts for ex-
ports, industrial steam coal, and domestic coking coal
demand. DRI does not report mine prices, but it proj-
ects delivered prices to the electricity sector of $1.05
per million Btu in 2015 and $1.01 in 2020 (compared
with the AEO98 high growth case projections of $1.04
in 2015 and $0.99 in 2020).

In conclusion, the WEFA and DRI forecasts for 2015
and 2020 fall within the range of the three AEO98
cases. While there are differences in projected levels
for sectoral demands, they fall within a few percent of
each other, with two exceptions—WEFA's optimistic
forecast for domestic coking coal demand, and the pes-
simistic export forecast by GRI and DRI. Overall, GRI
projects higher electricity coal demand and lower ex-
port demand than the other forecasts in 2015. All the
forecasts predict falling minemouth and delivered coal
prices, with the AEO98 cases falling in the middle
range in 2015, but providing the lowest minemouth
and delivered prices in 2020.
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Table 21. Comparison of electricity forecasts (billion kilowatthours, except where noted)

AEQO98 Other forecasts
Projection Low High
Reference economic economic WEFA GRI DRI
growth growth
2015

Average end-use price

(1996 cents per kilowatthour) 5.60 5.20 5.90 6.00 5.19 4.90
Residential 7.00 6.40 7.40 7.58 6.87 6.00
Commercial 6.10 5.50 6.70 6.36 5.97 5.10
Industrial 3.60 3.30 3.90 4.00 2.90 3.90

Net energy for load 4,412 4,082 4,721 4,507 4,789 4,722
Coal 2,190 2,003 2,369 2,074 2,761 2,544
0il 33 27 39 62 43 125
Natural gas 1,171 1,041 1,283 1,398 899 1,153
Nuclear 480 480 480 391 441 426
Hydroelectric/other® 385 380 393 316 420 441
Nonutility sales to gridb 127 125 129 224 178 NA
Net imports 27 27 27 42 a7 32

Electricity sales 4,115 3,807 4,405 4,211 4,442 4,159
Residential 1,449 1,384 1,516 1,455 1,503 1,361
Commercial/other® 1,323 1,262 1,387 1,398 1,369 1,350
Industrial 1,343 1,160 1,502 1,358 1,555 1,447

Capability (gigawatts)®® 1,006.0 946.1 1,066.3 920.2 857.1 980.0
Coal 323.7 312.6 347.3 355.1 401.8 403.2
Oil and gas 496.0 448.7 531.5 385.3 268.0 388.9
Nuclear 63.9 63.9 63.9 55.8 63.6 71.1
Hydroelectric/other® 122.3 121.0 123.9 124.1 123.8 116.7

2020

Average end-use price

(1996 cents per kilowatthour) 5.50 5.00 5.80 5.84 NA 5.00
Residential 6.80 6.20 7.30 7.43 NA 6.10
Commercial 6.00 5.30 6.60 6.12 NA 5.20
Industrial 3.50 3.10 3.80 3.89 NA 3.90

Net energy for load 4,612 4,152 5,040 4,904 NA 4,939
Coal 2,265 2,042 2,530 2,272 NA 2,716
Oil 32 25 41 59 NA 145
Natural gas 1,389 1,169 1,517 1,657 NA 1,278
Nuclear 383 383 383 333 NA 332
Hydroelectric/other® 390 383 413 316 NA 439
Nonutility sales to grid® 126 123 129 224 NA NA
Net imports 27 27 27 44 NA 30

Electricity sales 4,308 3,876 4,708 4,581 NA 4,353
Residential 1,548 1,467 1,634 1,585 NA 1,422
Commercial/other® 1,368 1,281 1,454 1,528 NA 1,399
Industrial 1,392 1,129 1,620 1,467 NA 1,632

Capability (gigawatts)®® 1,041.1 959.5 1,120.0 991.2 NA 1,008.2
Coal 331.3 311.9 368.0 386.4 NA 420.6
Oil and gas 537.5 477.1 576.4 433.3 NA 414.7
Nuclear 49.2 49.2 49.2 47.4 NA 56.6
Hydroelectric/other® 123.1 121.3 126.8 124.1 NA 116.2

&«Other” includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, other biomass, solar and wind power,
plus a small quantity of petroleum coke. For nonutility generators, “other” also includes waste heat, blast furnace gas, and coke oven gas.

PFor AEO098, includes only net sales from cogeneration; for the other forecasts, also includes nonutility sales to the grid.

“Other” includes sales of electricity to government, railways, and street lighting authorities.

dFor DRI, “capability” represents nameplate capacity; for the others, “capability” represents net summer capability.

°GRI generating capability includes only central utility and independent power producer capacity. It does not include cogeneration ca-
pacity in the commercial and industrial sectors, which would add another 60 gigawatts.

Sources: AEO98: AEO98 National Energy Modeling System, runs AEO98B.D100197A (reference case), LMAC98.D100197A (low eco-
nomic growth case), and HMAC98.D100197A (high economic growth case). WEFA: The WEFA Group, U.S. Energy Outlook
(Spring/Summer 1997). GRI: Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 1998 Edition. DRI:
DRI/McGraw-Hill, World Energy Service: U.S. Outlook, Spring 1997 (April 1997).
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Table 22. Comparison of natural gas forecasts (trillion cubic feet, except where noted)

AEQ98 Other forecasts
Projection Low High
Reference | economic | economic WEFA GRI DRI AGA
growth growth
2015
Lower 48 wellhead price
(1996 dollars per thousand cubic feet) 2.38 1.89 2.74 2.24 2.02 219 2.14°
Dry gas production® 26.12 24.48 27.49 28.42 25.70 25.62 25.85
Net imports 4.64 4.41 5.02 4.49 4.17 4.96 3.75
Consumption 30.61 28.74 32.36 32.90 30.94 30.26 29.59
Residential 5.66 5.50 5.83 5.62 5.82 5.80 6.09
Commercial 3.74 3.59 3.90 3.50 3.88° 3.60 4.04
Industrial 9.75 9.11 10.35 8.98 11.05 9.05 10.55
Electricity generators 8.52 7.78 9.20 11.59 6.98 8.91 6.08
Other® 2.94 2.77 3.08 3.20 311 2.89 2.82
End-use prices
(1996 dollars per thousand cubic feet)
Residential 5.47 4.93 5.85 6.09 5.69 6.14 5.66°
Commercial 4.76 4.23 5.14 5.29 479" 5.22 4.01°
Industrial 3.09 2.58 3.46 3.54 2.71 3.35' 2.39°
Electricity generators 3.04 2.51 3.42 2.60 2.40 2.61 2.35°
Transportation 7.26 6.73 7.60 NA NA NA NA
2020
Lower 48 wellhead price
(1996 dollars per thousand cubic feet) 2.54 191 2.97 231 NA 2.48 NA
Dry gas production® 27.44 24.95 29.30 30.44 NA 26.04 NA
Net imports 4.91 4.60 5.36 4.87 NA 5.19 NA
Consumption 32.20 29.40 3451 35.29 NA 30.90 NA
Residential 5.80 5.65 6.02 5.82 NA 6.01 NA
Commercial 3.75 3.55 3.96 3.62 NA 3.60 NA
Industrial® 9.70 8.82 10.58 9.21 NA 8.99 NA
Electricity generators 9.85 8.53 10.64 13.21 NA 9.36 NA
Other® 3.10 2.85 3.31 3.44 NA 2.95 NA
End-use prices
(1996 dollars per thousand cubic feet)
Residential 5.60 4.86 6.02 5.99 NA 6.37 NA
Commercial 491 421 5.34 5.22 NA 5.46 NA
Industrial® 3.26 2.59 3.71 3.61 NA 3.62' NA
Electricity generators 3.22 2.54 3.67 2.67 NA 2.91 NA
Transportation 7.61 6.97 8.01 NA NA NA NA

aAverage acquisition price.

bDoes not include supplemental fuels.

cincludes gas consumed in cogeneration.

dIncludes lease and plant fuels and pipeline fuel.

eDoes not include certain State and local taxes.

fOn-system sales.

NA = Not available.

Sources: AEO98: AEO98 National Energy Modeling System, runs AEO98B.D100197A (reference case), LMAC98.D100197A (low
economic growth case), and HMAC98.D100197A (high economic growth case). WEFA: The WEFA Group, U.S. Energy Outlook
(Spring/Summer 1997). GRI: Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 1998 Edition. DRI:
DRI/McGraw-Hill, World Energy Service: U.S. Outlook, Spring 1997 (April 1997). AGA: American Gas Association, 1997 AGA-TERA
Base Case (April 1997).
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Table 23. Comparison of petroleum forecasts (million barrels per day, except where noted)

AEQO98 Other forecasts
Projection Low High
Reference | world oil [ world oil WEFA GRI DRI IPAA
price price
2010
World oil price
(1996 dollars per barrel) 20.81 14.44 26.87 19.77 17.042 20.99 NA
Crude oil and NGL production 7.81 6.82 8.55 7.62 7.74 7.63 8.49
Crude oil 5.57 4.63 6.28 5.34 5.37 5.34 6.22
Natural gas liquids 224 2.19 2.27 2.28 2.37 2.29 2.27
Total net imports 13.67 15.74 12.16 11.80 NA 12.68 12.33
Crude oil 10.67 11.71 9.91 9.82 NA 9.74 NA
Petroleum products 3.00 4.03 2.25 1.99 NA 2.93 NA
Petroleum demand 22.70 23.59 22.12 20.94 21.71 21.69 21.70
Motor gasoline 9.75 10.14 9.56 8.79 8.78 9.54 9.02
Jet fuel 2.53 2.55 252 2.15 2.35 2.08 2.07
Distillate fuel 4.09 417 4,07 3.80 4.09 3.87 4.06
Residual fuel 0.88 111 0.82 1.10 1.02 0.92 1.09
Other 5.45 5.62 5.17 5.10 5.47 5.29 5.45
Import share of product supplied
(percent) 60.0 67.0 55.0 56.4 NA 58.4 56.8
2020
World oil price
(1996 dollars per barrel) 22.32 14.43 28.71 21.38 NA 26.08 NA
Crude oil and NGL production 7.39 6.31 8.50 7.85 NA 7.34 NA
Crude oil 4.92 3.92 5.99 5.18 NA 4.92° NA
Natural gas liquids 2.47 2.39 251 2.67 NA 2.42 NA
Total net imports 15.98 18.42 13.75 13.89 NA 14.54 NA
Crude oil 11.65 12.89 10.59 10.60 NA 10.09 NA
Petroleum products 4.33 5.53 3.16 3.21 NA 4.45 NA
Petroleum demand 24.39 25.59 23.61 23.24 NA 23.33 NA
Motor gasoline 10.39 10.99 10.06 9.56 NA 9.98 NA
Jet fuel 3.03 3.07 3.01 271 NA 2.34 NA
Distillate fuel 4.25 4.42 4.22 4.20 NA 4.28 NA
Residual fuel 0.99 1.23 0.93 1.23 NA 1.00 NA
Other 5.72 5.88 5.38 5.54 NA 5.73 NA
Import share of product supplied
(percent) 66.0 72.0 58.0 59.4 NA 62.3 NA

aComposite of U.S. refiners’ acquisition cost.

bIncludes shale and other.
NA = Not available.

Sources: AEO98: AEO98 National Energy Modeling System, runs AEO98B.D100197A (reference case), LWOP98.D100197C (low world
oil price case), and HWOP98.D100197A (high world oil price case). WEFA: The WEFA Group, U.S. Energy Outlook (Spring/Summer
1997). GRI: Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 1998 Edition. DRI: DRI/McGraw-Hill,
World Energy Service: U.S. Outlook, Spring 1997 (April 1997). IPAA: Independent Petroleum Association of America, IPAA Supply and
Demand Committee Long-Run Report (April 1997).
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Table 24. Comparison of coal forecasts (million short tons, except where noted)

AEQO98 Other forecasts
Projection Low High
Reference economic economic WEFA GRI DRI
growth growth
2015

Production 1,326 1,223 1,415 1,263 1,427 1,365
Consumption by sector

Electricity generation® 1,103 1,012 1,183 1,050 1,262 1,188

Coking plants 24 24 24 37 25 22

Industrial/other 88 7 97 66 70 75

Total 1,215 1,113 1,305 1,153 1,357 1,284

Net coal exports 112 112 112 108 71 79
Minemouth price

(1996 dollars per short ton) 13.99 13.87 14.05 15.20 13.42 NA

(1996 dollars per million Btu) 0.67 0.66 0.67 0.70 0.64 NA
Average delivered price, electricity

(1996 dollars per short ton) 20.72 20.26 20.99 NA 23.93 21.58

(1996 dollars per million Btu) 1.03 1.00 1.04 1.12 1.15 1.05

2020

Production 1,376 1,258 1,501 1,368 NA 1,424
Consumption by sector

Electricity generation® 1,147 1,042 1,258 1,138 NA 1,246

Coking plants 23 23 23 37 NA 20

Industrial/other 87 73 101 67 NA 76

Total 1,257 1,138 1,382 1,242 NA 1,342

Net coal exports 120 120 120 122 NA 80
Minemouth price

(1996 dollars per short ton) 13.27 13.14 13.50 15.10 NA NA

(1996 dollars per million Btu) 0.64 0.63 0.65 0.70 NA NA
Average delivered price, electricity

(1996 dollars per short ton) 19.52 18.91 20.01 NA NA 20.86

(1996 dollars per million Btu) 0.97 0.95 0.99 1.11 NA 1.01

aThe DRI and AEQ98 forecasts for electricity generation include nonutility generators. Consumption by industrial cogenerators is
included in industrial consumption. The WEFA values for electricity consumption have been adjusted by including consumption by
nonutility generators (11.2 million tons in 2015 and 2020).

NA = Not available.

Btu = British thermal unit.

Sources: AEO98: AEO98 National Energy Modeling System, runs AEO98B.D100197A (reference case), LMAC98.D100197A (low
economic growth case), and HMAC98.D100197A (high economic growth case). WEFA: The WEFA Group, U.S. Energy Outlook
(Spring/Summer 1997). GRI: Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 1998 Edition, and
Coal Demand and Price Projections, Vol. I, GRI-95/0493.1 (February 1996), Table 4-3. DRI: DRI/McGraw-Hill, World Energy Service:
U.S. Outlook, Spring 1997 (April 1997).
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AD
AEO
AEQO95
AEQ97
AEQO98
ARV
AGA
Btu
CAAA90
CCAP
CFC
CNG
CPI
CTC
DRI
DSM
E85

EIA
EOR
EPACT
EPRI
EU
FERC
FGD
GDP
GRI
HCFC
IEA
IGCC
IPAA
ISO
LDC
LEVP
LNG
LPG

Associated-dissolved (natural gas)
Annual Energy Outlook

Annual Energy Outlook 1995
Annual Energy Outlook 1997
Annual Energy Outlook 1998
Alternative-fuel vehicle

American Gas Association

British thermal unit

Clean Air Act Amendments of 1990
Climate Change Action Plan
Chlorofluorocarbon

Compressed natural gas

Consumer price index

Competitive transition charge
DRI/McGraw-Hill, Inc.

Demand-side management

An 85-percent ethanol fuel

Energy Information Administration
Enhanced oil recovery

Energy Policy Act of 1992

Electric Power Research Institute
European Union

Federal Energy Regulatory Commission
Flue gas desulfurization

Gross domestic product

Gas Research Institute
Hydrochlorofluorocarbon

International Energy Agency

Integrated coal gasification combined cycle
Independent Petroleum Association of America
Independent system operator

Local distribution company

Low Emissions Vehicle Program
Liquefied natural gas

Liquefied petroleum gas

M85
MSW
NA
NAAQS
NAECA
NEMS
NGL
NOPR
NPC
NRCan
NWS
OASIS
OTAG
PADD
PBF
PEL
PIRA
PM
ppm
PUHCA
PURPA
RECS

RPS
SCR
SPR
STEO
USGS
VOC
WEFA

An 85-percent methanol fuel

Municipal solid waste

Nonassociated (natural gas)

National Ambient Air Quality Standards
National Appliance Energy Conservation Act of 1987
National Energy Modeling System

Natural gas liquids

Notice of Proposed Rulemaking

National Petroleum Council

Natural Resources Canada

NatWest Securities, Ltd.

Open Access Same-Time Information System
Ozone Transport Assessment Group
Petroleum Administration for Defense District
Public benefits fund

Petroleum Economics, Ltd.

Petroleum Industry Research Associates, Inc.
Particulate matter

Parts per million

Public Utility Holding Act of 1937

Public Utility Regulatory Policies Act of 1978
Residential Energy Consumption Survey
Reformulated gasoline

Renewable portfolio standard

Selective catalytic reduction

Strategic Petroleum Reserve

Short-Term Energy Outlook

U.S. Geological Survey

Volatile organic compound

The WEFA Group (formerly the
Econometric Forecasting Associates)

Wharton
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Page 10
[1] The tax of 4.3 cents per gallon is in nominal terms.

[2] Energy Information Administration, Mitigating Green-
house Gas Emissions: Voluntary Reporting,
DOE/EIA-0608(96) (Washington, DC, October 1997).
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[3] “New Air Rules Signed, Lawmakers Attempt To Stall,”
Washington Times (July 17, 1997).

[4] Sharon Rinders, U.S. Environmental Protection Agency
(personal communication, October 3, 1997).

[5] Energy and Environmental Analysis, Inc., Impact of New
Ozone and PM Standards on Industrial Gas Markets, pre-
pared for the Gas Research Institute (Arlington, VA, Febru-
ary 1997).
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[7] U.S. Environmental Protection Agency, Cost Estimates
for Selected Applications of NO4 Control Technologies on Sta-
tionary Combustion Boilers (Washington, DC, March 1996),
Table 1-2.

Page 15

[8] Most of the bills are not far along in the legislative pro-
cess, and they may undergo significant change. For a com-
plete listing of Congressional bills and their current status,
see web site www.thomas.loc.

Page 16

[9] Ancillary services are services provided to maintain the
stable operation of the transmission system. For a discussion
of the ancillary services identified by FERC, see Energy In-
formation Administration, Electricity Prices in a Competitive
Environment: Marginal Cost Pricing of Generation Services
and Financial Status of Electric Utilities, DOE/EIA-0614
(Washington, DC, August 1997).

[10] Federal Energy Regulatory Commission, Standards
and Communications Protocols for Open Access Same-Time
Information System Phase 1A (August 11, 1997).

[11] The North American Electric Reliability Council
(NERC), the Electric Power Research Institute (EPRI), and
other industry groups worked with FERC to develop stan-
dards for what they refer to as the “Transmission System In-
formation Network” (TSIN). They jointly sponsor a web site,
www.tsin.com, that provides links to each of the OASIS sites.

[12] Summarizing State plans is difficult, because they are
constantly changing. Any review will be out of date before it
can be printed. The value given here was derived by
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reviewing the information provided on the GDS Associates
Electric Web (www.gdsassoc.com/ dereg/state.htm) on
August 20, 1997. States were counted as aggressively mov-
ing toward retail competition if the summaries provided in-
dicated a date for full retail choice and/or a retail pilot
program either started or planned for the near future.

Page 20

[13] For a more detailed discussion of electricity prices in a
competitive environment, see Energy Information Admin-
istration, Electricity Prices in a Competitive Environment:
Marginal Cost Pricing of Generation Services and Financial
Status of Electric Utilities, DOE/EIA-0614 (Washington, DC,
August 1997).

Page 21

[14] Electricity prices are determined competitively in the
reference case in the California, New York, and New Jersey
regions, which have made sufficient progress to allow their
transition to a more competitive structure to be represented.

Page 22

[15] The results described here are similar to those pre-
sented in Electricity Prices in a Competitive Environment:
Marginal Cost Pricing of Generation Services and Financial
Status of Electric Utilities; however, the magnitudes of the
price changes, especially in the Northwest, are smaller be-
cause this analysis used updated operations and mainte-
nance costs and lower gas price expectations.

[16] State regulators and legislatures will determine how
stranded costs are allocated among ratepayers (consumers),
stockholders, and taxpayers.

Page 26

[17] Members of the Organization for Economic Cooperation
and Development and countries of Eastern European and
the former Soviet Union undergoing transition to market
economies: Australia, Austria, Belarus, Belgium, Bulgaria,
Canada, Czech Republic, Denmark, European Economic
Community, Estonia, Finland, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Japan, Latvia, Lithuania,
Luxembourg, the Netherlands, New Zealand, Norway, Po-
land, Portugal, Romania, Russian Federation, Slovakia,
Spain, Sweden, Switzerland, Turkey, Ukraine, the United
Kingdom of Great Britain and Northern Ireland, and the
United States of America.

[18] Energy Information Administration, Emissions of
Greenhouse Gases in the United States 1996,
DOE/EIA-0573(96) (Washington, DC, October 1997).

[19] Energy Information Administration, Mitigating Green-
house Gas Emissions: Voluntary Reporting,
DOE/EIA-0608(96) (Washington, DC, October 1997).
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Page 27

[20] Energy Information Administration, International En-
ergy Outlook 1997, DOE/EIA-0484(97) (Washington, DC,
April 1997).

[21] Greenhouse gases differ in their impacts on global tem-
peratures. For comparisons of emissions from the various
gases, they are often weighted by their global warming po-
tential (GWP), which is a measure of the relative impact of
each gas on global warming relative to that of carbon dioxide,
which is defined as having a GWP equal to 1.

[21] U.S. Department of State, Office of Global Change, Cli-
mate Action Report, Department of State Publication 10496
(Washington, DC, July 1997).

Page 32

[23] Energy Information Administration, An Analysis of
Carbon Mitigation Cases, SR-OIAF-96-01 (Washington, DC,
June 1996).

[24] Energy Information Administration, Analysis of Car-
bon Stabilization Cases, SR-OIAF-97-01 (Washington, DC,
October 1997).

Page 34

[25] Only portions of the national economic statistics have
been converted to 1992 chain-weighted dollars. Because the
national input-output matrix for manufacturing industries,
which underlies the projections in Figure 22, is still available
only in 1987 fixed-weight dollars, the growth rates shown in
the figure are based on 1987 fixed-weight dollars. The use of
fixed-weight dollars is not expected to affect the picture of
relative growth rates shown in the figure.

Page 35

[26] DRI/McGraw-Hill, Review of the U.S. Economy, Long-
Range Focus, Summer 1997 (Lexington, MA, 1997).

Page 36

[27] 1. Ismail, “Future Growth in OPEC Oil Production Ca-
pacity and the Impact of Environmental Measures,” pre-
sented to the Sixth Meeting of the International Energy
Workshop (Vienna, Austria, June 1993).

Page 39

[28] The transportation sector has been left out of these cal-
culations because levels of transportation sector electricity
use have historically been far less than 1 percent of delivered
electricity. In the transportation sector, the difference be-
tween total and delivered energy consumption is also less
than 1 percent.

Page 40

[29] The high and low macroeconomic growth cases are
linked to higher and lower population growth, respectively,
which affects energy use in all sectors.
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Page 44

[30] The intensities shown were disaggregated using the di-
visia index. The divisia index is a weighted sum of growth
rates and is separated into a sectoral shift or “output” effect
and an energy efficiency or “substitution” effect. It has at
least two properties that make it superior to other indexes.
First, it is not sensitive to where in the time period or in
which direction the index is computed. Second, when the ef-
fects are separated, the individual components have the
same magnitude, regardless of which is calculated first. See
Energy Information Administration, Structural Shift and
Aggregate Energy Efficiency in Manufacturing (unpublished
working paper in support of the National Energy Strategy,
May 1990); and Boyd et al., “Separating the Changing Ef-
fects of U.S. Manufacturing Production from Energy Effi-
ciency Improvements,” Energy Journal, Vol. 8, No. 2 (1987).

Page 45

[31] Estimated as consumption of alternative transportation fuels
in crude oil Btu equivalence, assuming that flex-fuel vehicles use
alternative fuels 50 percent of the time.

[32] Small light trucks (compact pickup trucks and compact
vans) are used primarily as passenger vehicles, whereas me-
dium light trucks (compact utility trucks and standard vans)
and large light trucks (standard utility trucks and standard
pickup trucks) are used more heavily for commercial pur-
poses. Over the past decade, horsepower increases for pas-
senger vehicles have outpaced those for commercial
light-duty vehicles. This trend is expected to continue.

Page 46

[33] Sales of alternative-fuel vehicles that are determined by
market forces rather than by legislative mandates are de-
fined here as market-driven AFV sales.

Page 47

[34] U.S. Department of Energy, Office of Energy Efficiency
and Renewable Energy, Scenarios of U.S. Carbon Reduc-
tions: Potential Impacts of Energy Technologies by 2010 and
Beyond, ORNL/CON-444 (Washington, DC, September
1997); and Office of Energy Efficiency and Renewable En-
ergy, Office of Transportation Technologies, OTT Program
Analysis Methodology: Quality Metrics 98 (June 17, 1997).

Page 48

[35] Values for incremental investments and energy expen-
diture savings are discounted back to 1997 at a 7-percent
real discount rate.

Page 49

[36] U.S. Department of Energy, Office of Energy Efficiency
and Renewable Energy, Scenarios of U.S. Carbon Reduc-
tions: Potential Impacts of Energy Technologies by 2010 and
Beyond, ORNL/CON-444 (Washington, DC, September
1997); and Office of Energy Efficiency and Renewable En-
ergy, Office of Transportation Technologies, OTT Program
Analysis Methodology: Quality Metrics 98 (June 17, 1997).
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Page 51

[37] Unless otherwise noted, the term “capacity” in the dis-
cussion of electricity generation indicates utility, nonutility,
and cogenerator capacity.

Page 60

[38] For example, according to the latest USGS estimates,
the size of the Nation's technically recoverable undiscovered
conventional crude oil resources (in onshore areas and State
waters) is most likely to be 30.3 billion barrels—with a 19 in
20 chance of being at least 23.5 billion barrels and a 1 in 20
chance of being at least 39.6 billion barrels. The correspond-
ing USGS estimate for the Nation's natural gas resources is
258.7 trillion cubic feet—with a 19 in 20 chance of being at
least 207.1 trillion cubic feet and a 1 in 20 chance of being at
least 329.1 trillion cubic feet. AEO98 does not examine the
implications of geological resource uncertainty. The figures
cited above are taken from U.S. Geological Survey, National
Oil and Gas Resource Assessment Team, 1995 National As-
sessment of United States Oil and Gas Resources, U.S. Geo-
logical Survey Circular 1118 (Washington, DC, 1995), p. 2.
The cited numbers exclude natural gas liquids resources, for
which the corresponding USGS estimates are 7.2, 5.8, and
8.9 billion barrels.

Page 61

[39] Substantial uncertainty surrounds the ultimate use of
North Slope gas. However, projected low gas prices in the
lower 48 markets justify the AEO98 perspective that does
not consider it a significant factor affecting domestic energy
markets, especially natural gas markets.

[40] Eleven projects are currently proposed to expand pipe-
line capacity from Canada into the United States between
1998 and 2000. Three are slated to provide access to Sable Is-
land supplies. It is assumed that not all proposed projects
will be built, but that some combination of currently pro-
posed projects will add approximately 2 billion cubic feet per
day of pipeline capacity to access western Canadian supplies
and 0.4 billion cubic feet per day to access Sable Island sup-
plies. For information about specific projects, see Energy In-
formation Administration, “Natural Gas Pipeline and
System Expansions,” Natural Gas Monthly,
DOE/EIA-0130(97/04) (Washington, DC, April 1997).

[41] Two additional LNG import facilities located at Cove
Point, MD, and Elba Island, GA, both of which are currently
idle, are not projected to be reopened in the reference case.
While LNG imports in the forecast all come from Algeria,
new potential sources of supply include Australia, Abu
Dhabi, Trinidad and Tobago, and Norway.

Page 64

[42] The two technology cases were run as fully integrated
model runs. All other parameters in the model were kept at
their reference case values, including technology parameters
for other modules, parameters affecting foreign oil supply,
and assumptions about gas trade with Mexico.
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[43] Greater technological advances can markedly increase
the quantity of economically recoverable resources by driv-
ing down costs, increasing success rates, and increasing re-
covery from producing wells. Expected production rate
declines could be slowed or even reversed within the forecast
period if faster implementation of advanced technologies is
realized.

[44] Enhanced oil recovery (EOR) is the extraction of the oil
that can be economically produced from a petroleum reser-
voir greater than that which can be economically recovered
by conventional primary and secondary methods. EOR
methods usually involve injecting heated fluids, pressurized
gases, or special chemicals into an oil reservoir in order to
produce additional oil.

[45] Energy Information Administration, Monthly Energy
Review, DOE/EIA-0035(96/03) (Washington, DC, March
1996), Table 1.6.

Page 67

[46] Inthe 1980s, falling consumption led to surplus refining
capacity, which reduced the need for product imports. See
Energy Information Administration, The U.S. Petroleum In-
dustry: Past as Prologue 1970-1992, DOE/EIA-0572 (Wash-
ington, DC, September 1993), p. 47.
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[47] Total labor costs are estimated by multiplying the aver-
age hourly earnings of coal mine production workers by total
annual labor hours worked. Average hourly earnings do not

represent total labor costs per hour for the employer, because they
exclude retroactive payments and irregular bonuses, employee
benefits, and the employer's share of payroll taxes.

[48]Variations in mining costs are not necessarily limited to
changes in labor productivity and wage rates. Other factors
that affect mining costs and, subsequently, the price of coal
include such items as severance taxes, royalties, fuel costs,
and the costs of parts and supplies.

Page 71

[49] The “Syncoal” and “Encoal” processes have been devel-
oped in partnership with the U.S. Department of Energy by
coal producers located in the Montana and Wyoming por-
tions of the Powder River Basin, respectively. The Syncoal
process uses subbituminous coal with a moisture content of
25 to 40 percent, sulfur content of 0.5 to 1.5 percent, and
heating value of 11 to 18 million Btu per ton. It yields a solid
fuel with 1 percent moisture, 0.3 percent sulfur, and up to 24
million Btu per ton. The Encoal process uses mild gasifica-
tion to produce “CDL"—a synthetic low-sulfur No. 6 fuel oil
equivalent—and “PDF"—a low-sulfur solid fuel with a heat
content of approximately 24 million Btu per ton. Encoal PDF
solids have been successfully tested by American Electric
Power as a steam fuel and by USX and Bethlehem Steel as a
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blast furnace injectant. Encoal CDL has been used by indus-
tries in Maine, Michigan, and Louisiana. See U.S. Depart-
ment of Energy, Clean Coal Technology Demonstration
Program: Project Fact Sheets, DOE/FE-0351 (Washington,
DC, September 1996), pp. 72-75.

Page 73

[50] Energy Information Administration, Electric Utility
Phase | Acid Rain Compliance Strategies for the Clean Air
Act Amendments of 1990, DOE/EIA-0582 (Washington, DC,
March 1994), p. 1.

[51] 1990: Energy Information Administration, The Effects
of Title IV of the Clean Air Act Amendments of 1990 on Elec-
tric Utilities: An Update, DOE/EIA-0582(97) (Washington,
DC, March 1997). 1995: Energy Information Administra-
tion, Electric Power Annual 1995, Volume Il
DOE/EIA-0348(95)/2 (Washington, DC, December 1996).
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Note: Tables indicated as sources in these notes refer
to the tables in Appendixes A, B, C, and F of this re-
port.

Table 1. Summary of results for five cases (page 7): Ta-
bles A1, A19, A20, B1, B19, B20, C1, C19, and C20.

Table 2. Effective dates of appliance efficiency stan-
dards, 1988--1995 (page 11): U.S. Department of Energy,
Office of Codes and Standards; and Electric Power Research
Institute, “Energy Conservation Standards for Consumer
Products.”

Table 3. Product categories and priority levels for new
standards (page 12): U.S. Department of Energy, Office of
Codes and Standards.

Table 4. Natural gas prices to electricity producers in
three competitive pricing cases, 2000--2020 (page 22):
AEO98 National Energy Modeling System, runs
HOGCOMP.D100697A, AEO098B.D100197A, and
LOGCOMP.D100697A.

Table 5. Changes in efficiency, fuel consumption, and
carbon emissions with changes in horsepower,
2000-2020 (page 45): AEO98 National Energy Modeling Sys-
tem, runs AEO98B.D100197A and DCDRUN. D110697D.

Table 6. Market shares of alternative-fuel light-duty
vehicles by technology type, 2020 (page 46): U.S. Depart-
ment of Energy, Office of Policy, Technical Report Fourteen:
Market Potential and Impacts of Alternative Fuel Use in
Light-Duty Vehicles: A 2000/2010 Analysis (Draft, 1995).
California Air Resources Board, “Proposed Regulations for
Low-Emission Vehicles and Clean Fuels, Staff Report” (Sac-
ramento, CA, August 13, 1990). U.S. Department of Com-
merce, Bureau of the Census, Truck Inventory and Use
Survey, 1992, TC92-T-52 (Washington, DC, May 1995).
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(page 64): Energy Information Administration, Office of In-
tegrated Analysis and Forecasting.

Table 13. Petroleum consumption and net imports,
1996 and 2020 (page 67): 1996: Energy Information Admin-
istration, Petroleum Supply Annual 1996,
DOE/EIA-0340(96)/1 (Washington, DC, June 1997). Projec-
tions: Tables Al11, B11, and C11.

Table 14. Scrubber retrofits, allowance costs, and
banked allowances, 2000-2020 (page 76): AEO98 National
Energy Modeling System, run AEO98B. D100197A.

Table 15. Forecasts of economic growth, 1996-2020
(page 78): AEO98: Table B20. DRI: DRI/McGraw-Hill, Re-
view of the U.S. Economy, Long-Range Focus, Summer 1997,
(Lexington, MA, 1997). WEFA: The WEFA Group, U.S. En-
ergy Outlook (Spring/Summer 1997).

Table 16. Forecasts of world oil prices, 2000-2020 (page
78): AEO98: Tables A1 and C1. DRI: DRI/McGraw-Hill,
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World Energy Service: U.S. Outlook, Spring 1997 (April
1997). IEAL: International Energy Agency, World Energy
Outlook, 1996: Capacity Constraints Case. IEA2: Interna-
tional Energy Agency, World Energy Outlook, 1996: Energy
Savings Case. PEL: Petroleum Economics, Ltd., World Oil
and Energy Outlook to 2010 (December 1996). (Price is for
Brent crude.) PIRA: PIRA Energy Group, “Retainer Client
Seminar” (October 1996). WEFA: The WEFA Group, U.S.
Energy Outlook (Spring/Summer 1997). GRI: Gas Research
Institute, GRI Baseline Projection of U.S. Energy Supply and
Demand, 1998 Edition. NRCan: Natural Resources Canada,
Canada's Energy Outlook 1996-2020 (April 1997). NWS:
NatWest Securities, Oil Perspectives (September 1997).

Table 17. Forecasts of average annual growth rates for
energy consumption (page 79): AEO98: Table A2. DRI:
DRI/McGraw Hill, World Energy Service: U.S. Outlook,
Spring 1997 (April 1997). GRI: Gas Research Institute, GRI
Baseline Projection of U.S. Energy Supply and Demand,
1998 Edition. WEFA: The WEFA Group, U.S. Energy Out-
look (Spring/Summer 1997). Note: Delivered energy in-
cludes petroleum, natural gas, coal, and electricity
(excluding generation and transmission losses) consumed in
the residential, commercial, industrial, and transportation
sectors.

Table 18. Forecasts of average annual growth in resi-
dential and commercial energy demand (page 79):
AEQ98: Table A2. DRI: DRI/McGraw Hill, World Energy
Service: U.S. Outlook, Spring 1997 (April 1997). GRI: Gas
Research Institute, GRI Baseline Projection of U.S. Energy
Supply and Demand, 1998 Edition. WEFA: The WEFA
Group, U.S. Energy Outlook (Spring/Summer 1997).

Table 19. Forecasts of average annual growth in indus-
trial energy demand (page 80): AEQ98: Table A2. DRI:
DRI/McGraw Hill, World Energy Service: U.S. Outlook,
Spring 1997 (April 1997). GRI: Gas Research Institute, GRI
Baseline Projection of U.S. Energy Supply and Demand,
1998 Edition. WEFA: The WEFA Group, U.S. Energy Out-
look (Spring/Summer 1997).

Table 20. Forecasts of average annual growth in trans-
portation energy demand (page 80): AEO98: Table A2.
DRI: DRI/McGraw Hill, World Energy Service: U.S. Outlook,
Spring 1997 (April 1997). GRI: Gas Research Institute, GRI
Baseline Projection of U.S. Energy Supply and Demand,
1998 Edition. WEFA: The WEFA Group, U.S. Energy Out-
look (Spring/Summer 1997).

Table 21. Comparison of electricity forecasts (page 83):
AEO98: AEO98 National Energy Modeling System, runs
AEO098B.D100197A, LMAC98.D100197A, and
HMAC98.D100197A. WEFA: The WEFA Group, U.S. En-
ergy Outlook (Spring/Summer 1997). GRI: Gas Research In-
stitute, GRI Baseline Projection of U.S. Energy Supply and
Demand, 1998 Edition. DRI: DRI/McGraw-Hill, World En-
ergy Service: U.S. Outlook, Spring 1997 (April 1997).

Table 22. Comparison of natural gas forecasts (page
84): AEO98: Tables B13 and B14. WEFA: The WEFA Group,
U.S. Energy Outlook (Spring/Summer 1997). GRI: Gas
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Research Institute, GRI Baseline Projection of U.S. Energy
Supply and Demand, 1998 Edition. DRI: DRI/McGraw-Hill,
World Energy Service: U.S. Outlook, Spring 1997 (April
1997). AGA: American Gas Association, 1997 AGA-TERA
Base Case (April 1997).

Table 23. Comparison of petroleum forecasts (page 85):
AEOQ98: Table C11. WEFA: The WEFA Group, U.S. Energy
Outlook (Spring/Summer 1997). GRI: Gas Research Insti-
tute, GRI Baseline Projection of U.S. Energy Supply and De-
mand, 1998 Edition. DRI: DRI/McGraw-Hill, World Energy
Service: U.S. Outlook, Spring 1997 (April 1997). IPAA: Inde-
pendent Petroleum Association of America, IPAA Supply
and Demand Committee Long-Run Report (April 1997).

Table 24. Comparison of coal forecasts (page 86):
AEQ98: Table B16. WEFA: The WEFA Group, U.S. Energy
Outlook (Spring/Summer 1997). GRI: Gas Research Insti-
tute, GRI Baseline Projection of U.S. Energy Supply and De-
mand, 1998 Edition, and Coal Demand and Price
Projections, Vol. I, GRI-95/0493.1 (February 1996), Table
4.3. DRI: DRI/McGraw-Hill, World Energy Service: U.S.
Outlook, Spring 1997 (April 1997).

Figure notes

Note: Tables indicated as sources in these notes refer
to the tables in Appendixes A, B, C, and F of this re-
port.

Figure 1. Fuel price projections, 1996-2020: AEO97 and
AEO98 compared (page 2): AEO97 projections: Energy
Information Administration, Annual Energy Outlook 1997,
DOE/EIA-0383(97) (Washington, DC, December 1996).
AEQ98 projections: Table Al.

Figure 2. Sources of world oil supply, 1996-2020: AEO97
and AEO98 compared (page 2): AEO97 projections: En-
ergy Information Administration, Annual Energy Outlook
1997, DOE/EIA-0383(97) (Washington, DC, December
1996). AEO98 projections: Table A21.

Figure 3. Energy consumption by fuel, 1970-2020 (page
4):. History: Energy Information Administration, Annual
Energy Review 1996, DOE/EIA-0384(96) (Washington, DC,
July 1997). Projections: Tables A1 and A18. Note: Data for
non-electric utility use of renewable energy were collected
beginning in 1990.

Figure 4. Energy use per capita and per dollar of gross
domestic product, 1970-2020 (page 4): History: Energy
Information Administration, Annual Energy Review 1996,
DOE/EIA-0384(96) (Washington, DC, July 1997). Projec-
tions: Table A2.
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Figure 5. Electricity generation by fuel, 1970-2020 (page
5): History: Energy Information Administration, Form
EIA-867, “Annual Nonutility Power Producer Report”; En-
ergy Information Administration, Annual Energy Review
1996, DOE/EIA-0384(96) (Washington, DC, July 1997); and
Edison Electric Institute. Projections: Table A8.

Figure 6. Energy production by fuel, 1970-2020 (page 5):
History: Energy Information Administration, Annual En-
ergy Review 1996, DOE/EIA-0384(96) (Washington, DC, July
1997). Projections: Tables A1 and A18. Note: Data for
non-electric utility use of renewable energy were collected
beginning in 1990.

Figure 7. Net energy imports by fuel, 1970-2020 (page 6):
History: Energy Information Administration, Annual En-
ergy Review 1996, DOE/EIA-0384(96) (Washington, DC, July
1997). Projections: Table Al.

Figure 8. U.S. carbon emissions by sector and fuel,
1990-2020 (page 6): History: Energy Information Admin-
istration, Emissions of Greenhouse Gases in the United
States 1996, DOE/EIA-0573(96) (Washington, DC, October
1997). Projections: Table A19.

Figure 9. Hourly load curve for the South Atlantic re-
gion (page 20): North American Electric Reliability Council.

Figure 10. Average and marginal costs of electricity
generation in the reference case, 1998-2020 (page 21):
AEO98 National Energy Modeling System, run
BASECOMP.D101797A.

Figure 11. Generation price of electricity by hour for
the January/February season (page 22): Source: AEO98
National Energy Modeling System, run
BASECOMP.D101797A. Note: Hourly loads are sorted in
descending order; they are not in chronological order.

Figure 12. Average and marginal cost-based prices for
electricity in three cases, 1998-2020 (page 22): AEO98 Na-
tional Energy Modeling System, runs
BASECOMP.D101797A, LOGCOMP.D100697A, and
HOGCOMP.D100297A.

Figure 13. Generating capacity by fuel in three cases,
2020 (page 24): AEO98 National Energy Modeling System,
runs AEO98B.D100197A, RPS05.D100297A, and RPS10.
D100297A.

Figure 14. Electricity generation by fuel in three cases,
2020 (page 24): AEO98 National Energy Modeling System,
runs  AEO98B.D100197A, RPS05.D100297A, and
RPS10.D100297A.
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Figure 15. Projected electricity prices in three cases
(page 25): AEO98 National Energy Modeling System, runs
AEQ98B.D100197A, RPS05.D100297A, and RPS10.
D100297A.

Figure 16. Carbon emissions from electricity genera-
tion in three cases (page 25): AEO98 National Energy Mod-
eling System, runs AEO98B.D100197A, RPS05. D100297A,
and RPS10.D100297A.

Figure 17. U.S. carbon emissions by sector and fuel,
1990-2020 (page 28): History: Energy Information Admin-
istration, Emissions of Greenhouse Gases in the United
States 1996, DOE/EIA-0573(96) (Washington, DC, October
1997). Projections: Table A19.

Figure 18. U.S. energy intensity in three cases,

1995-2020 (page 29): Table F5.

Figure 19. U.S. energy consumption in three cases,
1995-2020 (page 30): Table F5.

Figure 20. U.S. carbon emissions in three cases,
1995-2020 (page 30): Table F5.

Figure 21. Average annual real growth rates of eco-
nomic factors, 1996-2020 (page 34): History: Bureau of
Economic Analysis, U.S. Department of Commerce. Projec-
tions: AEO98 National Energy Modeling System, run
AEO098B.D100197A.

Figure 22. Sectoral composition of GDP growth,
1996-2020 (page 34): History: Bureau of Economic Analy-
sis, U.S. Department of Commerce. Projections: AEO98
National Energy Modeling System, run AEO98B.
D100197A.

Figure 23. Average annual real growth rates of eco-
nomic factors in three cases, 1996-2020 (page 35): His-
tory: Bureau of Economic Analysis, U.S. Department of
Commerce. Projections: AEO98 National Energy Modeling
System, runs AEO098B.D100197A, HMAC98. D100197A,
and LMAC98.D100197A.

Figure 24. Change in annual GDP growth rate for the
preceding 20 years, 1970-2020 (page 35): History: Bureau
of Economic Analysis, U.S. Department of Commerce. Pro-
jections: AEO98 National Energy Modeling System, runs
AEO98B.D100197A, HMAC98.D100197A, and
LMAC98.D100197A.
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Figure 25. World oil prices in three cases, 1970-2020
(page 36): History: Energy Information Administration, An-
nual Energy Review 1996, DOE/EIA-0384(96) (Washington,
DC, July 1997). Projections: Tables Al and C1.

Figure 26. OPEC oil production in three cases,
1970-2020 (page 36): History: Energy Information Admin-
istration, International Petroleum Statistics Report,
DOE/EIA-0520(97/07) (Washington, DC, July 1997). Pro-
jections: Tables A21 and C21.

Figure 27. OPEC and non-OPEC oil production in two
cases, 1990-2020 (page 37): History: Energy Information
Administration, International Petroleum Statistics Report,
DOE/EIA-0520(97/07) (Washington, DC, July 1997). Pro-
jections: Table A21 and International Energy Module, run
HIGH.NOPEC.SUPPLY (Petroconsultants: DESTINY In-
ternational Energy Forecast Software).

Figure 28. Persian Gulf share of worldwide oil exports,
1965-2020 (page 37): History: Energy Information Admin-
istration, International Petroleum Statistics Report,
DOE/EIA-0520(97/07) (Washington, DC, July 1997). Pro-
jections: AEO98 National Energy Modeling System, runs
AEO098B.D100197A and LWOP98.D100197C; and World
Oil, Refining, Logistics, and Demand (WORLD) Model, runs
AEO098B and AEO98L.

Figure 29. U.S. gross petroleum imports by source,
1996-2020 (page 38): AEO98 National Energy Modeling Sys-
tem, run AEO98B.D100197A; and World Oil, Refining, Lo-
gistics, and Demand (WORLD) Model, run AEO98B.

Figure 30. Worldwide refining capacity by region, 1996
and 2020 (page 38): History: Oil and Gas Journal, Energy
Database (January 1996). Projections: AEO98 National
Energy Modeling System, run AEO98B. D100197A; and
World Oil, Refining, Logistics, and Demand (WORLD)
Model, run AEO98B.

Figure 31. Primary and delivered energy consumption,
excluding transportation use, 1970-2020 (page 39): His-
tory: Energy Information Administration, Annual Energy
Review 1996, DOE/EIA-0384(96) (Washington, DC, July
1997). Projections: Table A2.

Figure 32. Energy use per capita and per dollar of
gross domestic product, 1970-2020 (page 39): History:
Energy Information Administration, Annual Energy Review
1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Pro-
jections: Table A2.
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Figure 33. Primary energy use by fuel, 1970-2020 (page
40): History: Energy Information Administration, Annual
Energy Review 1996, DOE/EIA-0384(96) (Washington, DC,
July 1997). Projections: Table A2.

Figure 34. Primary energy use by sector, 1970-2020
(page 40): History: Energy Information Administration,
State Energy Data Report 1994, DOE/EIA-0214(94), and pre-
liminary 1995 and 1996 data. Projections: Table A2.

Figure 35. Residential primary energy consumption by
fuel, 1970-2020 (page 41): History: Energy Information Ad-
ministration, State Energy Data Report 1994,
DOE/EIA-0214(94), and preliminary 1995 and 1996 data.
Projections: Table A2.

Figure 36. Residential primary energy consumption by
end use, 1990, 1996, and 2020 (page 41): History: Energy
Information Administration, Residential Energy Consump-
tion Survey 1990, DOE/EIA-0321(90) (Washington, DC, Feb-
ruary 1993). Projections: Table A4.

Figure 37. Efficiency indicators for selected residen-
tial appliances, 1995 and 2020 (page 42): Arthur D. Little,
Inc., “EIA Technology Forecast Updates,” Reference No.
41615 (June 20, 1995), and AEO98 National Energy Model-
ing System, run AEO98B.D100197A.

Figure 38. Commercial nonrenewable primary energy
consumption by fuel, 1970-2020 (page 42): History: En-
ergy Information Administration, State Energy Data Report
1994, DOE/EIA-0214(94), and preliminary 1995 and 1996
data. Projections: Table A2.

Figure 39. Commercial primary energy consumption
by end use, 1996 and 2020 (page 43): Table AS5.

Figure 40. Industrial primary energy consumption by
fuel, 1970-2020 (page 43): History: Energy Information Ad-
ministration, State Energy Data Report 1994,
DOE/EIA-0214(94). Projections: Table A2.

Figure 41. Industrial primary energy consumption by
industry category, 1990-2020 (page 44): AEO98 National
Energy Modeling System, run AEO98B.D100197A.

Figure 42. Manufacturing primary energy intensity by
component, 1990-2020 (page 44): AEO98 National Energy
Modeling System, run AEO98B.D100197A.

Figure 43. Transportation energy consumption by fuel,
1975, 1996, and 2020 (page 45): History: Energy
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Information Administration, Short-Term Energy Outlook,
DOE/EIA-0202(97/3Q) (Washington DC, July 1997), August
update, and State Energy Data Report 1994,
DOE/EIA-0214(93). Projections: Table A2.

Figure 44. Transportation stock fuel efficiency by
mode, 1980-2020 (page 45): History: Oak Ridge National
Laboratory, Transportation Energy Data Book, Edition 16
(Oak Ridge, TN, July 1997). Federal Aviation Administra-
tion, FAA Aviation Forecasts (Washington, DC, March 1997).
U.S. Department of Transportation, Highway Statistics,
1995 (Washington, DC, November 1996). U.S. Department of
Transportation, National Highway Traffic Safety Admin-
istration, Summary of Fuel Economy Performance (Washing-
ton, DC, March 1997). Projections: AEO98 National
Energy Modeling System, run AEO98B.D100197A.
Note: No comparable historical data are available for trucks.

Figure 45. Alternative-fuel vehicle sales by type of de-
mand, 1996-2020 (page 46): U.S. Department of Energy, Of-
fice of Policy, Technical Report Fourteen: Market Potential
and Impacts of Alternative Fuel Use in Light-Duty Vehicles:
A 2000/2010 Analysis (Draft, 1995). California Air Re-
sources Board, “Proposed Regulations for Low-Emission Ve-
hicles and Clean Fuels, Staff Report” (Sacramento, CA,
August 13, 1990). U.S. Department of Commerce, Bureau of
the Census, Truck Inventory and Use Survey, 1992,
TC92-T-52 (Washington, DC, May 1995). Energy Informa-
tion Administration, Describing Current and Potential Mar-
kets for Alternative Fuel Vehicles, DOE/EIA-0604
(Washington, DC, March 1996). Energy Information Admin-
istration, Alternatives to Traditional Transportation Fuels
1994, Vol. 1, DOE/EIA-0585(94)/1 (Washington, DC, Febru-
ary 1996). AEO98 National Energy Modeling System, run
AEQ98B. D100197A.

Figure 46. Alternative-fuel light-duty vehicle sales by
fuel type, 1996-2020 (page 46): U.S. Department of Energy,
Office of Policy, Technical Report Fourteen: Market Potential
and Impacts of Alternative Fuel Use in Light-Duty Vehicles:
A 2000/2010 Analysis (Draft, 1995). California Air Re-
sources Board, “Proposed Regulations for Low-Emission Ve-
hicles and Clean Fuels, Staff Report” (Sacramento, CA,
August 13, 1990). U.S. Department of Commerce, Bureau of
the Census, Truck Inventory and Use Survey, 1992,
TC92-T-52 (Washington, DC, May 1995). Energy Informa-
tion Administration, Describing Current and Potential Mar-
kets for Alternative Fuel Vehicles, DOE/EIA-0604
(Washington, DC, March 1996). Energy Information Admin-
istration, Alternatives to Traditional Transportation Fuels
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1994, Vol. 1, DOE/EIA-0585 (94)/1 (Washington, DC, Febru-
ary 1996. AEO98 National Energy Modeling System, run
AEO098B.D100197A.

Figure 47. Variation from reference case primary en-
ergy use by sector in two alternative technology cases,
2000-2020 (page 47): Tables A2, F1, F2, F3, and F4.

Figure 48. Variation from reference case primary resi-
dential energy use in three alternative cases, 1996-2020
(page 47): Tables A2 and F1.

Figure 49. Cost and investment changes for selected
residential appliances in the best available technology
case, 1996-2020 (page 48): Table A2 and AEO98 National
Energy Modeling System, runs AEO98B.D100197A,
RSINVS.D100297A, and RSINVS.D100297B.

Figure 50. Present value of investment and savings for
residential appliances in the best available technology
case, 1999-2020 (page 48): Table A2 and AEO98 National
Energy Modeling System, runs AEO98B. D100197A,
RSINVS.D100297A, and RSINVS.D100297B.

Figure 51. Variation from reference case primary com-
mercial energy use in three alternative -cases,
1996-2020 (page 48): Tables A2 and F2.

Figure 52. Industrial primary energy intensity in two
alternative technology cases, 1996-2020 (page 49): Tables
A2 and F3.

Figure 53. Changes in key components of the transpor-
tation sector in two alternative cases, 2020 (page 49):
U.S. Department of Energy, Interlaboratory Working Group
on Energy-Efficient and Low-Carbon Technologies, Scenar-
ios of U.S. Carbon Reductions: Potential Impacts of Energy
Technologies by 2010 and Beyond, ORNL/CON-444 (Wash-
ington, DC, September 1997); Table A2; and AEO98 Na-
tional Energy Modeling System, runs AEO98B. D100197A,
DCDRUN.D100797B, and DCDRUN. D100797C.

Figure 54. Population, gross domestic product, and
electricity sales growth, 1960-2020 (page 50): History:
Energy Information Administration, Annual Energy Review
1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Pro-
jections: Tables A8 and A20.

Figure 55. Annual electricity sales by sector, 1970-2020
(page 50): History: Energy Information Administration, An-
nual Energy Review 1996, DOE/EIA-0384(96) (Washington,
DC, July 1997). Projections: Table A8.
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Figure 56. New generating capacity and retirements,
1996-2020 (page 51): Table A9.

Figure 57. Electricity generation and cogeneration ca-
pacity additions by fuel type, 1996-2020 (page 51): Table
A9.

Figure 58. Fuel prices to electricity suppliers and elec-
tricity price, 1990-2020 (page 52): History: Energy Infor-
mation Administration, Annual Energy Review 1996,
DOE/EIA-0384(96) (Washington, DC, July 1997). Projec-
tions: Tables A3 and A8.

Figure 59. Electricity prices in the New England, New
York, and California regions, 1990-2020 (page 52): His-
tory: Energy Information Administration, Form EIA-861,
“Annual Electric Utility Report.” Projections: AEO98 Mod-
eling System, run AEO98B.D100197A.

Figure 60. Electricity generation costs, 2005 and 2020
(page 53): AEO98 National Energy Modeling System, run
AEO98B.D100197A.

Figure 61. Production costs for coal- and gas-fired gen-
erating plants, 1982-2020 (page 53): History: Utility Data
Institute, Production Costs for Operating Steam-Electric
Plants, Turbines, and Combined-Cycle Power Plants. Pro-
jections: AEO98 National Energy Modeling System, run
AEQ98B.D100197A.

Figure 62. Electricity generation by fuel, 1996-2020
(page 54): Table A8.

Figure 63. Nuclear power plant capacity factors,
1975-2020 (page 54): History: Energy Information Admin-
istration, Annual Energy Review 1996, DOE/EIA-0384 (95)
(Washington, DC, July 1997). Projections: Tables A8 and
A9.

Figure 64. Operable nuclear capacity in three cases,
1996-2020 (page 55): Table F6.

Figure 65. Cumulative new generating capacity by type
in two cases, 1996-2020 (page 55): Tables A9 and F7.

Figure 66. Cumulative new generating capacity by type
in three cases, 1996-2020 (page 56): Tables A9 and B9.

Figure 67. Cumulative new electricity generating ca-
pacity by technology type in three cases, 1996-2020
(page 56): AEO98 National Energy Modeling System, runs
AEO098B.D100197A, HTECEL.D100297A, and LTECEL.
D100297A.
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Figure 68. Grid-connected electricity generation from
renewable energy sources, 1970-2020 (page 57): History:
Energy Information Administration, Annual Energy Review
1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Pro-
jections: Table A17. Note: Data for nonutility producers are
not available before 1989.

Figure 69. Nonhydroelectric renewable electricity gen-
eration by energy source, 1996, 2010, and 2020 (page 57):
Table A17.

Figure 70. Wind-powered electricity generating capac-
ity in two cases, 1985-2020 (page 58): 1985-1988: Califor-
nia Energy Commission. 1989-1996: Energy Information
Administration, Annual Energy Review 1996,
DOE/EIA-0384(96) (Washington, DC, July 1997). Projec-
tions: Tables A17 and F11.

Figure 71. Nonhydroelectric renewable electricity gen-
eration in two cases, 2020 (page 58): Tables A17 and F11.

Figure 72. Lower 48 crude oil wellhead prices,
1970-2020 (page 59): History: Energy Information Admin-
istration, Annual Energy Review 1996, DOE/EIA-0384(96)
(Washington, DC, July 1997). Projections: Tables A15 and
C15.

Figure 73. U.S. petroleum consumption in five cases,
1970-2020 (page 59): History: Energy Information Admin-
istration, Annual Energy Review 1996, DOE/EIA-0384(96)
(Washington, DC, July 1997). Projections: Tables All,
B11, and C11.

Figure 74. Lower 48 natural gas wellhead prices,
1970-2020 (page 59): History: Energy Information Admin-
istration, Annual Energy Review 1996, DOE/EIA-0384(96)
(Washington, DC, July 1997). Projections: Tables Al and
B1. Note: Prices are converted to 1996 dollars.

Figure 75. Successful new lower 48 natural gas and oil
wells in three cases, 1970-2020 (page 60): History: Energy
Information Administration, Office of Integrated Analysis
and Forecasting, computations based on well reports submit-
ted to the American Petroleum Institute. Projections:
AEO98 National Energy Modeling System, runs
AEO098B.D100197A, LWOP98.D100197C, and H-

WOP98.D100197A.

Figure 76. Lower 48 natural gas reserve additions in
three cases, 1970-2020 (page 60): 1970-1976: Energy Infor-
mation Administration, Office of Integrated Analysis and
Forecasting, computations based on well reports submitted
to the American Petroleum Institute. 1977-1996: Energy
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Information Administration, U.S. Crude Oil, Natural Gas,
and Natural Gas Liquids Reserves, DOE/ EIA-0216(96)
(Washington, DC, October 1997). Projections: AEO98 Na-
tional Energy Modeling System, runs AEO98B.D100197A,
LWOP98.D100197C, and HWOP98.D100197A.

Figure 77. Lower 48 crude oil reserve additions in three
cases, 1970-2020 (page 60): 1970-1976: Energy Information
Administration, Office of Integrated Analysis and Forecast-
ing, computations based on well reports submitted to the
American Petroleum Institute. 1977-1996: Energy Informa-
tion Administration, U.S. Crude Oil, Natural Gas, and Natu-
ral Gas Liquids Reserves, DOE/EIA-0216(96) (Washington,
DC, October 1997). Projections: AEO98 National Energy
Modeling System, runs AEO98B.D100197A,
LWOP98.D100197C, and HWOP98.D100197A.

Figure 78. Natural gas production by source, 1970-2020 (page
61): History:  Total Production, 1970-1991: Energy Information
Administration  (EIA), Annual Energy  Review 1993,
DOE/EIA-0384(93) (Washington, DC, July 1994). 1992-1995:
EIA, Natural Gas Annual 1995, DOE/EIA-0131(95) (Washing-
ton, DC, November 1996). 1996: EIA, Office of Integrated Analy-
sis and Forecasting. * Alaska, 1970-1984: EIA, Natural Gas
Annual 1985, DOE/EIA-013(85) (Washington, DC, October
1986). 1985-1989: EIA, Natural Gas Annual 1989,
DOE/EIA-0131(89) (Washington, DC, September 1990).
1990-1995: EIA, Natural Gas Annual 1995, DOE/EIA-0131(95)
(Washington, DC, November 1996). 1996: EIA, Office of Inte-
grated Analysis and Forecasting. Offshore, 1970-1976: Minerals
Management Service, Federal Offshore Statistics: 1991.
1977-1996: EIA, U.S. Crude Oil, Natural Gas, and Natural Gas
Liquids Reserves, DOE/EIA-216 (annual reports, 1977-1996).
» Unconventional Gas, 1978-1986: EI A, Drilling and Production
Under Title I of the Natural Gas Policy Act, 1978-1986,
DOE/EIA-0448 (Washington, DC, January 1989). Preliminary
1987-1996: EIA, Office of Integrated Analysis and Forecasting.
* Associated-Dissolved and Nonassociated Gas, 1970-1976:
American Petroleum Institute, Reserves of Crude Oil, Natural Gas
Liquids, and Natural Gas in the United States and Canada (annual
reports, 1970-1976). 1977-1996: EIA, U.S. Crude Oil, Natural
Gas, and Natural Gas Liquids Reserves, DOE/EIA-0216 (annual
reports, 1977-1996). Projections: AEO98 National Energy Mod-
eling System, run AEO98B. D100197A. Note: Unconventional
gas recovery consists principally of production from reservoirs
with low permeability (tight sands) but also includes methane
from coal seams and gas from Devonian shales.

Figure 79. Natural gas production, consumption, and
imports, 1970-2020 (page 61): History: Energy Informa-
tion Administration, Annual Energy Review 1996,
DOE/EIA-0384(96) (Washington, DC, July 1997). Projec-
tions: Table A13.

Figure 80. Natural gas consumption in five cases,
1970-2020 (page 62): History: Energy Information Admin-
istration, Annual Energy Review 1996, DOE/EIA-0384(96)
(Washington, DC, July 1997). Projections: Tables A13,
B13, and C13.
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Figure 81. Pipeline capacity expansion by Census divi-
sion, 1996-2020 (page 62): AEO98 National Energy Model-
ing System, run AEO98B.D100197A.

Figure 82. Pipeline capacity utilization by Census divi-
sion, 1996 and 2020 (page 62): AEO98 National Energy
Modeling System, run AEO98B.D100197A. Note: Only re-
gions with significant changes between 1996 and 2020 are
shown in the graph.

Figure 83. Natural gas end-use prices by sector,
1970-2020 (page 63): History: Energy Information Admin-
istration, Annual Energy Review 1996, DOE/EIA-0384(96)
(Washington, DC, July 1997). Projections: Table Al4.

Figure 84. Wellhead share of natural gas end-use
prices by sector, 1970-2020 (page 63): History: Energy In-
formation Administration, Annual Energy Review 1996,
DOE/EIA-0384(96) (Washington, DC, July 1997). Projec-
tions: AEO98 National Energy Modeling System, run
AEO098B.D100197A.

Figure 85. Lower 48 natural gas wellhead prices in
three cases, 1970-2020 (page 64): History: Energy Infor-
mation Administration, Annual Energy Review 1996,
DOE/EIA-0384(96) (Washington, DC, July 1997). Projec-
tions: Tables A14 and F12. Note: Prices are converted to
1996 dollars.

Figure 86. Lower 48 natural gas production in alterna-
tive technology cases, 1996-2020 (page 64): Tables Al13
and F12.

Figure 87. Lower 48 oil production in alternative tech-
nology cases, 1996-2020 (page 65): Tables A1l and F12.

Figure 88. Variation from reference case projections of
prices and production in three alternative oil and gas
cases, 2020 (page 65): Tables Al11, A13, Al4, F12, and F13.

Figure 89. Crude oil production by source, 1970-2020
(page 66): History: = Total Production and Alaska: Energy
Information Administration, Annual Energy Review 1996,
DOE/EIA-0384(96) (Washington, DC, July 1997). « Lower 48
Offshore, 1970-1985: U.S. Department of the Interior, Fed-
eral Offshore Statistics: 1985. 1986-1996: Energy Informa-
tion  Administration, Petroleum  Supply  Annual,
DOE/EIA-0340 (annual reports, 1986-1996). = Lower 48 On-
shore: Energy Information Administration, Office of Inte-
grated Analysis and Forecasting. = Lower 48 Conventional:
Energy Information Administration, Office of Integrated
Analysis and Forecasting. = Lower 48 Enhanced Oil Recov-
ery: Energy Information Administration, Office of Inte-
grated Analysis and Forecasting. Projections: Table A15.

Figure 90. Petroleum supply, consumption, and imports,
1970-2020 (page 66): History: Energy Information Administra-
tion, Annual Energy Review 1996, DOE/ EIA-0384(96) (Wash-
ington, DC, July 1997). Projections: Tables A11, B11, and C11.
Note: Production includes domestic crude oil and natural gas plant
liquids, other crude supply, other inputs, and refinery processing
gain.
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Notes and Sources

Figure 91. Share of U.S. petroleum consumption supplied by net
imports, 1970-2020 (page 67): History: Energy Information Ad-
ministration, Annual Energy Review 1996, DOE/EIA-0384(96)
(Washington, DC, July 1997). Projections: Tables A1l and C11.

Figure 92. Domestic refining capacity, 1975-2020 (page 67):
History: Energy Information Administration, Annual Energy Re-
view 1996, DOE/EIA-0384(96) (Washington, DC, July 1997).
Projections: Tables A11 and B11.

Figure 93. Change in petroleum consumption by sector in five
cases, 1996 to 2020 (page 68): 1996: Energy Information Admin-
istration, Petroleum Supply Annual 1996, DOE/EIA-0340(96)/1
(Washington, DC, June 1997). Projections: Tables A11,B11, and
CI11.

Figure 94. Components of refined product costs, 1996 and 2020
(page 68): Taxes: J.E. Sinor Consultants, Inc., Clean Fuels Re-
port,Vol. 8, No. 1 (February 1996), and Federal Highway Admin-
istration, Monthly Motor Fuels Report by State (Washington, DC,
March 1997). 1996: Estimated from Energy Information Admin-
istration, Petroleum Marketing Monthly, DOE/EIA-0380(97/03)
(Washington, DC, March 1997), Tables 2 and 4. Projections: Es-
timated from AEO98 National Energy Modeling System, run
AEO98B.D100197A.

Figure 95. Coal production by region, 1970-2020 (page 69): His-
tory: Energy Information Administration, Annual Energy Review
1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Projec-
tions: Table A16.

Figure 96. Average minemouth price of coal by region,
1990-2020 (page 69): History: Energy Information Administra-
tion, Coal Industry Annual 1996, DOE/EIA-0584(96) (Washing-
ton, DC, November 1997). Projections: AEO98 National Energy
Modeling System, run AEO98B. D100197A.

Figure 97. Coal mining labor productivity by region, 1990-2020
(page 69): History: Energy Information Administration, Coal In-
dustry Annual 1996, DOE/EIA-0584(96) (Washington, DC, No-
vember 1997). Projections: AEO98 National Energy Modeling
System, run AEO98B. D100197A.

Figure 98. Labor cost component of minemouth coal prices,
1970-2020 (page 70): History: U.S. Department of Labor, Bureau
of Labor Statistics (1996), and Energy Information Administra-
tion, Annual Energy Review 1996, DOE/EIA-0384(96) (Washing-
ton, DC, July 1997). Projections: AEO98 National Energy
Modeling System, run AEO98B.D100197A.

Figure 99. Average minemouth coal prices in three cases,
1996-2020 (page 70): Tables A16 and F14.

Figure 100. Percent change in coal transportation costs in three
cases, 1996-2020 (page 71): AEO98 National Energy Modeling
System, runs AEO98B. D100197A, LWOP98.D100197C, and
HWOP98. D100197A.

Figure 101. Variation from reference case projection of coal de-
mand in two alternative cases, 2020 (page 71): Tables A16 and
Bl16.

Figure 102. Electricity and other coal consumption, 1970-2020
(page 72): History: Energy Information Administration, Annual
Energy Review 1996, DOE/EIA-0384(96) (Washington, DC, July
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1997), and Short-Term Energy Outlook, DOE/EIA-0202(97/3Q)
(Washington, DC, July 1997), August update. Projections: Table
Al6.

Figure 103. Non-electricity coal consumption by sector, 1996,
2000, and 2020 (page 72): Table Al6.

Figure 104. U.S. coal exports by destination, 1996, 2000, and
2020 (page 73): History: U.S. Department of Commerce, Bureau
of the Census, “Monthly Report EM 545.” Projections: AEO9S
National Energy Modeling System, run AEO98B.D100197A.

Figure 105. Coal distribution by sulfur content, 1996, 2000, and
2020 (page 73): AEO98 National Energy Modeling System, run
AEO98B.D100197A.

Figure 106. Carbon emissions by sector, 1990-2020 (page 74):
History: Energy Information Administration, Emissions of
Greenhouse Gases in the United States 1996, DOE/EIA-0573(96)
(Washington, DC, October 1997). Projections: Table A19.

Figure 107. Carbon emissions per capita, 1990-2020 (page 74):
History: Energy Information Administration, FEmissions of
Greenhouse Gases in the United States 1996, DOE/EIA-0573(96)
(Washington, DC, October 1997); and Annual Energy Review
1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Projec-
tions: Table A19.

Figure 108. Carbon emissions by fuel, 1990-2020 (page 75): His-
tory: Energy Information Administration, Emissions of Green-
house Gases in the United States 1996, DOE/EIA-0573(96)
(Washington, DC, October 1997). Projections: Table A19.

Figure 109. Carbon emissions from electricity generation by
Suel, 1990-2020 (page 75): History: Energy Information Admin-
istration, Emissions of Greenhouse Gases in the United States
1996, DOE/EIA-0573(96) (Washington, DC, October 1997). Pro-
jections: Table A19.

Figure 110. Sulfur dioxide emissions from electricity genera-
tion, 1990-2020 (page 76): History: 1990: Energy Information
Administration, The Effects of Title IV of the Clean Air Act Amend-
ments of 1990 on Electric Ultilities: An  Update,
DOE/EIA-0582(97) (Washington, DC, March 1997). 1995: En-
ergy Information Administration, Electric Power Annual 1995,
Volume II, DOE/EIA-0348(95)/2 (Washington, DC, December
1996). Projections: AEO98 National Energy Modeling System,
run AEO98B. D100197A.

Figure 111. Nitrogen oxide emissions from electricity genera-

tion, 1995-2020 (page 76): AEO98 National Energy Modeling
System, run AEO98B.D100197A.
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Appendix A
Reference Case Forecast

Table Al. Total Energy Supply and Disposition Summary
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case é?gu?r:
. . ) W
Supply, Disposition, and Prices 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Production
Crude Oil and Lease Condensate ......... 13.89 13.71 13.06 12.32 11.79 11.09 10.43 -1.1%
Natural Gas Plant Liquids . . .............. 2.37 2.46 2.39 2.63 2.95 3.12 3.29 1.2%
Dry NaturalGas ....................... 19.12 19.55 20.84 22.88 25.39 26.85 28.21 1.5%
Coal ... 21.98 22.64 24.34 25.62 26.62 27.73 28.59 1.0%
Nuclear Power . .......... ... ... ....... 7.19 7.20 7.36 6.87 6.36 5.12 4.09 -2.3%
Renewable Energy® .................... 6.40 6.91 6.82 7.12 7.41 7.59 7.71 0.5%
Other? ... .. ... . 1.36 1.33 0.56 0.55 0.48 0.47 0.47 -4.2%
Total ... .. 72.31 73.80 75.37 77.98 81.00 81.97 82.77 0.5%
Imports
Crude OilF . ........ ... . 15.70 16.30 19.18 22.01 23.17 24.36 25.30 1.8%
Petroleum Products® . . .................. 3.19 3.98 4.25 5.47 7.61 9.01 10.09 3.9%
NaturalGas ............... .. v, 2.90 2.93 4.20 4.39 4.66 5.04 5.34 2.5%
Other Imports® ........................ 0.59 0.57 0.62 0.58 0.57 0.54 0.56 -0.1%
Total ... ... . 22.38 23.78 28.26 32.45 36.02 38.96 41.28 2.3%
Exports
Petroleum® .. ......... ... .. ... ... 2.02 2.04 1.71 1.73 1.80 1.89 1.67 -0.8%
NaturalGas ............... ..., 0.16 0.16 0.28 0.28 0.29 0.30 0.32 3.0%
Coal ... 2.32 2.37 241 2.64 2.84 3.03 3.23 1.3%
Total ... ... . 4.50 4.57 4.39 4.65 4.93 5.21 5.23 0.6%
DiSCrepancy " . ... 0.66 0.99 0.58 0.04 0.08 0.00 -0.25 N/A
Consumption
Petroleum Products®. . .................. 34.74 36.01 38.35 41.32 44.33 46.20 47.64 1.2%
NaturalGas . ............. ..., 22.18 22.60 24.74 26.93 29.63 31.44 33.06 1.6%
Coal ... 19.96 20.90 22.14 23.21 24.03 24.95 25.61 0.9%
Nuclear Power . .......... ... ... ... .... 7.19 7.20 7.36 6.87 6.36 5.12 4.09 -2.3%
Renewable Energy® .................... 6.40 6.91 6.82 7.12 7.42 7.62 7.74 0.5%
Other® . ... ... ... . . 0.39 0.39 0.41 0.37 0.40 0.40 0.43 0.4%
Total ... . 90.86 94.01 99.82 105.82 112.17 115.72 118.58 1.0%
Net Imports - Petroleum . ................ 16.87 18.25 21.72 25.75 28.99 31.48 33.71 2.6%
Prices (1996 dollars per unit)
World Oil Price (dollars per barrel)!® . ........ 17.58 20.48 19.11 20.19 20.81 21.48 22.32 0.4%
Gas Wellhead Price (dollars per Mcf)* .. ... .. 1.61 2.24 2.11 2.15 2.31 2.38 2.54 0.5%
Coal Minemouth Price (dollars perton) ...... 19.25 18.50 17.45 16.18 15.05 13.99 13.27 -1.4%
Average Electric Price (cents per kilowatthour) 7.0 6.9 6.5 6.1 5.9 5.6 5.5 -1.0%

Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltaic and solar
thermal sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of E85, but
not the ethanol components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable energy. See Table A18 for
selected nonmarketed residential and commercial renewable energy.

2Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

®Includes imports of crude oil for the Strategic Petroleum Reserve.

“Includes imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

SIncludes coal, coal coke (net), and electricity (net).

®Includes crude oil and petroleum products.

"Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdrawals.

8Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum based liquids for blending, such as ethanol.

“Includes net electricity imports, methanol, and liquid hydrogen.

°Average refiner acquisition cost for imported crude oil.

"Represents lower 48 onshore and offshore supplies.

Btu = British thermal unit.

Mcf = Thousand cubic feet.

N/A = Not applicable.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1995 and 1996 may differ from published data due to internal conversion factors.

Sources: 1995 natural gas values: Energy Information Administration (EIA), Natural Gas Annual 1995, DOE/EIA-0131(95) (Washington, DC, November 1996). 1995 coal
minemouth prices: EIA, Coal Industry Annual 1995, DOE/EIA-0584(95) (Washington, DC, October 1996). Other 1995 values: EIA, Annual Energy Review 1995, DOE/EIA-
0384(95) (Washington, DC, July 1996). 1996 natural gas values: EIA, Natural Gas Monthly, DOE/EIA-0130(97/06) (Washington, DC, June 1997). 1996 coal minemouth price:
Coal Industry Annual 1996 DOE/EIA-0584(96) (Washington, DC, November 1997). Coal production and exports derived from: EIA, Monthly Energy Review, DOE/EIA-
0035(97/08) (Washington, DC, August 1997). Other 1996 values: EIA, Annual Energy Review 1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Projections: EIA,
AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A2. Energy Consumption by Sector and Source
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case é?guf;:
W
Sector and Source 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Energy Consumption
Residential
Distillate Fuel ......................... 0.89 0.89 0.85 0.79 0.77 0.74 0.72 -0.9%
Kerosene . ........... i 0.07 0.08 0.08 0.07 0.07 0.07 0.07 -0.6%
Liquefied Petroleum Gas ................ 0.40 0.42 0.45 0.47 0.49 0.50 0.51 0.8%
Petroleum Subtotal . . .................. 1.36 1.40 1.38 1.34 1.33 1.32 1.30 -0.3%
Natural Gas ........... ... .. .. 4.98 5.39 5.35 5.47 5.63 5.82 5.97 0.4%
Coal ... 0.05 0.05 0.06 0.05 0.05 0.05 0.05 -0.2%
Renewable Energy* .................... 0.59 0.61 0.61 0.62 0.63 0.64 0.64 0.2%
Electricity .. ...... . i 3.56 3.68 3.97 4.29 4.61 4.94 5.28 1.5%
Delivered Energy .................... 10.54 11.13 11.36 11.77 12.25 12.77 13.25 0.7%
Electricity Related Losses . .............. 7.88 8.23 8.75 9.05 9.39 9.58 9.93 0.8%
Total ... ... 18.42 19.36 20.11 20.81 21.64 22.35 23.17 0.8%
Commercial
Distillate Fuel .......... ... .. ... ..... 0.47 0.44 0.41 0.40 0.40 0.39 0.37 -0.7%
Residual Fuel ......................... 0.17 0.15 0.12 0.12 0.12 0.12 0.12 -0.9%
Kerosene . ...........iiiiiiii 0.02 0.03 0.02 0.02 0.02 0.02 0.02 -0.2%
Liquefied Petroleum Gas ................ 0.07 0.08 0.08 0.08 0.09 0.09 0.09 0.8%
Motor Gasoling? ...............ouiunn.. 0.07 0.03 0.03 0.03 0.03 0.02 0.02 -0.3%
Petroleum Subtotal . . .................. 0.81 0.71 0.65 0.65 0.65 0.65 0.63 -0.5%
NaturalGas . ......... ..., 3.11 3.30 3.47 3.62 3.75 3.85 3.85 0.7%
Coal ... 0.08 0.08 0.09 0.09 0.09 0.10 0.10 0.8%
Renewable Energy® .................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.1%
Electricity .. ....... . 3.26 3.37 3.59 3.84 4.09 4.33 4.45 1.2%
Delivered Energy .................... 7.26 7.47 7.80 8.21 8.60 8.92 9.04 0.8%
Electricity Related Losses ............... 7.21 7.54 7.91 8.09 8.35 8.39 8.37 0.4%
Total ... .. 14.46 15.01 15.72 16.30 16.94 17.31 17.41 0.6%
Industrial *
Distillate Fuel ......................... 1.13 1.17 1.21 1.35 1.45 1.51 1.56 1.2%
Liquefied Petroleum Gas . ............... 2.00 2,12 2.14 2.25 2.40 2.45 2.47 0.6%
Petrochemical Feedstock . ............... 1.23 1.28 1.31 1.38 1.47 1.49 151 0.7%
Residual Fuel .......... ... .. ... .. ... 0.37 0.34 0.35 0.35 0.35 0.34 0.35 0.1%
Motor Gasoling? ..............oouiin... 0.19 0.19 0.20 0.23 0.25 0.26 0.27 1.4%
Other Petroleum® . ..................... 3.77 4.12 4.35 4.60 4.84 5.05 5.10 0.9%
Petroleum Subtotal . . .................. 8.69 9.23 9.55 10.15 10.75 11.10 11.25 0.8%
Natural Gas® .. ........................ 9.91 10.14 10.94 11.16 11.67 11.77 11.80 0.6%
Metallurgical Coal . . .................... 0.89 0.85 0.83 0.76 0.71 0.65 0.61 -1.4%
SteamCoal ........... .. .. ... ... 1.60 1.55 1.56 1.70 1.77 1.78 1.79 0.6%
Net Coal Coke Imports .. ................ 0.03 0.00 0.03 0.05 0.06 0.07 0.08 N/A
Coal Subtotal ........................ 251 2.40 2.42 251 2.54 251 2.48 0.1%
Renewable Energy’ . ................... 1.74 1.82 1.96 211 2.25 2.31 2.34 1.0%
Electricity . ......... .. 3.46 3.46 3.69 4.05 4.37 4.58 4.75 1.3%
Delivered Energy .................... 26.30 27.05 28.57 29.97 31.58 32.27 32.62 0.8%
Electricity Related Losses . .............. 7.65 7.74 8.14 8.53 8.92 8.88 8.93 0.6%
Total ... 33.95 34.79 36.71 38.50 40.50 41.15 41.55 0.7%
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Reference Case Forecast

Table A2. Energy Consumption by Sector and Source (Continued)

(Quadrillion Btu per Year, Unless Otherwise Noted)

102

Reference Case é?gu?r:
W
Sector and Source 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Transportation
Distillate Fuel®P . ..................... 4.24 4.48 5.14 5.63 6.02 6.19 6.31 1.4%
JetFuel’ ... ... ... . ... ... ... ... 3.13 3.27 3.83 4.47 5.23 5.79 6.28 2.8%
Motor Gasoline? ..................... 14.65 14.94 15.96 17.17 18.22 18.84 19.38 1.1%
Residual Fuel .......... ... .. ... ... 0.87 0.90 0.94 1.10 1.27 1.42 1.56 2.3%
Liquefied Petroleum Gas .............. 0.03 0.03 0.04 0.10 0.16 0.20 0.24 8.7%
Other Petroleum™ 0.28 0.29 0.31 0.33 0.35 0.37 0.37 1.1%
Petroleum Subtotal . . ................ 23.21 2391 26.22 28.81 31.25 32.80 34.14 1.5%
Pipeline Fuel NaturalGas . .. ........... 0.72 0.73 0.80 0.85 0.95 0.99 1.03 1.4%
Compressed NaturalGas . ............. 0.01 0.01 0.05 0.15 0.24 0.30 0.34 15.8%
Renewable Energy (E85)™ ............. 0.00 0.00 0.00 0.03 0.09 0.13 0.16 20.5%
Methanol™ . ..................... ... 0.00 0.00 0.00 0.03 0.08 0.13 0.15 20.6%
Liquid Hydrogen .. ................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 49.7%
Electricity . .......... ... . 0.06 0.06 0.06 0.11 0.16 0.19 0.22 5.6%
Delivered Energy .................. 24.00 24.72 27.14 29.97 32.77 34.54 36.04 1.6%
Electricity Related Losses . ............ 0.13 0.13 0.14 0.23 0.32 0.37 0.41 4.9%
Total ....... . .. 24.12 24.85 27.28 30.20 33.09 3491 36.45 1.6%
Delivered Energy Consumption for All
Sectors
Distillate Fuel ....................... 6.73 6.98 7.61 8.18 8.63 8.83 8.96 1.0%
Kerosene ............ ... ... ... ... 0.11 0.13 0.12 0.11 0.11 0.11 0.11 -0.5%
JetFuel’ ... ... ... 3.13 3.27 3.83 4.47 5.23 5.79 6.28 2.8%
Liquefied Petroleum Gas . ............. 2.50 2.65 2.71 2.90 3.13 3.24 3.31 0.9%
Motor Gasoline® ..................... 14.92 15.16 16.19 17.43 18.49 19.12 19.67 1.1%
Petrochemical Feedstock .............. 1.23 1.28 1.31 1.38 1.47 1.49 151 0.7%
Residual Fuel ....................... 141 1.39 1.40 1.56 1.74 1.88 2.03 1.6%
Other Petroleum® .. ................. 4.03 4.39 4.64 4.91 5.18 5.40 5.45 0.9%
Petroleum Subtotal . ................. 34.06 35.26 37.80 40.95 43.98 45.87 47.33 1.2%
Natural Gas® .. ...................... 18.73 19.56 20.61 21.24 22.25 22.72 22.99 0.7%
Metallurgical Coal . . .................. 0.89 0.85 0.83 0.76 0.71 0.65 0.61 -1.4%
SteamCoal ............. ... .. ..... 1.73 1.68 1.70 1.84 1.92 1.93 1.94 0.6%
Net Coal Coke Imports .. .............. 0.03 0.00 0.03 0.05 0.06 0.07 0.08 N/A
Coal Subtotal ...................... 2.64 2.53 2.56 2.65 2.69 2.66 2.63 0.2%
Renewable Energy™ . ................. 2.33 2.44 2.58 2.76 2.96 3.08 3.15 1.1%
Methanol® . ........................ 0.00 0.00 0.00 0.03 0.08 0.13 0.15 20.6%
Liquid Hydrogen .. ................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 49.7%
Electricity . .......... . i 10.32 10.57 11.32 12.29 13.23 14.04 14.70 1.4%
Delivered Energy . ................. 68.09 70.36 74.88 79.92 85.19 88.50 90.95 1.1%
Electricity Related Losses ............. 22.86 23.64 24.94 25.90 26.97 27.22 27.63 0.7%
Total ... . 90.95 94.01 99.82 105.82 112.17 115.72 118.58 1.0%
Electric Generators **
Distillate Fuel .. ..................... 0.13 0.09 0.08 0.07 0.07 0.07 0.07 -0.6%
Residual Fuel ....................... 0.55 0.66 0.47 0.30 0.28 0.25 0.24 -4.2%
Petroleum Subtotal . .. ............... 0.68 0.75 0.54 0.37 0.35 0.32 0.31 -3.6%
NaturalGas ........................ 3.44 3.04 4.14 5.69 7.38 8.71 10.07 5.1%
SteamCoal ........... ... ... .. ..... 17.31 18.36 19.57 20.55 21.34 22.29 22.99 0.9%
Nuclear Power ...................... 7.19 7.20 7.36 6.87 6.36 5.12 4.09 -2.3%
Renewable Energy™® . ................. 4.08 4.47 4.24 4.37 4.46 4.53 4.59 0.1%
Electricity Imports™ . ................. 0.39 0.39 0.41 0.34 0.31 0.28 0.28 -1.4%
Total ... . 33.09 34.21 36.26 38.19 40.20 41.26 42.33 0.9%
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Reference Case Forecast

Table A2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case é?gu?r:
W
Sector and Source 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Total Energy Consumption
Distillate Fuel .................... .. ... 6.86 7.07 7.68 8.25 8.70 8.90 9.04 1.0%
Kerosene .......... ... 0.11 0.13 0.12 0.11 0.11 0.11 0.11 -0.5%
JetFuel’ ... ... 3.13 3.27 3.83 4.47 5.23 5.79 6.28 2.8%
Liquefied Petroleum Gas ................ 2.50 2.65 2.71 2.90 3.13 3.24 3.31 0.9%
Motor Gasoline® ....................... 14.92 15.16 16.19 17.43 18.49 19.12 19.67 1.1%
Petrochemical Feedstock . ............... 1.23 1.28 131 1.38 1.47 1.49 151 0.7%
Residual Fuel ......................... 1.96 2.05 1.87 1.86 2.02 2.14 2.27 0.4%
Other Petroleum®™ ... ... ... ... ....... 4.03 4.39 4.64 4.91 5.18 5.40 5.45 0.9%
Petroleum Subtotal . ................... 34.74 36.01 38.35 41.32 44.33 46.20 47.64 1.2%
Natural Gas ........... ... .. ... 22.18 22.60 24.74 26.93 29.63 31.44 33.06 1.6%
Metallurgical Coal . ..................... 0.89 0.85 0.83 0.76 0.71 0.65 0.61 -1.4%
SteamCoal ........... .. .. ... 19.05 20.05 21.28 22.40 23.26 24.22 24.92 0.9%
Net Coal Coke Imports .. ................ 0.03 0.00 0.03 0.05 0.06 0.07 0.08 N/A
Coal Subtotal ........................ 19.96 20.90 22.14 23.21 24.03 24.95 25.61 0.9%
Nuclear Power . ....................... 7.19 7.20 7.36 6.87 6.36 5.12 4.09 -2.3%
Renewable Energy®® . ................... 6.40 6.91 6.82 7.12 7.42 7.62 7.74 0.5%
Methanol™ . ........... .. ... ... . ..., 0.00 0.00 0.00 0.03 0.08 0.13 0.15 20.6%
Liquid Hydrogen .. ..................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 49.7%
Electricity Imports™ . ................... 0.39 0.39 0.41 0.34 0.31 0.28 0.28 -1.4%
Total ... . 90.86 94.01 99.82 105.82 112.17 115.72 118.58 1.0%
Energy Use and Related Statistics
Delivered EnergyUse . ................... 68.09 70.36 74.88 79.92 85.19 88.50 90.95 1.1%
Total EnergyUse ...................... 90.86 94.01 99.82 105.82 112.16 115.71 118.55 1.0%
Population (millions) ..................... 263.58 266.07 275.62 287.12 298.92 311.19 323.47 0.8%
Gross Domestic Product (billion 1992 dollars) .. 6742.08 6928.40 7652.77 8503.48 9431.22 10210.71 10899.70 1.9%
Total Carbon Emissions (million metric tons) ... 1411.40 1462.90 1577.32 1688.76 1803.22 1888.33 1956.19 1.2%

*Includes wood used for residential heating. See Table A18 estimates of nonmarketed renewable energy consumption for geothermal heat pumps & solar thermal hot water
heating.

%Includes ethanol (blends of 10 percent or less) and ethers blended into gasoline.

*Includes commercial sector electricity cogenerated by using wood and wood waste, landfill gas, municipal solid waste, and other biomass. See Table A18 for estimates of
nonmarketed renewable energy consumption for solar thermal hot water heating.

“Fuel consumption includes consumption for cogeneration.

®Includes petroleum coke, asphalt, road oil, lubricants, still gas, and miscellaneous petroleum products.

fIncludes lease and plant fuel and consumption by cogenerators, excludes consumption by nonutility generators.

"Includes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass; including for cogeneration, both for sale to the grid and
for own use.

8Low sulfur diesel fuel.

°Includes naphtha and kerosene type.

“Includes aviation gas and lubricants.

ME85 is 85 percent ethanol (renewable) and 15 percent motor gasoline(nonrenewable).

20nly M85 (85 percent methanol and 15 percent motor gasoline).

“Includes unfinished oils, natural gasoline, motor gasoline blending compounds, aviation gasoline, lubricants, still gas, asphalt, road oil, petroleum coke, and miscellaneous
petroleum products.

“Includes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources. Excludes nonmarketed renewable
energy consumption for geothermal heat pumps and solar thermal hot water heaters.

*®Includes consumption of energy by all electric power generators for grid-connected power except cogenerators, which produce electricity and other useful thermal energy.

**Includes conventional hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, E85, wind, photovoltaic and solar thermal sources. Excludes
cogeneration. Excludes net electricity imports.

In 1996 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

®Includes hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, wind, photovoltaic and solar thermal sources. Includes ethanol components
of E85; excludes ethanol blends (10 percent or less) in motor gasoline. Excludes net electricity imports and nonmarkeed renewable energy consumption for geothermal heat pumps
and solar thermal hot water heaters.

Btu = British thermal unit.

N/A = Not applicable.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1995 and 1996 may differ from published data due to internal conversion factors.
Consumption values of 0.00 are values that round to 0.00, because they are less than 0.005.

Sources: 1995 natural gas lease, plant, and pipeline fuel values: Energy Information Administration (EIA), Natural Gas Annual 1995, DOE/EIA-0131(95) (Washington, DC,
November 1996). 1996 natural gas lease, plant, and pipeline fuel values: EIA, Short-Term Energy Outlook, August 1997. Online. http://www.eia.doe.gov/emeu/steo
/pub/upd/aug97/index.html (August 21, 1997). 1995 transportation sector compressed natural gas consumption: EIA, AEO98 National Energy Modeling System run
AEO098B.D100197A. 1995 and 1996 electric utility fuel consumption: EIA, Electric Power Annual 1996, Volume I, DOE/EIA-0348(96)/1 (Washington, DC, August 1997). 1995 and
1996 nonutility consumption estimates: EIA Form 867, "Annual Nonutility Power Producer Report." Other 1995 values derived from: EIA, State Energy Data Report 1994.
ftp://ftp.eia.doe.gov/publ/state.data/021494.pdf (August 26, 1997), and Office of Coal, Nuclear, Electric,and Alternative Fuels estimates. Other 1996 values: EIA, Short-Term Energy
Outlook August 1997. Online. http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21, 1997). Projections: EIA, AEO98 National Energy Modeling System run
AEO98B.D100197A.
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Reference Case Forecast

Table A3. Energy Prices by Sector and Source

(1996 Dollars per Million Btu, Unless Otherwise Noted)

Reference Case é?gu?r:
Wi
Sector and Source 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Residential . ........... ... ... .. ... 13.02 12.94 12.45 12.31 12.21 11.91 11.97 -0.3%
Primary Energy” . .............uueiiia. 6.37 6.63 6.32 6.23 6.15 6.07 6.17 -0.3%
Petroleum Products®. . ................. 7.63 8.51 8.67 9.20 9.42 9.54 9.70 0.5%
Distillate Fuel ....................... 6.39 7.09 7.15 7.47 7.55 7.64 7.71 0.3%
Liquefied Petroleum Gas .............. 10.46 11.59 11.56 12.21 12.45 12.43 12.57 0.3%
Natural Gas .............. .. ... ... 6.07 6.19 5.77 5.55 5.42 5.32 5.44 -0.5%
Electricity .. ....... .. .. .. . 25.00 24.65 22.93 22.04 21.43 20.40 20.01 -0.9%
Commercial ......... ... 12.77 12.92 12.33 11.84 11.63 11.19 11.15 -0.6%
Primary Energy* ....................... 5.01 5.26 491 4.82 4.79 477 491 -0.3%
Petroleum Products®. . ................. 5.11 5.56 5.54 5.87 6.02 6.12 6.25 0.5%
Distillate Fuel ....................... 4.49 5.27 5.23 5.53 5.65 5.75 5.86 0.4%
Residual Fuel ....................... 3.22 3.24 2.97 3.06 3.16 3.28 3.40 0.2%
Natural Gas® . ........................ 5.07 5.28 4.88 4.71 4.66 4.62 4.77 -0.4%
Electricity . .......... . 22.30 22.24 21.02 19.81 19.16 18.02 17.58 -1.0%
Industrial * ....... .. ... .. ... .. ... 4.97 5.40 4.92 5.04 5.15 5.10 5.21 -0.1%
Primary Energy ............. ... ....... 3.41 4.03 3.59 3.79 3.97 4.04 4.20 0.2%
Petroleum Products®. . ................. 4.97 5.68 4.96 5.32 5.53 5.55 5.70 0.0%
Distillate Fuel ....................... 4.72 5.50 5.24 5.56 5.74 5.88 6.07 0.4%
Liquefied Petroleum Gas .............. 6.63 7.80 5.98 6.60 6.76 6.64 6.81 -0.6%
Residual Fuel .......... ... .. ... ... 2.64 3.00 2.70 2.83 3.02 3.15 3.35 0.5%
Natural Gas® ... ...................... 2.37 2.96 2.73 2.77 2.93 3.00 3.17 0.3%
Metallurgical Coal . . ................... 1.81 1.77 1.76 1.71 1.68 1.67 1.66 -0.3%
SteamCoal .......... ... ... . 1.50 1.46 1.41 1.36 1.33 1.31 1.30 -0.5%
Electricity . ...... ..o 14.00 13.54 12.68 11.93 11.41 10.59 10.26 -1.1%
Transportation .............. ... ..., 8.20 8.77 8.53 8.78 8.83 8.86 8.87 0.0%
Primary Energy ........... ... ... ..... 8.18 8.76 8.52 8.76 8.81 8.84 8.85 0.0%
Petroleum Products®. . ................. 8.18 8.76 8.52 8.77 8.80 8.82 8.82 0.0%
Distillate Fuel® ...................... 8.22 8.90 8.53 8.74 8.61 8.60 8.52 -0.2%
JetFuel ... ... ... i 4.18 5.52 5.12 5.58 5.85 6.05 6.27 0.5%
Motor Gasoline® ..................... 9.46 9.89 9.78 10.06 10.18 10.22 10.24 0.1%
Residual Fuel ....................... 2.33 2.55 2.61 2.85 3.07 3.14 3.32 1.1%
Liquid Petroleum Gas® . ............... 12.44 12.62 12.80 13.27 13.30 13.07 13.01 0.1%
Natural Gas™ ........................ 5.41 5.41 5.46 5.72 6.60 7.06 7.39 1.3%
E85M 15.25 15.85 15.81 16.30 16.71 17.04 17.79 0.5%
Electricity .. ....... ... ... 15.39 15.31 14.66 13.69 13.25 12.54 12.26 -0.9%
Average End-Use Energy ................ 8.29 8.68 8.26 8.33 8.35 8.28 8.35 -0.2%
Primary Energy ..............ooiuin... 7.91 8.35 7.94 8.05 8.09 8.04 8.11 -0.1%
Electricity . ......... 20.41 20.19 18.93 17.94 17.32 16.36 16.01 -1.0%
Electric Generators **
Fossil Fuel Average . ................... 151 1.54 1.46 1.49 1.57 1.60 1.66 0.3%
Petroleum Products . .................. 2.94 3.28 3.21 3.57 3.84 4.00 4.21 1.1%
Distillate Fuel ....................... 4.01 4.90 4.84 5.16 5.33 5.47 5.64 0.6%
Residual Fuel ....................... 2.68 3.07 2.95 3.20 3.46 3.60 3.77 0.9%
NaturalGas .............. .. ......... 2.03 2.64 2.48 2.63 2.84 2.98 3.15 0.7%
SteamCoal ............ ... .. . ... ... 1.35 1.29 1.20 1.14 1.09 1.03 0.97 -1.2%
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Reference Case Forecast

Table A3. Energy Prices by Sector and Source (Continued)
(1996 Dollars per Million Btu, Unless Otherwise Noted)

Reference Case é?gu?r:
W
Sector and Source 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Average Price to All Users  *®

Petroleum Products®. . .................. 7.26 7.86 7.59 7.92 8.02 8.06 8.12 0.1%
Distillate Fuel ........................ 7.08 7.84 7.65 7.92 7.88 7.91 7.90 0.0%
JetFuel ... ... .. . ... 4.18 5.52 5.12 5.58 5.85 6.05 6.27 0.5%
Liquefied Petroleum Gas ............... 7.38 8.53 7.12 7.84 8.09 8.05 8.24 -0.1%
Motor Gasoline® ...................... 9.46 9.89 9.76 10.05 10.16 10.21 10.23 0.1%
Residual Fuel ........... ... ... .. ... 2.56 2.84 2.73 2.92 3.12 3.21 3.38 0.7%
NaturalGas . ......... ..., 3.63 4.13 3.74 3.66 3.70 3.72 3.86 -0.3%
Coal ... 1.38 1.32 1.22 1.16 1.11 1.05 1.00 -1.2%
E85M 15.25 15.85 15.81 16.30 16.71 17.04 17.79 0.5%
Electricity .. ...... . 20.41 20.19 18.93 17.94 17.32 16.36 16.01 -1.0%

Non-Renewable Energy Expenditures

by Sector (Billion 1996 dollars)

Residential .. ............ ... ... ... ...... 113.43 117.09 118.69 124.21 130.36 134.72 143.05 0.8%
Commercial ........... ... 92.62 96.47 96.19 97.11 99.96 99.87 100.74 0.2%
Industrial . ........ ... . ... .. 122.76 136.22 130.95 140.45 151.07 152.83 157.75 0.6%
Transportation . ................ v, 190.86 210.35 224.71 254.98 278.70 293.73 306.35 1.6%
Total Non-Renewable Expenditures ........ 519.68 560.12 570.54 616.74 660.09 681.15 707.89 1.0%
Transportation Renewable Expenditures . . . . . 0.02 0.03 0.05 0.45 1.47 2.25 2.79 21.1%
Total Expenditures . ................... 519.70 560.15 570.59 617.19 661.57 683.40 710.68 1.0%

'Weighted average price includes fuels below as well as coal.

2This quantity is the weighted average for all petroleum products, not just those listed below.

3Excludes independent power producers.

“Includes cogenerators.

®Excludes uses for lease and plant fuel.

©Low sulfur diesel fuel. Price includes Federal and State taxes while excluding county and local taxes.

"Kerosene-type jet fuel. Price includes Federal and State taxes while excluding county and local taxes.

8Sales weighted-average price for all grades. Includes Federal and State taxes and excludes county and local taxes.

°Includes Federal and State taxes while excluding county and local taxes.

“Compressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.

1ESS is 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable).

Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

Bweighted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption.

Btu = British thermal unit.

Note: 1995 and 1996 figures may differ from published data due to internal rounding.

Sources: 1995 prices for gasoline, distillate, and jet fuel are based on prices in the Energy Information Administration (EIA), Petroleum Marketing Annual 1995. Online.
http://www.eia.doe.gov/oil-gas/pmal/pmaframe.html (May 30, 1997). 1996 prices for gasoline, distillate, and jet fuel are based on prices in various ssues of EIA, Petroleum Marketing
Monthly, DOE/EIA-0380(96/13-97/4) (Washington, DC, 1996-97). 1995 and 1996 prices for all other petroleum products are derived from the EIA, State Energy Price and Expenditure
Report 1994, DOE/EIA-0376(94) (Washington, DC, June 1997). 1995 residential, commercial, and transportation natural gas delivered prices: EIA, Natural Gas Annual 1995,
DOE/EIA-0131(95) (Washington, DC, November 1996). 1995 electric generators natural gas delivered prices: Form FERC-423, "Monthly Report of Cost and Quality of Fuels for
Electric Plants." 1995 and 1996 industrial gas delivered prices are based on EIA, Manufacturing Energy Consumption Survey 1991. 1996 residential and commercial natural gas
delivered prices: EIA, Natural Gas Monthly, DOE/EIA-0130(97/6) (Washington, DC, June 1997). Other 1996 natural gas delivered prices: EIA, AEO98 National Energy Modeling
System run AEO98B.D100197A. Values for 1995 and 1996 coal prices have been estimated from EIA, State Energy Price and Expenditure Report 1994, DOE/EIA-0376(94)
(Washington, DC, June 1997) by use of consumption quantities aggregated from EIA, State Energy Data Report 1994. Online. ftp://ftp.eia.doe.gov/pub/state.data/021494.pdf (August
26, 1997) and the Coal Industry Annual 1996, DOE/EIA-0584(96) (Washington, DC, November 1997). 1995 residential electricity prices derived from EIA, Short Term Energy
Outlook, August 1997. Online. http://www.eia.doe.gov/emeul/steo/pub/upd/aug97/index.html (August 21, 1997). 1995 and 1996 electricity prices for commercial, industrial, and
transportation: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A. Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A4. Residential Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case é?gu?r:
) ) W
Key Indicators and Consumption 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Key Indicators
Households (millions)
Single-Family .......... ... ... ... ... ... 68.66 69.61 73.26 77.46 81.54 85.60 89.52 1.1%
Multifamily . ......... .. 24.56 24.76 25.54 26.54 27.92 29.44 30.84 0.9%
Mobile Homes . ............ .. ... .. ... 5.84 6.00 6.54 7.08 7.58 8.01 8.35 1.4%
Total ... . 99.06 100.37 105.34 111.08 117.04 123.05 128.71 1.0%
Average House Square Footage .......... 1643 1649 1669 1689 1704 1716 1728 0.2%
Energy Intensity
(million Btu consumed per household)
Delivered Energy Consumption . ........... 106.41 110.90 107.87 105.95 104.63 103.79 102.91 -0.3%
Electricity Related Losses . ............... 80.78 83.37 83.92 82.23 80.73 78.15 77.20 -0.3%
Total Energy Consumption . .............. 187.19 194.27 191.79 188.18 185.37 181.95 180.11 -0.3%
Delivered Energy Consumption by Fuel
Electricity
SpaceHeating ............... .. ....... 0.44 0.47 0.46 0.48 0.50 0.51 0.53 0.5%
SpaceCooling ........... ... ... 0.49 0.46 0.48 0.51 0.54 0.58 0.60 1.1%
Water Heating . ....................... 0.36 0.36 0.36 0.36 0.38 0.39 0.40 0.5%
Refrigeration . ........... ... ... ... .... 0.41 0.41 0.36 0.31 0.28 0.27 0.27 -1.6%
CookiNg ... 0.13 0.13 0.13 0.14 0.15 0.16 0.17 1.0%
ClothesDryers ........... ... 0.19 0.19 0.20 0.21 0.22 0.24 0.25 1.1%
Freezers........ .. ... . 0.13 0.13 0.11 0.09 0.08 0.07 0.07 -2.4%
Lighting ........... ... ... ... .. ... 0.33 0.34 0.35 0.36 0.39 0.42 0.45 1.2%
Clothes Washers' . ..................... 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.8%
Dishwashers® ......................... 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.6%
Color Televisions . ..................... 0.19 0.21 0.25 0.30 0.32 0.35 0.37 2.5%
Personal Computers . .. ................. 0.01 0.01 0.01 0.02 0.02 0.02 0.03 5.3%
FurnaceFans ......................... 0.11 0.12 0.13 0.14 0.15 0.16 0.18 1.7%
OtherUses? . ...........ccviuiiieo... 0.71 0.78 1.06 1.29 1.49 1.68 1.86 3.7%
Delivered Energy .................... 3.56 3.68 3.97 4.29 4.61 4.94 5.28 1.5%
Natural Gas
SpaceHeating ............... .. ....... 3.45 3.76 3.72 3.78 3.87 3.97 4.04 0.3%
SpaceCooling . .......... ... 0.00 0.00 0.00 0.00 0.00 0.01 0.01 8.1%
WaterHeating ............. ..., 1.24 1.32 1.32 1.37 1.43 1.49 1.55 0.7%
CookiNg ... 0.15 0.16 0.16 0.17 0.17 0.18 0.19 0.6%
ClothesDryers . ........ ... ....ov... 0.05 0.05 0.05 0.05 0.06 0.06 0.06 1.0%
OtherUses® ...............ccovviinnnns 0.09 0.09 0.09 0.10 0.10 0.11 0.11 0.8%
Delivered Energy .................... 4.98 5.39 5.35 5.47 5.63 5.82 5.97 0.4%
Distillate
SpaceHeating ............... ... ...... 0.80 0.80 0.75 0.70 0.67 0.64 0.62 -1.0%
Water Heating . ....................... 0.09 0.09 0.10 0.09 0.10 0.10 0.10 0.1%
OtherUses® .......................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.6%
Delivered Energy .................... 0.89 0.89 0.85 0.79 0.77 0.74 0.72 -0.9%
Liquefied Petroleum Gas
SpaceHeating ........... ... .. ....... 0.29 0.31 0.33 0.33 0.34 0.35 0.35 0.5%
WaterHeating ............. ... .. 0.07 0.07 0.08 0.09 0.10 0.10 0.11 1.8%
CookiNg ... 0.03 0.03 0.04 0.04 0.04 0.04 0.04 1.1%
OtherUses® ......... ...t 0.01 0.01 0.01 0.01 0.01 0.01 0.01 1.5%
Delivered Energy .................... 0.40 0.42 0.45 0.47 0.49 0.50 0.51 0.8%
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Reference Case Forecast

Table A4. Residential Sector Key Indicators and Consumption (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case é?gu?r:
. . W
Key Indicators and Consumption 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Delivered Energy Consumption by End-Use
SpaceHeating ............... ... ...... 5.69 6.09 6.00 6.04 6.13 6.24 6.31 0.1%
Space Cooling . ........... ... ... ...... 0.49 0.46 0.48 0.52 0.55 0.58 0.61 1.2%
WaterHeating ........................ 1.76 1.84 1.86 1.91 1.99 2.08 2.17 0.7%
Refrigeration .............. ... ... .. ... 0.41 0.41 0.36 0.31 0.28 0.27 0.27 -1.6%
CooKING ..o v 0.31 0.33 0.33 0.35 0.36 0.38 0.40 0.8%
ClothesDryers . .......... ... 0.23 0.24 0.25 0.26 0.28 0.30 0.32 1.1%
Freezers .. ... 0.13 0.13 0.11 0.09 0.08 0.07 0.07 -2.4%
Lighting .......... ... 0.33 0.34 0.35 0.36 0.39 0.42 0.45 1.2%
ClothesWashers ...................... 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.8%
Dishwashers ......................... 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.6%
Color Televisions . ..................... 0.19 0.21 0.25 0.30 0.32 0.35 0.37 2.5%
Personal Computers . .. ................. 0.01 0.01 0.01 0.02 0.02 0.02 0.03 5.3%
FumaceFans . ............. ... 0.11 0.12 0.13 0.14 0.15 0.16 0.18 1.7%
OtheruUses’ ...............cccivinn... 0.80 0.89 1.17 1.40 1.61 1.80 1.99 3.4%
Delivered Energy .................... 10.54 11.13 11.36 11.77 12.25 12.77 13.25 0.7%
Electricity Related Losses . .............. 7.88 8.23 8.75 9.05 9.39 9.58 9.93 0.8%
Total Energy Consumption by End-Use .
SpaceHeating ............... .. ....... 6.65 7.13 7.03 7.06 7.15 7.24 7.30 0.1%
SpaceCooling ........... ... ... 1.57 1.50 1.54 1.60 1.66 1.70 1.74 0.6%
Water Heating ............. ... .. ..... 2.55 2.66 2.64 2.68 2.76 2.84 2.93 0.4%
Refrigeration ............ ... ... ... ... 1.32 1.32 1.15 0.97 0.86 0.80 0.79 -2.1%
CooKiNg « oot 0.59 0.62 0.63 0.65 0.67 0.69 0.72 0.6%
ClothesDryers . ..., 0.64 0.67 0.68 0.70 0.73 0.76 0.79 0.7%
Freezers .......... . . . . . 0.43 0.42 0.34 0.27 0.23 0.21 0.21 -2.9%
Lighting .......... . 1.05 1.09 1.12 1.12 1.20 1.24 1.30 0.7%
ClothesWashers ...................... 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.3%
Dishwashers ......................... 0.15 0.15 0.14 0.14 0.14 0.15 0.16 0.2%
Color Televisions . ..................... 0.62 0.67 0.81 0.93 0.98 1.02 1.08 2.0%
Personal Computers . .. ................. 0.02 0.03 0.04 0.05 0.06 0.07 0.08 4.8%
FummaceFans ......................... 0.36 0.38 0.41 0.43 0.46 0.48 0.51 1.2%
OtherUses’ ...............ccciioi... 2.37 2.64 3.50 4.13 4.64 5.06 5.48 3.1%
Total ... 18.42 19.36 20.11 20.81 21.64 22.35 23.17 0.8%
Non-Marketed Renewables
Geothermal® . ......................... 0.01 0.01 0.02 0.03 0.04 0.05 0.06 7.1%
Solar® ... 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -0.3%
Total ... 0.02 0.02 0.03 0.04 0.05 0.06 0.07 5.0%
'Does not include water heating of load.
2Includes small electric devices, heating elements and motors.
®Includes such appliances as swimming pool heaters, outdoor grills, and outdoor lighting (natural gas).
“Includes such appliances as swimming pool and hot tub heaters.
SIncludes wood used for primary and secondary heating in wood stoves or fireplaces as reported in the Residential Energy Consumption Survey 1993.
fIncludes kerosene and coal.
“Includes all other uses listed above.
8Includes primary energy displaced by geothermal heat pumps in space heating and cooling applications.
°Includes primary energy displaced by solar thermal water heaters.
Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding.
Sources: 1995 and 1996: EIA, Short-Term Energy Outlook, August 1997. Online. http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21, 1997). Projections:
EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A5. Commercial Sector Key Indicators and Consumption

(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference 'g:gu?rl]
) ) W
Key Indicators and Consumption 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Key Indicators
Total Floor Space (billion square feet)
Surviving ... 68.5 69.2 73.1 77.3 81.1 84.3 85.7 0.9%
New Additions ...................... 1.6 1.7 1.8 1.7 1.7 1.5 1.1 -1.7%
Total ... . . 70.1 70.9 74.9 79.0 82.8 85.8 86.8 0.8%
Energy Consumption Intensity
(thousand Btu per square foot)
Delivered Energy Consumption ......... 103.6 105.3 104.2 103.8 103.8 104.0 104.2 -0.0%
Electricity Related Losses ............. 102.9 106.3 105.7 102.4 100.8 97.7 96.4 -0.4%
Total Energy Consumption . ............ 206.5 2115 209.9 206.2 204.5 201.7 200.5 -0.2%
Delivered Energy Consumption by Fuel
Electricity
SpaceHeating ........... ... .. ... 0.12 0.12 0.12 0.13 0.14 0.15 0.15 0.9%
SpaceCooling ........... ...t 0.57 0.51 0.53 0.54 0.55 0.56 0.56 0.4%
Water Heating ....................... 0.17 0.17 0.17 0.16 0.15 0.15 0.14 -0.8%
Ventilation ................ ... .. .... 0.17 0.17 0.17 0.18 0.18 0.19 0.18 0.4%
CookiNg ..ot 0.03 0.03 0.03 0.03 0.03 0.03 0.03 -1.0%
Lighting .......... .. .. .. 1.14 1.15 1.20 1.22 1.24 1.27 1.28 0.4%
Refrigeration ........... ... ... ... .... 0.14 0.14 0.15 0.15 0.16 0.16 0.17 0.7%
Office Equipment (PC) . ................ 0.07 0.07 0.07 0.08 0.09 0.09 0.10 1.6%
Office Equipment (non-PC) ............. 0.19 0.19 0.21 0.24 0.27 0.30 0.33 2.2%
OtherUses® ......................... 0.66 0.82 0.95 1.12 1.29 1.43 1.53 2.6%
Delivered Energy ................... 3.26 3.37 3.59 3.84 4.09 4.33 4.45 1.2%
Natural Gas ?
SpaceHeating ....................... 1.29 1.34 1.33 1.37 1.40 1.42 1.40 0.2%
Space Cooling . .......... ... ... 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.6%
WaterHeating ....................... 0.46 0.45 0.47 0.50 0.52 0.54 0.55 0.8%
CookiNg ..o v 0.18 0.18 0.20 0.21 0.22 0.23 0.23 1.1%
OtherUses® ......................... 1.17 1.31 1.44 1.52 1.59 1.64 1.65 1.0%
Delivered Energy ................... 3.11 3.30 3.47 3.62 3.75 3.85 3.85 0.7%
Distillate
SpaceHeating ....................... 0.20 0.20 0.19 0.18 0.18 0.17 0.15 -1.0%
WaterHeating ....................... 0.05 0.05 0.05 0.05 0.05 0.04 0.04 -1.1%
OtherUses* ......................... 0.22 0.19 0.17 0.17 0.18 0.18 0.18 -0.3%
Delivered Energy . .................. 0.47 0.44 0.41 0.40 0.40 0.39 0.37 -0.7%
OtherFuels® ................c.coon... 0.42 0.36 0.33 0.34 0.35 0.36 0.36 0.0%
Marketed Renewable Fuels
Biomass ... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.1%
Delivered Energy  ................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.1%
Delivered Energy Consumption by End-Use
SpaceHeating ....................... 1.60 1.65 1.65 1.68 1.71 1.73 1.70 0.1%
SpaceCooling ........... ... ... 0.60 0.53 0.55 0.56 0.57 0.58 0.58 0.4%
Water Heating .. ..................... 0.68 0.68 0.69 0.70 0.72 0.73 0.73 0.3%
Ventilation . ....... ... ... . . .. 0.17 0.17 0.17 0.18 0.18 0.19 0.18 0.4%
Cooking ... 0.21 0.21 0.23 0.24 0.25 0.26 0.26 0.8%
Lighting ........... ... ... ... ... ... 1.14 1.15 1.20 1.22 1.24 1.27 1.28 0.4%
Refrigeration ........................ 0.14 0.14 0.15 0.15 0.16 0.16 0.17 0.7%
Office Equipment (PC) .. ............... 0.07 0.07 0.07 0.08 0.09 0.09 0.10 1.6%
Office Equipment (non-PC) . ............ 0.19 0.19 0.21 0.24 0.27 0.30 0.33 2.2%
OtherUses® ......................... 2.47 2.68 2.89 3.16 3.41 3.61 3.71 1.4%
Delivered Energy ................... 7.26 7.47 7.80 8.21 8.60 8.92 9.04 0.8%
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Reference Case Forecast

Table A5. Commercial Sector Key Indicators and Consumption (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference g’:g\:’zﬁ]
Key Indicators and Consumption 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Electricity Related Losses  .............. 7.21 7.54 7.91 8.09 8.35 8.39 8.37 0.4%
Total Energy Consumption by End-Use
SpaceHeating ....................... 1.85 1.92 1.92 1.96 1.99 2.01 1.98 0.1%
SpaceCooling . ........ .. ... 1.87 1.66 1.71 1.69 1.69 1.67 1.63 -0.1%
Water Heating ............. ... ...... 1.07 1.06 1.05 1.04 1.04 1.02 1.00 -0.2%
Ventilation .......... ... .. ... .. . ... 0.54 0.54 0.55 0.55 0.56 0.54 0.53 -0.1%
CookiNg ... 0.28 0.28 0.29 0.30 0.31 0.31 0.31 0.3%
Lighting ........... .. ... ... ... ... 3.67 3.73 3.83 3.78 3.77 3.74 3.67 -0.1%
Refrigeration ........................ 0.45 0.45 0.47 0.47 0.48 0.48 0.48 0.2%
Office Equipment (PC) ................. 0.22 0.22 0.23 0.24 0.26 0.27 0.29 1.2%
Office Equipment (non-PC) ............. 0.60 0.62 0.68 0.74 0.82 0.88 0.94 1.7%
OtherUses® ......................... 3.92 451 4.98 5.52 6.03 6.39 6.58 1.6%
Total ....... .. 14.46 15.01 15.72 16.30 16.94 17.31 17.41 0.6%
Non-Marketed Renewable Fuels
Solar’ ... 0.01 0.01 0.02 0.03 0.03 0.04 0.04 4.2%
Total ... .. 0.01 0.01 0.02 0.03 0.03 0.04 0.04 4.2%

Includes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, and medical equipment.

2Excludes estimated consumption from independent power producers.

3Includes miscellaneous uses, such as district services, pumps, lighting, emergency electric generators, and manufacturing performed in commercial buildings.

“Includes miscellaneous uses, such as cooking, district services, and emergency electric generators.
®Includes residual fuel oil, liquefied petroleum gas, coal, motor gasoline, and kerosene.

®Includes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, medcal equipment, pumps, lighting,
emergency electric generators, manufacturing performed in commercial buildings, and cooking (distillate), plus residual fuel oil, liquefied petroleum gas, coal, motor gasoline, and

kerosene.
“Includes primary energy displaced by solar thermal water heaters.
Btu = British thermal unit.
PC = Personal computer.

Note: Totals may not equal sum of components due to independent rounding. Consumption values of 0.00 are values that round to 0.00, because they are less than 0.005.
Sources: 1995 and 1996 Energy Information Administration (EIA), Short-Term Energy Outlook , August 1997, Online. http://mww.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html

(August 21, 1997). Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A6. Industrial Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)
Reference Case é?gu?r:
) ) W
Key Indicators and Consumption 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Key Indicators
Value of Gross Output (billion 1987 dollars)
Manufacturing . .......... ... ... ... ... 2950 3030 3324 3801 4318 4646 4957 2.1%
Nonmanufacturing . .................... 759 774 835 897 969 1019 1062 1.3%
Total ... 3709 3805 4159 4698 5287 5665 6019 1.9%
Energy Prices (1996 dollars per million Btu)
Electricity . ...... ... 14.00 13.54 12.68 11.93 11.41 10.59 10.26 -1.1%
NaturalGas . ......... ..., 2.37 2.96 2.73 2.77 2.93 3.00 3.17 0.3%
SteamCoal ........... .. .. . . ... 1.50 1.46 141 1.36 1.33 1.31 1.30 -0.5%
Residual Oil .......................... 2.64 3.00 2.70 2.83 3.02 3.15 3.35 0.5%
Distillate Oil . ......................... 4.72 5.50 5.24 5.56 5.74 5.88 6.07 0.4%
Liquefied Petroleum Gas ................ 6.63 7.80 5.98 6.60 6.76 6.64 6.81 -0.6%
Motor Gasoline . ....................... 9.40 9.86 8.46 8.91 9.17 9.40 9.56 -0.1%
Metallurgical Coal . . .................... 1.81 1.77 1.76 1.71 1.68 1.67 1.66 -0.3%
Energy Consumption
Consumption *
Purchased Electricity . .................. 3.46 3.46 3.69 4.05 4.37 4.58 4.75 1.3%
Natural Gas? . . ........ccvviiieann... 9.91 10.14 10.94 11.16 11.67 11.77 11.80 0.6%
SteamCoal ............. ... .. . ... ... 1.60 1.55 1.56 1.70 1.77 1.78 1.79 0.6%
Metallurgical Coal and Coke® ............. 0.91 0.85 0.86 0.81 0.77 0.73 0.69 -0.9%
Residual Fuel ......................... 0.37 0.34 0.35 0.35 0.35 0.34 0.35 0.1%
Distillate ... ..... ... . i 1.13 117 1.21 1.35 1.45 1.51 1.56 1.2%
Liquefied Petroleum Gas . ............... 2.00 2.12 2.14 2.25 2.40 2.45 2.47 0.6%
Petrochemical Feedstocks ............... 1.23 1.28 131 1.38 1.47 1.49 1.51 0.7%
Other Petroleum® . ..................... 3.96 4.31 4.55 4.83 5.09 5.31 5.36 0.9%
Renewables® ......................... 1.74 1.82 1.96 211 2.25 231 2.34 1.0%
Delivered Energy .................... 26.30 27.05 28.57 29.97 31.58 32.27 32.62 0.8%
Electricity Related Losses ............... 7.65 7.74 8.14 8.53 8.92 8.88 8.93 0.6%
Total ... 33.95 34.79 36.71 38.50 40.50 41.15 41.55 0.7%
Consumption per Unit of Output  *
(thousand Btu per 1987 dollars)
Purchased Electricity ................... 0.93 0.91 0.89 0.86 0.83 0.81 0.79 -0.6%
Natural Gas? . ... .covv e 2.67 2.66 2.63 2.37 221 2.08 1.96 -1.3%
SteamCoal ........... .. .. ... 0.43 0.41 0.38 0.36 0.34 0.31 0.30 -1.3%
Metallurgical Coal and Coke® ............. 0.25 0.22 0.21 0.17 0.15 0.13 0.11 -2.7%
Residual Fuel ......................... 0.10 0.09 0.08 0.07 0.07 0.06 0.06 -1.8%
Distillate ... ....... ... . i 0.30 0.31 0.29 0.29 0.27 0.27 0.26 -0.7%
Liquefied Petroleum Gas . ............... 0.54 0.56 0.51 0.48 0.45 0.43 0.41 -1.3%
Petrochemical Feedstocks ............... 0.33 0.34 0.31 0.29 0.28 0.26 0.25 -1.2%
Other Petroleum® . ..................... 1.07 1.13 1.09 1.03 0.96 0.94 0.89 -1.0%
Renewables® ......................... 0.47 0.48 0.47 0.45 0.42 0.41 0.39 -0.9%
Delivered Energy .................... 7.09 7.11 6.87 6.38 5.97 5.70 5.42 -1.1%
Electricity Related Losses ............... 2.06 2.04 1.96 1.82 1.69 1.57 1.48 -1.3%
Total ... .. 9.15 9.14 8.83 8.20 7.66 7.26 6.90 -1.2%

*Fuel consumption includes consumption for cogeneration.

2Includes lease and plant fuel and consumption by cogenerators, excludes consumption by nonutility generators.

3

ncludes net coke coal imports.

“Includes petroleum coke, asphalt, road oil, lubricants, motor gasoline, still gas, and miscellaneous petroleum products.
®Includes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.
Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1995 prices for gasoline and distillate are based on prices in the Energy Information Administration (EIA), Petroleum Marketing Annual 1995, DOE/EIA-0487(95)
(Washington, DC, September 1996). 1996 prices for gasoline and distillate are based on prices in various issues of EIA, Petroleum Marketing Monthly, DOE/EIA-0380(96/03-97/04)
(Washington, DC, 1996 - 97). 1995 and 1996 coal prices: EIA, Monthly Energy Review, DOE/EIA-0035(97/08) (Washington, DC, August 1997). 1995 and 1996 electricity prices:
EIA, AEO98 National Energy Modeling System run AEO98B.D100197A. Other 1995 values and 1996 prices derived from EIA, State Energy Data Report 1994.
ftp://ftp.eia.doe.gov/pub/state.data/021494.pdf (August 26, 1997). Other 1996 values: EIA, Short-Term Energy Outlook, August 1997. Online. http://www.eia.doe.gov/emeu/steo
/upd/aug97/index.html (August 21, 1997). Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A
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Reference Case Forecast

Table A7. Transportation Sector Key Indicators and Delivered Energy Consumption

Reference Case énnu;:
. . row
Key Indicators and Consumption 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)

Key Indicators
Level of Travel (billions)

Light-Duty Vehicles <8,500 Ibs. (VMT) ....... 2150 2275 2454 2665 2892 3077 3242 1.5%
Commercial Light Trucks (VMT) ... ......... 66 67 72 80 87 93 98 1.6%

Freight Trucks >10,000 Ibs. (VMT) 152 161 188 212 232 243 250 1.8%
Air (seat miles available) .. ................ 937 999 1230 1518 1855 2139 2416 3.7%

Rail (ton miles traveled) .................. 1275 1204 1334 1432 1533 1584 1623 1.3%

Marine (ton miles traveled) ................ 774 7 815 868 923 949 967 0.9%
Energy Efficiency Indicators
New Car (miles pergallon)? ................ 27.7 27.9 28.0 29.5 30.2 30.5 30.7 0.4%
New Light Truck (miles per gallon)® .......... 20.4 20.7 19.3 19.8 20.1 20.5 21.1 0.1%
Light-Duty Fleet (miles per gallon)® . .. ........ 20.0 20.2 20.3 20.2 20.3 20.7 21.2 0.2%
New Commercial Light Truck (MPG)* . ........ 19.9 20.2 18.9 19.4 19.6 20.0 20.6 0.1%
Stock Commercial Light Truck (MPG)* . ... .... 14.3 14.5 14.7 14.9 15.0 15.2 15.4 0.3%
Aircraft Efficiency (seat miles per gallon) ... ... 50.2 50.6 52.1 53.9 55.7 57.4 59.0 0.6%
Freight Truck Efficiency (miles per gallon) .. ... 5.6 5.6 5.7 5.9 6.0 6.0 6.1 0.4%
Rail Efficiency (ton miles per thousand Btu) . . .. 2.7 2.7 2.8 2.8 2.9 3.0 3.0 0.5%
Domestic Shipping Efficiency

(ton miles per thousand Btu) . ............. 2.7 2.7 2.7 2.8 2.9 3.0 3.0 0.5%
Energy Use by Mode (quadrillion Btu)

Light-Duty Vehicles ...................... 13.63 13.96 15.04 16.48 17.76 18.55 19.20 1.3%
Commercial Light Trucks® ................. 0.58 0.58 0.62 0.67 0.73 0.76 0.79 1.3%
Freight Trucks * ... ...... . ... oo, 3.84 4.02 4.54 4.99 5.32 5.47 5.58 1.4%
N 3.18 3.32 3.87 4.52 5.27 5.84 6.35 2.7%
2 ] 0.55 0.52 0.57 0.59 0.62 0.63 0.63 0.8%
Marine . ... . 1.39 1.43 151 171 191 2.09 2.25 1.9%
Pipeline Fuel ........................... 0.72 0.73 0.80 0.85 0.95 0.99 1.03 1.4%
Other® . ... 0.24 0.25 0.27 0.29 0.31 0.32 0.33 1.3%
Total ... 24.00 24.72 27.14 29.97 32.77 34.54 36.04 1.6%

'Commercial trucks 8,500 to 10,000 pounds.

2Environmental Protection Agency rated miles per gallon.

3Combined car and light truck “on-the-road” estimate.

“Includes energy use by buses.

®Includes lubricants and aviation gasoline.

Btu = British thermal unit.

VMT=Vehicle miles traveled.

MPG = Miles per gallon.

Lbs. = Pounds.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1995 pipeline fuel consumption: Energy Information Administration (EIA), Natural Gas Annual 1995, DOE/EIA-0131(95) (Washington, DC, November 1996). Other
1995 values: Federal Highway Administration, Highway Statistics 1995 (Washington, DC, 1995); Oak Ridge National Laboratory, Transportation Energy Data Book: 12, 13, 14,
15, 16, and 17 (Oak Ridge, TN, August 1997); Federal Aviation Administration (FAA), FAA Aviation Forecasts Fiscal Years 1994-2007; National Highway Traffic and Safety
Administration, Summary of Fuel Economy Performance, (Washington, DC, February 1996); EIA, Residential Transportation Energy Consumption Survey 1991, DOE/EIA-0464(91)
(Washington, DC, December 1993); U.S. Dept. of Commerce, Bureau of the Census, "Truck Inventory and Use Survey", TC92-T-52, (Washington D.C., May 1995); EIA, Describing
Current and Potential Markets for Alternative-Fuel Vehicles, DOE/EIA-0604(96) (Washington, D.C., March 1996); EIA, Alternatives To Traditional Transportation Fuels 1994,
DOE/EIA-0585(94) (Washington, DC, February 1996); and EIA, State Energy Data Report 1994. Online. ftp://ftp.eia.doe.gov/pub/state.data/021494.pdf (August 26, 1997). 1996:
FAA, FAA Auviation Forecasts Fiscal Years 1996-2007, (Washington, DC, February 1995); EIA, Short-Term Energy Outlook, August 1997, Online.
http://ww.eia.doe.gov/emeu/steo/pub/upd /aug97/index.html (August 21, 1997); EIA, Fuel Oil and Kerosene Sales 1996, DOE/EIA-0535(96) (Washington, DC, September 1997);
and United States Department of Defense, Defense Fuel Supply Center. Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A8. Electricity Supply, Disposition, and Prices

(Billion Kilowatthours, Unless Otherwise Noted)

Reference Case é?:uf‘r:
. " . W
Supply, Disposition, and Prices 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Generation by Fuel Type
Electric Generators *
Coal ... 1671 1758 1903 2007 2085 2190 2265 1.1%
Petroleum ....... ... ... ... 64 80 54 37 35 33 32 -3.8%
NaturalGas ...............c .. 322 288 419 671 920 1171 1389 6.8%
Nuclear Power . .......... ... ... ... .... 673 675 689 643 596 480 383 -2.3%
Pumped Storage . ........... .. ... .. -2 -2 -3 -3 -3 -3 -3 1.3%
Renewable Sources? ................... 354 392 370 377 382 388 393 0.0%
Total ... .. 3083 3191 3432 3732 4015 4258 4459 1.4%
Non-Utility Generation for Own Use ........ 26 26 26 26 26 26 26 0.0%
Cogenerators *
Coal .. 37 39 37 38 39 39 39 -0.1%
Petroleum .. ......... .. .o 5 6 6 6 6 6 6 0.2%
NaturalGas ........... ... .. ........ 170 174 184 192 201 200 194 0.5%
Other Gaseous Fuels® ................. 7 7 7 7 7 7 7 0.0%
Renewable Sources? .................. 37 41 42 43 43 43 42 0.1%
Other® ... ... ... . 3 3 3 3 4 4 3 0.2%
Total ....... ... 259 270 278 289 299 299 291 0.3%
Sales to Utilities .. .................... 119 121 124 125 127 127 126 0.2%
GenerationforOwnUse ................ 140 149 155 163 172 172 165 0.4%
NetImports ® .......................... 38 38 39 33 30 27 27 -1.4%
Electricity Sales by Sector
Residential ............ ... ... ... ... .... 1042 1079 1164 1258 1350 1449 1548 1.5%
Commercial ........... .. ... . . ... 954 988 1053 1125 1200 1268 1304 1.2%
Industrial . ........ .. ... . . .. 1013 1014 1083 1186 1282 1343 1392 1.3%
Transportation . ........................ 17 17 19 32 46 55 64 5.6%
Total ... 3026 3098 3318 3601 3877 4115 4308 1.4%
End-Use Prices (1996 cents per kilowatthour) *
Residential ............ ... ... ... ... .... 8.5 8.4 7.8 7.5 7.3 7.0 6.8 -0.9%
Commercial ........... .. ... . . .. 7.6 7.6 7.2 6.8 6.5 6.1 6.0 -1.0%
Industrial . ........ ... ... .. 4.8 4.6 4.3 4.1 3.9 3.6 3.5 -1.1%
Transportation ......................... 5.2 5.2 5.0 4.7 4.5 4.3 4.2 -0.9%
All Sectors Average ............... ... 7.0 6.9 6.5 6.1 5.9 5.6 5.5 -1.0%

*Includes grid-connected generation at all utilities and nonutilities except for cogenerators. Includes small power producers, exempt wholesale generators, and generators at

industrial and commercial facilities which provide electricity for on-site use and for sales to utilities.

2Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar, and wind power.

3Cogenerators produce electricity and other useful thermal energy. Includes sales to utilities and generation for own use.

“Other gaseous fuels include refinery and still gas.

°Other includes hydrogen, sulfur, batteries, chemicals, fish oil, and spent sulfite liquor.

°In 1996 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

"Prices represent average revenue per kilowatthour.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1995 and 1996 commercial and transportation sales derived from: Total transportation plus commercial sales come from Energy Information Administration (EIA), State
Energy Data Report 1994. Online. ftp:/ftp.eia.doe.gov/pub/state data/021494.pdf (August 26, 1997), but individual sectors do not match because sales taken from commercial and
placed in transportation, according to Oak Ridge National Laboratories, Transportation Energy Data Book 16 (July 1996) which indicates the transportation value should be higher.
1995 and 1996 generation by electric utilities, nonutilities, and cogenerators, net electricity imports, residential sales, and industrial sales: EIA, Annual Energy Review 1996, DOE/EIA-
0384(96) (Washington, DC, July 1997). 1995 and 1996 residential electricity prices derived from EIA, Short Term Energy Outlook, August 1997, Online.

http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21, 1997). 1995 and 1996 electricity prices for commercial, industrial, and transportation; price

components; and projections:  EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.

112 Energy Information Administration/ Annual Energy Outlook 1998



Reference Case Forecast

Table A9. Electricity Generating Capability
(Thousand Megawatts)

Reference Case é?:;g:
S
Net Summer Capability 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Electric Generators 2
Capability
CoalSteam ................. 305.5 305.3 296.8 302.1 304.6 316.0 323.6 0.2%
Other Fossil Steam® . .......... 139.3 138.1 121.3 103.6 101.0 97.1 96.0 -1.5%
Combined Cycle .. ............ 14.7 15.3 27.7 71.3 106.5 154.9 186.5 11.0%
Combustion Turbine/Diesel .. ... 55.4 80.0 140.4 176.2 191.4 210.1 2219 4.3%
Nuclear Power ............... 99.6 100.8 95.6 86.8 80.4 63.9 49.2 -2.9%
Pumped Storage ............. 19.9 19.9 19.9 19.9 19.9 19.9 19.9 N/A
FuelCells ................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
Renewable Sources* .......... 88.5 88.6 91.3 92.9 93.6 94.7 95.7 0.3%
Total ........ .. ... ... 722.9 748.0 792.8 852.7 897.3 956.7 992.8 1.2%
Cumulative Planned Additions °
CoalSteam ................. 1.2 2.4 3.2 3.2 4.7 4.7 4.7 3.0%
Other Fossil Steam® ........... 0.0 0.0 0.1 0.1 0.1 0.1 0.1 2.2%
Combined Cycle .............. 1.4 2.0 2.7 2.7 3.0 3.0 3.0 1.5%
Combustion Turbine/Diesel .. ... 2.8 3.8 5.2 5.2 5.2 5.2 5.2 1.3%
Nuclear Power ............... 0.0 1.2 1.2 1.2 1.2 1.2 1.2 N/A
Pumped Storage ............. 1.1 1.1 1.1 1.1 1.1 1.1 1.1 N/A
FuelCells ................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
Renewable Sources* .......... 0.7 0.7 29 3.1 3.2 3.2 3.2 6.3%
Total ............ .. ....... 7.4 11.3 16.3 16.6 18.5 18.5 185 2.1%
Cumulative Unplanned Additions  ®
CoalSteam ................. 0.0 0.0 0.0 13.3 16.9 32.1 45.4 N/A
Other Fossil Steam® . .......... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
Combined Cycle . ............. 0.0 0.0 11.1 54.7 89.7 138.1 169.7 N/A
Combustion Turbine/Diesel . ... . 0.0 23.6 82.7 119.1 134.6 154.5 166.3 8.5%
Nuclear Power ............... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
Pumped Storage . ............ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
FuelCells ................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
Renewable Sources® .......... 0.4 0.5 0.7 2.0 2.8 4.2 5.4 10.8%
Total ............ .. ....... 0.4 241 94.4 189.1 244.0 328.9 386.7 12.3%
Cumulative Total Additions ... .. 7.8 354 110.8 205.6 262.5 347.4 405.2 10.7%
Cumulative Retirements ¢ .. .. ... 11.9 14.4 45.9 80.1 92.4 117.1 138.8 9.9%
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Reference Case Forecast

Table A9. Electricity Generating Capability (Continued)
(Thousand Megawatts)

Reference Case énn\,ﬁ:
I ro
Net Summer Capability 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Cogenerators ’
Capability

Coal ...... ... . i 7.1 7.1 7.3 7.5 7.7 7.7 7.7 0.3%
Petroleum .. .......... ... ... 1.0 1.0 1.1 1.1 1.2 1.2 1.2 0.6%
NaturalGas ................. 27.4 28.0 30.5 31.6 32.7 32.7 31.9 0.5%
Other Gaseous Fuels . ......... 1.1 1.2 1.1 11 1.1 1.1 11 -0.1%
Renewable Sources® .......... 5.8 5.8 6.4 6.5 6.6 6.6 6.4 0.4%

Other ................coou.. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
Total ........ ... 42.4 43.0 46.4 47.9 49.3 49.3 48.3 0.5%
Cumulative Additions > ......... 7.4 8.1 11.4 12.9 14.4 14.3 13.4 2.1%

*Net summer capability is the steady hourly output that generating equipment is expected to supply to system load (exclusive of auxiliary power), as demonstrated by tests during

summer peak demand.
2Includes grid-connected utilities and nonutilities except for cogenerators. Includes small power producers, exempt wholesale generators, and generators at industrial and
commercial facilities which produce electricity for on-site use and sales to utilities.

3Includes oil-, gas-, and dual-fired capability.

“Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar and wind power.

SCumulative additions after December 31, 1995. Non-zero utility planned additions in 1995 indicate units operational in 1995 but not supplying power to the grid.

SCumulative total retirements from 1990.

"Nameplate capacity is reported for nonutilities on Form EIA-867, “Annual Power Producer Report.” Nameplate capacity is designated by the manufacturer. The nameplate capacity
has been converted to the net summer capability based on historic relationships.

N/A = Not applicable.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility geneators for AEO98. Net summer capacity
is used to be consistent with electric utility capacity estimates. Data for electric utility capacity are the most recent dataavailable as of August 25, 1997. Therefore, capacity estimates
may differ from other Energy Information Administration sources.

Sources: 1995 and 1996 net summer capability at electric utilities and planned additions: Energy Information Administration (EIA), Form EIA-860, “Annual Electric Generator
Report.” Net summer capability for nonutilities and cogeneration in 1995 and 1996 and planned additions estimatedbased on EIA, Form EIA-867, “Annual Nonutility Power Producer
Report.” Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.

114 Energy Information Administration/ Annual Energy Outlook 1998



Reference Case Forecast

Table A10. Electricity Trade
(Billion Kilowatthours, Unless Otherwise Noted)

Reference Case énnvl\j/tar:
- ro
Electricity Trade 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Interregional Electricity Trade
Gross Domestic Firm Power Sales ... ...... 155.0 173.4 149.3 139.2 139.2 139.2 139.2 -0.9%
Gross Domestic Economy Sales .......... 93.2 79.5 74.5 67.7 78.3 79.7 86.6 0.4%
Gross Domestic Trade . ............... 248.2 252.9 223.9 207.0 217.5 218.9 225.8 -0.5%
Gross Domestic Firm Power Sales
(million 1996 dollars) . ................. 7194.8 8050.2 6932.3 6462.9 6462.9 6462.9 6462.9 -0.9%
Gross Domestic Economy Sales
(million 1996 dollars) . ................. 2483.8 1812.7 1514.1 1446.9 1747.9 1712.8 1905.6 0.2%
Gross Domestic Sales
(million 1996 dollars) . ............... 9678.5 9862.9 8446.4 7909.8 8210.8 8175.6 8368.5 -0.7%
International Electricity Trade
Firm Power Imports From Canada and Mexico* 30.3 26.1 32.0 17.8 17.8 17.8 17.8 -1.6%
Economy Imports From Canada and Mexico* . 18.0 20.7 22.2 35.7 33.6 30.1 30.1 1.6%
Gross Imports From Canada and Mexico .* 48.3 46.8 54.2 53.4 51.4 47.9 47.9 0.1%
Firm Power Exports To Canada and Mexico . . 3.4 2.8 8.3 134 13.4 13.4 134 6.7%
Economy Exports To Canada and Mexico . . . 7.2 6.4 6.4 7.0 7.7 7.7 7.7 0.7%
Gross Exports To Canada and Mexico . . .. 10.7 9.3 14.7 20.3 21.0 21.0 21.0 3.5%

"Historically electric imports were primarily from renewable resources, principally hydroelectric.

Note: Totals may not equal sum of components due to independent rounding. Firm Power Sales are capacity sales, meaning the delivery of the power is scheduled as part of
the normal operating conditions of the affected electric systems. Economy Sales are subject to curtailment or cessation of delivery by the supplier inaccordance with prior agreements
or under specified conditions.

Sources: 1995 and 1996 interregional electricity trade data: Energy Information Administration (EIA), Bulk Power Data System. 1995 and 1996 international electricity trade data:
DOE Form FE-718R, “Annual Report of International Electrical Export/Import Data.” Firm/economy share: National Energy Board, Annual Report 1993. Planned interregional and
international firm power sales: DOE Form IE-411, “Coordinated Bulk Power Supply Program Report,” April 1995. Projections: EIA, AEO98 National Energy Modeling System run
AEO98B.D100197A.
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Reference Case Forecast

Table Al1l. Petroleum Supply and Disposition Balance
(Million Barrels per Day, Unless Otherwise Noted)

Reference énnu?rll
. - row
Supply and Disposition 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Crude Oil
Domestic Crude Production® ............. 6.56 6.48 6.17 5.82 5.57 5.24 4.92 -1.1%
Alaska ......... ... ... 1.48 1.40 1.13 0.93 0.75 0.60 0.48 -4.3%
Lower48States .. ......... .. ... ... 5.08 5.08 5.04 4.89 4.82 4.64 4.44 -0.6%
Netlmports ............. ... ... .. ..... 7.14 7.40 8.75 10.14 10.67 11.22 11.65 1.9%
Other Crude Supply? ................... 0.28 0.33 0.00 0.00 0.00 0.00 0.00 N/A
Total Crude Supply .. ..... .. ...t 13.98 14.21 14.92 15.96 16.24 16.46 16.58 0.6%
Natural Gas Plant Liquids ~ ............... 1.76 1.83 1.87 2.02 2.24 2.35 2.47 1.3%
Otherlnputs . ......... ... 0.49 0.39 0.32 0.29 0.25 0.22 0.20 -2.7%
Refinery Processing Gain *............... 0.77 0.84 0.86 0.89 0.89 0.87 0.82 -0.1%
Net Product Imports ® ................... 0.75 1.10 1.42 1.96 3.00 3.70 4.33 5.9%
Total Primary Supply © .................. 17.75 18.37 19.39 21.12 22.63 23.60 24.40 1.2%
Refined Petroleum Products Supplied
Motor Gasoline” ....................... 7.83 7.99 8.52 9.18 9.75 10.10 10.39 1.1%
JetFuelP ... .. ... ... ... .. ... ... ... 1.51 1.58 1.85 2.16 2.53 2.80 3.03 2.8%
Distillate Fuel® ........................ 3.23 3.32 3.61 3.88 4.09 4.19 4.25 1.0%
Residual Fuel ........... .. ... ... .. ... 0.85 0.90 0.81 0.81 0.88 0.93 0.99 0.4%
Other™ ... ... . ... . . 4.34 4.66 4.82 511 5.45 5.64 5.72 0.9%
Total ... 17.73 18.44 19.62 21.15 22.70 23.65 24.39 1.2%
Refined Petroleum Products Supplied
Residential and Commercial .. ............ 1.15 1.13 111 1.09 1.09 1.09 1.08 -0.2%
Industrial™ . .......... ... ... ... 4.58 4.87 5.02 5.33 5.65 5.82 5.89 0.8%
Transportation ........................ 11.79 12.11 13.26 14.57 15.81 16.60 17.27 1.5%
Electric Generators™ . .................. 0.30 0.33 0.24 0.16 0.16 0.14 0.14 -3.5%
Total ... . 17.73 18.44 19.62 21.15 22.70 23.65 24.39 1.2%
Discrepancy ** ... ... -0.01 -0.08 -0.23 -0.03 -0.08 -0.05 0.01 N/A
World Oil Price (1996 dollars per barrel) **. 17.58 20.48 19.11 20.19 20.81 21.48 22.32 0.4%
Import Share of Product Supplied ......... 0.44 0.46 0.52 0.57 0.60 0.63 0.66 1.5%
Net Expenditures for Imported Crude Oil and
Products (billion 1996 dollars)  .......... 50.34 62.27 71.35 90.49 106.39 120.20 133.54 3.2%
Domestic Refinery Distillation Capacity e 15.4 15.4 15.9 16.8 17.1 17.4 17.5 0.5%
Capacity Utilization Rate (percent) ........ 92.0 94.0 94.1 95.1 95.2 95.2 95.2 0.1%

‘Includes lease condensate.

2Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude products supplied.

3Includes alcohols, ethers, petroleum product stock withdrawals, domestic sources of blending components, and other hydrocarbons.

“Represents volumetric gain in refinery distillation and cracking processes.

®Includes net imports of finished petroleum products, unfinished oils, other hydrocarbons, alcohols, ethers, and blending components.

Total crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net petroleum imports.

“Includes ethanol and ethers blended into gasoline.

8Includes naphtha and kerosene types.

°Includes distillate and kerosene.

“Includes aviation gasoline, liquefied petroleum gas, petrochemical feedstocks, lubricants, waxes, asphalt, road oil, still gas, special naphthas, petroleum coke, crude oil product
supplied, and miscellaneous petroleum products.

“Includes consumption by cogenerators.

Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

*Balancing item. Includes unaccounted for supply, losses and gains.

““Average refiner acquisition cost for imported crude oil.

N/A = Not applicable.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1995 and 1996 expenditures for imported crude oil and petroleum products based on internal calculations. 1995 and 1996 product supplied data from Table A2. Other
1995 data: Energy Information Administration (EIA), Petroleum Supply Annual 1995, DOE/EIA-0340(95) (Washington, DC, May 1996). Other 1996 data: EIA, Petroleum Supply
Annual 1996, DOE/EIA-0340(96) (Washington, DC, June 1997). Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A12. Petroleum Product Prices
(1996 Cents per Gallon, Unless Otherwise Noted)

Reference énnuzl]
row
Sector and Fuel 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
World Oil Price (1996 dollars per barrel) ... .. 17.58 20.48 19.11 20.19 20.81 21.48 22.32 0.4%
Delivered Sector Product Prices
Residential
Distillate Fuel .......... ... .. ... .. ... 88.6 98.4 99.2 103.5 104.8 106.0 107.0 0.3%
Liquefied Petroleum Gas ................ 90.3 100.0 99.8 105.4 107.5 107.3 108.5 0.3%
Commercial
Distillate Fuel .. ........... ... ... ..... 62.3 73.1 72.5 76.8 78.3 79.7 81.3 0.4%
Residual Fuel ......................... 48.2 48.4 44.5 45.7 47.3 49.2 50.9 0.2%
Residual Fuel (1996 dollars per barrel) . . .. .. 20.26 20.35 18.68 19.21 19.85 20.65 21.36 0.2%
Industrial *
Distillate Fuel ......................... 65.5 76.3 72.7 77.2 79.6 81.5 84.2 0.4%
Liquefied Petroleum Gas ................ 57.3 67.3 51.6 57.0 58.4 57.3 58.8 -0.6%
Residual Fuel ......................... 39.6 45.0 40.4 42.3 45.2 47.2 50.1 0.5%
Residual Fuel (1996 dollars per barrel) . . . . .. 16.63 18.88 16.98 17.79 18.97 19.80 21.04 0.5%
Transportation
Diesel Fuel (distillate)® .................. 114.1 123.5 118.4 121.3 119.4 119.3 118.2 -0.2%
JetFuelP ... .. ... ... ... ... ... ... 56.5 74.6 69.1 75.3 79.0 81.7 84.6 0.5%
Motor Gasoling® ....................... 117.6 1225 121.2 124.7 126.0 126.6 126.8 0.1%
Residual Fuel ......................... 34.8 38.2 39.1 42.7 46.0 47.0 49.7 1.1%
Residual Fuel (1996 dollars per barrel) . . .. .. 14.63 16.04 16.41 17.95 19.32 19.75 20.88 1.1%
Electric Generators °
Distillate Fuel .. ....................... 55.6 68.0 67.1 71.6 73.9 75.9 78.2 0.6%
Residual Fuel ......................... 40.2 45.9 44.2 48.0 51.9 53.9 56.4 0.9%
Residual Fuel (1996 dollars per barrel) . . .. .. 16.87 19.27 18.55 20.15 21.78 22.64 23.70 0.9%
Refined Petroleum Product Prices ¢
Distillate Fuel ......................... 98.1 108.7 106.1 109.8 109.2 109.7 109.6 0.0%
JetFuelP ... ... ... ... ... ... ... ... 56.5 74.6 69.1 75.3 79.0 81.7 84.6 0.5%
Liquefied Petroleum Gas ................ 63.7 73.6 61.5 67.7 69.8 69.4 71.1 -0.1%
Motor Gasoling® ....................... 117.6 1225 121.0 1245 125.9 126.4 126.7 0.1%
Residual Fuel .. ....................... 38.4 42.5 40.9 43.7 46.7 48.0 50.5 0.7%
Residual Fuel (1996 dollars per barrel) . . . . .. 16.12 17.87 17.19 18.35 19.63 20.15 21.23 0.7%
AVErage . ... 95.0 102.8 99.8 103.8 104.9 105.4 106.0 0.1%

Includes cogenerators. Includes Federal and State taxes while excluding county and state taxes.

2 Low sulfur diesel fuel. Includes Federal and State taxes while excluding county and local taxes.

SKerosene-type jet fuel.

“Sales weighted-average price for all grades. Includes Federal and State taxes while excluding county and local taxes.

®Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

“Weighted averages of end-use fuel prices are derived from the prices in each sector and the corresponding sectoral consumption.

Sources : 1995 prices for gasoline, distillate, and jet fuel are based on prices in the Energy Information Administration (EIA), Petroleum Marketing Annual 1995. Online.
http://www.eia.doe.gov/oil-gas/pmal/pmaframe.html (May 30, 1997). 1996 prices for gasoline, distillate, and jet fuel are based on prices invarious issues of EIA, Petroleum Marketing
Monthly, DOE/EIA-0380(96/03-97/04) (Washington, DC, 1996-97). 1995 and 1996 prices for all other petroleum pioducts are derived from EIA, State Energy Price and Expenditures
Report: 1994, DOE/EIA-0376(94) (Washington, DC, June 1997). Projections : EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A13. Natural Gas Supply and Disposition
(Trillion Cubic Feet per Year)

Reference énnu?rll
. - row
Supply and Disposition 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Production
Dry Gas Production® . ................... 18.60 19.02 20.27 22.25 24.70 26.12 27.44 1.5%
Supplemental Natural Gas? .............. 0.11 0.12 0.11 0.11 0.05 0.05 0.05 -3.6%
Netlmports .............. .. ... .. ..... 2.69 2.72 3.84 4.02 4.28 4.64 4.91 2.5%
Canada ...........iiii 2.79 2.76 3.86 3.89 413 4.50 4.80 2.3%
MEXICO ..ot -0.05 -0.02 -0.13 -0.14 -0.15 -0.15 -0.17 9.5%
Liquefied NaturalGas . . .. ............... -0.05 -0.03 0.12 0.27 0.29 0.29 0.29 N/A
Total Supply ... .. 21.40 21.86 24.23 26.39 29.03 30.81 32.41 1.7%
Consumption by Sector
Residential ............. ... ... .. .. ... 4.84 5.23 5.20 5.31 5.47 5.66 5.80 0.4%
Commercial .............. ... ... ...... 3.03 3.20 3.37 3.52 3.65 3.74 3.75 0.7%
Industrial® ............................ 8.41 8.60 9.29 9.39 9.75 9.75 9.70 0.5%
Electric Generators® . ................... 3.37 2.98 4.05 5.57 7.22 8.52 9.85 5.1%
Lease and PlantFuel® .................. 1.22 1.25 1.35 1.45 1.59 1.68 1.76 1.5%
Pipeline Fuel ............ ... ... ... .... 0.70 0.71 0.78 0.82 0.93 0.96 1.00 1.4%
Transportation® . .. ..................... 0.01 0.01 0.05 0.15 0.23 0.29 0.33 15.8%
Total ... . 21.58 21.99 24.08 26.22 28.84 30.61 32.20 1.6%
DIiSCrepancy .. ..o -0.18 -0.12 0.15 0.17 0.19 0.20 0.21 N/A

*Marketed production (wet) minus extraction losses.

2Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural
gas.

SIncludes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

*Represents natural gas used in the field gathering and processing plant machinery.

SCompressed natural gas used as vehicle fuel.

"Balancing item. Natural gas lost as aresult of converting flow data measured at varying temperatures and pressures to a standard temperature and pressure and the merger of
different data reporting systems which vary in scope, format, definition, and respondent type. In addition, 1995 and 1996 values include net storage injections.

Btu = British thermal unit.

N/A = Not applicable.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1995 and 1996 may differ from published data due to internal conversion factors.

Sources: 1995 supply values and consumption as lease, plant, and pipeline fuel: Energy Information Administration (EIA), Natural Gas Annual 1995, DOE/EIA-0131(95)
(Washington, DC, November 1996). Other 1995 consumption derived from: EIA, State Energy Data Report 1994, Online. ftp:/ftp.eia.doe.gov/pub/state.data/021497.pdf (August
26, 1997). 1996 supplemental natural gas: EIA, Natural Gas Monthly, DOE/EIA-0130(97/6) (Washington, DC, June 1997). 1996 imports and dry gas production derived from: EIA,
Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, November 1997). 1996 transportation sector consumption: EIA, AEO98 National Energy Modeling System run
AE098B.D100197A. Other 1996 consumption: EIA, Short-Term Energy Outlook August 1997. Online. http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21,
1997) with adjustments to end-use sector consumption levels for consumption of natural gas by electric wholesale generators based on EIA, AEO98 National EnergyModeling System
run AEO98B.D100197A. Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A14. Natural Gas Prices, Margins, and Revenues
(1996 Dollars per Thousand Cubic Feet, Unless Otherwise Noted)

Reference é?:vl\’:;:
Prices, Margins, and Revenue 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Source Price
Average Lower 48 Wellhead Price* ........ 1.61 2.24 2.11 2.15 231 2.38 2.54 0.5%
Average Import Price . .................. 1.53 1.98 1.96 2.14 2.32 2.40 2.56 1.1%
Average? ... ... 1.60 2.21 2.08 2.15 231 2.38 2.54 0.6%
Delivered Prices
Residential ........... ... .. ... .. .. ... 6.25 6.37 5.93 571 5.58 5.47 5.60 -0.5%
Commercial . .......... ... ... . . 5.22 5.43 5.02 4.85 4.79 4.76 491 -0.4%
Industrial® . ............ ... ... .. 2.43 3.05 2.81 2.85 3.01 3.09 3.26 0.3%
Electric Generators® . ................... 2.08 2.70 2.54 2.69 291 3.04 3.22 0.7%
Transportation® . . ...................... 5.57 5.57 5.62 5.89 6.79 7.26 7.61 1.3%
Average® .. ... 3.73 4.25 3.85 3.76 3.80 3.83 3.97 -0.3%
Transmission and Distribution Margins 7
Residential . ......... ... ... ... ... ... 4.65 4.17 3.85 3.56 3.27 3.09 3.05 -1.3%
Commercial . .......... . 3.62 3.23 2.93 2.70 2.48 2.38 2.37 -1.3%
Industrial® ............... .. ... ... ... 0.83 0.84 0.73 0.70 0.71 0.70 0.71 -0.7%
Electric Generators® .................... 0.48 0.49 0.45 0.54 0.60 0.66 0.68 1.3%
Transportation® . . ...................... 3.97 3.36 3.54 3.74 4.48 4.88 5.06 1.7%
Average® ... ... 2.13 2.04 1.76 1.61 1.49 1.44 1.43 -1.5%
Transmission and Distribution Revenue
(billion 1996 dollars)
Residential ........... ... ... ... .. ... 22.51 21.81 20.00 18.93 17.91 17.48 17.70 -0.9%
Commercial ........... .. ... . . ... 10.94 10.34 9.88 9.50 9.05 8.88 8.87 -0.6%
Industrial® . ........ ... ... ... 7.02 7.23 6.75 6.60 6.89 6.87 6.92 -0.2%
Electric Generators® .................... 1.62 1.47 1.83 3.00 4.32 5.63 6.69 6.5%
Transportation® . . . ........... i 0.04 0.03 0.16 0.56 1.04 1.43 1.68 17.8%
Total ... 42.13 40.88 38.64 38.60 39.21 40.29 41.87 0.1%

'Represents lower 48 onshore and offshore supplies.

2Quantity-weighted average of the average lower 48 wellhead price and the average price of imports at the U.S. border.

3Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

SCompressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.

SWeighted average prices and margins. Weights used are the sectoral consumption values excluding lease, plant, and pipeline fuel.

"Within the table, “transmission and distribution” margins equal the difference between the delivered price and the source price (average of the wellhead price and the price of
imports at the U.S. border) of natural gas and, thus, reflect the total cost of bringing natural gas to market. When the term “transmission and distribution” margins is used in today's
natural gas market, it generally does not include the cost of independent natural gas marketers or costs associated with aggregation of supplies, provisions of storage, and other
services. As used here, the term includes the cost of all services and the cost of pipeline fuel used in compressor stations.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1995 residential, commercial, and transportation delivered prices; average lower 48 wellhead price; and average import price: Energy Information Administration (EIA),
Natural Gas Annual 1995, DOE/EIA-0131(95) (Washington, DC, November 1996). 1995 electric generators delivered price: Form FERC-423, “Monthly Report of Cost and Quality
of Fuels for Electric Plants". 1995 and 1996 industrial delivered prices based on EIA, Manufacturing Energy Consumption Survey 1991. 1996 residential and commercial delivered
prices, average lower 48 wellhead price, and average import price: EIA, Natural Gas Monthly, DOE/EIA-0130(97/06) (Washington, DC, June 1997). Other 1995 values, other 1996
values, and projections:  EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A15. Oil and Gas Supply

Reference én"uﬁi
. row
Production and Supply 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Crude Oil
Lower 48 Average Wellhead Price *
(1996 dollars perbarrel) ................ 15.96 19.41 19.12 20.52 21.08 21.01 21.58 0.4%
Production (million barrels per day) 2
US.Total ........ .. ... .. 6.56 6.48 6.17 5.82 5.57 5.24 4.92 -1.1%
Lower48Onshore ..................... 3.82 3.76 3.39 3.13 3.15 3.13 3.09 -0.8%
Conventional ........................ 3.16 3.15 2.81 2.47 2.36 2.35 241 -1.1%
Enhanced Oil Recovery ................ 0.66 0.61 0.58 0.66 0.79 0.78 0.68 0.5%
Lower 48 Offshore ..................... 1.26 1.32 1.65 1.75 1.67 1.52 1.35 0.1%
Alaska ......... .. 1.48 1.40 1.13 0.93 0.75 0.60 0.48 -4.3%
Lower 48 End of Year Reserves
(billion barrels) ......... ... ... ... ... .. 17.03 16.82 15.25 14.69 14.87 14.67 14.33 -0.7%
Natural Gas
Lower 48 Average Wellhead Price *
(1996 dollars per thousand cubic feet) e 1.61 2.24 2.11 2.15 2.31 2.38 2.54 0.5%
Production (trillion cubic feet) 3
US.Total .......... ... . ... 18.60 19.01 20.27 22.25 24.70 26.12 27.44 1.5%
Lower48Onshore ..................... 12.82 13.07 13.90 15.30 17.33 18.72 18.99 1.6%
Associated-Dissolved® ................. 1.80 1.84 1.69 1.39 1.27 1.21 1.19 -1.8%
Non-Associated . ..................... 11.02 11.23 12.21 13.91 16.06 17.51 17.81 1.9%
Conventional ....................... 7.97 7.96 8.74 10.18 11.77 12.44 12.32 1.8%
Unconventional ..................... 3.05 3.27 3.47 3.73 4.30 5.08 5.49 2.2%
Lower 48 Offshore ..................... 5.35 5.50 5.88 6.43 6.81 6.81 7.83 1.5%
Associated-Dissolved* ................. 0.77 0.80 0.89 0.93 0.92 0.89 0.85 0.3%
Non-Associated ...................... 4.58 4.70 4.99 5.49 5.89 5.92 6.98 1.7%
Alaska ......... .. 0.43 0.43 0.49 0.53 0.56 0.59 0.62 1.5%
Lower 48 End of Year Reserves
(trillion cubic feet) .................... 155.65 157.23 172.04 187.25 196.33 196.28 185.11 0.7%
Supplemental Gas Supplies (trillion cubic ft.) °> 0.11 0.12 0.11 0.11 0.05 0.05 0.05 -3.6%
Total Lower 48 Wells (thousands) ......... 18.51 21.75 22.18 25.30 28.19 29.39 32.04 1.6%

Ft. = feet.

'Represents lower 48 onshore and offshore supplies.

2Includes lease condensate.

3Market production (wet) minus extraction losses.

“Gas which occurs in crude oil reserves either as free gas (associated) or as gas in solution with crude oil (dissolved).

°*Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural
gas.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1995 and 1996 may differ from published data due to internal conversion factors.

Sources : 1995 lower 48 onshore, lower 48 offshore, Alaska crude oil production: Energy Information Administration (EIA), Petroleum Supply Annual 1995, DOE/EIA-0340(95)/1
(Washington, DC, May 1996). 1995 U.S. crude oil and natural gas reserves: EIA, U.S. Crude Oil, Natural Gas, and Natural Gas Liquids Reserves, DOE/EIA-0216(95) (Washington,
DC, November 1996). 1995 natural gas lower 48 average wellhead price. EIA, Natural Gas Annual 1995, DOE/EIA-0131(95) (Washington, DC, November 1996). 1995 and 1996
crude oil lower 48 average wellhead price: EIA, Office of Integrated Analysis and Forecasting. 1995 and 1996 total wells completed: EIA, Office of Integrated Analis and Forecasting.
1996 lower 48 onshore, lower 48 offshore, Alaska crude oil production: EIA, Petroleum Supply Annual 1996, DOE/EIA-0340(96) (Washington, DC, June 1997). 1996 natural gas
lower 48 average wellhead price, Alaska and total natural gas production, and supplemental gas supplies. EIA, Natural Gas Monthly, DOE/EIA-0130(97/06) (Washington, DC, June
1997). Other 1995 and 1996 values: EIA, Office of Integrated Analysis and Forecasting. Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.

120 Energy Information Administration/ Annual Energy Outlook 1998



Reference Case Forecast

Table A16. Coal Supply, Disposition, and Prices
(Million Short Tons per Year, Unless Otherwise Noted)

Reference Case (Asnnu?rll
. - ) row
Supply, Disposition, and Prices 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Production *
Appalachia . ......... ... ... ... .. ... 435 452 491 506 505 505 513 0.5%
Interior . ... 169 173 183 176 177 167 166 -0.2%
West . . ... 430 439 471 525 583 654 697 1.9%
East of the Mississippi .. ................ 544 564 603 608 602 609 623 0.4%
West of the Mississippi .. ................ 488 500 541 599 663 717 754 1.7%
Total ... 1033 1064 1145 1207 1265 1326 1376 1.1%
Net Imports
Imports . ... 7 7 7 8 8 8 8 0.4%
EXports ... 88 90 94 104 112 119 128 1.4%
Total ... . -81 -83 -87 -96 -104 -112 -120 1.5%
Total Supply 2 ... . 952 981 1058 1111 1161 1215 1256 1.0%
Consumption by Sector
Residential and Commercial . ............. 6 6 6 6 6 7 6 0.4%
Industrial® . .......... ... ... ... ..... 72 70 71 7 81 81 81 0.6%
CokePlants ............ ... .. ... .... 33 32 31 28 26 24 23 -1.4%
Electric Generators® .. .................. 847 896 950 1000 1049 1103 1147 1.0%
Total ... 958 1003 1058 1112 1162 1215 1257 0.9%
Discrepancy and Stock Change .° ......... -6 -23 -1 -1 -1 -0 -1 N/A
Average Minemouth Price
(1996 dollars per shortton) ............... 19.25 18.50 17.45 16.18 15.05 13.99 13.27 -1.4%
(1996 dollars per million Btu) ... ........... 0.90 0.87 0.82 0.76 0.72 0.67 0.64 -1.3%
Delivered Prices (1996 dollars per short ton) ¢
Industrial .......... ... ... .. . ... .. ... 33.14 32.28 31.03 29.92 29.29 28.90 28.57 -0.5%
CokePlants ............ ... .. ... .. 48.39 47.33 47.16 45.90 45.10 44,78 44.61 -0.2%
Electric Generators
(1996 dollars per shortton) ............. 27.61 26.45 24.71 23.37 22.09 20.72 19.52 -1.3%
(1996 dollars per millionBtu) ............ 1.35 1.29 1.20 1.14 1.09 1.03 0.97 -1.2%
Average . ... 28.75 27.52 25.80 24.40 23.12 21.76 20.56 -1.2%
EXPOMS’ ittt 41.17 40.77 38.37 36.40 35.02 33.75 32.47 -0.9%

!Includes anthracite, bituminous coal, and lignite.

2Production plus net imports and net storage withdrawals.

3Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

Balancing item: the sum of production, net imports, and net storage minus total consumption.

“Sectoral prices weighted by consumption tonnage; weighted average excludes residential/ commercial prices and export free-alongside-ship (f.a.s.) prices.

7 F.a.s. price at U.S. port of exit.

N/A = Not applicable.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1995: Energy Information Administration (EIA), Coal Industry Annual 1995, DOE/EIA-0584(95) (Washington, DC, October 1996). 1996 data derived from: EIA, Coal
Industry Annual 1996, DOE/EIA-0584(96) (Washington, DC, November 1997). Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table Al17. Renewable Energy Generating Capability and Generation
(Thousand Megawatts, Unless Otherwise Noted)

Reference é?:uf:
. . W
Capacity and Generation 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Electric Generators *
(excluding cogenerators)
Net Summer Capability
Conventional Hydropower ............... 78.48 78.58 80.32 80.65 80.71 80.71 80.71 0.1%
Geothermal® . ......................... 3.02 3.02 3.02 2.93 2.92 2.87 2.94 -0.1%
Municipal Solid Waste® . . ................ 2.87 291 3.11 3.46 3.92 4.26 4.38 1.7%
Wood and Other Biomass* ............... 1.91 1.91 1.91 2.02 2.07 2.28 2.50 1.1%
SolarThermal . ........... ... ... .. ... 0.36 0.36 0.36 0.40 0.46 0.51 0.56 1.8%
Solar Photovoltaic ..................... 0.01 0.01 0.02 0.08 0.22 0.38 0.56 18.0%
Wind . ... 1.84 1.85 2.55 3.31 3.33 3.68 4.06 3.3%
Total ... 88.49 88.64 91.29 92.86 93.64 94.69 95.70 0.3%
Generation (billion kilowatthours)
Conventional Hydropower . .............. 309.82 346.28 316.00 318.16 318.67 318.76 318.82 -0.3%
Geothermal® . .............. ... ... 14.66 15.70 17.24 17.34 17.64 17.92 19.26 0.9%
Municipal Solid Waste® . ................. 18.69 18.85 20.76 23.14 26.32 28.68 29.52 1.9%
Wood and Other Biomass® . .............. 7.12 7.27 8.96 9.48 9.79 11.24 12.81 2.4%
SolarThermal .. ....................... 0.82 0.82 0.92 1.04 1.24 1.39 1.56 2.7%
Solar Photovoltaic . .................... 0.00 0.00 0.05 0.20 0.60 1.00 1.45 29.4%
Wind . ... 3.17 3.17 5.67 7.70 7.76 8.86 10.08 4.9%
Total ... 354.28 392.09 369.60 377.06 382.03 387.84 393.50 0.0%
Cogenerators °
Net Summer Capability
Municipal SolidWaste . ................. 0.41 0.41 0.43 0.45 0.46 0.47 0.48 0.7%
Biomass .......... 5.35 5.41 5.93 6.06 6.14 6.08 5.95 0.4%
Total ... 5.75 5.81 6.36 6.50 6.61 6.56 6.43 0.4%
Generation (billion kilowatthours)
Municipal SolidWaste . ................. 2.00 2.09 2.14 2.22 2.30 2.34 2.36 0.5%
Biomass . ... 34.85 39.17 39.67 40.48 41.00 40.55 39.65 0.1%
Total ... .. 36.85 41.25 41.81 42.70 43.29 42.89 42.01 0.1%

*Includes grid-connected utilities and nonutiliies other than cogenerators. These nonutility facilities include small power producers, exempt wholesale generators and generators
at industrial and commercial facilities which do not produce steam for other uses.

2Includes hydrothermal resources only (hot water and steam).

3Includes landfill gas.

“Includes projections for energy crops after 2010.

SCogenerators produce electricity and other useful thermal energy.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO98. Net summer
capability is used to be consistent with electric utility capacity estimates. Data for electric uility capacity are the most recently available as of August 25, 1997. Additional retirements
are also determined on the basis of the size and age of the units. Therefore, capacity estimates may differ from other Energy Information Administration sources.

Sources: 1995 and 1996 electric utility capability: Energy Information Administration (EIA), Form EIA-860“Annual Electric Utility Report,” 1995 and 1996 nonutility and cogenerator
capability: Form EIA-867, “Annual Nonutility Power Producer Report.” 1995 and 1996 generation: EIA, Annual Energy Review 1996, DOE/EIA-0384(96) (Washington, DC, July 1997).
Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A18. Renewable Energy, Consumption by Sector and Source  *
(Quadrillion Btu per Year)

Reference é””ut&}:

row

Sector and Source 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Marketed Renewable Energy 2

Residential .............. ... ... .. ..... 0.59 0.61 0.61 0.62 0.63 0.64 0.64 0.2%
Wood . ... 0.59 0.61 0.61 0.62 0.63 0.64 0.64 0.2%
Commercial ® ....... ... ... ... ....... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.1%
Biomass . ... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.1%
Industrial * ........ . ... 1.73 1.82 1.96 2.10 2.24 231 2.34 1.0%

Conventional Hydroelectric . . . ............ 0.03 0.03 0.03 0.03 0.03 0.03 0.03 N/A
Municipal Solid Waste .................. 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.8%
Biomass .......... ... i 1.70 1.78 1.92 2.07 2.20 2.27 2.30 1.1%
Transportation . ....................... 0.11 0.10 0.17 0.17 0.17 0.14 0.15 1.5%
Ethanol used iNE85° ................... 0.00 0.00 0.00 0.02 0.07 0.11 0.13 20.5%
Ethanol used in Gasoline Blending .. ....... 0.11 0.10 0.16 0.14 0.09 0.03 0.01 -8.3%
Electric Generators ©.................... 3.97 4.40 4.21 4.31 4.40 4.48 4.56 0.2%
Conventional Hydroelectric . . ............. 3.18 3.56 3.25 3.27 3.28 3.28 3.28 -0.3%
Geothermal ............. ... .. ... ... 0.39 0.43 0.48 0.50 0.52 0.53 0.58 1.2%
Municipal Solid Waste .................. 0.30 0.30 0.33 0.37 0.42 0.46 0.47 1.9%
Biomass . .......... 0.06 0.06 0.08 0.08 0.09 0.10 0.11 2.4%

SolarThermal . ........... ... ... .. ... 0.01 0.01 0.01 0.01 0.01 0.01 0.00 N/A
Solar Photovoltaic ..................... 0.00 0.00 0.00 0.00 0.01 0.01 0.01 29.4%
Wind .. ..o 0.03 0.03 0.06 0.08 0.08 0.09 0.10 4.9%
Total Marketed Renewable Energy  ........ 6.41 6.93 6.95 7.21 7.44 7.58 7.69 0.4%

Non-Marketed Renewable Energy ’
Selected Consumption

Residential ............ .. ... .. .. .. ... 0.02 0.02 0.03 0.04 0.05 0.06 0.07 5.0%
Solar Hot Water Heating . . .. ............. 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -0.3%
Geothermal Heat Pumps . ............... 0.01 0.01 0.02 0.03 0.04 0.05 0.06 7.1%
Commercial ......... .. .. 0.01 0.01 0.02 0.03 0.03 0.04 0.04 4.2%
SolarThermal . ........... .. ... .. .. ... 0.01 0.01 0.02 0.03 0.03 0.04 0.04 4.2%

*Actual heat rates used to determine fuel consumption for all renewable fuels except hydropower, solar, and wind. Consumption at hydroelectric, solar, and wind facilities
determined by using the fossil fuel equivalent of 10,280 Btu per kilowatthour.

?Includes nonelectric renewable energy groups for which the energy source is bought and sold in the marketplace, although all transactions may not necessarily be marketed,
and marketed renewable energy inputs for electricity entering the marketplace on the electric power grid. Excludes electricity imports; see Table A8.

3Value is less than 0.005 quadrillion Btu per year and rounds to zero.

“Includes all electricity production by industrial and other cogenerators for the grid and for own use.

°Excludes motor gasoline component of E85.

SIncludes renewable energy delivered to the grid from electric utilities and nonutilities. Renewable energy used in generating electricity for own use is included in the individual
sectoral electricity energy consumption values.

“Includes selected renewable energy consumption data for which the energy is not bought or sold, either directly or indirectly as an input to marketed energy. The Energy
Information Administration does not estimate or project total consumption of nonmarketed renewable energy.

N/A = Not applicable.

Btu = British thermal unit.

Notes: Totals may not equal sum of components due to independent rounding.

Sources: 1995 ethanol: Energy Information Administration (EIA), Annual Energy Review 1995, DOE/EIA-0384(95) (Washington, DC, July 1996). 1995 and 1996 electric
generators: EIA, Form EIA-860, "Annual Electric Utility Report" and EIA, Form EIA-867, "Annual Nonutility Power Producer Report." Other 1995: EIA, Office of Integrated Analysis
and Forecasting. 1996 ethanol: EIA, Petroleum Supply Annual 1996, DOE/EIA-0340(96/1) (Washington, DC, June 1997). Other 1996: EIA, Office of Integrated Analysis and
Forecasting. Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A19. Carbon Emissions by Sector and Source
(Million Metric Tons per Year)

Reference énnuﬁi
row
Sector and Source 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Residential
Petroleum . ........ ... .. 25.8 27.3 25.8 25.0 24.8 245 24.2 -0.5%
Natural Gas ..........ccviiiiinnnen... 717 77.4 77.0 78.7 81.1 83.8 85.9 0.4%
Coal .. 14 14 14 14 13 13 13 -0.3%
Electricity . ...... ... 170.1 179.9 201.3 215.9 230.9 248.8 267.5 1.7%
Total ... 269.0 286.0 305.6 321.0 338.1 358.5 379.0 1.2%
Commercial
Petroleum . ....... ... ... . 15.0 15.3 12.8 12.8 12.8 12.7 12.4 -0.9%
NaturalGas ..........c.cviiiiivninnnn.. 44.8 47.4 49.9 52.1 54.0 55.4 55.5 0.7%
Coal .. 2.1 2.1 2.2 2.3 2.4 25 25 0.8%
Electricity . ....... .. 155.7 164.8 182.2 193.1 205.1 217.8 225.5 1.3%
Total ... 217.6 229.6 247.1 260.4 274.4 288.4 296.0 1.1%
Industrial *
Petroleum . ........ ... ... . 97.4 104.8 103.3 109.7 115.6 119.3 120.3 0.6%
Natural Gas?. . ........coviviinnennn.n. 139.5 142.8 155.5 158.5 165.8 167.1 167.5 0.7%
Coal ... 62.1 59.3 60.7 62.3 62.8 61.7 60.7 0.1%
Electricity . ... 165.2 169.2 187.3 203.6 219.1 230.6 240.6 1.5%
Total ... 464.2 476.1 506.7 534.1 563.3 578.7 589.2 0.9%
Transportation
Petroleum . ....... ... ... 447.5 457.9 502.4 552.8 601.0 632.3 658.6 1.5%
Natural Gas® . ....................oo... 10.4 10.5 12.2 14.4 17.2 18.6 19.8 2.7%
Other* ... ... . . . 0.0 0.0 0.1 0.5 15 2.2 2.7 N/A
Electricity . ...... ... 2.7 2.8 3.2 5.5 7.8 9.5 11.0 5.8%
Total ... 460.6 471.2 517.9 573.3 627.5 662.7 692.1 1.6%
Total Carbon Emissions °
Petroleum . .......... .. ... 585.7 605.3 644.4 700.4 754.2 788.9 815.5 1.2%
NaturalGas ..., 266.4 278.1 294.6 303.7 318.1 324.9 328.7 0.7%
Coal .. 65.6 62.8 64.3 66.0 66.6 65.6 64.5 0.1%
Other* ... ... . .. 0.0 0.0 0.1 0.5 15 2.2 2.7 N/A
Electricity . ... 493.7 516.7 574.0 618.1 662.9 706.8 744.7 1.5%
Total ... 1411.4 1462.9 1577.3 1688.8 1803.2 1888.3 1956.2 1.2%
Electric Generators °©
Petroleum .. ...... ... ... .. 13.8 155 114 7.7 7.4 6.8 6.6 -3.5%
Natural Gas ..........c.ccviiiiinnan.. 47.2 40.3 59.6 82.0 106.3 125.4 145.0 5.5%
Coal ..o 432.7 460.9 503.0 528.4 549.3 574.5 593.1 1.1%
Total ... 493.7 516.7 574.0 618.1 662.9 706.8 744.7 1.5%
Total Carbon Emissions
Petroleum . ........ ... ... . 599.5 620.8 655.8 708.1 761.5 795.7 822.1 1.2%
NaturalGas ..., 313.6 3184 354.2 385.7 424.4 450.3 473.7 1.7%
Coal .. 498.3 523.7 567.3 594.4 615.9 640.1 657.7 1.0%
Other* ... ... . . . . 0.0 0.0 0.1 0.5 15 2.2 2.7 N/A
Total ... 1411.4 1462.9 1577.3 1688.8 1803.2 1888.3 1956.2 1.2%
Carbon Emissions
(tonsperperson) ..................... 5.4 5.5 5.7 5.9 6.0 6.1 6.0 0.4%

*Includes consumption by cogenerators.

2Includes lease and plant fuel.

3Includes pipeline fuel natural gas and compressed natural gas used as vehicle fuel.

“Includes methanol and liquid hydrogen.

SMeasured for delivered energy consumption.

fIncludes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

"Measured for total energy consumption, with emissions for electric power generators distributed to the primary fuels.

N/A = Not applicable

Note: Totals may not equal sum of components due to independent rounding.

Sources: Carbon coefficients from Energy Information Administration, (EIA) Emissions of Greenhouse Gases in the United States 1996, DOE/EIA-0573(96) (Washington,
DC, October 1997). 1995 consumption estimates derived from EIA, State Energy Data Report 1994, Online. ftp://ftp.eia.doe.gov/pub/state.data/021494.pdf (August 26, 1997).
1996 consumption estimates based on: EIA, Short Term Energy Outlook, August 1997, Online. http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21, 1997).
Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Reference Case Forecast

Table A20. Macroeconomic Indicators
(Billion 1992 Chain-Weighted, Dollars Unless Otherwise Noted)

Reference Annual
Indicators Growth
1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
GDP Chain-Type Price Index
(1992=1.000) . ...\ vti 1.078 1.102 1.208 1.379 1.600 1.891 2.262 3.0%
Real Gross Domestic Product  ............. 6742 6928 7653 8503 9431 10211 10900 1.9%
Real Consumption . ...................... 4595 4714 5220 5723 6349 6989 7626 2.0%
Real Investment ......................... 989 1067 1295 1500 1739 1934 2105 2.9%
Real Government Spending .. .............. 1252 1258 1301 1383 1498 1583 1640 1.1%
Real EXports . ...........oouiiinnunnann.. 791 857 1189 1746 2332 2849 3352 5.8%
Reallmports . . ... 890 971 1366 1847 2514 3283 4153 6.2%
Real Disposable Personal Income  .......... 4964 5077 5595 6182 6884 7560 8217 2.0%
Index of Manufacturing Gross Output
(index 1987=1.000) ............viuinn.n.. 1.264 1.299 1.425 1.629 1.851 1.992 2.125 2.1%
AA Utility Bond Rate (percent) .............. 7.76 7.57 7.16 7.17 7.21 7.64 8.27 N/A
Real Yield on Government 10 Year Bonds
(percent) . ... 5.23 4.99 4.29 3.83 3.58 3.69 3.97 N/A
Real Utility Bond Rate (percent) ............. 5.22 5.28 4.64 4.37 4.05 4.15 4.49 N/A
Delivered Energy Intensity
(thousand Btu per 1992 dollar of GDP)
Delivered Energy . ........... .. ... ..., 10.13 10.16 9.79 9.41 9.04 8.68 8.35 -0.8%
Total Energy .. .. ..o 13.52 13.57 13.05 12.45 11.90 11.34 10.89 -0.9%
Consumer Price Index (1982-84=1.00) . ....... 1.52 1.57 1.75 2.04 2.42 2.90 3.52 3.4%
Unemployment Rate (percent) .............. 5.60 5.38 5.38 5.79 5.51 5.55 5.66 N/A
Unit Sales of Light-Duty Vehicles (million) . .. 14.77 15.10 15.24 15.58 16.65 17.15 17.49 0.6%
Millions of People
Population with Armed Forces Overseas .. ... 263.6 266.1 275.6 287.1 298.9 311.2 3235 0.8%
Population (aged 16 and over) ............. 202.1 204.2 212.8 223.8 235.4 245.8 255.6 0.9%
Employment, Non-Agriculture .. ............ 117.2 119.5 128.1 1355 143.9 149.2 153.4 1.0%
Employment, Manufacturing ... ............ 18.5 18.5 18.1 17.9 17.5 16.4 15.2 -0.8%
LaborForce .......... .. .. ... . . ... 132.3 133.9 142.1 149.6 156.5 160.2 162.4 0.8%

GDP = Gross domestic product.

Btu = British thermal unit.

N/A = Not applicable.

Sources: 1995 and 1996: Data Resources Incorporated (DRI), DRI Trend0897. Projections: Energy Information Administration, AEO98 National Energy Modeling System run
AEO098B.D100197A.
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Reference Case Forecast

Table A21. International Petroleum Supply and Disposition Summary
(Million Barrels per Day, Unless Otherwise Noted)

Reference énnvlﬁ
. - ro
Supply and Disposition 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
World Oil Price (1996 dollars per barrel) *.. 17.58 20.48 19.11 20.19 20.81 21.48 22.32 0.4%
Production 2
OECD
US.(50states) . ... 9.31 9.37 9.11 8.96 8.94 8.73 8.48 -0.4%
Canada ...t 2.43 251 2.55 2.46 2.59 2.62 2.66 0.2%
MexXiCo . ... 3.19 3.28 3.20 3.24 3.34 3.43 3.53 0.3%
OECDEurope® ........... ..., 6.56 6.67 7.07 6.57 5.74 5.11 4.47 -1.7%
OtherOECD ...........civiiinininnn 0.76 0.77 0.80 0.80 1.01 0.80 0.84 0.4%
Total OECD . ... oottt 22.25 22.60 22.74 22.03 21.62 20.70 19.98 -0.5%
Developing Countries
Other South & Central America . ........... 3.07 3.29 4.29 4.75 5.23 6.03 6.68 3.0%
Pacific Rim .............. ... ... .. ..... 1.95 2.08 2.67 3.04 3.20 3.23 3.08 1.6%
OPEC .. 27.72 29.00 32.73 40.19 48.19 56.40 65.98 3.5%
Other Developing Countries .............. 4.13 4.21 4.55 4.84 5.00 5.33 5.38 1.0%
Total Developing Countries . ........... 36.88 38.59 44.25 52.82 61.63 70.98 81.11 3.1%
Eurasia
Former SovietUnion . ................... 6.99 7.14 7.70 9.13 9.83 10.59 11.41 2.0%
Eastern Europe . ............ ... ... 0.32 0.32 0.27 0.23 0.21 0.18 0.18 -2.3%
China ....... . 3.00 3.10 3.14 3.18 3.27 3.46 3.65 0.7%
Total Eurasia . .......... ... .. ... 10.31 10.55 11.10 12.54 13.31 14.23 15.24 1.5%
Total Production . ...................... 69.43 71.74 78.09 87.39 96.56 105.91 116.34 2.0%
Consumption
OECD
US.(B0states) ..., 17.73 18.31 19.62 21.15 22.70 23.66 24.39 1.2%
U.S. Territories . ..., 0.26 0.26 0.30 0.35 0.38 0.42 0.46 2.5%
Canada .......... ... 1.77 1.77 1.87 2.01 2.15 2.28 2.43 1.3%
MexXiCo . ... .. 1.96 1.98 2.25 2.39 2.74 3.00 3.27 2.1%
Japan ... 5.72 5.84 6.46 6.91 7.28 7.80 8.34 1.5%
Australia and New Zealand. .............. 0.96 0.97 1.05 1.10 1.20 1.24 1.29 1.2%
OECDEurope® ........... ...l 13.85 13.93 14.36 14.78 15.11 15.40 15.69 0.5%
Total OECD ... i 42.24 43.05 45.91 48.68 51.56 53.80 55.88 1.1%
Developing Countries
Other South and Central America .......... 3.59 3.79 4.70 5.56 6.51 7.49 8.61 3.5%
PacificRim ........................ ... 4.39 4,55 5.38 7.13 8.44 10.07 12.03 4.1%
OPEC .. 4.94 5.14 5.62 6.30 7.06 7.91 8.86 2.3%
Other Developing Countries .............. 5.27 5.44 6.06 7.19 7.94 8.75 9.66 2.4%
Total Developing Countries . ........... 18.19 18.91 21.76 26.19 29.95 34.22 39.16 3.1%
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Reference Case Forecast

Table A21. International Petroleum Supply and Disposition Summary (Continued)
(Million Barrels per Day, Unless Otherwise Noted)

Reference énnvlﬁ
. » ro
Supply and Disposition 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Eurasia

Former Soviet Union 4.60 4.48 4.88 5.80 6.73 7.65 8.68 2.8%
Eastern Europe ........................ 1.40 1.43 1.45 1.51 1.73 1.96 2.24 1.9%
China ........ ... ... . . . 3.31 3.44 4.39 5.51 6.89 8.58 10.68 4.8%
Total Eurasia ............. ... .. ..... 9.31 9.35 10.72 12.81 15.35 18.19 21.60 3.5%
Total Consumption ..................... 69.73 71.32 78.39 87.69 96.86 106.21 116.64 2.1%
Non-OPEC Production .................. 41.71 42.74 45.36 47.19 48.37 49.52 50.36 0.7%
Net Eurasia Exports . ................... 1.00 1.20 0.38 -0.28 -2.04 -3.96 -6.36 N/A
OPEC MarketShare .................... 0.40 0.40 0.42 0.46 0.50 0.53 0.57 1.4%

N/A =Not applicable.

Average refiner acquisition cost of imported crude oil.

2Includes production of crude oil (including lease condensates), natural gas plant liquids, other hydrogen and hydrocarbons for refinery feedstocks, alcohol, liquids produced from
coal and other sources, and refinery gains.

SOECD Europe includes the unified Germany.

OECD = Organization for Economic Cooperation and Development - Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Japan, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the UnitedStates (including territories).

Pacific Rim = Hong Kong, Malaysia, Philippines, Singapore, South Korea, Taiwan, and Thailand.

OPEC = Organization of Petroleum Exporting Countries - Algeria, Gabon, Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab Emirates, and
Venezuela.

Eurasia = Albania, Bulgaria, China, Czech Republic, Hungary, Poland, Romania, Slovak Republic, the Former Soviet Union, and the Former Yugoslavia.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1995 and 1996 data derived from: Energy Information Administration (EIA), Short-Term Energy Outlook, August 1997, Online. http://www.eia.doe.gov/emeu/steo/pub
/upd/aug97/index.html (August 21, 1997). Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Appendix B
Economic Growth Case Comparisons

Table B1. Total Energy Supply and Disposition Summary
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
Supply, Disposition, and Prices 1996 2010 2015 2020
Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Production
Crude Oil and Lease Condensate ............... 1371 1162 11.79 12.01 10.90 11.09 11.37 10.15 10.43 10.76
Natural Gas Plant Liquids .. .................... 2.46 2.79 2.95 3.07 291 312 329 297 329 352
Dry Natural Gas ............c.ovvvvivannnnnn. 1955 2421 25.39 26.45 25.16 26.85 28.26 25.65 28.21 30.12
Coal .o 22.64 25.32 26.62 27.57 25.59 21.73 29.59 26.10 28.59 31.28
Nuclear Power ............covviiiiiininn.n. 7.20 6.36 6.36 6.36 512 512 512 4.09 4.09 4.09
Renewable Energy* .................coooeiins 6.91 7.16 7.41 7.60 7.20 7.59 797 7.28 7.71 8.45
Other .. 1.33 0.44 0.48 0.52 0.46 0.47 0.57 0.46 0.47 0.51
Total ..o 73.80 77.91 81.00 83.58 77.35 81.97 86.18 76.71 82.77 88.73
Imports
Crude QI ... 16.30 22.94 23.17 23.84 23.89 24.36 25.36 24.68 25.30 26.93
Petroleum Products’ .......................... 3.98 5.95 7.61 8.43 6.25 9.01 10.38 6.26 10.09 12.13
Natural Gas . .. .. ovv e 2.93 4.54 4.66 5.02 481 5.04 5.42 5.02 5.34 5.80
Other IMPors® . .. ... 0.57 0.55 0.57 0.59 0.52 0.54 0.57 0.52 0.56 0.59
Total ..o 23.78 33.98 36.02 37.88 3547 38.96 41.73 36.49 41.28 45.45
Exports
Petroleum® . . ... ..o 2.04 171 1.80 1.78 1.78 1.89 1.84 1.67 1.67 1.71
0.16 0.29 0.29 0.29 0.30 0.30 0.30 0.32 0.32 0.32
2.37 2.84 2.84 2.84 3.03 3.03 3.03 3.23 3.23 3.23
4.57 4.84 4.93 491 5.11 5.21 5.17 5.22 5.23 5.26
DISCIEPANCY” ..\ttt 0.99 -0.18 0.08 0.39 -0.01 0.00 0.43 -0.24 -0.25 0.18
Consumption
Petroleum Products® . . ...........ooiiiiiiins 36.01  41.90 44.33 46.55 42.63 46.20 49.56 42.65 47.64 52.31
Natural Gas . .. ..ovvveii e 22.60 2833 29.63 31.04 29.52 31.44 33.23 30.19 33.06 35.43
Coal .o 20.90 22.71 24.03 24.98 22.80 24.95 26.84 23.08 25.61 28.34
Nuclear POWer ..............covvvviiiniinns . 120 6.36 6.36 6.36 512 512 512 4.09 4.09 4.09
Renewable Energy* .................coooeinns 6.91 7.18 7.42 7.62 7.22 7.62 8.00 7.31 7.74 8.48
Other® ... 0.39 0.40 0.40 0.39 0.40 041 0.42 043 0.45
Total 106.87 112.17 116.94 107.69 115.72 123.17 107.74 118.58 129.10
Net Imports - Petroleum ....................... 1825 2719 28.99 30.50 28.36 31.48 33.89 29.28 3371 37.35
Prices (1996 dollars per unit)
World Oil Price (dollars per barrel}®............... 2048  20.29 20.81 21.55 20.65 21.48 22.38 21.24 22.32 23.44
Gas Wellhead Price (dollars per M) ............ 2.24 191 231 2.69 1.89 2.38 2.73 191 2.54 2.97
Coal Minemouth Price (dollars perton) ............ 1850  14.98 15.05 14.64 13.87 13.99 14.05 13.14 13.27 13.50
Average Electric Price (cents perkwh) ............ 6.9 55 5.9 6.2 5.2 5.6 5.9 5.0 55 58

YIncludes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltaic and solar
thermal sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of E85, but not
the ethanol components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable energy. See Table B18 for selected
nonmarketed residential and commercial renewable energy.

2Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

3Includes imports of crude oil for the Strategic Petroleum Reserve.

“Includes imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

®Includes coal, coal coke (net), and electricity (net).

SIncludes crude oil and petroleum products.

"Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdrawals.

8Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum based liquids for blending, such as ethanol.

°Includes net electricity imports, methanol, and liquid hydrogen.

Average refiner acquisition cost for imported crude oil.

Represents lower 48 onshore and offshore supplies.

Btu = British thermal unit.

Mcf = Thousand cubic feet.

Note: Totals may not equal sum of components due to independent rounding. Figures may differ from published data due to internal conversion factors.

Sources: 1996 natural gas values: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(97/06) (Washington, DC, June 1997). 1996 coal minemouth
price: Coal Industry Annual 1996 DOE/EIA-0584(96) (Washington, DC, November 1997). Coal production and exports derived from: EIA, Monthly Energy Review, DOE/EIA-
0035(97/08) (Washington, DC, August 1997). Other 1996 values: EIA, Annual Energy Review 1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Projections: EIA, AEO98
National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Economic Growth Case Comparisons

Table B2. Energy Consumption by Sector and Source
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Source 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Energy Consumption

Residential
Distillate Fuel . . ...t 0.89 0.76 0.77 0.77 0.74 0.74 0.75 0.72 0.72 0.73
KErOSENE . ..o v v e 0.08 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Liquefied Petroleum Gas .................. 0.42 0.47 0.49 0.51 0.48 0.50 0.53 0.49 0.51 0.54
Petroleum Subtotal . ..................... 1.40 1.30 1.33 1.35 1.29 1.32 1.35 1.27 1.30 1.35
Natural Gas . .. .ovvvv e 5.39 5.52 5.63 5.74 5.66 5.82 6.00 5.81 5.97 6.20
Coal .o 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Renewable Energy* ...................... 0.61 0.61 0.63 0.64 0.62 0.64 0.66 0.62 0.64 0.67
Electricity ... ..o 3.68 4.45 4.61 477 4.72 4.94 5.17 5.00 5.28 5.57
Delivered Energy ...................... 11.13 11.95 12.25 12.55 12.34 12.77 13.23 12.76 13.25 13.84
Electricity Related Losses ................. 8.23 9.17 9.39 9.57 9.26 9.58 9.91 9.62 9.93 10.40
Total e 19.36 21.12 21.64 22.13 21.60 22.35 23.14 22.38 23.17 24.24

Commercial

Distillate Fuel . ...t 0.44 0.39 0.40 0.41 0.38 0.39 0.40 0.36 0.37 0.39
Residual Fuel ...............cooooiiint 0.15 0.12 0.12 0.12 0.12 0.12 0.13 0.11 0.12 0.13
KErosene .......o.vvvvvviiiiiiiians 0.03 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.03
Liquefied Petroleum Gas .................. 0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.10
Motor Gasoline? ......................... 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02
Petroleum Subtotal . ..................... 0.71 0.64 0.65 0.67 0.63 0.65 0.67 0.61 0.63 0.66
Natural Gas . . ..ovvvvveii e 3.30 3.65 3.75 3.85 3.69 3.85 4,01 3.65 3.85 4,07
Coal .o 0.08 0.09 0.09 0.10 0.09 0.10 0.10 0.09 0.10 0.10
Renewable Energy® ...................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity ... ... 3.37 3.96 4.09 4.23 4.13 4.33 4.53 417 4.45 473
Delivered Energy ................co.v... 7.47 8.34 8.60 8.85 8.54 8.92 9.32 8.52 9.04 9.58
Electricity Related Losses ................. 7.54 8.16 8.35 8.49 8.09 8.39 8.68 8.01 8.37 8.83
Total e 15.01 16.51 16.94 17.33 16.63 17.31 18.00 16.53 17.41 18.41

Industrial*
Distillate Fuel . . ...t 117 135 1.45 154 1.37 151 1.64 1.39 1.56 173
Liquefied Petroleum Gas .................. 212 2.18 2.40 2.59 2.13 2.45 2.73 2.02 247 2.88
Petrochemical Feedstock .................. 1.28 1.33 1.47 1.58 1.29 1.49 1.67 1.22 151 1.76
Residual Fuel ..., 0.34 0.33 0.35 0.39 0.32 0.34 0.39 0.30 0.35 0.38
Motor Gasoline? .............cccoveviiin. 0.19 0.23 0.25 0.26 0.23 0.26 0.28 0.24 0.27 0.30
Other Petroleum® ........................ 412 4.43 484 5.17 4.59 5.05 5.48 4.54 5.10 5.66
Petroleum Subtotal ...................... 9.23 9.86 10.75 11.53 9.94 11.10 12.19 9.70 11.25 12.70
Natural Gas® .............ccoeeeeeeniinn. 10.14 11.25 11.67 12.07 11.02 1177 12.45 10.75 11.80 12.80
Metallurgical Coal ........................ 0.85 0.71 0.71 0.71 0.65 0.65 0.65 0.61 0.61 0.61
SteamCoal ... 1.55 1.61 177 1.92 1.55 1.78 1.99 1.48 1.79 2.07
Net Coal Coke Imports . ................... 0.00 0.05 0.06 0.08 0.05 0.07 0.10 0.05 0.08 0.11
Coal Subtotal ... 2.40 2.36 2.54 271 2.25 251 2.74 2.14 2.48 2.79
Renewable Energy’ ...................... 1.82 2.08 2.25 2.40 2.07 231 2.53 2.02 2.34 2.64
Electricity .. ..o 3.46 3.96 437 476 3.96 4.58 513 3.85 4.75 5.53
Delivered Energy .............cooovvne. 217.05 29.51 31.58 33.46 29.23 32.27 35.04 28.46 32.62 36.46
Electricity Related Losses ................. 7.74 8.16 8.92 9.56 7.76 8.88 9.82 741 8.93 10.31
Total .o 34.79 37.68 40.50 43.02 36.99 41.15 44.86 35.87 41.55 46.77
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Economic Growth Case Comparisons

Table B2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Source 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Transportation
Distillate Fuel ........................... 4.48 5.69 6.02 6.30 5.68 6.19 6.63 5.59 6.31 6.93
JetFuel ... 3.27 4.89 5.23 5.54 5.24 5.79 6.30 5.48 6.28 7.01
Motor Gasoline® ......................... 14.94 17.52 18.22 18.87 17.72 18.84 19.92 17.74 19.38 20.92
Residual Fuel .......................... 0.90 1.23 1.27 131 1.35 1.42 1.48 1.46 1.56 1.65
Liquefied Petroleum Gas .................. 0.03 0.15 0.16 0.17 0.19 0.20 0.22 0.21 0.24 0.26
Other Petroleum' 0.29 0.33 0.35 0.37 0.34 0.37 0.40 0.33 0.37 0.42
Petroleum Subtotal ...................... 23.91 29.81 31.25 32.55 30.51 32.80 34.95 30.82 34.14 37.19
Pipeline Fuel Natural Gas . ................. 0.73 0.91 0.95 0.99 0.92 0.99 1.04 0.96 1.03 111
Compressed Natural Gas . ................. 0.01 0.22 0.24 0.25 0.27 0.30 0.33 0.30 0.34 0.38
Renewable Energy (E85)" ................. 0.00 0.08 0.09 0.09 0.12 0.13 0.14 0.14 0.16 0.17
Methanol™ .................ccooeiii. 0.00 0.08 0.08 0.09 0.12 0.13 0.14 0.14 0.15 0.17
Liquid Hydrogen ................cooiint 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity .. ...oovv i 0.06 0.15 0.16 0.16 0.18 0.19 0.20 0.20 0.22 0.23
Delivered Energy .............coooovvnn. 24.72 31.25 32.77 34.14 32.13 34.54 36.79 32.56 36.04 39.25
Electricity Related Losses ................. 0.13 0.31 0.32 0.33 0.35 0.37 0.38 0.39 041 0.43
Total e 24.85 31.56 33.09 34.46 32.48 34.91 37.17 32.95 36.45 39.68
Delivered Energy Consumption for All
Sectors
Distillate Fuel. .............coovviinn. 6.98 8.19 8.63 9.01 8.16 8.83 9.43 8.05 8.96 9.79
Kerosene . .......oovuviiiiiiiiiiens 0.13 0.11 0.11 0.12 0.11 0.11 0.12 0.11 0.11 0.12
JetFuel ... ... .. ...l 3.27 4.89 5.23 5.54 5.24 5.79 6.30 5.48 6.28 7.01
Liquefied Petroleum Gas .................. 2.65 2.89 3.13 3.35 2.88 3.24 3.58 2.80 3.31 3.78
Motor Gasoline? ......................... 15.16 17.78 18.49 19.15 17.98 19.12 20.22 18.00 19.67 21.24
Petrochemical Feedstock .................. 1.28 1.33 147 1.58 1.29 1.49 1.67 1.22 151 1.76
Residual Fuel ....................cooil 1.39 1.67 174 1.82 1.79 1.88 2.00 1.88 2.03 2.16
Other Petroleum® . ....................... 4.39 4.75 5.18 5.52 491 5.40 5.86 4.86 5.45 6.05
Petroleum Subtotal . ..................... 35.26 4161 43.98 46.10 42.37 45.87 49.17 42.40 47.33 51.90
Natural Gas® ...........oovveeeeeeeinn. 19.56 21.55 22.25 22.90 21.57 22.72 23.82 21.48 22.99 24.56
Metallurgical Coal ..................covnts 0.85 0.71 0.71 0.71 0.65 0.65 0.65 0.61 0.61 0.61
SteamCoal ....... ..o 1.68 1.75 1.92 2.07 1.70 1.93 2.14 1.62 1.94 2.22
Net Coal Coke Imports . ................... 0.00 0.05 0.06 0.08 0.05 0.07 0.10 0.05 0.08 0.11
Coal Subtotal .......................... 2.53 2.51 2.69 2.86 2.40 2.66 2.89 2.28 2.63 2.95
Renewable Energy™ . ...............o.ee. 2.44 2.78 2.96 3.13 2.81 3.08 3.33 2.78 3.15 3.48
Methanol™ ..............cccooveeiiiiii. 0.00 0.08 0.08 0.09 0.12 0.13 0.14 0.14 0.15 0.17
Liquid Hydrogen ................oooien. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity .. ... 10.57 12.53 13.23 1391 12.99 14.04 15.03 13.23 14.70 16.06
Delivered Energy ...................... 70.36 81.06 85.19 89.00 82.24 88.50 94.39 82.30 90.95 99.12
Electricity Related Losses ................. 23.64 25.81 26.97 27.95 25.45 27.22 28.78 25.44 27.63 29.97
Total ..o 94.01 106.87 112.17 116.94 107.69 115.72 123.17 107.74 118.58 129.10
Electric Generators™
Distillate Fuel . .. ...t 0.09 0.07 0.07 0.08 0.07 0.07 0.08 0.07 0.07 0.08
Residual Fuel ................oooiiiit 0.66 0.23 0.28 0.37 0.20 0.25 0.32 0.18 0.24 0.32
Petroleum Subtotal . ..................... 0.75 0.29 0.35 0.45 0.27 0.32 0.39 0.25 0.31 0.40
Natural Gas .. ...vvvv e 3.04 6.78 7.38 8.13 7.95 8.71 9.40 8.72 10.07 10.87
SteamCoal ... 18.36 20.20 21.34 22.12 20.40 22.29 23.95 20.80 22.99 25.39
Nuclear Power .................ccooiuu 7.20 6.36 6.36 6.36 5.12 5.12 512 4.09 4.09 4.09
Renewable Energy16 ...................... 4.47 4.40 4.46 4.48 4.42 453 4.67 453 459 5.00
Electricity Imports' .. ...............oeee. 0.39 0.31 0.31 0.31 0.28 0.28 0.28 0.28 0.28 0.28
Total ..o 34.21 38.34 40.20 41.86 38.44 41.26 43.81 38.66 42.33 46.04
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Economic Growth Case Comparisons

Table B2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Source 1996
Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic

Growth Growth Growth Growth Growth Growth

Total Energy Consumption
Distillate Fuel. ...........cocovvviiinn.. 7.07 8.26 8.70 9.09 8.23 8.90 9.50 8.12 9.04 9.87
Kerosene . ... 0.13 0.11 0.11 0.12 0.11 0.11 0.12 0.11 0.11 0.12
JetFuel’ ... ... 3.27 4.89 5.23 5.54 5.24 5.79 6.30 5.48 6.28 7.01
Liquefied Petroleum Gas .................. 2.65 2.89 3.13 3.35 2.88 3.24 3.58 2.80 331 3.78
Motor Gasoline? ......................... 15.16 17.78 18.49 19.15 17.98 19.12 20.22 18.00 19.67 21.24
Petrochemical Feedstock .................. 1.28 1.33 147 1.58 1.29 1.49 1.67 1.22 151 1.76
Residual Fuel ........................o.. 2.05 1.90 2.02 2.19 1.99 2.14 2.31 2.06 2.27 2.48
Other Petroleum® . ....................... 4.39 4.75 5.18 5.52 491 5.40 5.86 4.86 5.45 6.05
Petroleum Subtotal . ..................... 36.01 41.90 44.33 46.55 42.63 46.20 49.56 42.65 47.64 52.31
Natural Gas . . ...vvvvve i 22.60 28.33 29.63 31.04 29.52 31.44 33.23 30.19 33.06 35.43
Metallurgical Coal ..................ccovvts 0.85 0.71 0.71 0.71 0.65 0.65 0.65 0.61 0.61 0.61
SteamCoal ... 20.05 21.95 23.26 24.19 22.10 24.22 26.09 22.42 24.92 27.62
Net Coal Coke Imports . ................... 0.00 0.05 0.06 0.08 0.05 0.07 0.10 0.05 0.08 0.11
Coal Subtotal .............coviiiiiiin 20.90 2271 24.03 24.98 22.80 24.95 26.84 23.08 25.61 28.34
Nuclear Power ............covvvivninnes 7.20 6.36 6.36 6.36 5.12 5.12 5.12 4.09 4.09 4.09
Renewable Energy18 ...................... 6.91 7.18 7.42 7.62 7.22 7.62 8.00 7.31 7.74 8.48
Methanol™ ... .........ccooiieeeeiiiiii, 0.00 0.08 0.08 0.09 0.12 0.13 0.14 0.14 0.15 0.17
Liquid Hydrogen ....................oos. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity Imports' .. ..............ooeee. 0.39 0.31 0.31 0.31 0.28 0.28 0.28 0.28 0.28 0.28
Total ..o 94.01 106.87 112.17 116.94 107.69 115.72 123.17 107.74 118.58 129.10

Energy Use and Related Statistics

Delivered Energy Use ...................... 70.36 81.06 85.19 89.00 82.24 88.50 94.39 82.30 90.95 99.12
Total Energy Use ............oooiiiin 94.01 106.86 112.16 116.94 107.68 115.71 123.15 107.71 118.55 129.07
Population (millions) ....................... 266.07  290.33 298.92 306.87 299.11 311.19 322.36 307.94 323.47 337.80
Gross Domestic Product (billion 1992 dollars) ...  6928.40 8756.37  9431.22 10065.82  9198.70 10210.71 11167.23  9533.35 10899.70  12190.94
Total Carbon Emissions (million metric tons) . . . . 1462.90 1713.00 1803.22 1882.98 1749.24 1888.33 2014.33 1770.02 1956.19 2133.90

*Includes wood used for residential heating. See Table B18 estimates of nonmarketed renewable energy consumption for geothermal heat pumps & solar thermal hot water heating.

2Includes ethanol (blends of 10 percent or less) and ethers blended into gasoline.

*Includes commercial sector electricity cogenerated by using wood and wood waste, landfill gas, municipal solid waste, and other biomass. See Table B18 for estimates of nonmarketed
renewable energy consumption for solar thermal hot water heating.

“Fuel consumption includes consumption for cogeneration.

SIncludes petroleum coke, asphalt, road oil, lubricants, still gas, and miscellaneous petroleum products.

‘Includes lease and plant fuel and consumption by cogenerators, excludes consumption by nonutility generators.

“Includes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass; including for cogeneration, both for sale to the grid and for own use.

SLow sulfur diesel fuel.

°Includes naphtha and kerosene type.

®Includes aviation gas and lubricants.

1E85 is 85 percent ethanol (renewable) and 15 percent motor gasoline(nonrenewable).

20nly M85 (85 percent methanol and 15 percent motor gasoline).

“Includes unfinished oils, natural gasoline, motor gasoline blending compounds, aviation gasoline, lubricants, still gas, asphalt, roadoil, petroleum coke, and miscellaneous petroleum products.

*Includes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources. Excludes nonmarketed renewable energy
consumption for geothermal heat pumps and solar thermal hot water heaters.

®Includes consumption of energy by all electric power generators for grid-connected power except cogenerators, which produce electricity and other useful thermal energy.

*Includes conventional hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, E85, wind, photovoltaic and solar thermal sources. Excludes cogeneration.
Excludes net electricity imports.

*In 1996 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

®¥Includes hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, wind, photovoltaic and solar thermal soures. Includes ethanol components of E85; excludes
ethanol blends (10 percent or less) in motor gasoline. Excludes net electricity imports and nonmarketed renewable energy consumption for geothermal heat pumps and solar thermal hot water
heaters.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding. Figures for1996 may differ from published data due to internal conversion factors. Consumption values of 0.00
are values that round to 0.00, because they are less than 0.005.

Sources: 1996 natural gas lease, plant, and pipeline fuel values: Energy Information Administration, Short-Term Energy Outlook, August 1997. Online. http://www.eia.doe.gov/emeu/steo
/pub/upd/aug97/index.html (August 21, 1997). 1996 electric utility fuel consumption: EIA, Electric Power Annual 1996, Volume I, DOE/EIA-0348(96)/1 (Washington, DC, August 1997). 1996
nonutility consumption estimates: EIA Form 867, "Annual Nonutility Power Producer Report." Other 1996 values: EIA, Short-Term Energy Outlook August 1997. Online.
http:/Mmww.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21, 1997). Projections: EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A,
and HMAC98.D100197A.
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Economic Growth Case Comparisons

Table B3. Energy Prices by Sector and Source

(1996 Dollars per Million Btu)

Projections
Sector and Source 1096 2010 2015 2020
Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Residential ......................cocii 12.94 11.39 12.21 12.95 10.92 1191 12.69 10.71 11.97 12.86
Primary Energy’ ..........ooooiiiiiiii 6.63 5.78 6.15 6.52 5.56 6.07 6.43 5.48 6.17 6.57
Petroleum Products® . ............cooooivninns 8.51 9.12 9.42 9.65 9.07 9.54 9.88 9.10 9.70 10.02
Distillate Fuel . ..........ocoviiii i 7.09 7.39 7.55 7.72 7.31 7.64 7.83 7.23 7.71 7.94
Liquefied PetroleumGas .................... 11.59 11.97 12.45 12.69 11.85 12.43 12.92 11.95 12.57 12.92
Natural Gas . ....ovove e 6.19 5.03 5.42 5.83 4.79 5.32 5.69 4.72 5.44 5.86
Electricity .. ..o 24.65 20.06 21.43 22.60 18.86 20.40 21.65 18.17 20.01 21.42
Commercial ...t 12.92 10.74 11.63 12.50 10.07 11.19 12.11 9.74 11.15 12.25
Primary Energy’ ...........oooiiiiiiiiii. 5.26 4.44 4.79 5.15 4.28 477 511 4.27 491 5.29
Petroleum Products’ . ...........oovieiinn.. 5.56 5.82 6.02 6.18 5.74 6.12 6.36 5.77 6.25 6.50
Distillate Fuel . . ..................oooiiit 5.27 5.48 5.65 5.81 5.37 5.75 5.96 533 5.86 6.10
Residual Fuel ................coooii, 3.24 3.02 3.16 3.28 3.13 3.28 3.44 3.19 3.40 3.58
Natural Gas® ..........ooveiiieiiiennnnnn. 5.28 427 4.66 5.06 411 4.62 4.99 4.09 477 5.19
Electricity .. ..o 2224 17.69 19.16 20.53 16.25 18.02 19.50 15.44 17.58 19.36
Industrial* . .............oc 5.40 4.73 5.15 5.51 4.53 5.10 5.51 451 5.21 5.66
Primary ENergy . ......oovvvvriiiiiiiii, 4.03 3.65 3.97 4.23 3.58 4.04 4.34 3.64 4.20 4.52
Petroleum Products® . .............oooovninns 5.68 5.26 5.53 5.70 5.08 5.55 5.84 5.17 5.70 5.96
Distillate Fuel. . .........coovviiiii i 5.50 5.58 5.74 5.89 5.44 5.88 6.14 5.46 6.07 6.32
Liquefied PetroleumGas .................... 7.80 6.28 6.76 6.99 6.02 6.64 7.11 6.13 6.81 7.11
Residual Fuel ... 3.00 2.87 3.02 3.17 2.84 3.15 3.39 291 3.35 357
Natural Gas® ...........covveeeiiiiiinnnns 2.96 2.53 2.93 331 251 3.00 3.36 252 3.17 3.60
Metallurgical Coal ..............coovviininn 1.77 1.69 1.68 1.69 1.68 1.67 1.68 1.66 1.66 1.66
SteamCoal ... 1.46 1.33 1.33 1.33 1.31 1.31 1.31 1.29 1.30 1.30
Electricity ... ..o 13.54 10.68 11.41 12.11 9.70 10.59 11.33 9.20 10.26 1111
Transportation ... 8.77 8.46 8.83 9.21 8.16 8.86 9.31 8.18 8.87 9.44
Primary Energy ... 8.76 8.44 8.81 9.19 8.14 8.84 9.29 8.16 8.85 9.42
Petroleum Products? . ....................e. 8.76 8.44 8.80 9.18 8.12 8.82 9.28 8.13 8.82 9.39
Distillate Fuel’ ............................. 8.90 8.27 8.61 8.97 7.93 8.60 9.01 7.74 8.52 9.00
JetFuel ... ... 5.52 5.55 5.85 6.14 5.43 6.05 6.55 5.55 6.27 6.88
Motor Gasoline® ..................ooiiiins 9.89 9.75 10.18 10.63 9.43 10.22 10.73 9.52 10.24 10.88
Residual Fuel ..., 255 291 3.07 321 2.83 314 3.35 2.92 3.32 3.56
Liquid Petroleum GaS . 12.62 12.62 13.30 13.73 12.29 13.07 13.79 12.19 13.01 13.62
Natural Gas™® ............ccoovveeenennnnnn.. 5.41 6.24 6.60 7.00 6.54 7.06 7.38 6.77 7.39 7.78
B85 15.85 16.08 16.71 17.37 17.44 17.04 17.53 18.26 17.79 18.23
Electricity . ..o 15.31 12.57 13.25 13.82 11.79 12.54 13.15 11.42 12.26 12.93
Average End-Use Energy ..................... 8.68 7.88 8.35 8.79 7.59 8.28 8.77 7.57 8.35 8.92
Primary Energy ... 8.35 7.65 8.09 851 7.37 8.04 8.51 7.37 8.11 8.66
Electricity .. ..o 2019  16.26 17.32 18.28 15.14 16.36 17.37 14.60 16.01 17.14
Electric Generators®
Fossil Fuel Average .............covvvivinnnn. 154 1.44 157 171 1.43 1.60 172 1.42 1.66 1.80
Petroleum Products ...............cooiiiiinn 3.28 3.78 3.84 3.86 3.83 4.00 4.09 3.96 4.21 4.31
Distillate Fuel . . ... 4.90 5.16 5.33 5.47 5.06 5.47 5.71 5.07 5.64 5.87
Residual Fuel ..............cocoiiiiiin, 3.07 3.38 3.46 3.52 343 3.60 3.70 3.56 3.77 3.91
Natural Gas . .....ovvvve i 2.64 243 2.84 3.24 2.46 2.98 3.35 2.49 3.15 3.59
Steam Coal ..o 1.29 1.08 1.09 1.10 1.00 1.03 1.04 0.95 0.97 0.99
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Table B3. Energy Prices by Sector and Source (Continued)
(1996 Dollars per Million Btu)

Projections
Sector and Source 1996 2010 2015 2020
Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Average Price to All Users®

Petroleum Products® ...................... 7.86 7.71 8.02 8.31 7.45 8.06 8.44 7.50 8.12 8.57
Distillate Fuel . . .........coovviiiiiinne, 7.84 7.59 7.88 8.17 7.32 7.91 8.27 7.18 7.90 8.31
JetFuel ... 5.52 5.55 5.85 6.14 5.43 6.05 6.55 5.55 6.27 6.88
Liquefied PetroleumGas ................. 8.53 7.65 8.09 8.29 7.52 8.05 8.48 7.71 8.24 8.49
Motor Gasoline® ........................ 9.89 9.74 10.16 10.62 9.42 10.21 10.72 9.52 10.23 10.87
Residual Fuel .......................... 2.84 2.96 3.12 3.26 291 3.21 3.41 2.99 3.38 3.61
Natural Gas . .......coovvvieiii s 413 3.31 3.70 4.07 3.23 3.72 4.08 3.23 3.86 4.28
Coal .o 1.32 1.10 111 112 1.03 1.05 1.06 0.97 1.00 1.02
B85 15.85 16.08 16.71 17.37 17.44 17.04 17.53 18.26 17.79 18.23
Electricity ... ..o 20.19 16.26 17.32 18.28 15.14 16.36 17.37 14.60 16.01 17.14

Non-Renewable Energy Expenditures

by Sector (billion 1996 dollars)

Residential ............cooiiiiii 117.09 117.97 130.36 142.61 118.54 134.72 149.74 121.91 143.05 161.67
Commercial ... 96.47  89.54 99.96 110.54 85.96 99.87 112.82 82.88 100.74 117.21
Industrial ... 136.22  129.67 151.07 171.18 123.11 152.83 179.23 119.17 157.75 191.58
Transportation .. ........oovveiiiiiiiiann 21035 254.82 278.70 302.88 251.65 293.73 329.22 254.92 306.35 355.25
Total Non-Renewable Expenditures .......... 560.12 592.01 660.09 727.21 579.26 681.15 771.01 578.87 707.89 825.71
Transportation Renewable Expenditures . .. ... 0.03 1.33 1.47 1.62 2.10 2.25 2.50 2.53 2.79 314
Total Expenditures ...................... 560.15 593.33 661.57 728.83 581.35 683.40 773.50 581.40 710.68 828.84

'Weighted average price includes fuels below as well as coal.

2This quantity is the weighted average for all petroleum products, not just those listed below.

3Excludes independent power producers.
“Includes cogenerators.
®Excludes uses for lease and plant fuel.

¢ Low sulfur diesel fuel. Price includes Federal and State taxes while excluding county and local taxes.
"Kerosene-type jet fuel. Price includes Federal and State taxes while excluding county and local taxes.
8Sales weighted-average price for all grades. Includes Federal and State taxes and excludes county and local taxes.

°Includes Federal and State taxes while excluding county and local taxes.

Compressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.
*'E85 is 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable).
“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.
\Weighted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption.

Btu = British thermal unit.

Note: 1996 figures may differ from published data due to internal rounding.
Sources: 1996 prices for gasoline, distillate, and jet fuel are based on prices in various issues of Energy Information Administration (EIA), Petroleum Marketing Monthly, DOE/EI
0380(96/13-97/4) (Washington, DC, 1996-97). 1996 prices for all other petroleum products are derived from the EIA, State Energy Price and Expenditure Report 1994, DOE/EIA-0376(9
(Washington, DC, June 1997). 1996 industrial gas delivered prices are based on EIA, Manufacturing Energy Consumption Survey 1991. 1996 residential and commercial natural g
delivered prices: EIA, Natural Gas Monthly, DOE/EIA-0130(97/6) (Washington, DC, June 1997). Other 1996 natural gas delivered prices: EIA, AEO98 National Energy Modeling Syste
runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.. Values for 1996 coal prices have been estimated from EIA, State Energy Price and Expenditure Report 19¢

DOE/EIA-0376(94) (Washington, DC, June 1997) by use of consumption quantities aggregated from EIA, State Energy Data Report 1994. Online.

ftp://ftp.eia.doe.gc

pub/state.data/021494.pdf (August 26, 1997) and the Coal Industry Annual 1996, DOE/EIA-0584(96) (Washington, DC, November 1997). 1996 electiicity prices for commercial, industri
and transportation: EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A. Projections: EIA, AEO98 National Ener
Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Economic Growth Case Comparisons

Table B4. Residential Sector Key Indicators and End-Use Consumption

(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Key Indicators
Households (millions)
Single-Family ... 69.61 78.52 81.54 84.62 81.40 85.60 89.90 84.34 89.52 94.92
Multifamily . ... 24.76 26.85 27.92 28.99 27.93 29.44 30.97 28.93 30.84 32.80
Mobile Homes .............coovviiins. 6.00 7.35 7.58 7.80 773 8.01 8.28 8.02 8.35 8.67
Total ..o 100.37 112.72 117.04 121.40 117.05 123.05 129.15 121.29 128.71 136.39
Average House Square Footage ........... 1648 1696 1704 1712 1706 1716 1726 1717 1728 1738
Energy Intensity
(million Btu consumed per household)
Delivered Energy Consumption ............. 110.90 105.99 104.63 103.42 105.44 103.79 102.47 105.21 102.91 101.45
Electricity Related Losses .................. 83.37 81.98 80.73 79.45 79.60 78.15 77.01 79.61 77.20 76.21
Total Energy Consumption ................. 194.27 187.97 185.37 182.86 185.04 181.95 179.48 184.82 180.11 177.66
Delivered Energy Consumption by Fuel
Electricity
Space Heating ............coviiiiiiiii. 0.47 0.49 0.50 0.51 0.50 0.51 0.53 051 0.53 0.55
Space Cooling. . .....vvvveiii s 0.46 0.53 0.54 0.56 0.55 0.58 0.60 0.57 0.60 0.64
Water Heating . .........oovvviiininnn 0.36 0.37 0.38 0.38 0.38 0.39 0.40 0.39 0.40 0.42
Refrigeration ..................ciiiit 0.41 0.27 0.28 0.29 0.26 0.27 0.29 0.26 0.27 0.29
COOKING .o vv e 0.13 0.15 0.15 0.16 0.15 0.16 0.17 0.16 0.17 0.18
Clothes Dryers ..........covviiiininnn. 0.19 0.21 0.22 0.23 0.22 0.24 0.25 0.24 0.25 0.27
Freezers ... 0.13 0.07 0.08 0.08 0.07 0.07 0.08 0.07 0.07 0.08
Lighting .....ooovvi 0.34 0.38 0.39 0.41 0.40 0.42 0.44 0.43 0.45 0.48
Clothes Washers' ........................ 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Dishwashers' ............covveeeeeiinnn. 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06
Color Televisions .............ccoovevvvnns 0.21 031 0.32 0.33 0.34 0.35 0.36 0.36 0.37 0.39
Personal Computers .. ............ovvnn.s 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03
Furnace Fans .............coovvvinnnn. 0.12 0.15 0.15 0.16 0.16 0.16 0.17 0.17 0.18 0.19
Other USES® . . ..o eee e 0.78 143 1.49 154 1.60 1.68 1.77 1.75 1.86 1.97
Delivered Energy ................coou... 3.68 4.45 4.61 4.77 4.72 4.94 517 5.00 5.28 5.57
Natural Gas
Space Heating ...............cocovvinnn. 3.76 3.80 3.87 3.94 3.87 3.97 4.09 3.96 4.04 4.19
Space Cooling.........covovvvviinininn.. 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
WaterHeating .. ........c.oovvniiiinnn 1.32 1.39 1.43 1.46 1.45 1.49 1.54 1.50 1.55 1.62
COOKING .+ vee e 0.16 0.17 0.17 0.18 0.17 0.18 0.19 0.18 0.19 0.19
Clothes Dryers .........coovvviiiinannn. 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07
Other USes® . . ... 0.09 0.10 0.10 0.11 0.10 0.11 0.11 0.11 0.11 0.12
Delivered Energy ...................... 5.39 5.52 5.63 5.74 5.66 5.82 6.00 5.81 5.97 6.20
Distillate
Space Heating ..............cooiiiiiinn 0.80 0.67 0.67 0.68 0.64 0.64 0.65 0.62 0.62 0.63
WaterHeating ..........oooovviiiiinnn 0.09 0.09 0.10 0.10 0.09 0.10 0.10 0.10 0.10 0.10
Other Uses’ .. ....ooiiee i 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered Energy ...................... 0.89 0.76 0.77 0.77 0.74 0.74 0.75 0.72 0.72 0.73
Liquefied Petroleum Gas
Space Heating ............c.ooviiiiiiii. 0.31 0.33 0.34 0.36 0.33 0.35 0.36 0.33 0.35 0.37
WaterHeating .. ........cooovvvviiinnn 0.07 0.09 0.10 0.10 0.10 0.10 0.11 0.10 011 0.12
COOKING ..o ve e 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
OtherUses® . .........covveeeeiiiinn... 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Delivered Energy ..................oon. 0.42 0.47 0.49 0.51 0.48 0.50 0.53 0.49 0.51 0.54
Marketed Renewables (wood)® .............. 0.61 0.61 0.63 0.64 0.62 0.64 0.66 0.62 0.64 0.67
Other FUels® .. ... 0.13 0.12 0.13 0.13 0.12 0.12 0.12 0.12 0.12 0.12
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Table B4. Residential Sector Key Indicators and End-Use Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Delivered Energy Consumption by
End-Use
Space Heating ...............coooiiiinnn. 6.09 6.02 6.13 6.24 6.08 6.24 6.42 6.16 6.31 6.53
Space Cooling.........oviiiiii 0.46 0.53 0.55 0.57 0.56 0.58 0.61 0.58 0.61 0.65
WaterHeating .............coooiiiiiiiin 1.84 1.95 1.99 2.04 2.02 2.08 2.15 2.10 2.17 2.25
Refrigeration ... 041 0.27 0.28 0.29 0.26 0.27 0.29 0.26 0.27 0.29
COOKING .« v vt 0.33 0.35 0.36 0.38 0.36 0.38 0.40 0.38 0.40 0.42
Clothes Dryers .........covvvivvniininnnn. 0.24 0.27 0.28 0.29 0.28 0.30 0.31 0.30 0.32 0.33
FreezZerS ..ot 0.13 0.07 0.08 0.08 0.07 0.07 0.08 0.07 0.07 0.08
Lighting ..o 0.34 0.38 0.39 0.41 0.40 0.42 0.44 0.43 0.45 0.48
Clothes Washers ...............c.ocovvnen, 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Dishwashers ...........oovvviiiniinnnns 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06
Color Televisions ............ocovvvvinnns 0.21 0.31 0.32 0.33 0.34 0.35 0.36 0.36 0.37 0.39
Personal Computers ....................... 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03
FurnaceFans ...t 0.12 0.15 0.15 0.16 0.16 0.16 0.17 0.17 0.18 0.19
Other USeS’ . . .....oovvvieeeeeeenn, 0.89 1.55 1.61 1.66 1.72 1.80 1.89 1.87 1.99 2.10
Delivered Energy ...............c.ooooun 11.13 11.95 12.25 12.55 12.34 12.77 13.23 12.76 13.25 13.84
Electricity Related Losses ................. 8.23 9.17 9.39 9.57 9.26 9.58 9.91 9.62 9.93 10.40
Total Energy Consumption by End-Use
SpaceHeating ..., 7.13 7.02 7.15 7.27 7.06 7.24 744 7.13 7.30 7.56
Space Cooling.......ooovvvviiiiii, 150 1.61 1.66 1.70 1.63 1.70 177 1.68 1.74 1.83
WaterHeating . .. ..o 2.66 2.71 2.76 2.81 2.76 2.84 2.92 2.85 2.93 3.04
Refrigeration ... 1.32 0.84 0.86 0.89 0.76 0.80 0.83 0.75 0.79 0.83
COOKING v vev et 0.62 0.65 0.67 0.69 0.66 0.69 0.72 0.68 0.72 0.76
Clothes Dryers ..........coovvvvvviininnnn. 0.67 0.71 0.73 0.76 0.72 0.76 0.79 0.75 0.79 0.83
Freezers .. ...ovviiiiii i 0.42 0.23 0.23 0.24 0.20 0.21 0.22 0.20 0.21 0.22
Lighting ... 1.09 117 1.20 1.23 1.20 1.24 1.29 1.26 1.30 1.37
Clothes Washers ................cooovuuts 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.10
Dishwashers .................coooiiiiit 0.15 0.14 0.14 0.15 0.14 0.15 0.16 0.15 0.16 0.17
Color Televisions . ............covvivn... 0.67 0.96 0.98 1.00 0.99 1.02 1.06 1.04 1.08 1.12
Personal Computers . ...................... 0.03 0.06 0.06 0.06 0.07 0.07 0.07 0.08 0.08 0.08
Furnace Fans ...t 0.38 0.44 0.46 0.47 0.46 0.48 0.51 0.49 0.51 0.54
Other USes’ . .......o.vvviiieeeaenn. 2.64 4.50 4.64 477 4.85 5.06 5.27 5.24 5.48 5.78
Total e 19.36 21.12 21.64 22.13 21.60 22.35 23.14 22.38 23.17 24.24
Non-Marketed Renewables
Geothermal ............................. 0.01 0.03 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.07
Solar® 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Total 0.02 0.04 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.08

Does not include water heating of load.

%Includes small electric devices, heating elements and motors.

®Includes such appliances as swimming pool heaters, outdoor grills, and outdoor lighting (natural gas).

“Includes such appliances as swimming pool and hot tub heaters.

®Includes wood used for primary and secondary heating in wood stoves or fireplaces as reported in the Residential Energy Consumption Survey 1993.

®Includes kerosene and coal.

“Includes all other uses listed above.

8Includes primary energy displaced by geothermal heat pumps in space heating and cooling applications.

°Includes primary energy displaced by solar thermal water heaters.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996: Energy Information Administration (EIA) Short-Term Energy Outlook, August 1997. Online. http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August
21, 1997). Projections: EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B5. Commercial Sector Key Indicators and End-Use Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Key Indicators
Total Floor Space (billion square feet)
SUNVIVING ..o 69.2 78.7 81.1 835 80.7 84.3 87.9 80.8 85.7 90.5
New Additions . ........ccovirii 17 15 17 1.9 1.2 15 1.7 0.9 11 14
Total oo 70.9 80.2 82.8 85.5 82.0 85.8 89.7 81.7 86.8 91.9
Energy Consumption Intensity
(thousand Btu per square foot)
Delivered Energy Consumption ................. 1053  104.0 103.8 103.5 104.2 104.0 103.9 104.2 104.2 104.2
Electricity Related Losses ..................... 106.3  101.8 100.8 99.3 98.6 97.7 96.8 98.1 96.4 96.1
Total Energy Consumption . .................... 2115  205.8 204.5 202.9 202.8 201.7 200.8 202.3 200.5 200.3
Delivered Energy Consumption by Fuel
Electricity
Space Heating ...t 0.12 0.13 0.14 0.14 0.14 0.15 0.15 0.14 0.15 0.16
Space Cooling . ......vvvi i 051 0.53 0.55 0.56 0.53 0.56 0.59 0.52 0.56 0.60
Water Heating .. ........ooovvviiiiii 0.17 0.15 0.15 0.16 0.14 0.15 0.15 0.14 0.14 0.15
Ventilation ............ i 0.17 0.18 0.18 0.19 0.18 0.19 0.19 0.17 0.18 0.20
COOKING .+« v v e e 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.03
Lighting . ....oovi 1.15 1.22 1.24 1.27 1.24 1.27 131 1.22 1.28 1.33
Refrigeration ...l 0.14 0.15 0.16 0.16 0.15 0.16 0.17 0.15 0.17 0.18
Office Equipment (PC) ............oovviiinn 0.07 0.08 0.09 0.09 0.09 0.09 0.10 0.09 0.10 0.11
Office Equipment (non-PC) .................... 0.19 0.26 0.27 0.28 0.28 0.30 0.32 0.30 0.33 0.35
Other USes . ........ovviieeiiiiiiieeean . 0.82 1.24 1.29 1.34 1.35 1.43 1.52 141 1.53 1.64
Delivered Energy ..............coovvviiinn. 3.37 3.96 4.09 423 413 4.33 4.53 4.17 4.45 4.73
Natural Gas’
Space Heating ...........coviviiiiiiiiiinns 1.34 1.37 1.40 1.42 1.38 1.42 1.46 1.35 1.40 1.46
Space Cooling . ....ovvvii i 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Water Heating .. .......oovvoiiiiii e 0.45 0.50 0.52 0.54 0.51 0.54 0.57 051 0.55 0.59
Cooking 0.18 0.22 0.22 0.23 0.22 0.23 0.24 0.22 0.23 0.25
Other Uses® 1.31 153 1.59 164 1.56 1.64 1.72 1.54 1.65 1.75
Delivered Energy ................coooiin. 3.30 3.65 3.75 3.85 3.69 3.85 4.01 3.65 3.85 4.07
Distillate
Space Heating ..............cooiiiiiiiiiin 0.20 0.17 0.18 0.18 0.16 0.17 0.17 0.15 0.15 0.16
WaterHeating . .........oovvveiviiiiiennn, 0.05 0.05 0.05 0.05 0.04 0.04 0.05 0.04 0.04 0.04
Other Uses . ... 0.19 0.17 0.18 0.18 0.17 0.18 0.18 0.17 0.18 0.19
Delivered Energy .............cooiiiinnn. 0.44 0.39 0.40 0.41 0.38 0.39 0.40 0.36 0.37 0.39
Other FUBIS® . ... 0.36 0.34 0.35 0.36 0.34 0.36 0.37 0.34 0.36 0.38
Marketed Renewable Fuels
BIOMASS ... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered Energy .............coooiiiinnn. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered Energy Consumption by End-Use
Space Heating ...........ocvvviiiiiiniiinns 1.65 1.68 171 1.74 1.68 1.73 1.78 1.64 1.70 1.78
Space Cooling . .. .vvvvv e 0.53 0.55 0.57 0.59 0.55 0.58 0.61 0.54 0.58 0.62
Water Heating . . ......oovvovniriiiiienns 0.68 0.70 0.72 0.74 0.70 0.73 0.76 0.69 0.73 0.78
Ventilation ... 0.17 0.18 0.18 0.19 0.18 0.19 0.19 0.17 0.18 0.20
COOKING .+ v e et 0.21 0.24 0.25 0.26 0.25 0.26 0.27 0.24 0.26 0.28
Lighting . ... 1.15 1.22 1.24 1.27 1.24 1.27 131 1.22 1.28 1.33
Refrigeration ......... ... i 0.14 0.15 0.16 0.16 0.15 0.16 0.17 0.15 0.17 0.18
Office Equipment (PC) ..........ovvvivviinnn 0.07 0.08 0.09 0.09 0.09 0.09 0.10 0.09 0.10 0.11
Office Equipment (non-PC) .................... 0.19 0.26 0.27 0.28 0.28 0.30 0.32 0.30 0.33 0.35
Other USES® . ... 2.68 3.28 341 3.53 343 361 3.79 347 371 3.96
Delivered Energy ...........ccovvvinviiinns 747 8.34 8.60 8.85 8.54 8.92 9.32 8.52 9.04 9.58
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Table B5. Commercial Sector Key Indicators and End-Use Consumption (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth

Electricity Related LosseS ..................... 7.54 8.16 8.35 8.49 8.09 8.39 8.68 8.01 8.37 8.83
Total Energy Consumption by End-Use

Space Heating ...........ovivviiiiiiiiinns 1.92 1.95 1.99 2.03 1.95 2.01 2.07 191 1.98 2.07

Space Cooling .. ...o.vvvi i 1.66 1.64 1.69 1.72 1.60 1.67 1.73 1.54 1.63 1.73

Water Heating . .. .....ovvvvieiiii e 1.06 1.01 1.04 1.06 0.98 1.02 1.06 0.95 1.00 1.05

Ventilation ... 0.54 0.54 0.56 0.57 0.52 0.54 0.57 0.50 0.53 0.56

COOKING .+« v 0.28 0.30 0.31 0.31 0.30 0.31 0.32 0.29 031 0.33

Lighting . ......oovii 3.73 3.73 3.77 3.82 3.66 3.74 3.83 3.57 3.67 3.80

Refrigeration ............. i 0.45 0.46 0.48 0.50 0.45 0.48 0.51 0.44 0.48 0.51

Office Equipment (PC) .............cooiinent. 0.22 0.25 0.26 0.27 0.26 0.27 0.29 0.27 0.29 0.31

Office Equipment (non-PC) .................... 0.62 0.79 0.82 0.85 0.83 0.88 0.93 0.86 0.94 1.02

Other Uses® . ... ... 451 5.83 6.03 6.22 6.07 6.39 6.70 6.18 6.58 7.02

Total ..o 1501 16.51 16.94 17.33 16.63 17.31 18.00 16.53 17.41 18.41

Non-Marketed Renewable Fuels
SOlar L 0.01 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
Total .o 0.01 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04

*Includes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, and medical equipment.

2Excludes estimated consumption from independent power producers.

3Includes miscellaneous uses, such as district services, pumps, lighting, emergency electric generators, and manufacturing performed in commercial buildings.

“Includes miscellaneous uses, such as cooking, district services, and emergency electric generators.

®Includes residual fuel oil, liquefied petroleum gas, coal, motor gasoline, and kerosene.

®Includes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, medical equipment, pumps, lightir
emergency electric generators, manufacturing performed in commercial buildings, and cooking (distillate), plus residual fuel oil, liquefied petroleum gas,coal, motor gasoline, and keroser

“Includes primary energy displaced by solar thermal water heaters.

Btu = British thermal unit.

PC = Personal computer.

Note: Totals may not equal sum of components due to independent rounding. Consumption values of 0.000 are values that round to 0.00, because they are less than 0.005.

Sources: 1996 Energy Information Administration, Short-Term Energy Outlook, August 1997, Online. http://www.eia.doe.gov/emeu/steo/ pub/upd/aug97/index.html (August 21, 199
Projections: EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B6. Industrial Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic |Reference | Economic
Growth Growth Growth Growth Growth Growth
Key Indicators
Value of Gross Output (billion 1987 dollars)
Manufacturing ... 3030 3967 4318 4625 4088 4646 5129 4108 4957 5701
Nonmanufacturing . ............ocovviininn.n. 774 899 969 1036 921 1019 1115 941 1062 1181
Total oo 3805 4866 5287 5660 5009 5665 6244 5049 6019 6882
Energy Prices (1996 dollars per million Btu)
Electricity . ... oo 13.54 10.68 11.41 12.11 9.70 10.59 11.33 9.20 10.26 1111
Natural Gas . . ..oovvv e 2.96 253 2.93 331 251 3.00 3.36 2.52 317 3.60
Steam Coal ... 1.46 1.33 1.33 1.33 1.31 1.31 1.31 129 1.30 1.30
Residual Oil . ......oovvii 3.00 2.87 3.02 317 2.84 315 339 291 335 357
Distillate Oil ..o 5.50 5.58 5.74 5.89 5.44 5.88 6.14 5.46 6.07 6.32
Liquefied Petroleum Gas ...................... 7.80 6.28 6.76 6.99 6.02 6.64 7.11 6.13 6.81 7.11
Motor Gasoling ...........ccovviiiiiiiiiin. 9.86 8.95 9.17 9.45 8.79 9.40 9.67 9.03 9.56 9.98
Metallurgical Coal . ...............coooovninntn. 1.77 1.69 1.68 1.69 1.68 1.67 1.68 1.66 1.66 1.66
Energy Consumption
Consumption®
Purchased Electricity ......................... 3.46 3.96 4.37 4.76 3.96 4.58 513 3.85 4.75 5.53
Natural Gas? .........ccovvvinineeaeeniinnnn. 10.14 11.25 11.67 12.07 11.02 1177 12.45 10.75 11.80 12.80
Steam Coal .. ..o 1.55 1.61 177 1.92 1.55 1.78 1.99 148 179 2.07
Metallurgical Coal and Coke® ................... 0.85 0.75 0.77 0.79 0.70 0.73 0.75 0.66 0.69 0.72
Residual Fuel ..., 0.34 0.33 0.35 0.39 0.32 0.34 0.39 0.30 0.35 0.38
Distillate . .. .......ovvi 117 1.35 1.45 1.54 1.37 1.51 1.64 1.39 1.56 173
Liquefied Petroleum Gas ...................... 2.12 2.18 2.40 2.59 2.13 2.45 2.73 2.02 2.47 2.88
Petrochemical Feedstocks ..................... 1.28 1.33 1.47 1.58 1.29 1.49 1.67 1.22 1.51 1.76
Other Petroleum® ............................ 431 4.66 5.09 5.43 4.83 531 5.76 478 5.36 5.95
Renewables® . ...........cccoveeeeiiiiiiin. 1.82 2.08 2.25 2.40 2.07 2.31 2.53 2.02 2.34 2.64
Delivered Energy .............ccoooviiiinn 27.05 29.51 31.58 33.46 29.23 32.27 35.04 28.46 32.62 36.46
Electricity Related Losses ..................... 7.74 8.16 8.92 9.56 7.76 8.88 9.82 7.41 8.93 10.31
Total ..o 34.79 37.68 40.50 43.02 36.99 41.15 44.86 35.87 41.55 46.77
Consumption per Unit of Output*
(thousand Btu per 1987 dollars)
Purchased Electricity ......................... 0.91 0.81 0.83 0.84 0.79 0.81 0.82 0.76 0.79 0.80
Natural Gas? ..........covvvuneeaaeennnn.. 2.66 231 221 2.13 2.20 2.08 1.99 2.13 1.96 1.86
SteamCoal ... 0.41 0.33 0.34 0.34 0.31 0.31 0.32 0.29 0.30 0.30
Metallurgical Coal and Coke® ................... 0.22 0.15 0.15 0.14 0.14 0.13 0.12 0.13 0.11 0.10
Residual Fuel ...t 0.09 0.07 0.07 0.07 0.06 0.06 0.06 0.06 0.06 0.05
Distillate . .. ..o 031 0.28 0.27 0.27 0.27 0.27 0.26 0.27 0.26 0.25
Liquefied Petroleum Gas ...................... 0.56 0.45 0.45 0.46 0.42 043 0.44 0.40 0.41 0.42
Petrochemical Feedstocks ..................... 0.34 0.27 0.28 0.28 0.26 0.26 0.27 0.24 0.25 0.26
Other Petroleum® ................coiiii... 1.13 0.96 0.96 0.96 0.96 0.94 0.92 0.95 0.89 0.86
Renewables® . .........oovieiiii 0.48 0.43 0.42 0.42 0.41 0.41 0.41 0.40 0.39 0.38
Delivered Energy ..............ocoiiin 711 6.07 5.97 5.91 5.84 5.70 5.61 5.64 5.42 5.30
Electricity Related Losses ..................... 2.04 1.68 1.69 1.69 1.55 1.57 157 1.47 1.48 150
Total ... 9.14 7.74 7.66 7.60 7.38 7.26 7.18 7.10 6.90 6.80

*Fuel consumption includes consumption for cogeneration.

2Includes lease and plant fuel and consumption by cogenerators, excludes consumption by nonutility generators.

*Includes net coke coal imports.

“Includes petroleum coke, asphalt, road oil, lubricants, motor gasoline, still gas, and miscellaneous petroleum products.

®Includes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 prices for gasoline and distillate are based on prices in various issues of Energy Information Administration (EIA), Petroleum Marketing Monthly, DOE/EIA-
0380(96/03-97/04) (Washington, DC, 1996 - 97). 1996 coal prices: EIA, Monthly Energy Review, DOE/EIA-0035(97/08) (Washington, DC, August 1997). 1996 electricity prices: EIA,
AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A. Other 1996 prices derived from EIA, State Energy Data Report 1994.
Online. ftp://ftp.eia.doe.gov/pub/state.data/021494.pdf (August 26, 1997). Other 1996 values: EIA, Short-Term Energy Outlook, August 1997. Online.
http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21, 1997). Projections: EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A,
AE098B.D100197A, and HMAC98.D100197A.
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Table B7. Transportation Sector Key Indicators and Delivered Energy Consumption

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth

Key Indicators

Level of Travel (billions)

Light-Duty Vehicles <8,500 Ibs. (VMT) ............. 2275 2785 2892 2994 2912 3077 3233 3005 3242 3455
Commercial Light Trucks (VMT)* ................. 67 83 87 91 86 93 99 88 98 107

Freight Trucks >10,000 Ibs. (VMT) 161 217 232 245 220 243 263 218 250 279
Air (seat miles available) . ....................... 999 1722 1855 1979 1916 2139 2346 2082 2416 2720

Rail (ton miles traveled) 1204 1448 1533 1601 1452 1584 1696 1434 1623 1786

Marine (ton miles traveled) ...................... 77 873 923 964 874 949 1015 865 967 1059
Energy Efficiency Indicators

New Car (miles pergallonf ...................... 27.9 30.6 30.2 30.0 31.0 30.5 29.9 317 30.7 30.0
New Light Truck (miles per gallonf ................ 20.7 20.3 20.1 19.9 20.9 20.5 20.1 21.8 211 20.5
Light-Duty Fleet (miles per gallon)® ................ 20.2 20.5 20.3 20.2 21.0 20.7 20.5 215 21.2 20.8
New Commercial Light Truck (MPG)* .............. 20.2 19.8 19.6 194 204 20.0 19.6 21.3 20.6 20.0
Stock Commercial Light Truck (MPG)* ............. 145 151 15.0 149 15.3 15.2 15.0 15.7 154 15.2
Aircraft Efficiency (seat miles pergallon) ............ 50.6 55.5 55.7 55.9 57.1 57.4 57.6 58.7 59.0 59.2
Freight Truck Efficiency (miles per gallon) ........... 5.6 5.9 6.0 6.0 6.0 6.0 6.1 6.0 6.1 6.1
Rail Efficiency (ton miles per thousand Btu) ......... 2.7 29 29 29 3.0 3.0 3.0 3.0 3.0 3.0
Domestic Shipping Efficiency

(ton miles per thousand Btu) .................... 2.7 29 29 29 3.0 3.0 3.0 3.0 3.0 3.0
Energy Use by Mode (quadrillion Btu)

Light-Duty Vehicles ............................ 17.07 17.76 18.39 17.44 18.55 19.62 17.57 19.20 20.74
Commercial Light Trucks' 0.69 0.73 0.76 0.70 0.76 0.83 0.70 0.79 0.88
Freight Trucks® ....................... 5.00 5.32 5.60 4.98 5.47 5.89 4.90 5.58 6.16
AN 4.94 5.27 5.59 5.29 5.84 6.36 5.54 6.35 7.07
Rail .. 0.59 0.62 0.65 0.58 0.63 0.67 0.57 0.63 0.69
Marine. ... 1.85 191 1.97 1.99 2.09 218 211 2.25 2.38
Pipeline Fuel ........ ... 0.91 0.95 0.99 0.92 0.99 1.04 0.96 1.03 111
Other® ..o 0.29 031 0.33 0.29 0.32 0.35 0.29 0.33 0.37
Total L. 31.25 32.77 34.14 32.13 34.54 36.79 32.56 36.04 39.25

‘Commercial trucks 8,500 to 10,000 pounds.
2Environmental Protection Agency rated miles per gallon.
3Combined car and light truck “on-the-road” estimate.
‘Includes energy use by buses.

SIncludes lubricants and aviation gasoline.

Btu = British thermal unit.

VMT=Vehicle miles traveled.

MPG = Miles per gallon.

Lbs. = Pounds.

Note: Totals may not equal sum of components due to independent rounding.
Sources: 1996: Federal Administration Administration (FAA), FAA Aviation Forecasts Fiscal Years 1996-2007, (Washington, DC, February 1995); Energy Information
Administration (EIA), Short-Term Energy Outlook, August 1997, Online. http://ww.eia.doe.gov/emeu/steo/pub/upd /aug97/index.html (August 21, 1997); EIA, Fuel Oil and Kerosene

Sales 1996, DOE/EIA-0535(96) (Washington, DC, September 1997); and United States Department of Defense, Defense Fuel Supply Center. Projections:

Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B8. Electricity Supply, Disposition, and Prices
(Billion Kilowatthours, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply, Disposition, and Prices 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Generation by Fuel Type
Electric Generators®
Coal .o 1758 1974 2085 2166 2003 2190 2369 2042 2265 2530
Petroleum ... 80 29 35 45 27 33 39 25 32 41
Natural Gas . ..o .vvve e 288 822 920 1040 1041 1171 1283 1169 1389 1517
Nuclear POWer .........ccovvviiiiiiiiannnn. 675 596 596 596 480 480 480 383 383 383
Pumped Storage . .. ... 2 -3 -3 -3 -3 -3 -3 -3 -3 -3
Renewable SOUrces” ..............oooiiiiinns 392 379 382 385 383 388 396 386 393 416
Total Lo 3191 3797 4015 4228 3930 4258 4565 4002 4459 4884
Non-Utility Generation forOwnUse . ............. 26 26 26 26 26 26 26 26 26 26
Cogenerators®
Coal 39 37 39 40 37 39 41 35 39 42
Petroleum 6 6 6 6 6 6 6 5 6 6
Natural Gas . . ...ovvvve i 174 195 201 206 192 200 208 182 194 204
Other Gaseous Fuels® ....................... 7 7 7 7 7 7 7 7 7 7
Renewable SOUrCES” ............oovvvninns 41 41 43 45 40 43 46 38 42 46
Other® 3 3 4 4 3 4 4 3 3 4
Total 270 289 299 308 284 299 312 271 291 308
Sales to Utilities ... 121 126 127 128 125 127 129 123 126 129
GenerationforOwnUse ...................... 149 163 172 180 159 172 183 148 165 180
NetImports® . ...........coooviiiiiiiiiii... 38 30 30 30 27 27 27 27 27 27
Electricity Sales by Sector
Residential ...........c..o i 1079 1305 1350 1397 1384 1449 1516 1467 1548 1634
Commercial . ..o 988 1162 1200 1238 1209 1268 1329 1221 1304 1387
Industrial ... 1014 1161 1282 1395 1160 1343 1502 1129 1392 1620
Transportation . .. .....ovvvviiii 17 44 46 47 53 55 58 60 64 67
Total oo 3098 3673 3877 4077 3807 4115 4405 3876 4308 4708
End-Use Prices (1996 cents per kilowatthour)’
Residential .............cciiii 8.4 6.8 7.3 77 6.4 7.0 7.4 6.2 6.8 7.3
Commercial . ..o 7.6 6.0 6.5 7.0 55 6.1 6.7 53 6.0 6.6
Industrial ... 4.6 36 39 4.1 33 36 39 31 35 38
Transportation .. .........o.viviiiiiiii, 5.2 43 45 4.7 4.0 43 45 3.9 4.2 4.4
All Sectors Average ......................... 6.9 55 5.9 6.2 5.2 5.6 5.9 5.0 55 58

*Includes grid-connected generation at all utilities and nonutilities except for cogenerators. Includes small power producers, exempt wholesale generators, and generators at
industrial and commercial facilities which provide electricity for on-site use and for sales to utilities.
2Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar, and wind power.
3Cogenerators produce electricity and other useful thermal energy. Includes sales to utilities and generation for own use.

“Other gaseous fuels include refinery and still gas.

5Other includes hydrogen, sulfur, batteries, chemicals, fish oil, and spent sulfite liquor.

SIn 1996 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

Prices represent average revenue per kilowatthour.

Note: Totals may not equal sum of components due to independent rounding.
Sources: 1996 commercial and transportation sales derived from: Total transportation plus commercial sales come from Energy Information Administration (EIA), State Energy
Data Report 1994. Online. ftp://ftp.eia.doe.gov/publ/state.data/021494.pdf (August 26, 1997), but individual sectors do not match because sales taken from commercial and placed
in transportation, according to Oak Ridge National Laboratories, Transportation Energy Data Book 16 (July 1996) which indicates the transportation value should be higher. 1996
generation by electric utilities, nonutilities, and cogenerators, net electricity imports, residential sales, and industrial sales: EIA, Annual Energy Review 1996, DOE/EIA-0384(96)

(Washington, DC, July 1997). 1996 residential electricity prices derived from EIA, Short Term Energy Outlook, August 1997, Online.

teo/pub/upd/aug97/index.html (August 21, 1997). 1996 electricity prices for commercial, industrial, and transportation; price components; and projections:
National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Economic Growth Case Comparisons

Table B9. Electricity Generating Capability
(Thousand Megawatts)

Projections
2010 2015 2020
Net Summer Capability* 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Electric Generators®
Capability
Coal Steam .....ovvit 3053 3004 304.6 3120 305.3 316.0 339.2 304.8 323.6 359.8
Other Fossil Steam® ..................co..... 138.1  101.0 101.0 101.0 97.1 97.1 97.1 96.0 96.0 96.0
CombinedCycle ..........ocovvviiiininnn, 15.3 86.5 106.5 126.9 123.6 154.9 1754 145.4 186.5 208.2
Combustion Turbine/Diesel ................... 80.0 175.8 191.4 202.6 195.5 210.1 223.8 204.5 221.9 2375
Nuclear Power .................cccoviiins. 100.8 80.4 80.4 80.4 63.9 63.9 63.9 49.2 49.2 49.2
Pumped Storage . ........oi i 19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9
FuelCells ..., 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources® ...............oiiiia... 88.6 93.2 93.6 94.1 93.9 94.7 95.9 94.5 95.7 98.8
Total o 7480  857.0 897.3 936.8 899.1 956.7 1015.2 914.3 992.8 1069.4
Cumulative Planned Additions®
CoalSteam ..........ovviiiiii 2.4 47 47 4.7 4.7 47 47 4.7 47 4.7
Other Fossil Steam® ......................... 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
CombinedCycle ..........ovvvniiiiinnn, 20 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Combustion Turbine/Diesel ................... 38 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2
Nuclear POWer ...........ccoovvviviinaniinns 1.2 12 12 12 12 12 12 12 12 12
Pumped Storage ... ... 11 11 11 11 11 11 11 11 11 11
FuelCells ......ooviiiii i 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources* ........................ 0.7 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Total o 11.3 18.5 185 185 185 185 185 18.5 18.5 18.5
Cumulative Unplanned Additions®
CoalSteam ...t 0.0 12.6 16.9 24.3 21.3 32.1 55.3 26.6 454 81.6
Other Fossil Steam® ......................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CombinedCycle ...........coovvviiiiiinns, 0.0 69.7 89.7 110.1 106.7 138.1 158.6 1285 169.7 191.3
Combustion Turbine/Diesel ................... . 236 1190 134.6 145.8 139.9 1545 168.2 148.9 166.3 181.9
Nuclear POWer ..........covviiviviiianainns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pumped Storage . .. ..o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FuelCells .. ..o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources* ..................0..... 0.5 2.3 2.8 32 33 4.2 53 4.1 5.4 84
Total ..o 24.1 203.7 244.0 2834 271.3 328.9 387.4 308.1 386.7 463.3
Cumulative Total Additions ................... 35.4 222.2 262.5 301.9 289.8 3474 405.9 326.6 405.2 481.8
Cumulative Retirements® ..................... 14.4 92.4 92.4 92.4 117.1 1171 1171 138.8 138.8 138.8
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Table B9. Electricity Generating Capability (Continued)
(Thousand Megawatts)

Projections
2010 2015 2020
I
Net Summer Capability 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Cogenerators’
Capability
Coal e 71 7.4 7.7 7.9 73 7.7 8.1 7.1 7.7 8.2
Petroleum . ... 1.0 11 12 12 11 12 13 11 12 13
Natural Gas ... ..ovo v 28.0 318 32.7 335 314 32.7 339 30.1 31.9 33.4
Other Gaseous Fuels ........................ 1.2 11 11 11 11 11 11 11 11 11
Renewable Sources* ........................ 5.8 6.3 6.6 6.9 6.1 6.6 7.0 5.8 6.4 7.0
Other ... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total ..o 43.0 4717 49.3 50.7 47.0 49.3 51.3 45.2 48.3 51.0
Cumulative Additions® ....................... 8.1 12.8 14.4 15.8 12.1 143 16.4 10.3 134 16.1

Net summer capability is the steady hourly output that generating equipment is expected to supply to system load (exclusive of auxiliary power), as demonstrated by tests during
summer peak demand.

2Includes grid-connected utilities and nonutilities except for cogenerators. Includes small power producers, exempt wholesale generators, and generators at industrial and
commercial facilities which produce electricity for on-site use and sales to utilities.

3Includes oil-, gas-, and dual-fired capability.

“Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar and wind power.

SCumulative additions after December 31, 1995. Non-zero utility planned additions in 1995 indicate units operational in 1995 but not supplying power to the grid.

SCumulative total retirements from 1990.

"Nameplate capacity is reported for nonutilities on Form EIA-867, “Annual Power Producer Report.” Nameplate capacity is designated by the manufacturer. The nameplate capacity
has been converted to the net summer capability based on historic relationships.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO98.Net summer capacity
is used to be consistent with electric utility capacity estimates. Data for electric utility capacity are the most recent dataavailable as of August 25, 1997. Therefore, capacity estimates
may differ from other Energy Information Administration sources.

Sources: 1996 net summer capability at electric utilities and planned additions: Energy Information Administration (EIA), Form EIA-860, “Annual Electric Generator Report.” Net
summer capability for nonutilities and cogeneration in 1996 and planned additions estimated based on EIA, Form EIA-867,“Annual Nonutility Power Producer Report.” Projections:
EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B10. Electricity Trade

(Billion Kilowatthours, Unless Otherwise Noted)

Projections
2010 2015 2020
Electricity Trade 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Interregional Electricity Trade
Gross Domestic Firm Power Sales ............... 1734 139.2 139.2 139.2 139.2 139.2 139.2 139.2 139.2 139.2
Gross Domestic Economy Sales ................. 79.5 70.7 78.3 82.8 76.6 79.7 84.2 7.7 86.6 85.6
Gross DomesticTrade ............coovvvnnnn. 252.9 209.9 2175 222.0 215.8 218.9 2234 216.9 225.8 224.8
Gross Domestic Firm Power Sales
(million 1996 dollars) . .........oovvviiiii 8050.2 6462.9 6462.9 6462.9 6462.9 6462.9 6462.9 6462.9 6462.9 6462.9
Gross Domestic Economy Sales
(million 1996 dollars) . . ......oovvvvii 1812.7 14954 1747.9 2055.2 1514.5 1712.8 1985.1 1462.8 1905.6 2079.9
Gross Domestic Sales
(million 1996 dollars) ....................... 9862.9 7958.3 8210.8 8518.1 79774 8175.6 8448.0 7925.6 8368.5 8542.7
International Electricity Trade
Firm Power Imports From Canada and Mexico® .. ... 26.1 17.8 17.8 17.8 17.8 17.8 17.8 17.8 17.8 17.8
Economy Imports From Canada and Mexico® .. .. ... 20.7 334 336 336 30.1 30.1 30.1 30.1 30.1 30.1
Gross Imports From Canada and Mexico ... .. .. 46.8 51.2 51.4 51.3 479 47.9 47.9 479 479 479
Firm Power Exports To Canada and Mexico . ........ 2.8 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4
Economy Exports To Canada and Mexico ......... 6.4 1.7 1.7 7.7 7.7 1.7 7.7 7.7 7.7 7.7
Gross Exports To Canada and Mexico .......... 9.3 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0

*Historically electric imports were primarily from renewable resources, principally hydroelectric.
Note: Totals may not equal sum of components due to independent rounding. Firm Power Sales are capacity sales, meaning the delivery of the power is scheduled as part of
the normal operating conditions of the affected electric systems. Economy Sales are subject to curtailment or cessation of delivery by the supplier inaccordance with prior agreements

or under specified conditions.

Sources: 1996 interregional electricity trade data: Energy Information Administration (EIA), Bulk Power Data System. 1996 international electricity trade data: DOE Form FE-718R,
“Annual Report of International Electrical Export/Import Data.” Firm/economy share: National Energy Board, Annual Report 1993. Planned interregional and international firm power
EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A,

sales: DOE Form IE-411, “Coordinated Bulk Power Supply Program Report,” April 1995. Projections:

AEO098B.D100197A, and HMAC98.D100197A.
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Table B11. Petroleum Supply and Disposition Balance
(Million Barrels per Day, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply and Disposition 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth | Growth Growth
Crude Oil
Domestic Crude Production® .................. 6.48 5.49 5.57 5.67 5.15 5.24 5.37 4.79 4.92 5.08
Alaska . ... 1.40 0.75 0.75 0.75 0.60 0.60 0.60 0.48 0.48 0.48
Lower48States ..........oviiiiiiiii 5.08 4.75 4.82 4.93 4.55 4.64 477 4.32 4.44 4.60
NetImports ... 7.40 10.57 10.67 10.98 11.00 11.22 11.68 11.37 11.65 12.40
Other Crude SUppy? . ... 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Crude Supply ..........ccoovviiininne 14.21 16.06 16.24 16.66 16.16 16.46 17.05 16.16 16.58 17.48
Natural Gas Plant Liquids .................... 1.83 213 224 2.32 2.20 2.35 247 2.25 247 2.64
Other INPUtS® ... 0.39 0.22 0.25 0.28 0.22 0.22 0.28 021 0.20 0.22
Refinery Processing Gain® ................... 0.84 0.89 0.89 091 0.87 0.87 0.91 0.84 0.82 0.87
Net Product Imports® ........................ 1.10 2.18 3.00 3.44 2.32 3.70 4.43 231 4.33 5.38
Total Primary Supply® ..........oooiiiiinn, 18.37 21.47 22.63 23.61 21.77 23.60 25.15 21.78 24.40 26.59
Refined Petroleum Products Supplied
Motor Gasoline’ ................ooiiiiiii 7.99 9.37 9.75 10.10 9.49 10.10 10.68 9.51 10.39 11.22
JetFuel ... 1.58 2.36 253 2.68 253 2.80 3.04 2.65 3.03 339
Distillate Fuel’ ...............ccviiiiiiinns 332 3.88 4.09 428 3.87 419 447 3.82 425 464
Residual Fuel ..., 0.90 0.83 0.88 0.96 0.87 0.93 1.01 0.90 0.99 1.08
Other e 4.66 5.01 5.45 5.83 5.05 5.64 6.19 493 5.72 6.47
Total ..o 18.44 21.45 22.70 23.84 2181 23.65 25.39 21.80 24.39 26.79
Refined Petroleum Products Supplied
Residential and Commercial .................. 113 1.07 1.09 112 1.06 1.09 113 1.04 1.08 1.13
Industrial™ ... 487 5.17 5.65 6.06 5.19 5.82 6.40 5.04 5.89 6.68
Transportation . . .....o.vvvivvii 12.11 15.08 15.81 16.46 15.44 16.60 17.68 15.60 17.27 18.81
Electric Generators™ . . ............oovvviienn. 0.33 0.13 0.16 0.20 0.12 0.14 0.17 0.11 0.14 0.18
Total ..o 18.44 21.45 22.70 23.84 2181 23.65 25.39 21.80 24.39 26.79
DISCrepancy™ ..........ovvviiiiiiiiiiiiiin, -0.08 0.02 -0.08 -0.23 -0.04 -0.05 -0.24 -0.02 0.01 -0.20
World Oil Price (1996 dollars per barrel) ....... 20.48 20.29 20.81 21.55 20.65 21.48 22.38 21.24 22.32 23.44
Import Share of Product Supplied ............. 0.46 0.59 0.60 0.61 0.61 0.63 0.63 0.63 0.66 0.66
Net Expenditures for Imported Crude Oil and
Products (billion 1996 dollars) ............... 62.27 95.94 106.39 116.59 101.94 120.20 135.96 106.95 133.54 157.55
Domestic Refinery Distillation Capacity ........ 15.4 16.9 17.1 17.6 17.0 17.4 18.0 17.0 17.5 185
Capacity Utilization Rate (percent) ............. 94.0 95.2 95.2 95.2 95.2 95.2 95.2 95.2 95.2 95.1

‘Includes lease condensate.

“Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude products supplied.

3Includes alcohols, ethers, petroleum product stock withdrawals, domestic sources of blending components, and other hydrocarbons.

“Represents volumetric gain in refinery distillation and cracking processes.

®Includes net imports of finished petroleum products, unfinished oils, other hydrocarbons, alcohols, ethers, and blending components.

Total crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net petroleum imports.

“Includes ethanol and ethers blended into gasoline.

8Includes naphtha and kerosene types.

°Includes distillate and kerosene.

Includes aviation gasoline, liquefied petroleum gas, petrochemical feedstocks, lubricants, waxes, asphalt, road oil, still gas, special naphthas, petroleum coke, crude oil product
supplied, and miscellaneous petroleum products.

Includes consumption by cogenerators.

“|ncludes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

*Balancing item. Includes unaccounted for supply, losses and gains.

*“Average refiner acquisition cost for imported crude oil.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 expenditures for imported crude oil and petroleum products based oninternal calculations. 1996 product supplied data from Table B2. Other 1996 data: Energy
Information Administration (EIA), Petroleum Supply Annual 1996, DOE/EIA-0340(96) (Washington, DC, June 1997). Projections: EIA, AEO98 National Energy Modeling System
runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B12. Petroleum Product Prices

(1996 Cents per Gallon Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Fuel 199 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
World Oil Price (1996 dollars per barrel) .......... 2048  20.29 20.81 21.55 20.65 21.48 22.38 21.24 22.32 23.44
Delivered Sector Product Prices
Residential
Distillate Fuel . . ... 984 1025 104.8 107.1 101.3 106.0 108.6 100.3 107.0 110.1
Liquefied PetroleumGas ...................... 100.0 1033 107.5 109.5 102.3 107.3 1115 103.1 108.5 1115
Commercial
Distillate Fuel . . ... 73.1 76.0 78.3 80.5 745 79.7 82.7 73.9 81.3 84.6
Residual Fuel ...t 48.4 45.2 47.3 49.1 46.8 49.2 515 47.7 50.9 53.6
Residual Fuel (1996 dollars per barrel) ........... 2035  18.99 19.85 20.63 19.67 20.65 21.63 20.05 21.36 2253
Industrial*
Distillate Fuel . .. ......oovvie i 76.3 713 79.6 817 75.5 815 85.1 75.7 84.2 87.7
Liquefied Petroleum Gas ...................... 67.3 54.2 58.4 60.3 52.0 57.3 61.3 52.9 58.8 61.4
Residual Fuel ..........ccoviviiiiiiinnin. 45.0 43.0 45.2 47.4 425 47.2 50.7 435 50.1 53.4
Residual Fuel (1996 dollars per barrel) ........... 18.88  18.07 18.97 19.90 17.84 19.80 21.28 18.27 21.04 22.44
Transportation
Diesel Fuel (distillate)z ........................ 1235 1147 119.4 124.3 109.9 119.3 1249 107.4 118.2 124.9
JetFuel .. ... 74.6 74.9 79.0 83.0 73.4 81.7 88.4 74.9 84.6 92.9
Motor Gasoline® ...............c..oooiiiiin. 1225 1208 126.0 1317 116.7 126.6 1329 117.9 126.8 134.8
Residual Fuel ................coiiiiiin 38.2 435 46.0 48.0 42.4 47.0 50.2 43.6 49.7 53.3
Residual Fuel (1996 dollars per barrel) ........... 16.04  18.27 19.32 20.18 17.81 19.75 21.09 18.33 20.88 22.40
Electric Generators®
Distillate FUel. ...........coovvviiiiannan. 68.0 71.6 73.9 75.9 70.2 75.9 79.1 70.3 78.2 81.3
Residual Fuel ... 45.9 50.5 519 52.7 51.4 539 55.4 533 56.4 58.5
Residual Fuel (1996 dollars per barrel) ........... 19.27  21.23 21.78 22.14 21.57 22.64 23.26 22.38 23.70 24.56
Refined Petroleum Product Prices®
Distillate FUel. . .....ooovee e 108.7  105.3 109.2 113.3 101.5 109.7 114.6 99.6 109.6 115.3
JetFuel . ... 74.6 74.9 79.0 83.0 73.4 81.7 88.4 74.9 84.6 92.9
Liquefied Petroleum Gas ...................... 73.6 66.0 69.8 715 64.9 69.4 73.2 66.5 711 73.3
Motor Gasoline® ..............cccoviiiiiiin. 1225 1206 125.9 1315 116.6 126.4 132.7 117.8 126.7 134.6
Residual Fuel ................ccooiiiiiiin 425 44.4 46.7 48.8 43.6 48.0 51.1 44.7 50.5 54.0
Residual Fuel (1996 dollars per barrel) ........... 17.87 1863 19.63 20.48 18.31 20.15 21.45 18.77 21.23 22.69
AVErage ... 102.8 1008 104.9 108.9 97.5 105.4 1105 98.1 106.0 112.1

Includes cogenerators. Includes Federal and State taxes while excluding county and state taxes.
2L ow sulfur diesel fuel. Includes Federal and State taxes while excluding county and local taxes.

Kerosene-type jet fuel.

“Sales weighted-average price for all grades. Includes Federal and State taxes while excluding county and local taxes.
SIncludes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.
SWeighted averages of end-use fuel prices are derived from the prices in each sector and the corresponding sectoral consumption.
Sources : 1996 prices for gasoline, distillate, and jet fuel are based on prices in various issues of Energy Information Administration, Petroleum Marketing Monthly, DOE/EIA-
0380(96/03-97/04) (Washington, DC, 1996-97). 1996 prices for all other petroleum products are derived from EIA, State Energy Price and Expenditures Report: 1994, DOE/EIA-
0376(94) (Washington, DC, June 1997). Projections : EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.

Energy Information Administration/ Annual Energy Outlook 1998

145



Economic Growth Case Comparisons

Table B13. Natural Gas Supply and Disposition, and Prices
(Trillion Cubic Feet per Year)

Projections
2010 2015 2020
Supply, Disposition, and Prices 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Production

Dry Gas Production® ......................... 19.02 2355 24.70 25.73 24.48 26.12 27.49 24.95 27.44 29.30
Supplemental Natural Gas® ................... 0.12 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
NetImports ... 2.72 4.16 4.28 4.63 441 4.64 5.02 4.60 491 5.36
Canada ......ooovi 2.76 4.01 4.13 4.44 4.27 4.50 4.84 4.48 4.80 5.21
MEXICO . . v v e -0.02 -0.15 -0.15 -0.15 -0.15 -0.15 -0.15 -0.17 -0.17 -0.17
Liquefied Natural Gas . .. .........oovvvvvnnnn. -0.03 0.29 0.29 0.33 0.29 0.29 0.33 0.29 0.29 0.33
Total Supply ..o 21.86 27.76 29.03 3041 28.94 30.81 32.56 29.60 3241 34.72

Consumption by Sector
Residential .............coiiiiiii 5.23 5.37 5.47 5.58 5.50 5.66 5.83 5.65 5.80 6.02
Commercial . ... 3.20 3.54 3.65 3.74 3.59 3.74 3.90 3.55 3.75 3.96
Industrial’ ........... 8.60 9.41 9.75 10.09 9.11 9.75 10.35 8.82 9.70 10.58
Electric Generators’ ......................... 2.98 6.63 7.22 7.96 7.78 8.52 9.20 8.53 9.85 10.64
Lease and PlantFuel’ ....................... 1.25 153 159 1.64 1.60 1.68 1.75 1.63 1.76 1.86
Pipeline Fuel ..ot 0.71 0.88 0.93 0.96 0.90 0.96 1.01 0.93 1.00 1.08
Transportation® ............o.vvuiiiiiiiiin., 0.01 0.22 0.23 0.24 0.27 0.29 0.32 0.29 0.33 0.37
Total ..o 21.99 27.58 28.84 30.22 28.74 30.61 32.36 29.40 32.20 34,51
Discrepancy7 ............................... -0.12 0.18 0.19 0.19 0.20 0.20 0.21 0.20 0.21 0.21

*Marketed production (wet) minus extraction losses.

?Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural
gas.

3Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

°Represents natural gas used in the field gathering and processing plant machinery.

SCompressed natural gas used as vehicle fuel.

"Balancing item. Natural gas lost as a result of converting flow data measured at varying temperatures and pressures to a standard temperature and pressure and the merger of
different data reporting systems which vary in scope, format, definition, and respondent type. In addition, 1996 values include net storage injections.

Btu = British thermal unit.

N/A = Not applicable.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 may differ from published data due to internal conversion factors.

Sources: 1996 supplemental natural gas: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(97/6) (Washington, DC, June 1997). 1996 imports and
dry gas production derived from: EIA, Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, November 1997). 1996 transportation sector consumption: EIA, AEO98
National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A. Other 1996 consumption: EIA, Short-Term Energy Outlook August 1997.
Online. http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21, 1997) with adjustments to end-use sector consumption levels for consumption of natural gas by
electric wholesale generators based on EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A. Projections: EIA,
AEQO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B14. Natural Gas Prices, Margins, and Revenue
(1996 Dollars per Thousand Cubic Feet, Unless Otherwise Noted)

Projections
2010 2015 2020
Prices, Margins, and Revenue 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Source Price
Average Lower 48 Wellhead Price! ............. 2.24 191 231 2.69 1.89 2.38 2.73 191 2.54 2.97
Average Import Price ............ooiiiii. 1.98 1.97 2.32 2.72 1.90 2.40 2.80 1.90 2.56 3.00
AVETAE® 221 1.92 231 2.70 1.89 2.38 2.74 191 2.54 2.97
Delivered Prices
Residential ... 6.37 5.17 5.58 6.00 4.93 5.47 5.85 4.86 5.60 6.02
commercial . ... 5.43 4.39 4.79 5.21 4.23 4.76 5.14 421 491 5.34
Industrial’ ............. 3.05 2.60 3.01 3.41 2.58 3.09 3.46 2.59 3.26 371
Electric Generators’ ......................... 2.70 2.48 291 3.32 2.51 3.04 3.42 2.54 3.22 3.67
Transportation® . ............ooiiiiiiia.... 5.57 6.42 6.79 7.20 6.73 7.26 7.60 6.97 7.61 8.01
AVErage® . .. ... 4.25 3.41 3.80 4.19 3.32 3.83 4.19 3.32 3.97 4.40
Transmission and Distribution Margins’
Residential ............ccoiiiiiiii 4.17 3.25 3.27 3.30 3.04 3.09 311 2.95 3.05 3.05
Commercial . ......vi 3.23 247 2.48 251 2.34 2.38 2.39 2.30 2.37 2.37
Industrial ... 0.84 0.68 0.71 0.72 0.69 0.70 0.72 0.68 0.71 0.74
Electric Generators’ ...................o..e. 0.49 0.56 0.60 0.62 0.62 0.66 0.68 0.63 0.68 0.69
Transportation” . ...........vvvvvvniniininn.. 3.36 4.50 4.48 451 4.84 4.88 4.86 5.06 5.06 5.03
Averageﬁ ................................. 2.04 1.49 1.49 1.49 1.43 1.44 1.45 1.41 1.43 1.42
Transmission and Distribution Revenue
(billion 1995 dollars)
Residential ............ ... 2181 17.47 17.91 18.43 16.74 17.48 18.12 16.68 17.70 18.37
commercial . ... 10.34 8.76 9.05 9.40 8.38 8.88 9.32 8.15 8.87 9.36
Industrial’ ............ . 7.23 6.42 6.89 7.21 6.29 6.87 7.45 6.01 6.92 7.78
Electric Generators’ ......................... 1.47 3.71 4.32 4.93 4.85 5.63 6.25 5.41 6.69 7.40
Transportation® . .............iiiiiiie.... 0.03 0.98 1.04 1.10 1.29 1.43 1.54 149 1.68 1.88
Total .o 40.88  37.33 39.21 41.08 37.55 40.29 42.69 371.74 41.87 44.79

'Represents lower 48 onshore and offshore supplies.

2Quantity-weighted average of the average lower 48 wellhead price and the average price of imports at the U.S. border.

3Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

SCompressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.

SWeighted average prices and margins. Weights used are the sectoral consumption values excluding lease, plant, and pipeline fuel.
"Within the table, “transmission and distribution” margins equal the difference between the delivered price and the source price (average of the wellhead price and the price of
imports at the U.S. border) of natural gas and, thus, reflect the total cost of bringing natural gas to market. When the term “transmission and distribution” margins is used in today's
natural gas market, it generally does not include the cost of independent natural gas marketers or costs associated with aggregation of supplies, provisions of storage, and other
services. As used here, the term includes the cost of all services and the cost of pipeline fuel used in compressor stations.
Note: Totals may not equal sum of components due to independent rounding.
Sources: 1996 industrial delivered prices based on Energy Information Administration (EIA), Manufacturing Energy Consumption Survey 1991. 1996 residential and commercial
delivered prices, average lower 48 wellhead price, and average import price: EIA, Natural Gas Monthly, DOE/EIA-0130(97/06) (Washington, DC, June 1997). Other 1996 values,

and projections: EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B15. Oil and Gas Supply

Projections
2010 2015 2020
Production and Supply 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Crude Oil
Lower 48 Average Wellhead Price*
(1996 dollars perbarrel) ..................... 1941 20.53 21.08 21.80 20.19 21.01 21.83 20.67 21.58 23.03
Production (million barrels per day)?
US.Total ..o 6.48 5.49 5.57 5.67 5.15 5.24 5.37 4.79 4.92 5.08
Lower480nshore .............c.cviiiii... 3.76 3.09 3.15 3.22 3.06 3.13 3.22 2.99 3.09 321
Conventional ... 3.15 2.33 2.36 2.41 2.30 2.35 2.40 2.34 2.41 2.49
Enhanced Oil Recovery ..................... 0.61 0.76 0.79 0.81 0.76 0.78 0.82 0.65 0.68 0.73
Lower 48 Offshore ..................cooiit. 1.32 1.65 1.67 1.70 1.49 1.52 1.55 1.33 1.35 1.38
AlaSKa .. 1.40 0.75 0.75 0.75 0.60 0.60 0.60 0.48 0.48 0.48
Lower 48 End of Year Reserves (billion barrels) .. 16.82  14.64 14.87 15.19 14.42 14.67 15.10 13.93 14.33 14.84
Natural Gas
Lower 48 Average Wellhead Price
(1996 dollars per thousand cubic feet) ........ 2.24 191 231 2.69 1.89 2.38 2.73 191 2.54 2.97
Production (trillion cubic feet)®
US.Total ..o 19.01 23.55 24.70 25.73 24.48 26.12 27.49 24.95 27.44 29.30
Lower480nshore .............c.coiiiiin.. 13.07 16.33 17.33 18.25 17.29 18.72 19.75 17.14 18.99 20.22
Associated-Dissolved* ...................... 1.84 1.25 1.27 1.28 1.19 121 1.22 117 1.19 1.21
Non-Associated . ... 11.23 15.08 16.06 16.97 16.10 1751 18.53 15.97 17.81 19.01
Conventional . ... 7.96 10.96 11.77 12.37 11.46 12.44 13.07 11.15 12.32 13.07
Unconventional ...t 3.27 412 4.30 4.60 4.64 5.08 5.45 4.82 5.49 5.94
Lower 48 Offshore ..............cccovvivnnn 5.50 6.66 6.81 6.91 6.60 6.81 7.15 721 7.83 8.46
Associated-Dissolved” ... ................... 0.80 0.92 0.92 0.93 0.89 0.89 0.90 0.85 0.85 0.86
Non-Associated ...........c.cooviiiiiiiiin. 470 5.74 5.89 5.98 5.72 5.92 6.25 6.37 6.98 7.60
AlaSKa .. 0.43 0.56 0.56 0.57 0.58 0.59 0.60 0.60 0.62 0.63
Lower 48 End of Year Reserves
(trillion cubicfeet) ..................co, 157.23 192.24 196.33 203.56 187.35 196.28 205.88 175.69 185.11 191.48
Supplemental Gas Supplies (trillion cubic feet)® ..  0.12 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Total Lower 48 Wells (thousands) ............. 2175 25.87 28.19 30.36 26.53 29.39 3191 28.09 32.04 35.14

Ft. = feet.

'Represents lower 48 onshore and offshore supplies.

2Includes lease condensate.

3Market production (wet) minus extraction losses.

“Gas which occurs in crude oil reserves either as free gas (associated) or as gas in solution with crude oil (dissolved).
*Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural

gas.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 may differ from published data due to internal conversion factors.
Sources : 1996 crude oil lower 48 average wellhead price: Energy Information Administration (EIA), Office of Integrated Analysis and Forecasting. 1996 total wells completed:
EIA, Office of Integrated Analysis and Forecasting. 1996 lower 48 onshore, lower 48 offshore, Alaska crude oil production: EIA, Petroleum Supply Annual 1996, DOE/EIA-0340(96)

(Washington, DC, June 1997). 1996 natural gas lower 48 average wellhead price, Alaska and total natural gas production, and supplemental gas supplies.

EIA, Natural Gas

Monthly, DOE/EIA-0130(97/06) (Washington, DC, June 1997). Other 1996 values: EIA, Office of Integrated Analysis and Forecasting. Projections: EIA, AEO98 National Energy
Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B16. Coal Supply, Disposition, and Prices
(Million Short Tons per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply, Disposition, and Prices 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Production®
Appalachia .............ccci 452 477 505 504 473 505 531 479 513 566
INBFON . e 173 168 177 174 149 167 176 154 166 180
WESE e 439 560 583 648 601 654 708 626 697 755
East of the MissisSippi .. .........ovvvivvn.. 564 569 602 589 567 609 635 584 623 676
West of the Mississippi .. ...................... 500 635 663 738 656 717 781 674 754 825
Total ..o 1064 1204 1265 1326 1223 1326 1415 1258 1376 1501
Net Imports
IMPOIS .. 7 8 8 8 8 8 8 8 8 8
EXPOMS ..o 90 112 112 112 119 119 119 128 128 128
Total ..o -83 -104 -104 -104 -112 -112 -112 -120 -120 -120
Total SUPPIY? .o 981 1100 1161 1222 1111 1215 1304 1138 1256 1381
Consumption by Sector
Residential and Commercial ................... 6 6 6 7 6 7 7 6 6 7
Industrial ............ 70 73 81 87 71 81 90 67 81 94
CokePlants..........ccovviiiiiii s 32 26 26 26 24 24 24 23 23 23
Electric Generators® ............ccovvvvvinnn. 896 995 1049 1102 1012 1103 1183 1042 1147 1258
Total ..o 1003 1101 1162 1223 1113 1215 1305 1138 1257 1382
Discrepancy and Stock Change®. ............... -23 -1 -1 0 2 -0 -1 0 -1 -1
Average Minemouth Price
(1996 dollars per shortton) ..................... 18.50 14.98 15.05 14.64 13.87 13.99 14.05 13.14 13.27 13.50
(1996 dollars per million Btu) . .. ................. 0.87 0.71 0.72 0.70 0.66 0.67 0.67 0.63 0.64 0.65
Delivered Prices (1996 dollars per short ton)°®
Industrial ... 32.28 29.22 29.29 29.25 28.76 28.90 28.85 28.43 28.57 28.58
Coke PlantS . . ...ovvv et 47.33 45.21 45.10 45.20 44.90 44.78 44.89 44.60 44.61 44.61
Electric Generators
(1996 dollars per shortton) ................... 26.45 21.91 22.09 22.15 20.26 20.72 20.99 18.91 19.52 20.01
(1996 dollars per million Btu) .................. 1.29 1.08 1.09 110 1.00 1.03 1.04 0.95 0.97 0.99
AVEIAgE ... 27.52 22.96 23.12 23.16 21.34 21.76 21.98 19.99 20.56 21.00
Exports7 ................................... 40.77 34.98 35.02 35.02 33.47 33.75 33.89 31.88 32.47 32.75

!Includes anthracite, bituminous coal, and lignite.

2Production plus net imports and net storage withdrawals.

3Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

SBalancing item: the sum of production, net imports, and net storage minus total consumption.

®Sectoral prices weighted by consumption tonnage; weighted average excludes residential/ commercial prices and export free-alongside-ship (f.a.s.) prices.

" F.a.s. price at U.S. port of exit.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 data derived from: Energy Information Administration (EIA), Coal Industry Annual 1996, DOE/EIA-0584(96) (Washington, DC, November 1997). Projections:
EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B17. Renewable Energy Generating Capacity and Generation
(Thousand Megawatts, Unless Otherwise Noted)

Projections
2010 2015 2020
Capacity and Generation 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Electric Generators®
(excluding cogenerators)
Net Summer Capability
Conventional Hydropower .................. 7858  80.71 80.71 80.71 80.71 80.71 80.71 80.71 80.71 80.71
Geothermal .......... ... 3.02 2.71 2.92 3.07 2.59 2.87 3.52 2.55 2.94 3.87
Municipal Solid Waste® ..ot 291 3.77 3.92 4.07 4.02 4.26 4.49 4.09 4.38 4.68
Wood and Other Biomass® .................. 191 2.02 2.07 2.08 2.27 2.28 2.64 2.31 2.50 4.58
Solar Thermal ..ot 0.36 0.46 0.46 0.46 051 051 051 0.56 0.56 0.56
Solar Photovoltaic . .. ...................... 0.01 0.22 0.22 0.22 0.38 0.38 0.38 0.56 0.56 0.56
Wind ... 1.85 3.28 3.33 3.46 3.39 3.68 3.63 3.71 4.06 3.83
Total ..o 88.64  93.17 93.64 94.07 93.87 94.69 95.88 94.49 95.70 98.79
Generation (billion kilowatthours)
Conventional Hydropower .................. 346.28 318.61 318.67 318.74 318.65 318.76 318.86 318.68 318.82 318.96
Geothermal ..., 1570 16.12 17.64 18.66 15.95 17.92 22.49 16.50 19.26 25.79
Municipal Solid Waste® ..................... 1885 25.25 26.32 27.36 27.02 28.68 30.24 27.46 29.52 31.57
Wood and Other Biomass® ... ............... 7.27 9.48 9.79 9.87 11.21 11.24 13.81 1151 12.81 27.37
Solar Thermal ...t 0.82 1.25 1.24 1.24 1.39 1.39 1.39 157 1.56 1.56
Solar Photovoltaic . ........................ 0.00 0.60 0.60 0.60 1.00 1.00 1.00 1.45 1.45 1.45
Wind oo 3.17 7.60 7.76 8.13 7.95 8.86 8.66 9.01 10.08 9.31
Total oo 392.09 378.89 382.03 384.60 383.17 387.84 396.44 386.17 393.50 416.01
Cogenerators®
Net Summer Capability
Municipal Solid Waste ..................... 0.41 0.45 0.46 0.47 0.46 0.47 0.49 0.45 0.48 0.50
Biomass ... 5.41 5.81 6.14 6.42 5.62 6.08 6.49 5.35 5.95 6.50
Total ..o 5.81 6.27 6.61 6.89 6.07 6.56 6.98 5.81 6.43 6.99
Generation (billion kilowatthours)
Municipal Solid Waste ..................... 2.09 2.24 2.30 2.34 2.26 2.34 2.40 2.26 2.36 2.45
BiOMass ... 39.17 3885 41.00 42,77 37.52 40.55 43.18 35.71 39.65 43.18
Total ..o 4125  41.09 43.29 45.11 39.79 42.89 45.59 37.97 42.01 45.63

*Includes grid-connected utilities and nonutilites other than cogenerators. These nonutility facilities include small power producers, exempt wholesale generators and generators
at industrial and commercial facilities which do not produce steam for other uses.

2Includes hydrothermal resources only (hot water and steam).

3Includes landfill gas.

“Includes projections for energy crops after 2010.

SCogenerators produce electricity and other useful thermal energy.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO98. Net summer
capability is used to be consistent with electric utility capacity estimates. Data for electric uility capacity are the most recently available as of August 25, 1997. Additional retirements
are also determined on the basis of the size and age of the units. Therefore, capacity estimates may differ from other Energy Information Administration sources.

Sources: 1996 electric utility capability: Energy Information Administration (EIA), Form EIA-860 “Annual Electric Utility Report,” 1996 nonutility and cogenerator capability: Form
EIA-867, “Annual Nonutility Power Producer Report.” 1996 generation: EIA, Annual Energy Review 1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Projections: EIA, AEO98
National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B18. Renewable Energy Consumption by Sector and Source !
(Quadrillion Btu per Year)
Projections
2010 2015 2020
Sector and Source 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Marketed Renewable Energy?
Residential . 0.61 0.63 0.64 0.62 0.64 0.66 0.62 0.64 0.67
WOOM ... X 0.61 0.63 0.64 0.62 0.64 0.66 0.62 0.64 0.67
Commercial’ ... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BIOMASS ..ot 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Industrial* . ......... ... 1.82 2.08 2.24 2.39 2.06 2.31 2.53 2.01 2.34 2.64
Conventional Hydroelectric .................... 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Municipal Solid Waste ........................ 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Biomass ... 1.78 2.04 2.20 2.35 2.03 2.27 2.49 1.98 2.30 2.60
Transportation ...t 0.10 0.11 0.17 0.22 0.11 0.14 0.26 0.12 0.15 0.21
Ethanol used i E85® ..............ooviiivinns 0.00 0.07 0.07 0.08 0.10 0.11 0.12 0.12 0.13 0.15
Ethanol used in Gasoline Blending .............. 0.10 0.04 0.09 0.14 0.01 0.03 0.13 0.00 0.01 0.07
Electric Generators® . .............coovvveeinns 4.40 433 4.40 4.45 4.39 4.48 4.67 4.42 4.56 4.92
Conventional Hydroelectric .................... 3.56 3.28 3.28 3.28 3.28 3.28 3.28 3.28 3.28 3.28
Geothermal .........ovii 0.43 0.47 0.52 0.55 0.47 0.53 0.68 0.49 0.58 0.78
Municipal Solid Waste ........................ 0.30 0.40 0.42 0.44 0.43 0.46 0.48 0.44 0.47 0.51
Biomass ... 0.06 0.08 0.09 0.09 0.10 0.10 0.12 0.10 0.11 0.24
Solar Thermal ... 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00
Solar Photovoltaic . .. ...t 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Wind ... 0.03 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.10 0.10
Total Marketed Renewable Energy ............. 6.93 7.14 7.44 7.70 7.19 7.58 8.11 717 7.69 8.43
Non-Marketed Renewable Energy’
Selected Consumption
Residential ..o 0.02 0.04 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.08
Solar Hot Water Heating . . ..................... 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Geothermal Heat Pumps ...................... 0.01 0.03 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.07
Commercial ... 0.01 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
Solar Thermal ... 0.01 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04

*Actual heat rates used to determine fuel consumption for all renewable fuels except hydropower, solar, and wind. Consumption at hydroelectric, solar, andwind facilities determined
by using the fossil fuel equivalent of 10,280 Btu per kilowatthour.

2Includes nonelectric renewable energy groups for which the energy source is bought andsold in the marketplace, although all transactions may not necessarily be marketed, and
marketed renewable energy inputs for electricity entering the marketplace on the electric power grid. Excludes electricity imports; see Table B8.

3Value is less than 0.005 quadrillion Btu per year and rounds to zero.

“Includes all electricity production by industrial and other cogenerators for the grid and for own use.

SExcludes motor gasoline component of E85.

®Includes renewable energy delivered to the grid from electric utilities and nonutilities. Renewable energy used in generating electricity for own use is included in the individual
sectoral electricity energy consumption values.

“Includes selected renewable energy consumption data for which the energy is not bought or sold, either directly or indirectly as an input to marketed energy. The Energy
Information Administration does not estimate or project total consumption of nonmarketed renewable energy.

Btu = British thermal unit.

Notes: Totals may not equal sum of components due to independent rounding.

Sources: 1996 electric generators: Energy Information Administration (EIA), Form EIA-860, "Annual Electric Utility Report" and EIA, Form EIA-867, "Annual Nonutility Power
Producer Report." 1996 ethanol: EIA, Petroleum Supply Annual 1996, DOE/EIA-0340(96/1) (Washington, DC, June 1997). Other 1996: EIA, Office of Integrated Analysis and
Forecasting. Projections: EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B19. Carbon Emissions by Sector and Source
(Million Metric Tons per Year)

Projections
2010 2015 2020
Sector and Source 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Residential
Petroleum ............ .. .. i 27.3 24.3 24.8 25.2 24.0 24.5 25.2 23.7 24.2 25.0
Natural Gas . .......ovvii i 77.4 79.5 81.1 82.7 815 83.8 86.4 83.7 85.9 89.2
Coal ..o 14 14 1.3 1.3 1.3 1.3 13 1.3 1.3 1.3
Electricity .. ....ove e 1799 2217 230.9 238.6 235.0 248.8 261.8 252.6 267.5 2845
Total Lo 286.0  326.9 338.1 3479 3419 358.5 374.7 361.3 379.0 400.0
Commercial
Petroleum ............ .. .. 15.3 12.5 12.8 13.1 12.3 12.7 13.2 11.9 12.4 13.0
Natural Gas .. .....ovvvve i 47.4 52.5 54.0 55.5 53.1 55.4 57.7 52.5 55.5 58.6
Coal ..o 2.1 2.4 2.4 2.5 24 25 2.6 2.4 25 2.7
Electricity .. ..o 1648 1973 205.1 2116 205.3 217.8 229.4 210.3 2255 2415
Total Lo 229.6  264.7 274.4 282.7 273.1 288.4 302.9 277.1 296.0 315.8
Industrial*
Petroleum ........... .. 104.8 106.1 115.6 1234 107.9 119.3 129.8 105.6 120.3 134.0
Natural Gas? . ......ovveeeeeeee e 142.8 160.0 165.8 171.4 156.6 167.1 176.7 152.8 167.5 181.7
59.3 58.7 62.8 66.6 56.0 61.7 67.0 52.9 60.7 67.9

169.2 197.2 219.1 2383 196.9 230.6 259.4 1945 240.6 282.1
476.1 5220 563.3 599.6 5174 578.7 633.0 505.9 589.2 665.6

Transportation
Petroleum . ... 4579 5743 601.0 625.3 588.6 632.3 6717 594.9 658.6 716.3
Natural Gas® .............cccoeeeeeeiiinn... 10.5 16.3 17.2 17.8 17.3 18.6 19.6 18.2 19.8 214
Other* ... o i 0.0 14 15 15 2.0 2.2 2.4 2.4 2.7 3.0
Electricity . .. ..o 2.8 75 7.8 8.1 9.0 9.5 10.0 10.3 11.0 117
Total Lo 4712 599.4 627.5 652.8 616.8 662.7 703.8 625.8 692.1 752.5
Total Carbon Emissions®
PEtroleum ... 6053 7172 754.2 787.0 732.8 788.9 839.9 736.0 815.5 888.4
Natural Gas . ......ovv e 278.1 308.3 318.1 3274 308.5 324.9 340.5 307.3 328.7 350.9
Coal .o 62.8 62.4 66.6 70.5 59.7 65.6 70.9 56.6 64.5 71.9
Other* ... . oo 0.0 14 15 15 2.0 2.2 2.4 2.4 2.7 3.0
Electricity .. ... 516.7 623.7 662.9 696.6 646.2 706.8 760.6 667.7 T44.7 819.7
Total oo 1462.9 17130 1803.2 1883.0 1749.2 1888.3 2014.3 1770.0 1956.2 21339
Electric Generators®
Petroleum ... 155 6.1 74 9.4 5.6 6.8 8.2 5.2 6.6 8.5
Natural Gas . .. ..o 40.3 97.6 106.3 117.1 1145 1254 1354 1255 145.0 156.6
Coal . 460.9 520.0 549.3 570.1 526.1 574.5 617.0 537.0 593.1 654.7
Total oo 516.7  623.7 662.9 696.6 646.2 706.8 760.6 667.7 744.7 819.7
Total Carbon Emissions’
Petroleum ... 620.8 7234 761.5 796.4 7384 795.7 848.1 741.1 822.1 896.9
Natural Gas 318.4 405.8 424.4 4445 423.0 450.3 475.9 432.8 473.7 507.5
Coal .o 523.7 582.4 615.9 640.5 585.8 640.1 687.9 593.6 657.7 726.5
Other* ... . o i 0.0 14 15 15 2.0 2.2 2.4 2.4 2.7 3.0
Total ..o 14629 1713.0 1803.2 1883.0 1749.2 1888.3 2014.3 1770.0 1956.2 2133.9
Carbon Emissions (tons per person)........... 5.5 5.9 6.0 6.1 5.8 6.1 6.2 5.7 6.0 6.3

‘Includes consumption by cogenerators.

2Includes lease and plant fuel.

®Includes pipeline fuel natural gas and compressed natural gas used as vehicle fuel.

“Includes methanol and liquid hydrogen.

*Measured for delivered energy consumption.

SIncludes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

"Measured for total energy consumption, with emissions for electric power generators distributed to the primary fuels.

Note: Totals may not equal sum of components due to independent rounding.

Sources: Carbon coefficients from Energy Information Administration, (EIA) Emissions of Greenhouse Gases in the United States 1996, DOE/EIA-0573(96) (Washington, DC,
October 1997). 1996 consumption estimates based on: EIA, Short Term Energy Outlook, August 1997, Online. http://mww.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August
21, 1997). Projections: EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B20. Macroeconomic Indicators

(Billion 1992 Chain-Weighted Dollars, Unless Otherwise Noted)

Projections
2010 2015 2020
Indicators 19% Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth

GDP Chain-Type Price Index

(1992=1.000) . ....etiii 1.102 1.984 1.600 1.355 2518 1.891 1.501 3.202 2.262 1.694
Real Gross Domestic Product .................. 6928 8756 9431 10066 9199 10211 11167 9533 10900 12191
Real Consumption . .........coovviviiiiainn. 4714 6036 6349 6656 6507 6989 7453 6949 7626 8275
Real Investment ..o 1067 1534 1739 1937 1634 1934 2230 1738 2105 2467
Real Government Spending ...................... 1258 1428 1498 1568 1476 1583 1688 1493 1640 1783
Real EXports . .......oovviiiiiiii 857 2107 2332 2552 2465 2849 3224 2771 3352 3920
Real Imports ... 971 2423 2514 2641 3101 3283 3509 3843 4153 4508
Real Disposable Personal Income ............... 5077 6511 6884 7242 6955 7560 8128 7336 8217 9006
Index of Manufacturing Gross Output

(index 1987=1.000) .........covuviriiiiinnnns 1.299 1.700 1.851 1.982 1.752 1.992 2.198 1.761 2.125 2.444
AA Utility Bond Rate (percent) .................... 757 9.04 721 5.65 8.98 7.64 6.22 8.75 8.27 7.09
Real Yield on Government 10 Year Bonds

(PErCeNt) ..t 4.99 3.21 3.58 3.70 3.08 3.69 4.01 2.72 3.97 4.42
Real Utility Bond Rate (percent) ................... 5.28 4.19 4.05 3.85 4.07 4.15 4.04 3.88 4.49 4.50
Delivered Energy Intensity

(thousand Btu per 1992 dollar of GDP)

Delivered Energy ............cooiiiiiiiiiii... 10.16 9.27 9.04 8.85 8.95 8.68 8.46 8.64 8.35 8.14

Total ENergy . ....ooovvvvriiiii i 13.57 1221 11.90 11.63 11.72 11.34 11.04 11.31 10.89 10.60
Consumer Price Index (1982-84=1.00) ............. 1.57 3.01 242 2.04 3.88 2.90 2.30 5.00 352 2.64
Unemployment Rate (percent) .................... 5.38 5.92 5.51 5.32 6.04 5.55 5.33 6.18 5.66 5.43
Unit Sales of Light-Duty Vehicles (million) ........ 15.10 15.60 16.65 17.79 15.64 17.15 18.82 15.60 17.49 19.82
Millions of People

Population with Armed Forces Overseas........... 266.1 290.3 298.9 306.9 299.1 3112 3224 307.9 3235 337.8

Population (aged 16 andover) ................... 204.2 229.3 2354 241.2 237.1 245.8 254.0 244.1 255.6 266.2

Employment, Non-Agriculture ................... 1195 138.0 143.9 149.3 140.8 149.2 157.1 142.2 153.4 163.9

Employment, Manufacturing . .................... 18.5 16.6 175 18.4 15.1 16.4 17.5 135 15.2 16.6

LaborForce . .......oovviiii 1339 151.1 156.5 161.5 152.5 160.2 167.2 152.4 162.4 1714

GDP = Gross domestic product.
Btu = British thermal unit.

Sources: 1996: Data Resources Incorporated (DRI), DRI Trend0897. Projections: Energy Information Administration, AEO98 National Energy Modeling System runs
LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Table B21. International Petroleum Supply and Disposition Summary
(Million Barrels per Day, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply and Disposition 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
World Oil Price (1996 dollars per barrel)* ......... 2048  20.29 20.81 21.55 20.65 21.48 22.38 21.24 22.32 23.44
Production®
OECD
U.S. (50 StateS) +.vvvveeeeeiii i 9.37 8.72 8.94 9.19 8.47 8.73 9.11 8.14 8.48 8.90
Canada . .......covii 2.51 2.60 2.59 2.60 2.63 2.62 2.63 2.66 2.66 2.66
MEXICO et 3.28 334 334 334 344 343 3.44 353 353 3.53
OECD Europe3 ............................... 6.67 5.74 5.74 5.74 5.11 5.11 5.11 4.47 4.47 4.47
OtherOECD ... ovvii e 0.77 1.01 1.01 1.01 0.80 0.80 0.80 0.84 0.84 0.84
TotalOECD . ..o 22.60 21.40 21.62 21.88 20.44 20.70 21.09 19.64 19.98 20.40
Developing Countries
Other South & Central America.................. 3.29 5.23 5.23 5.23 6.03 6.03 6.03 6.68 6.68 6.68
Pacific Rim ... 2.08 3.20 3.20 3.20 3.23 3.23 3.23 3.08 3.08 3.08
OPEC ..ot 29.00 47.10 48.19 49.01 54.75 56.40 57.68 63.70 65.98 67.94
Other Developing Countries .................... 421 5.01 5.00 5.01 5.33 5.33 5.33 5.38 5.38 5.38
Total Developing Countries .................. 3859  60.54 61.63 62.46 69.34 70.98 72.27 78.84 81.11 83.07
Eurasia
Former SovietUnion .......................... 7.14 9.83 9.83 9.83 10.59 10.59 10.59 1141 1141 1141
EasternEurope ... 0.32 0.21 0.21 0.21 0.18 0.18 0.18 0.18 0.18 0.18
China ... 3.10 3.27 3.27 3.27 3.46 3.46 3.46 3.65 3.65 3.65
Total Eurasia ............ccooviiiiiiian.n. 10.55 1331 1331 1331 14.24 14.23 14.24 15.24 15.24 15.24
Total Production ...t 71.74 95.26 96.56 97.65 104.02 105.91 107.59 113.72 116.34 118.71
Consumption
OECD
U.S. (50States) ...vvvviiiiiiii e 1831 2145 22.70 23.84 21.81 23.66 25.39 21.80 24.39 26.80
US. Termtonies . . ...ovveeei i 0.26 0.38 0.38 0.38 0.42 0.42 0.42 0.46 0.46 0.46
Canada.........ovviiiii 177 214 215 214 2.28 2.28 2.28 243 243 243
Mexico .. 1.98 2.74 2.74 2.74 3.00 3.00 3.00 3.27 3.27 3.27
Japan 5.84 7.27 7.28 7.27 7.78 7.80 7.78 8.33 8.34 8.33
Australia and New Zealand. .................... 0.97 1.20 1.20 1.20 1.24 1.24 1.24 1.29 1.29 1.29
OECD Europe3 ............................... 13.93 15.10 15.11 15.10 15.39 15.40 15.39 15.69 15.69 15.69
TOtal OECD ..o 43.05  50.28 51.56 52.67 51.93 53.80 55.50 53.27 55.88 58.27
Developing Countries
Other South and Central America . ............... 3.79 6.51 6.51 6.51 7.48 7.49 7.48 8.60 8.61 8.60
Pacific Rim ... 455 8.43 8.44 8.43 10.07 10.07 10.07 12.03 12.03 12.03
OPEC ..ot 5.14 7.06 7.06 7.06 7.91 7.91 7.91 8.86 8.86 8.86
Other Developing Countries .................... 5.44 7.94 7.94 7.94 8.75 8.75 8.75 9.66 9.66 9.66
Total Developing Countries .................. 1891  29.94 29.95 29.94 34.21 34.22 34.21 39.15 39.16 39.15
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Table B21. International Petroleum Supply and Disposition Summary (Continued)
(Million Barrels per Day, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply and Disposition 1996 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth

Eurasia
Former SovietUnion ...............covviinn 4.48 6.73 6.73 6.73 7.64 7.65 7.64 8.68 8.68 8.68
Eastern EUrOpe . ...vvvveveiiii e 1.43 1.72 173 172 1.96 1.96 1.96 2.24 2.24 2.24
China ... 3.44 6.89 6.89 6.89 8.58 8.58 8.58 10.68 10.68 10.68
Total Eurasia ............ccovviiiiiininanns 9.35 15.34 15.35 15.34 18.18 18.19 18.18 21.60 21.60 21.60
Total Consumption ............ovvviiniinenns 71.32 95.56 96.86 97.95 104.32 106.21 107.89 114.02 116.64 119.01
Non-OPEC Production....................u.t. 42,74 48.16 48.37 48.63 49.27 4952 4991 50.01 50.36 50.78
Net Eurasia EXports .. .........ooovviiiiinnns 1.20 -2.03 -2.04 -2.03 -3.95 -3.96 -3.95 -6.35 -6.36 -6.35
OPEC MarketShare .......................... 0.40 0.49 0.50 0.50 0.53 0.53 0.54 0.56 0.57 0.57

Average refiner acquisition cost of imported crude oil.

2Includes production of crude oil (including lease condensates), natural gas plant liquids, other hydrogen and hydrocarbons for refinery feedstocks, alcohol, liquids produced from
coal and other sources, and refinery gains.

SOECD Europe includes the unified Germany.

OECD = Organization for Economic Cooperation and Development - Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Japan, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States(including territories).

Pacific Rim = Hong Kong, Malaysia, Philippines, Singapore, South Korea, Taiwan, and Thailand.

OPEC = Organization of Petroleum Exporting Countries - Algeria, Gabon, Indonesia, Iran, Irag, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab Emirates, and
Venezuela.

Eurasia = Albania, Bulgaria, China, Czech Republic, Hungary, Poland, Romania, Slovak Republic, the Former Soviet Union, and the Former Yugoslavia.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 data derived from: Energy Information Administration (EIA), Short-Term Energy Outlook, August 1997, Online. http://www.eia.doe.gov/emeu/steo/pub

/upd/aug97/index.html (August 21, 1997). Projections: EIA, AEO98 National Energy Modeling System runs LMAC98.D100197A, AEO98B.D100197A, and HMAC98.D100197A.
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Appendix C
Oil Price Case Comparisons

Table C1. Total Energy Supply and Disposition Summary
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
Supply, Disposition, and Prices 1996 2010 2015 2020
Low High Low High Low High
World Oil | Reference | World Oil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Production
Crude Oil and Lease Condensate ............... 1371 9.80 11.79 13.30 8.96 11.09 13.47 8.30 1043 12.69
Natural Gas Plant Liquids .. .................... 2.46 2.88 2.95 2.99 3.06 312 317 317 329 334
Dry Natural Gas ............c.ovvvvivannnnnn. 1955 2491 25.39 25.78 26.44 26.85 27.30 27.28 28.21 28.62
Coal .o 22.64 26.30 26.62 26.67 27.32 21.73 27.83 28.68 28.59 28.64
Nuclear Power ............covviiiiiininn.n. 7.20 6.36 6.36 6.36 512 512 512 4.09 4.09 4.09
Renewable Energy* .................coooeiins 6.91 7.41 7.41 7.37 7.58 7.59 7.54 7.68 7.71 7.74
Other .. 1.33 0.41 0.48 0.49 0.43 0.47 0.50 0.46 0.47 0.48
Total ..o 73.80 78.08 81.00 82.97 78.91 81.97 84.93 79.66 82.77 85.60
Imports
Crude QI ... 16.30 25.43 23.17 2151 26.98 24.36 21.88 27.99 25.30 22.99
Petroleum Products’ .......................... 3.98 9.40 7.61 6.20 10.83 9.01 6.98 12.34 10.09 7.73
Natural Gas . .. .. ovv e 2.93 4.61 4.66 4.86 4.95 5.04 5.24 5.23 5.34 5.55
Other IMPors® . .. ... 0.57 0.57 0.57 0.57 0.54 0.54 0.54 0.56 0.56 0.56
Total ..o 23.78 40.01 36.02 33.14 43.31 38.96 34.65 46.11 41.28 36.82
Exports
Petroleum® . . ... ..o 2.04 1.82 1.80 1.73 1.95 1.89 177 1.75 1.67 1.48
0.16 0.29 0.29 0.29 0.30 0.30 0.30 0.32 0.32 0.32
2.37 2.84 2.84 2.84 3.03 3.03 3.03 3.23 3.23 3.23
4.57 4.96 4.93 4.87 5.27 5.21 5.10 5.31 5.23 5.03
DISCIEPANCY” ..\ttt 0.99 -0.06 0.08 0.37 -0.07 0.00 0.39 -0.48 -0.25 0.36
Consumption
Petroleum Products® . . ...........ooiiiiiiins 36.01 4611 44.33 43.18 48.29 46.20 44.66 50.02 47.64 46.12
Natural Gas . .. ..ovvveii e 22.60  29.09 29.63 30.22 30.90 31.44 32.08 32.00 33.06 33.69
Coal .o 20.90 23.68 24.03 24.06 24.54 24.95 25.06 25.71 25.61 25.67
Nuclear POWer ..............covvvviiiniinns . 120 6.36 6.36 6.36 512 512 512 4.09 4.09 4.09
Renewable Energy* .................coooeinns 6.91 7.43 7.42 7.39 7.60 7.62 7.56 1.72 7.74 7.77
Other® ... 0.40 0.40 0.39 041 0.40 0.40 0.44 0.43 0.42
Total 113.07 112.17 111.60 116.87 115.72 114.87 119.98 118.58 117.75
Net Imports - Petroleum ....................... 18.25 33.01 28.99 25.97 35.87 31.48 27.09 38.57 3371 29.24
Prices (1996 dollars per unit)
World Oil Price (dollars per barrel}®............... 2048 14.44 20.81 26.87 14.42 21.48 28.59 14.43 22.32 28.71
Gas Wellhead Price (dollars per M) ............ 2.24 2.25 231 2.38 2.35 2.38 242 245 2.54 2.58
Coal Minemouth Price (dollars perton) ............ 1850  14.83 15.05 14.85 13.96 13.99 13.92 13.16 13.27 13.28
Average Electric Price (cents perkwh) ............ 6.9 5.9 5.9 6.0 5.6 5.6 5.6 5.4 55 55

*Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltaic and solar
thermal sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of E85, but not
the ethanol components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable energy. See Table C18 for selected
nonmarketed residential and commercial renewable energy.

2Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

®Includes imports of crude oil for the Strategic Petroleum Reserve.

“Includes imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

SIncludes coal, coal coke (net), and electricity (net).

fIncludes crude oil and petroleum products.

"Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdrawals.

8Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum based liquids for blending, such as ethanol.

“Includes net electricity imports, methanol, and liquid hydrogen.

°Average refiner acquisition cost for imported crude oil.

Represents lower 48 onshore and offshore supplies.

Btu = British thermal unit.

Mcf = Thousand cubic feet.

Note: Totals may not equal sum of components due to independent rounding. Figures may differ from published data due to internal conversion factors.

Sources: 1996 natural gas values: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(97/06) (Washington, DC, June 1997). 1996 coal minemouth
price: Coal Industry Annual 1996 DOE/EIA-0584(96) (Washington, DC, November 1997). Coal production and exports derived from: EIA, Monthly Energy Review, DOE/EIA-
0035(97/08) (Washington, DC, August 1997). Other 1996 values: EIA, Annual Energy Review 1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Projections: EIA, AEO98
National Energy Modeling System runs LWOP98.D0100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Oil Price Case Comparisons

Table C2. Energy Consumption by Sector and Source
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Source 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Oil | Reference | World Qil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Energy Consumption
Residential
Distillate Fuel . . ...t 0.89 0.80 0.77 0.74 0.78 0.74 0.71 0.76 0.72 0.69
KErOSENE . ..o v v e 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Liquefied Petroleum Gas .................. 0.42 0.51 0.49 0.47 0.53 0.50 0.48 0.54 0.51 0.49
Petroleum Subtotal . ..................... 1.40 1.38 1.33 1.28 1.38 1.32 1.26 1.38 1.30 1.25
Natural Gas . . ..ovvvvve i 5.39 5.63 5.63 5.60 5.82 5.82 5.78 5.99 5.97 5.95
Coal .o 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Renewable Energy* ...................... 0.61 0.63 0.63 0.63 0.64 0.64 0.63 0.64 0.64 0.64
Electricity ... ..o 3.68 4.61 4.61 4.60 4.95 4.94 4.94 5.29 5.28 5.27
Delivered Energy ...................... 11.13 12.31 12.25 12.16 12.84 12.77 12.66 13.35 13.25 13.16
Electricity Related Losses ................. 8.23 9.49 9.39 9.35 9.69 9.58 9.55 10.06 9.93 9.92
Total Lo 19.36 21.80 21.64 2151 22.53 22.35 22.21 2341 23.17 23.08
Commercial
Distillate Fuel . ...t 0.44 0.44 0.40 0.39 0.44 0.39 0.38 0.44 0.37 0.37
Residual Fuel .................cooiiiit 0.15 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Kerosene .........ovvviviiiiiiiianns 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Liquefied Petroleum Gas .................. 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Motor Gasoline? ......................... 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02
Petroleum Subtotal . ..................... 0.71 0.70 0.65 0.65 0.70 0.65 0.64 0.70 0.63 0.63
Natural Gas . . ..ovvveveie i 3.30 3.72 3.75 374 3.80 3.85 384 381 3.85 3.85
Coal .o 0.08 0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.10 0.10
Renewable Energy® ...................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity .. ... 3.37 4.10 4.09 4.09 4.33 4.33 4.32 4.46 4.45 4.44
Delivered Energy ................o.ov... 747 8.61 8.60 8.57 8.94 8.92 8.90 9.07 9.04 9.02
Electricity Related Losses ................. 7.54 8.43 8.35 8.31 8.48 8.39 8.36 8.48 8.37 8.35
Total .o 15.01 17.04 16.94 16.88 17.42 17.31 17.26 17.55 17.41 17.37
Industrial*
Distillate Fuel . . ...t 117 1.45 1.45 1.44 151 151 151 1.56 1.56 1.56
Liquefied Petroleum Gas .................. 212 2.45 2.40 2.32 251 2.45 2.36 2.53 247 2.39
Petrochemical Feedstock .................. 1.28 1.48 1.47 1.42 151 1.49 1.45 152 151 1.46
Residual Fuel ..., 0.34 0.40 0.35 0.33 0.40 0.34 0.31 0.39 0.35 0.32
Motor Gasoline? ..............ccoveviiin. 0.19 0.25 0.25 0.25 0.26 0.26 0.26 0.27 0.27 0.27
Other Petroleum® ........................ 4.12 5.06 4.84 4.43 5.24 5.05 4.52 5.24 5.10 4.59
Petroleum Subtotal ...................... 9.23 11.09 10.75 10.20 11.43 11.10 10.40 11.52 11.25 10.58
Natural Gas® ............cccoeeeeeeeiiin. 10.14 11.28 11.67 12.14 11.39 1177 12.37 11.47 11.80 12.35
Metallurgical Coal ................ ...t 0.85 0.71 0.71 0.71 0.65 0.65 0.65 0.61 0.61 0.61
SteamCoal ... 1.55 1.75 177 1.78 177 1.78 1.79 177 1.79 1.79
Net Coal Coke Imports . ................... 0.00 0.06 0.06 0.06 0.07 0.07 0.07 0.08 0.08 0.08
Coal Subtotal ... 2.40 2.53 2.54 2.55 2.50 251 251 2.46 2.48 2.48
Renewable Energy’ ...................... 1.82 2.25 2.25 2.24 2.32 231 2.30 2.35 2.34 2.34
Electricity .. ....ov e 3.46 431 437 443 451 4.58 4.64 4.64 4.75 4.80
Delivered Energy .............c.ooovvnn. 27.05 31.46 31.58 31.55 32.15 32.27 32.22 32.44 32.62 32.54
Electricity Related Losses ................. 7.74 8.87 8.92 9.01 8.83 8.88 8.97 8.83 8.93 9.02
Total .o 34.79 40.33 40.50 40.56 40.98 41.15 41.19 41.27 41.55 41.56
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Oil Price Case Comparisons

Table C2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Source 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Oil | Reference | World Oil | World Qil | Reference | World Oil
Price Price Price Price Price Price
Transportation
Distillate Fuel .............cccevveinnn.. 448 6.04 6.02 6.01 6.22 6.19 6.18 6.35 6.31 6.29
JetFuel ... o 327 5.28 5.23 5.21 5.85 5.79 5.74 6.36 6.28 6.24
Motor Gasoling® ............c..ovvinnn.. 14.94 18.94 18.22 17.85 19.74 18.84 18.27 20.50 19.38 18.77
Residual Fuel .......................oo0 0.90 1.28 1.27 1.27 1.43 1.42 141 1.57 1.56 1.55
Liquefied Petroleum Gas .................. 0.03 0.17 0.16 0.15 0.22 0.20 0.19 0.26 0.24 0.22
Other Petroleum' 0.29 0.36 0.35 0.35 0.37 0.37 0.36 0.38 0.37 0.37
Petroleum Subtotal ...................... 23.91 32.06 31.25 30.83 33.84 32.80 32.15 35.42 34.14 33.45
Pipeline Fuel Natural Gas.................. 0.73 0.92 0.95 0.96 0.96 0.99 0.99 0.99 1.03 1.04
Compressed Natural Gas . ................. 0.01 0.25 0.24 0.23 0.31 0.30 0.29 0.36 0.34 0.33
Renewable Energy (E85)" ................. 0.00 0.10 0.09 0.08 0.14 0.13 0.12 0.17 0.16 0.15
Methanol™ .................ccooeiiii. 0.00 0.09 0.08 0.08 0.13 0.13 0.12 0.16 0.15 0.15
Liquid Hydrogen ..................cooen. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity .. ..o 0.06 0.16 0.16 0.16 0.19 0.19 0.19 0.22 0.22 0.22
Delivered Energy .............coovvunn. 24.72 33.57 32.77 32.34 35.57 34.54 33.86 37.33 36.04 35.33
Electricity Related Losses ................. 0.13 0.33 0.32 0.32 0.37 0.37 0.36 0.42 041 0.40
Total ..o 24.85 33.89 33.09 32.65 35.95 34.91 34.22 37.75 36.45 35.74
Delivered Energy Consumption for All
Sectors
Distillate Fuel . .............coovviiin.. 6.98 8.73 8.63 8.58 8.96 8.83 8.76 9.11 8.96 8.91
Kerosene . ........oovviiiiiiii i 0.13 0.12 0.11 0.11 0.12 0.11 0.11 0.12 0.11 0.11
JetFuel’ ... ... .. ... 3.27 5.28 5.23 5.21 5.85 5.79 5.74 6.36 6.28 6.24
Liquefied Petroleum Gas .................. 2.65 3.22 3.13 3.03 3.34 3.24 3.13 3.42 3.31 3.19
Motor Gasoline? ......................... 15.16 19.21 18.49 18.12 20.03 19.12 18.55 20.80 19.67 19.06
Petrochemical Feedstock .................. 1.28 1.48 1.47 1.42 151 1.49 1.45 1.52 151 1.46
Residual Fuel ..., 1.39 1.80 1.74 1.72 1.95 1.88 1.85 2.09 2.03 1.99
Other Petroleum® . ....................... 4.39 5.39 5.18 4.76 5.59 5.40 4.86 5.60 5.45 4.94
Petroleum Subtotal . ..................... 35.26 45.22 43.98 42.95 47.35 45.87 44.45 49.02 47.33 45.90
Natural Gas® ... ...vveeeiieieeinn, 19.56 21.80 22.25 22.67 22.29 22.72 23.26 22.62 22.99 23.52
Metallurgical Coal ................oovvenn. 0.85 0.71 0.71 0.71 0.65 0.65 0.65 0.61 0.61 0.61
SteamCoal ... 1.68 1.90 1.92 1.92 1.92 1.93 1.93 1.92 1.94 1.94
Net Coal Coke Imports .................... 0.00 0.06 0.06 0.06 0.07 0.07 0.07 0.08 0.08 0.08
Coal Subtotal .......................... 2.53 2.67 2.69 2.69 2.65 2.66 2.66 2.61 2.63 2.63
Renewable Energy™ . ...............o.e. 2.44 2.98 2.96 2.95 3.10 3.08 3.06 3.17 3.15 3.13
Methanol® .............................. 0.00 0.09 0.08 0.08 0.13 0.13 0.12 0.16 0.15 0.15
Liquid Hydrogen ..., 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity .. ... 10.57 13.18 13.23 13.27 13.98 14.04 14.08 14.61 14.70 14.73
Delivered Energy ................... ... 70.36 85.94 85.19 84.62 89.50 88.50 87.64 92.19 90.95 90.06
Electricity Related Losses ................. 23.64 27.13 26.97 26.98 27.37 27.22 27.24 27.79 27.63 27.70
Total ..o 94.01 113.07 112.17 111.60 116.87 115.72 114.87 119.98 118.58 117.75
Electric Generators™
Distillate Fuel. ..., 0.09 0.13 0.07 0.07 0.20 0.07 0.07 0.27 0.07 0.07
Residual Fuel ..., 0.66 0.76 0.28 0.16 0.74 0.25 0.14 0.73 0.24 0.15
Petroleum Subtotal . ..................... 0.75 0.89 0.35 0.23 0.94 0.32 021 1.00 031 0.22
Natural Gas . ......covvvvvieiiiii 3.04 7.29 7.38 7.55 8.61 8.71 8.82 9.38 10.07 10.16
SteamCoal ...t 18.36 21.00 21.34 21.37 21.90 22.29 22.39 23.10 22.99 23.04
Nuclear Power .................cooiiinn 7.20 6.36 6.36 6.36 5.12 5.12 5.12 4.09 4.09 4.09
Renewable Energy™® ...................... 4.47 4.45 4.46 4.44 4.50 453 4.50 4.55 459 4.64
Electricity Imports' .. ...............oe.e. 0.39 0.31 0.31 0.31 0.28 0.28 0.28 0.28 0.28 0.28
Total ..o 34.21 40.30 40.20 40.26 41.35 41.26 41.32 42.40 42.33 42.42
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Oil Price Case Comparisons

Table C2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Source 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Oil | Reference | World Qil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Total Energy Consumption
Distillate Fuel . . ... 7.07 8.86 8.70 8.65 9.16 8.90 8.83 9.39 9.04 8.97
Kerosene .........cooviiiiii 0.13 0.12 0.11 0.11 0.12 011 011 0.12 011 0.11
JetFuel’ ... ... . ...l 3.27 5.28 5.23 5.21 5.85 5.79 5.74 6.36 6.28 6.24
Liquefied Petroleum Gas .................. 2.65 3.22 3.13 3.03 3.34 3.24 313 342 331 319
Motor Gasoline? ......................... 15.16 19.21 18.49 18.12 20.03 19.12 18.55 20.80 19.67 19.06
Petrochemical Feedstock .................. 1.28 1.48 147 1.42 151 1.49 1.45 1.52 151 1.46
Residual Fuel ...............cooiiiiint 2.05 2.56 2.02 1.87 2.69 214 1.99 2.82 2.27 214
Other Petroleum™ .. ...................... 4.39 5.39 5.18 4.76 5.59 5.40 4.86 5.60 5.45 4.94
Petroleum Subtotal . ..................... 36.01 46.11 4433 43.18 48.29 46.20 44.66 50.02 47.64 46.12
Natural Gas .. ..o vv e 22.60 29.09 29.63 30.22 30.90 3144 32.08 32.00 33.06 33.69
Metallurgical Coal ..................oovnts 0.85 0.71 0.71 0.71 0.65 0.65 0.65 0.61 0.61 0.61
SteamCoal ....... ..o 20.05 22.90 23.26 23.29 23.82 24.22 24.33 25.02 24.92 24.98
Net Coal Coke Imports . ................... 0.00 0.06 0.06 0.06 0.07 0.07 0.07 0.08 0.08 0.08
Coal Subtotal ...............coiiiiiil 20.90 23.68 24.03 24.06 24.54 24.95 25.06 2571 25.61 25.67
Nuclear Power ...................ooii 7.20 6.36 6.36 6.36 5.12 5.12 5.12 4.09 4.09 4.09
Renewable Energy® ...................... 6.91 7.43 7.42 7.39 7.60 7.62 7.56 1.72 7.74 1777
Methanol™ ...................cci. 0.00 0.09 0.08 0.08 0.13 0.13 0.12 0.16 0.15 0.15
Liquid Hydrogen . ...........coooiiii, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity Imports' ....................... 0.39 0.31 0.31 0.31 0.28 0.28 0.28 0.28 0.28 0.28
Total ..o 9401  113.07 112.17 111.60 116.87 115.72 114.87 119.98 118.58 117.75
Energy Use and Related Statistics
Delivered Energy Use ............coovovvnnn 70.36 85.94 85.19 84.62 89.50 88.50 87.64 92.19 90.95 90.06
Total Energy Use . ...o.vvvviiiiiienns 9401  113.06 112.16 111.60 116.86 115.71 114.86 119.95 118.55 117.72
Population (millions) ....................... 266.07  298.92 298.92 298.92 311.19 311.19 311.19 323.47 323.47 323.47
Gross Domestic Product (billion 1992 dollars) ...  6928.40 9464.46  9431.22  9398.11 10250.80 10210.71 10167.86 10952.92 10899.70 10873.21
Total Carbon Emissions (million metric tons) ....  1462.90 1821.67 1803.22 1793.22 1910.76 1888.33 1872.24 1989.51 1956.19 1939.82
*Includes wood used for residential heating. See Table C18 estimates of nonmarketed renewable energy consumption for geothermal heat pumps & solar thermal hot water

heating.

2Includes ethanol (blends of 10 percent or less) and ethers blended into gasoline.

*Includes commercial sector electricity cogenerated by using wood and wood waste, landfill gas, municipal solid waste, and other biomass. See Table C18 for estimates of
nonmarketed renewable energy consumption for solar thermal hot water heating.

“Fuel consumption includes consumption for cogeneration.

®Includes petroleum coke, asphalt, road oil, lubricants, still gas, and miscellaneous petroleum products.

®Includes lease and plant fuel and consumption by cogenerators, excludes consumption by nonutility generators.

"Includes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass; including for cogeneration, both for sale to the grid and
for own use.

8Low sulfur diesel fuel.

°Includes naphtha and kerosene type.

Includes aviation gas and lubricants.

MES85 is 85 percent ethanol (renewable) and 15 percent motor gasoline(nonrenewable).

20nly M85 (85 percent methanol and 15 percent motor gasoline).

“Includes unfinished oils, natural gasoline, motor gasoline blending compounds, aviation gasoline, lubricants, still gas, asphalt, road oil, petroleum coke, and miscellaneous
petroleum products.

*Includes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources. Excludes nonmarketed renewable
energy consumption for geothermal heat pumps and solar thermal hot water heaters.

®Includes consumption of energy by all electric power generators for grid-connected power except cogenerators, which produce electricity and other useful thermal energy.

**Includes conventional hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, E85, wind, photovoltaic and solar thermal sources. Excludes
cogeneration. Excludes net electricity imports.

In 1996 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

*¥ncludes hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, wind, photovoltaic and solar thermal sources. Includes ethanol components
of E85; excludes ethanol blends (10 percent or less) in motor gasoline. Excludes net electricity imports and nonmarkeed renewable energy consumption for geothermal heat pumps
and solar thermal hot water heaters.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 may differ from published data due to internal conversion factors. Consumption
values of 0.00 are values that round to 0.00, because they are less than 0.005.

Sources: 1996 natural gas lease, plant, and pipeline fuel values: Energy Information Administration, Short-Term Energy Outlook, August 1997.  Online.
http://www.eia.doe.gov/emeu/steo /pub/upd/aug97/index.html (August 21, 1997). 1996 electric utility fuel consumption: EIA, Electric Power Annual 1996, Volume I, DOE/EIA-
0348(96)/1 (Washington, DC, August 1997). 1996 nonutility consumption estimates: EIA Form 867, "Annual Nanutility Power Producer Report." Other 1996 values: EIA, Short-Term
Energy Outlook August 1997. Online. http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21, 1997). Projections: EIA, AEO98 National Energy Modeling System
runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Oil Price Case Comparisons

Table C3. Energy Prices by Sector and Source
(1996 Dollars per Million Btu)

Projections
Sector and Source 1996 2010 2015 2020
Low High Low High Low High
World Oil | Reference | World Oil | World Oil | Reference | World Qil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Residential ......................cociiia 12.94 12.02 12.21 12.49 11.71 1191 12.22 11.62 11.97 12.21
Primary Energy’ ...........oooiiiiiiiin. 6.63 5.92 6.15 6.44 5.80 6.07 6.37 5.80 6.17 6.40
Petroleum Products® . .................o..es 8.51 8.15 9.42 10.47 8.05 9.54 10.97 8.05 9.70 10.83
Distillate Fuel . . ..........cocovviii, 7.09 6.51 7.55 8.50 6.44 7.64 8.86 6.38 7.71 8.70
Liquefied Petroleum Gas ................... 11.59 10.80 12.45 13.65 10.49 12.43 14.16 10.44 12.57 13.89
Natural Gas . ......ovv e 6.19 5.41 5.42 5.56 5.30 5.32 5.41 5.32 5.44 5.51
Electricity .. ..o 24.65 21.37 21.43 21.61 20.38 20.40 20.63 19.79 20.01 20.20
Commercial ...t 12.92 11.51 11.63 11.90 11.08 11.19 11.44 10.89 11.15 11.35
Primary Energy ............cooiiiiiiiin... 5.26 4.62 4.79 5.03 458 477 5.01 4,62 491 5.10
Petroleum Products’ .. ............oeen... 5.56 4.88 6.02 6.97 481 6.12 7.36 4.79 6.25 7.29
Distillate Fuel . . ......................o0L. 5.27 459 5.65 6.58 455 5.75 6.95 453 5.86 6.86
Residual Fuel ................cooiiiiiit 3.24 2.27 3.16 3.99 2.24 3.28 4.34 2.22 3.40 4.34
Natural Gas® ...........covvvvieiiennnnn. 5.28 4.65 4.66 478 4.61 4.62 471 4.67 477 4.84
Electricity .. ..o 2224 19.08 19.16 19.44 18.00 18.02 18.26 17.36 17.58 17.78
Industrial*. ... 5.40 4.65 5.15 5.51 4.54 5.10 5.56 4.52 5.21 5.57
Primary ENergy . ......vvvvvviiiiiiiaiinns 4.03 341 3.97 4.36 3.39 4.04 4.54 342 4.20 4.59
Petroleum Products® . .................o.ess 5.68 4.28 5.53 6.45 4.14 5.55 6.80 411 5.70 6.70
Distillate Fuel .. ...........ooiiiiiinns 5.50 4.66 5.74 6.69 4.68 5.88 7.07 4.72 6.07 7.10
Liquefied PetroleumGas ................... 7.80 5.16 6.76 7.82 4.75 6.64 8.22 4.68 6.81 8.04
Residual Fuel ............ ...t 3.00 2.06 3.02 3.86 2.08 3.15 422 2.15 3.35 427
Natural Gas® .............ovieeeenennni. 2.96 2.90 2.93 3.01 3.00 3.00 3.05 3.09 3.17 321
Metallurgical Coal ................covuvvnnn. 1.77 1.69 1.68 1.69 1.67 1.67 1.67 1.66 1.66 1.66
SteamCoal ... 1.46 1.33 1.33 1.33 1.31 1.31 1.31 1.30 1.30 1.30
Electricity ... ..o 13.54 11.37 11.41 11.55 10.56 10.59 10.71 10.13 10.26 10.35
Transportation ..............cooiiiiiiii.n, 8.77 7.62 8.83 9.83 7.49 8.86 10.20 7.31 8.87 9.96
Primary Energy ... 8.76 7.59 8.81 9.81 7.46 8.84 10.18 7.28 8.85 9.95
Petroleum Products? . ....................... 8.76 7.58 8.80 9.81 743 8.82 10.18 7.24 8.82 9.93
Distillate Fuel’ ......................o0.s 8.90 7.60 8.61 9.57 741 8.60 9.77 7.13 8.52 9.55
JetFuel ........... i 5.52 4.66 5.85 6.78 4.62 6.05 7.71 4.53 6.27 7.62
Motor Gasoline® .......................... 9.89 8.82 10.18 11.27 8.72 10.22 11.62 8.54 10.24 11.36
Residual Fuel ...t 255 2.07 3.07 3.89 2.04 314 4.24 217 3.32 4.29
Liquid Petroleum GaS . 12.62 11.67 13.30 14.50 11.15 13.07 14.81 10.91 13.01 14.33
Natural Gas'™® .............ccovveieenninni. 5.41 6.41 6.60 6.82 6.79 7.06 7.24 7.02 7.39 7.56
B85 15.85 14.89 16.71 18.40 16.16 17.04 19.05 16.68 17.79 19.12
Electricity .. ..o 15.31 13.23 13.25 13.33 12.56 12.54 12.64 12.20 12.26 12.34
Average End-Use Energy .................... 8.68 7.66 8.35 8.93 7.50 8.28 9.04 7.41 8.35 8.97
Primary Energy ... 8.35 7.32 8.09 8.73 717 8.04 8.89 7.07 8.11 8.80
Electricity .. ..o 2019  17.29 17.32 17.49 16.37 16.36 16.53 15.86 16.01 16.15
Electric Generators®
Fossil Fuel Average ............covvvivvainns 154 1.56 157 1.62 1.60 1.60 1.64 1.60 1.66 1.70
Petroleum Products .................coo..n. 3.28 251 3.84 5.09 2.63 4.00 5.60 2.78 4.21 5.59
Distillate Fuel . . ..., 4.90 4.17 5.33 6.27 4.16 5.47 6.66 4.14 5.64 6.66
Residual Fuel ...t 3.07 2.23 3.46 4.59 2.23 3.60 5.09 2.27 3.77 5.10
Natural Gas . .....vvvveii 2.64 2.83 2.84 2.96 2.98 2.98 3.07 3.06 3.15 3.23
Steam Coal .......oi i 1.29 1.08 1.09 1.10 1.01 1.03 1.04 0.96 0.97 0.99
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Oil Price Case Comparisons

Table C3. Energy Prices by Sector and Source (Continued)
(1996 Dollars per Million Btu)

Projections
Sector and Source 1996 2010 2015 2020
Low High Low High Low High
World Oil | Reference | World Oil | World Oil | Reference | World Oil | World Qil | Reference | World Oil
Price Price Price Price Price Price
Average Price to All Users®

Petroleum Products’ . . ............ooivviinn. 7.86 6.74 8.02 9.03 6.61 8.06 9.41 6.48 8.12 9.22
Distillate Fuel. ...t 7.84 6.82 7.88 8.84 6.67 791 9.09 6.46 7.90 8.92
JetFuel ... 5.52 4.66 5.85 6.78 4.62 6.05 771 453 6.27 7.62
Liquefied Petroleum Gas .................... 8.53 6.49 8.09 9.18 6.17 8.05 9.65 6.15 8.24 9.49
Motor Gasoline® ........................... 9.89 8.80 10.16 11.25 8.71 10.21 11.60 8.54 10.23 11.35
Residual Fuel ..................... ..., 2.84 2.13 3.12 3.95 211 3.21 4.30 2.19 3.38 4.35
Natural Gas . ... ovvee e 413 3.69 3.70 3.79 373 372 378 3.79 3.86 3.91
Coal .o 1.32 1.10 111 112 1.04 1.05 1.06 0.99 1.00 1.01
B85 15.85 14.89 16.71 18.40 16.16 17.04 19.05 16.68 17.79 19.12
Electricity ... ..o 20.19 17.29 17.32 17.49 16.37 16.36 16.53 15.86 16.01 16.15

Non-Renewable Energy Expenditures

by Sector (Billion 1996 dollars)

Residential ... 117.09  129.07 130.36 132.55 133.32 134.72 137.32 139.93 143.05 145.10
Commercial ... 96.47  99.01 99.96 101.99 99.02 99.87 101.79 98.66 100.74 102.32
Industrial ... 136.22 135.88 151.07 161.56 135.46 152.83 166.36 135.97 157.75 168.29
Transportation .. .......oovviiiiiii 210.35  246.60 278.70 305.93 255.93 293.73 331.56 261.53 306.35 337.35
Total Non-Renewable Expenditures ............. 560.12  610.57 660.09 702.04 623.73 681.15 737.03 636.09 707.89 753.07
Transportation Renewable Expenditures . ........ 0.03 1.42 1.47 1.53 2.29 2.25 2.36 2.81 2.79 2.81
Total Expenditures ......................es 560.15 611.98 661.57 703.57 626.02 683.40 739.39 638.90 710.68 755.88

'Weighted average price includes fuels below as well as coal.

2This quantity is the weighted average for all petroleum products, not just those listed below.

3Excludes independent power producers.

“Includes cogenerators.

®Excludes uses for lease and plant fuel.

¢ Low sulfur diesel fuel. Price includes Federal and State taxes while excluding county and local taxes.

"Kerosene-type jet fuel. Price includes Federal and State taxes while excluding county and local taxes.

8Sales weighted-average price for all grades. Includes Federal and State taxes and excludes county and local taxes.

°Includes Federal and State taxes while excluding county and local taxes.

Compressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.

*'E85 is 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable).

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

\Weighted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption.

Btu = British thermal unit.

Note: 1996 figures may differ from published data due to internal rounding.

Sources: 1996 prices for gasoline, distillate, and jet fuel are based on prices in various issues of Energy Information Administration (EIA), Petroleum Marketing Monthly, DOE/EI
0380(96/13-97/4) (Washington, DC, 1996-97). 1996 prices for all other petroleum products are derived from the EIA, State Energy Price and Expenditure Report 1994, DOE/EIA-0376(9
(Washington, DC, June 1997). 1996 industrial gas delivered prices are based on EIA, Manufacturing Energy Consumption Survey 1991. 1996 residential and commercial natural g
delivered prices: EIA, Natural Gas Monthly, DOE/EIA-0130(97/6) (Washington, DC, June 1997). Other 1996 natural gas delivered prices: EIA, AEO98 National Energy Modeling Syste
runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A. Values for 1996 coalprices have been estimated from EIA, State Energy Price and Expenditure Report 19¢
DOE/EIA-0376(94) (Washington, DC, June 1997) by use of consumption quantities aggregated from EIA, State Energy Data Report 1994. Online. ftp://ftp.eia.doe.gc
pub/state.data/021494.pdf (August 26, 1997) and the Coal Industry Annual 1996, DOE/EIA-0584(96) (Washington, DC, November 1997). 1996 electiicity prices for commercial, industri
and transportation: EIA, AEO98 National Energy Modeling System runs LWOP98.D100197C, AEO98BD100197A, and HWOP98.D100197A. Projections: EIA, AEO98 National Ener
Modeling System runs LWOP98.D0100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Oil Price Case Comparisons

Table C4. Residential Sector Key Indicators and End-Use Consumption

(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Qil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Key Indicators
Households (millions)
Single-Family ... 69.61 81.61 81.54 81.49 85.66 85.60 85.54 89.58 89.52 89.49
Multifamily ... 24.76 27.96 27.92 27.87 29.48 29.44 29.38 30.89 30.84 30.80
Mobile Homes .............coovviiint. 6.00 757 7.58 7.59 7.99 8.01 8.02 8.32 8.35 8.37
Total ..o 100.37 117.14 117.04 116.95 123.13 123.05 122.95 128.79 128.71 128.66
Average House Square Footage ........... 1649 1704 1704 1704 1716 1716 1716 1728 1728 1728
Energy Intensity
(million Btu consumed per household)
Delivered Energy Consumption ............. 110.90 105.05 104.63 103.95 104.28 103.79 102.99 103.68 102.91 102.32
Electricity Related Losses .................. 83.37 81.53 80.73 80.38 78.92 78.15 71.87 78.20 77.20 77.11
Total Energy Consumption ................. 194.27 186.58 185.37 184.33 183.20 181.95 180.86 181.88 180.11 179.44
Delivered Energy Consumption by Fuel
Electricity
Space Heating ............coviiiiiiina 0.47 0.50 0.50 0.50 0.51 0.51 0.51 0.53 0.53 0.53
Space Cooling.......vvvvviiiii 0.46 0.54 0.54 0.54 0.58 0.58 0.57 0.61 0.60 0.60
Water Heating . .........oovvviiiniinnn 0.36 0.38 0.38 0.37 0.39 0.39 0.39 0.41 0.40 0.40
Refrigeration ..................ciiit 0.41 0.28 0.28 0.28 0.27 0.27 0.27 0.27 0.27 0.27
COOKING .+ o vv e 0.13 0.15 0.15 0.15 0.16 0.16 0.16 0.17 0.17 0.17
Clothes Dryers .........c.ovviiiinannn. 0.19 0.22 0.22 0.22 0.24 0.24 0.24 0.25 0.25 0.25
Freezers ... 0.13 0.08 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.07
Lighting .....c.ovvi 0.34 0.40 0.39 0.39 0.42 0.42 0.42 0.45 0.45 0.45
Clothes Washers' ........................ 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Dishwashers' ............covveeeeeiinnn. 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Color Televisions .............ccoovevvvnns 0.21 0.32 0.32 0.32 0.35 0.35 0.35 0.37 0.37 0.37
Personal Computers .. ............ovvnn.s 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03
Furnace Fans .............coovvvinnnn. 0.12 0.15 0.15 0.15 0.16 0.16 0.16 0.18 0.18 0.18
Other USES® . . ..o eee e 0.78 1.49 1.49 1.49 1.68 1.68 1.68 1.86 1.86 1.86
Delivered Energy ................coou... 3.68 4.61 461 4.60 4.95 4.94 4.94 5.29 5.28 5.27
Natural Gas
Space Heating ...............cocovvinnn. 3.76 3.87 3.87 3.84 3.98 3.97 3.94 4.06 4.04 4.02
Space Cooling. . ......vvvveeiii i 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
WaterHeating .. ........c.oovvniiiinnn 1.32 1.43 1.43 1.42 1.49 1.49 1.49 1.56 1.55 1.55
COOKING .+ vee e 0.16 0.17 0.17 0.17 0.18 0.18 0.18 0.19 0.19 0.19
Clothes Dryers .........coovvviiiinannn. 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Other Uses® . ........coovveeeeiiiinn... 0.09 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.11 011
Delivered Energy ...................... 5.39 5.63 5.63 5.60 5.82 5.82 5.78 5.99 5.97 5.95
Distillate
Space Heating ..............cooiiiiiinn 0.80 0.70 0.67 0.64 0.68 0.64 0.61 0.66 0.62 0.59
WaterHeating ..........oooovviiiiinnn 0.09 0.10 0.10 0.09 0.10 0.10 0.09 0.10 0.10 0.10
Other Uses’ .. ....ooiiee i 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered Energy ...................... 0.89 0.80 0.77 0.74 0.78 0.74 0.71 0.76 0.72 0.69
Liquefied Petroleum Gas
Space Heating ............c.ooviiiiiiii. 0.31 0.36 0.34 0.33 0.37 0.35 0.33 0.37 0.35 0.34
WaterHeating .. ........cooovvvviiinnn 0.07 0.10 0.10 0.09 0.11 0.10 0.10 011 011 011
COOKING ..o ve e 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
OtherUses® . .........covveeeeiiiinn... 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Delivered Energy ..................oon. 0.42 0.51 0.49 0.47 0.53 0.50 0.48 0.54 0.51 0.49
Marketed Renewables (wood)® .............. 0.61 0.63 0.63 0.63 0.64 0.64 0.63 0.64 0.64 0.64
Other FUels® .. ... 0.13 0.13 0.13 0.12 0.13 0.12 0.12 0.13 0.12 0.12
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Oil Price Case Comparisons

Table C4. Residential Sector Key Indicators and End-Use Consumption (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
World Oil | Reference | World Qil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Delivered Energy Consumption by
End-Use
Space Heating ...............c.ooiiiinnn. 6.09 6.18 6.13 6.06 6.30 6.24 6.15 6.39 6.31 6.24
Space Cooling.........oiiiiii 0.46 0.55 0.55 0.55 0.58 0.58 0.58 0.61 0.61 0.61
WaterHeating . ... 1.84 2.00 1.99 1.98 2.09 2.08 2.07 2.18 2.17 2.16
Refrigeration .............ocooiiiiiii 0.41 0.28 0.28 0.28 0.27 0.27 0.27 0.27 0.27 0.27
COOKING v ve et 0.33 0.36 0.36 0.36 0.38 0.38 0.38 0.40 0.40 0.40
Clothes Dryers .........covvvivviiinnnnnn. 0.24 0.28 0.28 0.28 0.30 0.30 0.30 0.32 0.32 0.32
FIEeZEIS ..t 0.13 0.08 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.07
Lighting .....oovvi 0.34 0.40 0.39 0.39 0.42 0.42 0.42 0.45 0.45 0.45
Clothes Washers ...............ccooovvnnn. 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Dishwashers ...........coovvviiiniinnnns 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Color Televisions . ...........cocvvvvvvn... 0.21 0.32 0.32 0.32 0.35 0.35 0.35 0.37 0.37 0.37
Personal Computers ....................... 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03
FurnaceFans ...t 0.12 0.15 0.15 0.15 0.16 0.16 0.16 0.18 0.18 0.18
Other USeS’ . ......oovvieeeeeeenn 0.89 1.61 1.61 1.60 1.80 1.80 1.80 1.99 1.99 1.99
Delivered Energy ...............c.ooooun 11.13 12.31 12.25 12.16 12.84 12.77 12.66 13.35 13.25 13.16
Electricity Related Losses ................. 8.23 9.49 9.39 9.35 9.69 9.58 9.55 10.06 9.93 9.92
Total Energy Consumption by End-Use ......
SpaceHeating ...l 7.13 7.21 7.15 7.07 7.31 7.24 7.14 7.40 7.30 7.23
Space Cooling.......ooovvvviiiiii, 1.50 1.67 1.66 1.65 171 1.70 1.69 1.76 1.74 1.74
Water Heating . .. ..o 2.66 2.77 2.76 2.74 2.85 2.84 2.82 2.95 2.93 2.92
Refrigeration ............covoiiiiiii 1.32 0.87 0.86 0.86 0.80 0.80 0.80 0.79 0.79 0.79
COOKING . vvv et 0.62 0.68 0.67 0.67 0.69 0.69 0.69 0.72 0.72 0.72
Clothes Dryers ..........ccovvvvvviininnn. 0.67 0.74 0.73 0.73 0.76 0.76 0.76 0.79 0.79 0.79
Freezers .. ..o 0.42 0.23 0.23 0.23 0.22 0.21 0.21 0.21 0.21 0.21
Lighting ... 1.09 121 1.20 1.19 1.25 1.24 1.24 131 1.30 1.30
Clothes Washers ................coovvnnts 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Dishwashers .................ooooiiiiits 0.15 0.14 0.14 0.14 0.15 0.15 0.15 0.16 0.16 0.16
Color Televisions . ...........ccovvvvn... 0.67 0.99 0.98 0.98 1.03 1.02 1.02 1.09 1.08 1.07
Personal Computers ....................... 0.03 0.06 0.06 0.06 0.07 0.07 0.07 0.08 0.08 0.08
Furnace Fans ...t 0.38 0.46 0.46 0.46 0.49 0.48 0.48 0.52 0.51 0.51
Other USes’ . .......o.vviiieaeneinnn. 2.64 4.67 4.64 4.63 5.10 5.06 5.05 5.53 5.48 5.48
Total e 19.36 21.80 21.64 2151 22.53 22.35 22.21 23.41 23.17 23.08
Non-Marketed Renewables
Geothermal ............................. 0.01 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.06
Solar® 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Total 0.02 0.05 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.07

Does not include water heating of load.

%Includes small electric devices, heating elements and motors.
®Includes such appliances as swimming pool heaters, outdoor grills, and outdoor lighting (natural gas).
“Includes such appliances as swimming pool and hot tub heaters.
®Includes wood used for primary and secondary heating in wood stoves or fireplaces as reported in the Residential Energy Consumption Survey 1993.

®Includes kerosene and coal.
“Includes all other uses listed above.

8Includes primary energy displaced by geothermal heat pumps in space heating and cooling applications.
°Includes primary energy displaced by solar thermal water heaters.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.
Sources: 1996: Energy Information Administration (EIA) Short-Term Energy Outlook, August 1997. Online. http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August
21,1997). Projections: EIA, AEO98 National Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Oil Price Case Comparisons

Table C5. Commercial Sector Key Indicators and End-Use Consumption

(Quadrillion Btu per Year

Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Key Indicators
Total Floor Space (billion square feet)
SUNVIVING .« et 69.2 81.2 81.1 81.1 84.4 84.3 84.3 85.7 85.7 85.6
New Additions . ... 17 1.7 17 17 15 15 15 11 11 11
Total oo 70.9 82.9 82.8 82.8 85.9 85.8 85.8 86.9 86.8 86.8
Energy Consumption Intensity
(thousand Btu per square foot)
Delivered Energy Consumption ................. 1053 1039 103.8 103.5 104.1 104.0 103.8 104.4 104.2 103.9
Electricity Related Losses ..................... 106.3  101.8 100.8 100.3 98.8 97.7 97.4 97.7 96.4 96.3
Total Energy Consumption . .................... 2115  205.7 204.5 203.9 202.9 201.7 201.2 202.0 200.5 200.2
Delivered Energy Consumption by Fuel
Electricity
Space Heating ..............coviiiiiiiiiin 0.12 0.14 0.14 0.14 0.15 0.15 0.14 0.15 0.15 0.15
Space Cooling........ovvvvviiiii 0.51 0.55 0.55 0.55 0.56 0.56 0.56 0.56 0.56 0.56
WaterHeating . ...........cooiiiiii 0.17 0.16 0.15 0.15 0.15 0.15 0.15 0.14 0.14 0.14
Ventilation ... 0.17 0.18 0.18 0.18 0.19 0.19 0.18 0.18 0.18 0.18
COOKING .+ v 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Lighting . ... 1.15 1.24 1.24 1.24 1.28 1.27 1.27 1.28 1.28 127
Refrigeration ... 0.14 0.16 0.16 0.16 0.16 0.16 0.16 0.17 0.17 0.17
Office Equipment (PC) ..........ovvviiviinnn 0.07 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.10
Office Equipment (non-PC) .................... 0.19 0.27 0.27 0.27 0.30 0.30 0.30 0.33 0.33 0.33
Other USES' . .. 0.82 1.29 1.29 1.29 143 1.43 1.43 1.53 153 1.53
Delivered Energy ...............ooiiiinn. 337 4.10 4.09 4.09 433 433 432 4.46 445 4.44
Natural Gas®
Space Heating ...t 134 1.37 1.40 1.40 1.37 1.42 1.42 1.35 1.40 1.40
Space Cooling. ......vvvei i 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Water Heating .. .......ooovvviiiii 0.45 0.52 0.52 0.52 0.54 0.54 0.54 0.55 0.55 0.55
COOKING v v 0.18 0.22 0.22 0.22 0.23 0.23 0.23 0.23 0.23 0.23
Other USes® . . ... 131 1.59 1.59 1.58 1.64 1.64 1.63 1.65 1.65 1.64
Delivered Energy ........................ 3.30 3.72 3.75 3.74 3.80 3.85 3.84 3.81 3.85 3.85
Distillate
Space Heating ...........ocvvviiiiiiniiinns 0.20 0.22 0.18 0.16 0.22 0.17 0.15 0.22 0.15 0.14
Water Heating ... ..o 0.05 0.05 0.05 0.04 0.05 0.04 0.04 0.05 0.04 0.04
Other Uses’ .. ... 0.19 0.17 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Delivered Energy .......................... 0.44 0.44 0.40 0.39 0.44 0.39 0.38 0.44 0.37 0.37
Other FUelS® . ... 0.36 0.35 0.35 0.35 0.36 0.36 0.36 0.36 0.36 0.36
Marketed Renewable Fuels
BIOMAsS .......oviii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered Energy ...........covvvvviiiinn... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered Energy Consumption by End-Use
Space Heating ...........cooiiiiiiiiiiiit 1.65 172 171 1.70 1.74 1.73 1.72 1.72 1.70 1.69
Space Cooling . ......vvviiii i 0.53 0.57 0.57 0.57 0.58 0.58 0.58 0.58 0.58 0.58
Water Heating . .. ....ovvvvveiiiiieiens 0.68 0.72 0.72 0.72 0.73 0.73 0.73 0.74 0.73 0.73
Ventilation ............o i 0.17 0.18 0.18 0.18 0.19 0.19 0.18 0.18 0.18 0.18
COOKING v 0.21 0.25 0.25 0.25 0.26 0.26 0.26 0.26 0.26 0.26
Lighting . ....coovvi 1.15 1.24 1.24 1.24 1.28 1.27 1.27 1.28 1.28 1.27
Refrigeration ... 0.14 0.16 0.16 0.16 0.16 0.16 0.16 0.17 0.17 0.17
Office Equipment (PC) ...........coviiinnt. 0.07 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.10
Office Equipment (non-PC) .................... 0.19 0.27 0.27 0.27 0.30 0.30 0.30 0.33 0.33 0.33
Other Uses® . ... 2.68 3.41 3.41 3.41 3.61 3.61 3.61 3.72 3.71 3.71
Delivered Energy ..............coovviiiinnn. 747 8.61 8.60 8.57 8.94 8.92 8.90 9.07 9.04 9.02
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Oil Price Case Comparisons

Table C5. Commercial Sector Key Indicators and End-Use Consumption (Continued)

(Quadrillion Btu per Year

Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Oil | Reference | World Qil | World Oil | Reference | World Oil

Price Price Price Price Price Price

Electricity Related Losses ..................... 7.54 8.43 8.35 8.31 8.48 8.39 8.36 8.48 8.37 8.35
Total Energy Consumption by End-Use

Space Heating ...........ooviviiiiiiniiinns 1.92 2.01 1.99 1.98 2.02 2.01 2.00 2.00 1.98 1.97

Space Cooling . ... .vvvvii 1.66 1.70 1.69 1.68 1.68 1.67 1.66 1.65 1.63 1.63

Water Heating .. ......ovvvviviiiiiens 1.06 1.04 1.04 1.03 1.03 1.02 1.01 1.01 1.00 1.00

Ventilation ... 0.54 0.56 0.56 0.55 0.55 0.54 0.54 0.53 0.53 0.53

COOKING v v et 0.28 0.31 0.31 0.30 0.31 0.31 0.31 031 031 0.30

Lighting . ....ooovvi 3.73 3.80 3.77 3.75 3.77 3.74 3.73 3.71 3.67 3.66

Refrigeration .............. i 0.45 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48

Office Equipment (PC) .............cooiinens. 0.22 0.26 0.26 0.26 0.27 0.27 0.27 0.29 0.29 0.29

Office Equipment (non-PC) .................... 0.62 0.82 0.82 0.82 0.89 0.88 0.88 0.94 0.94 0.94

Other Uses® . ... 451 6.06 6.03 6.02 6.42 6.39 6.38 6.62 6.58 6.58

Total ..o 1501 17.04 16.94 16.88 17.42 17.31 17.26 17.55 17.41 17.37

Non-Marketed Renewable Fuels
SOlAr L 0.01 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
Total .o 0.01 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04

*Includes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, and medical equipment.
2Excludes estimated consumption from independent power producers.
3Includes miscellaneous uses, such as district services, pumps, lighting, emergency electric generators, and manufacturing performed in commercial buildings.

“Includes miscellaneous uses, such as cooking, district services, and emergency electric generators.

®Includes residual fuel oil, liquefied petroleum gas, coal, motor gasoline, and kerosene.
®Includes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, medical equipment, pumps, lightir
emergency electric generators, manufacturing performed in commercial buildings, and cooking (distillate), plus residual fuel oil, liquefied petroleum gas,coal, motor gasoline, and keroser
“Includes primary energy displaced by solar thermal water heaters.

Btu = British thermal unit.
PC = Personal computer.

Note: Totals may not equal sum of components due to independent rounding. Consumption values of 0.000 are values that round to 0.00, because they are less than 0.005.
Sources: 1996 Energy Information Administration, Short-Term Energy Outlook, August 1997, Online. http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21, 199
Projections: EIA, AEO98 National Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Oil Price Case Comparisons

Table C6. Industrial Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Qil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Key Indicators
Value of Gross Output (billion 1987 dollars)
Manufacturing ... 3030 4328 4318 4309 4656 4646 4636 4955 4957 4948
Nonmanufacturing .....................ooon. 774 964 969 971 1014 1019 1022 1057 1062 1066
Total oo 3805 5292 5287 5280 5670 5665 5658 6011 6019 6014
Energy Prices (1996 dollars per million Btu)
Electricity .. ..o 13.54 11.37 11.41 11.55 10.56 10.59 10.71 10.13 10.26 10.35
Natural Gas . . ..oovev e 2.96 2.90 2.93 3.01 3.00 3.00 3.05 3.09 317 321
Steam Coal ... 1.46 1.33 1.33 1.33 1.31 1.31 1.31 1.30 1.30 1.30
Residual Oil . ......ovvvii 3.00 2.06 3.02 3.86 2.08 315 4.22 215 335 4.27
Distillate Oil ... 5.50 4.66 5.74 6.69 4.68 5.88 7.07 4.72 6.07 7.10
Liquefied PetroleumGas ...................... 7.80 5.16 6.76 7.82 4.75 6.64 8.22 4.68 6.81 8.04
Motor Gasoling ...........ccvviiiiiiiii 9.86 7.84 9.17 10.26 7.89 9.40 10.75 7.84 9.56 10.67
Metallurgical Coal ...............cooovvuinntn. 1.77 1.69 1.68 1.69 1.67 1.67 1.67 1.66 1.66 1.66
Energy Consumption
Consumption®
Purchased Electricity ......................... 3.46 431 4.37 4.43 451 4.58 4.64 4.64 4.75 4.80
Natural Gas? .........ccovvvinineeaeeniinnnn. 10.14 11.28 11.67 12.14 11.39 1177 12.37 11.47 11.80 12.35
Steam Coal .. ..o 1.55 1.75 177 1.78 177 1.78 1.79 1.77 179 1.79
Metallurgical Coal and Coke® ................... 0.85 0.77 0.77 0.77 0.73 0.73 0.73 0.69 0.69 0.69
Residual Fuel ..., 0.34 0.40 0.35 0.33 0.40 0.34 031 0.39 0.35 0.32
Distillate . .. .......ovvi 117 1.45 1.45 1.44 1.51 1.51 151 1.56 1.56 1.56
Liquefied Petroleum Gas ...................... 2.12 2.45 2.40 2.32 2.51 2.45 2.36 2.53 2.47 2.39
Petrochemical Feedstocks ..................... 1.28 1.48 1.47 1.42 151 1.49 1.45 1.52 1.51 1.46
Other Petroleum® ............................ 431 5.30 5.09 4.68 5.50 531 478 551 5.36 4.86
Renewables® . ...........cccoveeeeiiiiiiin. 1.82 2.25 2.25 2.24 2.32 2.31 2.30 2.35 2.34 2.34
Delivered Energy .............ccoooviiiinn 27.05 31.46 31.58 31.55 32.15 32.27 32.22 32.44 32.62 32.54
Electricity Related Losses ..................... 7.74 8.87 8.92 9.01 8.83 8.88 8.97 8.83 8.93 9.02
Total ..o 34.79 40.33 40.50 40.56 40.98 41.15 41.19 41.27 41.55 41.56
Consumption per Unit of Output*
(thousand Btu per 1987 dollars)
Purchased Electricity ......................... 0.91 0.81 0.83 0.84 0.80 0.81 0.82 0.77 0.79 0.80
Natural Gas? ..........covvvuneeaaeennnn.. 2.66 2.13 221 2.30 2.01 2.08 2.19 1.91 1.96 2.05
SteamCoal ... 0.41 0.33 0.34 0.34 0.31 0.31 0.32 0.29 0.30 0.30
Metallurgical Coal and Coke® ................... 0.22 0.15 0.15 0.15 0.13 0.13 0.13 0.11 0.11 0.11
Residual Fuel ...t 0.09 0.08 0.07 0.06 0.07 0.06 0.06 0.07 0.06 0.05
Distillate . .. ..o 031 0.27 0.27 0.27 0.27 0.27 0.27 0.26 0.26 0.26
Liquefied Petroleum Gas ...................... 0.56 0.46 0.45 0.44 0.44 043 0.42 0.42 0.41 0.40
Petrochemical Feedstocks ..................... 0.34 0.28 0.28 0.27 0.27 0.26 0.26 0.25 0.25 0.24
Other Petroleum® ................coiiii... 1.13 1.00 0.96 0.89 0.97 0.94 0.84 0.92 0.89 0.81
Renewables® . .........oovieiiii 0.48 0.43 0.42 0.42 0.41 0.41 0.41 0.39 0.39 0.39
Delivered Energy ..............ocoiiin 711 5.95 5.97 5.98 5.67 5.70 5.69 5.40 5.42 5.41
Electricity Related Losses ..................... 2.04 1.68 1.69 171 1.56 1.57 1.59 1.47 1.48 150
Total ... 9.14 7.62 7.66 7.68 7.23 7.26 7.28 6.87 6.90 6.91

*Fuel consumption includes consumption for cogeneration.

2Includes lease and plant fuel and consumption by cogenerators, excludes consumption by nonutility generators.

3Includes net coke coal imports.

“Includes petroleum coke, asphalt, road oil, lubricants, motor gasoline, still gas, and miscellaneous petroleum products.

SIncludes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 prices for gasoline and distillate are based on prices in various issues of Energy Information Administration (EIA), Petroleum Marketing Monthly, DOE/EIA-0380(96/03-97/04)
(Washington, DC, 1996 - 97). 1996 coal prices: EIA, Monthly Energy Review, DOE/EIA-0035(97/08) (Washington, DC, August 1997). 1996 electricity prices: EIA, AEO98 National Energy Modeling
System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A. Other 1996 prices derived from EIA, State Energy Data Report 1994. Online. ftp://ftp.eia.doe.gov/pub/
state.data/021494.pdf (August 26, 1997). Other 1996 values: EIA, Short-Term Energy Outlook, August 1997. Online. http://www.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August
21,1997). Projections: EIA, AEO98 National Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C7. Transportation Sector Key Indicators and Delivered Energy Consumption

Projections
2010 2015 2020
Key Indicators and Consumption 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Oil | Reference [ World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price

Key Indicators

Level of Travel (billions)

Light-Duty Vehicles <8,500 Ibs. (VMT) ............. 2275 2917 2892 2872 3105 3077 3050 3275 3242 3222
Commercial Light Trucks (VMT)* ................. 67 87 87 88 93 93 93 98 98 98

Freight Trucks >10,000 Ibs. (VMT) 161 233 232 232 243 243 243 251 250 251
Air (seat miles available) . ....................... 999 1876 1855 1845 2167 2139 2117 2453 2416 2401

Rail (ton miles traveled) . ............... 1204 1507 1533 1551 1557 1584 1610 1593 1623 1648

Marine (ton miles traveled) 77 899 923 938 925 949 971 941 967 989
Energy Efficiency Indicators

New Car (miles pergallonf ...................... 27.9 287 30.2 315 28.7 30.5 321 28.7 30.7 321
New Light Truck (miles per gallonf ................ 20.7 19.1 20.1 20.8 194 20.5 215 19.8 211 219
Light-Duty Fleet (miles per gallon)® ................ 20.2 19.7 20.3 20.8 19.9 20.7 214 20.2 21.2 220
New Commercial Light Truck (MPG)* .............. 20.2 18.7 19.6 20.3 19.0 20.0 21.0 19.3 20.6 21.4
Stock Commercial Light Truck (MPG)* ............. 145 146 15.0 15.3 147 15.2 15.6 148 154 159
Aircraft Efficiency (seat miles pergallon) ............ 50.6 55.7 55.7 55.7 57.4 57.4 57.3 59.0 59.0 59.1
Freight Truck Efficiency (miles per gallon) ........... 5.6 5.9 6.0 6.0 6.0 6.0 6.1 6.1 6.1
Rail Efficiency (ton miles per thousand Btu) ......... 2.7 29 29 29 3.0 3.0 3.0 3.0 3.0
Domestic Shipping Efficiency

(ton miles per thousand Btu) .................... 2.7 29 29 29 3.0 3.0 3.0 3.0 3.0
Energy Use by Mode (quadrillion Btu)
Light-Duty Vehicles ..................... .. ... . 18.50 17.76 17.36 19.48 18.55 17.95 20.35 19.20 18.56
Commercial Light Trucks' 0.75 0.73 0.72 0.79 0.76 0.75 0.83 0.79 0.77
Freight Trucks® ....................... . 5.36 5.32 5.31 551 5.47 5.44 5.63 5.58 5.55
AN . 5.33 5.27 5.26 5.91 5.84 5.80 6.43 6.35 6.30
Rail .. . 0.61 0.62 0.63 0.62 0.63 0.64 0.62 0.63 0.64
Marine. ... . 191 191 1.91 2.09 2.09 2.09 2.26 2.25 2.25
Pipeline Fuel ........ ... . 0.92 0.95 0.96 0.96 0.99 0.99 0.99 1.03 1.04
Other® ..o . 031 031 031 0.33 0.32 0.32 0.34 0.33 0.33
Total L. . 33,57 32.77 32.34 35.57 34.54 33.86 37.33 36.04 35.33

‘Commercial trucks 8,500 to 10,000 pounds.

2Environmental Protection Agency rated miles per gallon.

3Combined car and light truck “on-the-road” estimate.

‘Includes energy use by buses.

SIncludes lubricants and aviation gasoline.

Btu = British thermal unit.

VMT=Vehicle miles traveled.

MPG = Miles per gallon.

Lbs. = Pounds.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996: Federal Administration Administration (FAA), FAA Aviation Forecasts Fiscal Years 1996-2007, (Washington, DC, February 1995); Energy Information
Administration (EIA), Short-Term Energy Outlook, August 1997, Online. http://ww.eia.doe.gov/emeu/steo/pub/upd /aug97/index.html (August 21, 1997); EIA, Fuel Oil and Kerosene
Sales 1996, DOE/EIA-0535(96) (Washington, DC, September 1997); and United States Department of Defense, Defense Fuel Supply Center. Projections: EIA, AEO98 National
Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Oil Price Case Comparisons

Table C8. Electricity Supply, Disposition, and Prices
(Billion Kilowatthours, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply, Disposition, and Prices 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Generation by Fuel Type
Electric Generators®
Coal .o 1758 2044 2085 2088 2141 2190 2203 2275 2265 2274
Petroleum ... 80 90 35 23 98 33 21 107 32 22
Natural Gas . . ..o vvev e 288 891 920 942 1139 1171 1183 1277 1389 1401
Nuclear Power ............cooviviiriiinin. 675 596 596 596 480 480 480 383 383 383
Pumped Storage . .. ..o 2 -3 -3 -3 -3 -3 -3 -3 -3 -3
Renewable SOUCES? .........ovvevvvvviennnns 392 382 382 382 386 388 386 395 393 392
Total ..o 3191 4000 4015 4028 4241 4258 4269 4433 4459 4468
Non-Utility Generation forOwnUse . ............. 26 26 26 26 26 26 26 26 26 26
Cogenerators®
Coal .. 39 39 39 39 39 39 39 39 39 39
Petroleum 6 6 6 6 6 6 6 6 6 6
Natural Gas . .....vvvveiie e 174 188 201 207 190 200 207 190 194 199
Other Gaseous Fuels® ....................... 7 7 7 7 7 7 7 7 7 7
Renewable SOUCES? ... ...vvveeviiiennnns 41 44 43 43 43 43 42 42 42 42
Other® 3 4 4 4 4 4 4 4 3 3
Total 270 287 299 305 289 299 304 288 291 295
Sales to Utilities ... 121 126 127 128 126 127 128 126 126 127
GenerationforOwnUse ...................... 149 162 172 177 163 172 176 162 165 168
Net Imports® . ... 38 30 30 30 27 27 27 27 27 27
Electricity Sales by Sector
Residential ...........c..o i 1079 1351 1350 1348 1450 1449 1447 1550 1548 1545
Commercial ... 988 1201 1200 1198 1269 1268 1266 1306 1304 1302
Industrial ... 1014 1263 1282 1299 1321 1343 1359 1360 1392 1406
Transportation . .. .....ovvvviiii 17 46 46 46 56 55 55 64 64 63
Total .o 3098 3862 3877 3890 4097 4115 4126 4281 4308 4316
End-Use Prices (1996 cents per kilowatthour)’
Residential ... 8.4 73 73 74 7.0 7.0 7.0 6.8 6.8 6.9
commercial ... 76 6.5 6.5 6.6 6.1 6.1 6.2 59 6.0 6.1
Industrial ... 4.6 39 39 39 36 36 37 35 35 35
Transportation .. .........o.viviiiiiiii, 5.2 45 45 45 43 43 43 4.2 4.2 4.2
All Sectors Average ......................... 6.9 5.9 5.9 6.0 5.6 5.6 5.6 5.4 55 55

*Includes grid-connected generation at all utilities and nonutilities except for cogenerators. Includes small power producers, exempt wholesale generators, and generators at
industrial and commercial facilities which provide electricity for on-site use and for sales to utilities.
2Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar, and wind power.
3Cogenerators produce electricity and other useful thermal energy. Includes sales to utilities and generation for own use.

“Other gaseous fuels include refinery and still gas.

5Other includes hydrogen, sulfur, batteries, chemicals, fish oil, and spent sulfite liquor.

SIn 1996 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

Prices represent average revenue per kilowatthour.

Note: Totals may not equal sum of components due to independent rounding.
Sources: 1996 commercial and transportation sales derived from: Total transportation plus commercial sales come from Energy Information Administration (EIA), State Energy
Data Report 1994. Online. ftp://ftp.eia.doe.gov/publ/state.data/021494.pdf (August 26, 1997), but individual sectors do not match because sales taken from commercial and placed
in transportation, according to Oak Ridge National Laboratories, Transportation Energy Data Book 16 (July 1996) which indicates the transportation value should be higher. 1996
generation by electric utilities, nonutilities, and cogenerators, net electricity imports, residential sales, and industrial sales: EIA, Annual Energy Review 1996, DOE/EIA-0384(96)

(Washington, DC, July 1997). 1996 residential electricity prices derived from EIA, Short Term Energy Outlook, August 1997, Online.

teo/pub/upd/aug97/index.html (August 21, 1997). 1996 electricity prices for commercial, industrial, and transportation; price components; and projections:
National Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.

168 Energy Information Administration/ Annual Energy Outlook 1998

http://www.eia.doe.gov/emeu/
EIA, AEO98



Oil Price Case Comparisons

Table C9. Electricity Generating Capability
(Thousand Megawatts)

Projections
2010 2015 2020
Net Summer Capability* 1996 Low High Low High Low High
World Oil | Reference | World QOil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Electric Generators®
Capability
CoalSteam .......ooviviiii 305.3 296.8 304.6 303.9 306.1 316.0 317.0 3233 323.6 324.6
Other Fossil Steam® .................... 138.1 101.0 101.0 101.0 97.1 97.1 97.1 96.0 96.0 96.0
CombinedCycle ..............ccoviune, 15.3 96.2 106.5 1115 140.2 154.9 157.8 165.9 186.5 189.2
Combustion Turbine/Diesel .............. 80.0 205.8 191.4 188.8 230.3 210.1 209.9 239.9 221.9 220.8
Nuclear Power ........................ 100.8 80.4 80.4 80.4 63.9 63.9 63.9 49.2 49.2 49.2
Pumped Storage . ...t 19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9
FuelCells ..., 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources’ ................... 88.6 93.8 93.6 93.7 94.6 94.7 94.4 96.3 95.7 95.6
Total o 748.0 893.7 897.3 899.0 952.0 956.7 960.1 990.5 992.8 995.3
Cumulative Planned Additions®
CoalSteam .........ovvvviiiiiniinnn 24 4.7 47 47 4.7 4.7 47 4.7 4.7 4.7
Other Fossil Steam® .................... 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
CombinedCycle .............coovivnn. 20 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Combustion Turbine/Diesel .............. 38 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2
Nuclear Power .............ccovvviinn. 12 12 12 1.2 12 12 12 12 12 12
Pumped Storage .. ... 11 11 11 11 11 11 11 11 11 11
FuelCells .....ooovvviiiiii e, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources’ ................... 0.7 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Total oo 11.3 185 185 185 185 185 185 18.5 18.5 18.5
Cumulative Unplanned Additions®
CoalSteam ..........coiviiiiin 0.0 9.0 16.9 16.1 22.2 321 331 43.2 45.4 46.4
Other Fossil Steam® .................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CombinedCycle ..................ooue. 0.0 79.3 89.7 94.7 1234 138.1 141.0 149.0 169.7 172.4
Combustion Turbine/Diesel ............... 236 149.1 134.6 132.0 1747 154.5 154.3 184.3 166.3 165.2
Nuclear Power .............ccoovvviinn. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pumped Storage ... ... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FuelCells ........covviiiiiiiiiiiiin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources’ ................... 0.5 3.0 2.8 29 4.0 4.2 39 6.0 5.4 5.2
Total ..o 24.1 240.4 244.0 245.6 3242 328.9 332.3 382.5 386.7 389.2
Cumulative Total Additions .............. 354 258.9 262.5 264.1 342.7 3474 350.9 401.0 405.2 407.7
Cumulative Retirements® ................ 14.4 92.4 92.4 92.4 117.1 1171 1171 136.9 138.8 138.8
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Oil Price Case Comparisons

Table C9. Electricity Generating Capability (Continued)
(Thousand Megawatts)

Projections
2010 2015 2020
—_—
Net Summer Capability 1996 Low High Low High Low High
World Oil | Reference | World QOil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Cogenerators’

Capability
Coal v 71 77 77 77 7.7 7.7 7.7 7.7 7.7 77
Petroleum ... 1.0 12 12 12 12 12 12 12 12 12
Natural Gas . .......covvvviiiiininannn, 28.0 31.2 32.7 335 315 32.7 335 314 31.9 325
Other Gaseous Fuels ................... 1.2 11 11 11 11 11 11 11 11 11
Renewable Sources’ ................... 5.8 6.6 6.6 6.6 6.6 6.6 6.5 6.5 6.4 6.4
Other .. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total ..ov 43.0 479 49.3 50.0 48.1 49.3 50.0 48.0 48.3 48.8
Cumulative Additions® .................. 8.1 12.9 14.4 15.0 13.2 143 15.0 13.0 134 13.9

Net summer capability is the steady hourly output that generating equipment is expected to supply to system load (exclusive of auxiliary power), as demonstrated by tests during

summer peak demand.
2Includes grid-connected utilities and nonutilities except for cogenerators. Includes small power producers, exempt wholesale generators, and generators at industrial and
commercial facilities which produce electricity for on-site use and sales to utilities.

3Includes oil-, gas-, and dual-fired capability.

“Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar and wind power.

SCumulative additions after December 31, 1995. Non-zero utility planned additions in 1995 indicate units operational in 1995 but not supplying power to the grid.

SCumulative total retirements from 1990.

"Nameplate capacity is reported for nonutilities on Form EIA-867, “Annual Power Producer Report.” Nameplate capacity is designated by the manufacturer. The nameplate capacity
has been converted to the net summer capability based on historic relationships.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility geneators for AEO98. Net summer capacity
is used to be consistent with electric utility capacity estimates. Data for electric utility capacity are the most recent dataavailable as of August 25, 1997. Therefore, capacity estimates
may differ from other Energy Information Administration sources.

Sources: 1996 net summer capability at electric utilities and planned additions: Energy Information Administration (EIA), Form EIA-860, “Annual Electric Generator Report.” Net
summer capability for nonutilities and cogeneration in 1996 and planned additions estimated based on EIA, Form EIA-867,“Annual Nonutility Power Producer Report.” Projections:
EIA, AEO98 National Energy Modeling System runs LWOP98.0100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C10. Electricity Trade

(Billion Kilowatthours, Unless Otherwise Noted)

Projections
2010 2015 2020
Electricity Trade 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Qil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Interregional Electricity Trade
Gross Domestic Firm Power Sales ............... 1734 139.2 139.2 139.2 139.2 139.2 139.2 139.2 139.2 139.2
Gross Domestic Economy Sales ................. 79.5 785 78.3 86.4 919 79.7 89.6 945 86.6 86.5
Gross DomesticTrade ............c.ccovvvnnnn. 252.9 217.7 2175 225.6 2311 2189 228.9 233.7 225.8 225.7
Gross Domestic Firm Power Sales
(million 1996 dollars) . .........oovvvviiiit 8050.2 6462.9 6462.9 6462.9 6462.9 6462.9 6462.9 6462.9 6462.9 6462.9
Gross Domestic Economy Sales
(million 1996 dollars) . . ... 1812.7 17232 1747.9 2115.7 1980.0 1712.8 2121.2 2047.1 1905.6 1974.9
Gross Domestic Sales
(million 1996 dollars) ....................... 9862.9 8186.1 8210.8 8578.6 8442.9 8175.6 8584.1 8509.9 8368.5 8437.8
International Electricity Trade
Firm Power Imports From Canada and Mexico® .. ... 26.1 17.8 17.8 17.8 17.8 17.8 17.8 17.8 17.8 17.8
Economy Imports From Canada and Mexico® .. .. ... 20.7 336 336 337 30.1 30.1 30.1 30.1 30.1 30.1
Gross Imports From Canada and Mexico ... .. .. 46.8 51.4 51.4 51.4 479 47.9 47.9 479 479 479
Firm Power Exports To Canada and Mexico . ........ 2.8 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4
Economy Exports To Canada and Mexico ......... 6.4 1.7 1.7 7.7 7.7 1.7 7.7 7.7 7.7 7.7
Gross Exports To Canada and Mexico .......... 9.3 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0

*Historically electric imports were primarily from renewable resources, principally hydroelectric.
Note: Totals may not equal sum of components due to independent rounding. Firm Power Sales are capacity sales, meaning the delivery of the power is scheduled as part of
the normal operating conditions of the affected electric systems. Economy Sales are subject to curtailment or cessation of delivery by the supplier inaccordance with prior agreements

or under specified conditions.

Sources: 1996 interregional electricity trade data: Energy Information Administration (EIA), Bulk Power Data System. 1996 international electricity trade data: DOE Form FE-718R,
“Annual Report of International Electrical Export/Import Data.” Firm/economy share: National Energy Board, Annual Report 1993. Planned interregional and international firm power
sales: DOE Form IE-411, “Coordinated Bulk Power Supply Program Report,” April 1995. Projections: EIA, AEO98 National Energy Modeling System runs LWOP98.D100197C,

AEO098B.D100197A, and HWOP98.D100197A.
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Table C11. Petroleum Supply and Disposition Balance
(Million Barrels per Day, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply and Disposition 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Qil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Crude Oil
Domestic Crude Production® .................. 6.48 4.63 5.57 6.28 4.23 5.24 6.36 3.92 4.92 5.99
Alaska . ... 1.40 0.72 0.75 0.77 0.57 0.60 0.82 0.45 0.48 0.63
Lower48 States ..., 5.08 3.91 4.82 5.51 3.67 4.64 5.54 347 4.44 5.36
NetImports .......cooviii i 7.40 1171 10.67 9.91 12.43 11.22 10.08 12.89 11.65 10.59
Other Crude Supply? . ... 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Crude Supply .........cooiiiiiat. 14.21 16.34 16.24 16.19 16.66 16.46 16.44 16.81 16.58 16.58
Natural Gas Plant Liquids .................... 1.83 2.19 2.24 2.27 2.31 2.35 2.39 2.39 2.47 2.51
Other INputs® . ... 0.39 0.20 0.25 0.26 0.19 0.22 0.24 0.20 0.20 0.21
Refinery Processing Gain* ................... 0.84 0.75 0.89 0.93 0.75 0.87 0.94 0.73 0.82 0.89
Net Product Imports® ........................ 1.10 4.03 3.00 2.25 471 3.70 2.66 5.53 4.33 3.16
Total Primary Supply® ....................... 18.37 23.50 22.63 21.91 24.62 23.60 22.67 25.66 24.40 23.35
Refined Petroleum Products Supplied
Motor Gasoline’ .....................ooies 7.99 10.14 9.75 9.56 10.58 10.10 9.79 10.99 10.39 10.06
JetFuelf ... ... 1.58 2.55 2.53 2.52 2.83 2.80 2,77 3.07 3.03 3.01
Distillate Fuel® ......................ooo.... 3.32 417 4.09 4.07 431 4.19 4.15 4.42 4.25 422
Residual Fuel ................coooiiiiint 0.90 111 0.88 0.82 117 0.93 0.87 1.23 0.99 0.93
Other . ... oo 4.66 5.62 5.45 5.17 5.82 5.64 5.29 5.88 5.72 5.38
Total ..o 18.44 23.59 22.70 22.12 2471 23.65 22.87 25.59 24.39 23.61
Refined Petroleum Products Supplied
Residential and Commercial .................. 1.13 1.15 1.09 1.07 1.16 1.09 1.06 1.15 1.08 1.05
Industrial™ ........... ... 487 5.81 5.65 5.37 5.98 5.82 5.47 6.03 5.89 5.56
Transportation .. ...t 12.11 16.24 15.81 15.59 17.15 16.60 16.25 17.96 17.27 16.90
Electric Generators”................cooovnn.. 0.33 0.39 0.16 0.10 0.42 0.14 0.09 0.45 0.14 0.10
Total ..o 18.44 23.59 22.70 22.12 2471 23.65 22.87 25.59 24.39 23.61
DiSCrepancy™ ............ooiiiiiiiiiiiiiin. -0.08 -0.09 -0.08 -0.22 -0.08 -0.05 -0.20 0.07 0.01 -0.26
World Oil Price (1996 dollars per barrel) ....... 20.48 14.44 20.81 26.87 14.42 21.48 28.59 14.43 22.32 28.71
Import Share of Product Supplied ............. 0.46 0.67 0.60 0.55 0.69 0.63 0.56 0.72 0.66 0.58
Net Expenditures for Imported Crude Oil and
Products (billion 1996 dollars) ............... 62.27 86.05 106.39 120.84 94.25 120.20 135.01 102.10 133.54 146.89
Domestic Refinery Distillation Capacity ........ 15.4 17.2 17.1 17.1 17.6 174 17.4 17.8 175 175
Capacity Utilization Rate (percent)............. 94.0 95.3 95.2 95.2 95.2 95.2 95.2 95.2 95.2 95.2

‘Includes lease condensate.

2Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude products supplied.

3Includes alcohols, ethers, petroleum product stock withdrawals, domestic sources of blending components, and other hydrocarbons.

“Represents volumetric gain in refinery distillation and cracking processes.

®Includes net imports of finished petroleum products, unfinished oils, other hydrocarbons, alcohols, ethers, and blending components.

Total crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net petroleum imports.

“Includes ethanol and ethers blended into gasoline.

8Includes naphtha and kerosene types.

°Includes distillate and kerosene.

Includes aviation gasoline, liquefied petroleum gas, petrochemical feedstocks, lubricants, waxes, asphalt, road oil, still gas, special naphthas, petroleum coke, crude oil product
supplied, and miscellaneous petroleum products.

Includes consumption by cogenerators.

Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

*Balancing item. Includes unaccounted for supply, losses and gains.

“Average refiner acquisition cost for imported crude oil.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 expenditures for imported crude oil and petroleum products based on internal calculations. 1996 product supplied data from Table C2. Other 1996 data: Energy
Information Administration (EIA), Petroleum Supply Annual 1996, DOE/EIA-0340(96) (Washington, DC, June 1997). Projections: EIA, AEO98 National Energy Modeling System
runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C12. Petroleum Product Prices

(1996 Cents per Gallon Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Fuel 199 Low High Low High Low High
World Oil | Reference | World Qil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
World Oil Price (1996 dollars per barrel) .......... 2048 1444 20.81 26.87 14.42 21.48 28.59 14.43 22.32 28.71
Delivered Sector Product Prices
Residential
Distillate Fuel . . ... 98.4 90.2 104.8 117.8 89.3 106.0 1229 88.4 107.0 120.7
Liquefied Petroleum Gas ...................... 100.0 93.2 107.5 117.8 90.5 107.3 122.3 90.1 108.5 119.9
Commercial
Distillate Fuel . . ... 73.1 63.6 78.3 91.3 63.2 79.7 96.4 62.8 81.3 95.2
Residual Fuel .......... ...t 48.4 34.0 47.3 59.8 33.6 49.2 65.0 333 50.9 65.0
Residual Fuel (1996 dollars per barrel) ........... 20.35 14.26 19.85 25.12 14.09 20.65 27.31 13.99 21.36 27.29
Industrial*
Distillate Fuel . .. ......oovvie i 76.3 64.6 79.6 92.7 65.0 815 98.1 65.5 84.2 98.4
Liquefied Petroleum Gas ...................... 67.3 44.6 58.4 67.5 41.0 57.3 70.9 40.4 58.8 69.4
Residual Fuel .............cocoiiiiiiii, 45.0 30.9 452 57.8 31.2 472 63.2 321 50.1 63.9
Residual Fuel (1996 dollars per barrel) ........... 18.88  12.96 18.97 24.30 13.10 19.80 26.54 13.50 21.04 26.85
Transportation
Diesel Fuel (distillate)z ........................ 1235 1054 119.4 132.8 102.7 119.3 1355 98.9 118.2 132.4
JetFuel .. ... 74.6 62.9 79.0 91.6 62.3 81.7 104.1 61.2 84.6 102.9
Motor Gasoline® ...............c..oooiiiiin. 1225 109.1 126.0 139.5 107.9 126.6 1439 105.7 126.8 140.7
Residual Fuel ................coiiiiiin 38.2 30.9 46.0 58.2 30.5 47.0 63.4 324 49.7 64.2
Residual Fuel (1996 dollars per barrel) ........... 16.04  13.00 19.32 24.44 12.82 19.75 26.63 13.62 20.88 26.97
Electric Generators®
Distillate Fuel . .. ..o 68.0 57.9 739 86.9 57.6 75.9 92.4 57.5 78.2 92.3
Residual Fuel ..., 459 335 51.9 68.7 333 53.9 76.1 34.0 56.4 76.4
Residual Fuel (1996 dollars per barrel) ........... 19.27  14.05 21.78 28.86 13.99 22.64 31.97 14.28 23.70 32.08
Refined Petroleum Product Prices®
Distillate Fuel . .. ..o 108.7 94.6 109.2 1226 92.4 109.7 126.1 89.6 109.6 1238
JetFuel . ... 74.6 62.9 79.0 91.6 62.3 81.7 104.1 61.2 84.6 102.9
Liquefied Petroleum Gas ...................... 73.6 56.0 69.8 79.2 53.3 69.4 83.3 53.1 71.1 81.9
Motor Gasoline® ..............cccoviiiiiiin. 1225 1089 125.9 139.3 107.7 126.4 143.7 105.6 126.7 140.6
Residual Fuel ................ccooiiiiiiin 425 318 46.7 59.1 315 48.0 64.4 32.8 50.5 65.1
Residual Fuel (1996 dollars per barrel) ........... 17.87 1336 19.63 24.84 13.24 20.15 27.03 13.79 21.23 27.32
AVEIAgE ..o e 102.8 88.6 104.9 1179 87.0 105.4 122.8 85.2 106.0 120.2

Includes cogenerators. Includes Federal and State taxes while excluding county and state taxes.

2L ow sulfur diesel fuel. Includes Federal and State taxes while excluding county and local taxes.

Kerosene-type jet fuel.

“Sales weighted-average price for all grades. Includes Federal and State taxes while excluding county and local taxes.
SIncludes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.
SWeighted averages of end-use fuel prices are derived from the prices in each sector and the corresponding sectoral consumption.
Sources : 1996 prices for gasoline, distillate, and jet fuel are based on prices in various issues of Energy Information Administration, Petroleum Marketing Monthly, DOE/EIA-
0380(96/03-97/04) (Washington, DC, 1996-97). 1996 prices for all other petroleum products are derived from EIA, State Energy Price and Expenditures Report: 1994, DOE/EIA-
0376(94) (Washington, DC, June 1997). Projections : EIA, AEO98 National Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C13. Natural Gas Supply and Disposition, and Prices
(Trillion Cubic Feet per Year)

Projections
2010 2015 2020
Supply, Disposition, and Prices 1996 Low High Low High Low High
World Oil | Reference | World Qil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Production

Dry Gas Production® ......................... 19.02  24.23 24.70 25.08 25.72 26.12 26.56 26.54 27.44 27.84
Supplemental Natural Gas® ................... 0.12 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
NetImports ... 2.72 423 4.28 4.47 4.55 4.64 4.84 4.80 491 5.12
Canada ......ooovi 2.76 4.08 4.13 4.29 441 4.50 4.66 4.69 4.80 4.96
MEXICO . . v v e -0.02 -0.15 -0.15 -0.15 -0.15 -0.15 -0.15 -0.17 -0.17 -0.17
Liquefied Natural Gas . .. .........oovvvvvnnnn. -0.03 0.29 0.29 0.33 0.29 0.29 0.33 0.29 0.29 0.33
Total Supply ..o 21.86 28.51 29.03 29.61 30.32 30.81 31.45 31.39 3241 33.01

Consumption by Sector
Residential .............coiiiiiii 5.23 5.48 5.47 5.44 5.66 5.66 5.62 5.82 5.80 5.78
Commercial . ... 3.20 3.61 3.65 3.64 3.70 3.74 3.73 3.70 3.75 3.74
Industrial’ ........... 8.60 9.39 9.75 10.18 9.41 9.75 10.31 9.42 9.70 10.22
Electric Generators’ ......................... 2.98 7.13 7.22 7.38 8.42 8.52 8.63 9.18 9.85 9.94
Lease and PlantFuel’ ....................... 1.25 157 159 161 1.67 1.68 171 172 1.76 1.79
Pipeline Fuel ..ot 0.71 0.89 0.93 0.94 0.93 0.96 0.96 0.97 1.00 1.02
Transportation® ............o.vvuiiiiiiiiin., 0.01 0.24 0.23 0.22 0.31 0.29 0.28 0.35 0.33 0.32
Total ..o 21.99 28.32 28.84 29.42 30.09 30.61 31.24 31.16 32.20 32.81
Discrepancy7 ............................... -0.12 0.19 0.19 0.19 0.23 0.20 0.21 0.23 0.21 0.21

*Marketed production (wet) minus extraction losses.

?Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural
gas.

3Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

°Represents natural gas used in the field gathering and processing plant machinery.

SCompressed natural gas used as vehicle fuel.

"Balancing item. Natural gas lost as a result of converting flow data measured at varying temperatures and pressures to a standard temperature and pressure and the merger of
different data reporting systems which vary in scope, format, definition, and respondent type. In addition, 1996 values include net storage injections.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 may differ from published data due to internal conversion factors.

Sources: 1996 supplemental natural gas: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(97/6) (Washington, DC, June 1997). 1996 imports and
dry gas production derived from: EIA, Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, November 1997). 1996 transportation sector consumption: EIA, AEO98
National Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A. Other 1996 consumption: EIA, Short-Term Energy Outlook August
1997. Online. http:/iwww.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August 21, 1997) with adjustments to end-use sector consumption levels for consumption of natural
gas by electric wholesale generators based on EIA, AEO98 National Energy Modeling System runs LWOP98.0100197C, AEO98B.D100197A, and HWOP98.D100197A.Projections:
EIA, AEO98 National Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C14. Natural Gas Prices, Margins, and Revenue
(1996 Dollars per Thousand Cubic Feet, Unless Otherwise Noted)

Projections
2010 2015 2020
Prices, Margins, and Revenue 1996 Low High Low High Low High
World Oil | Reference | World QOil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Source Price
Average Lower 48 Wellhead Price! ............. 2.24 2.25 231 2.38 2.35 2.38 242 245 2.54 2.58
Average Import Price ...l 1.98 2.29 2.32 244 237 2.40 248 244 2.56 2.61
AVETagE? .ttt 221 2.26 231 239 235 2.38 243 245 2.54 2.59
Delivered Prices
Residential ... 6.37 5.57 5.58 5.72 5.45 5.47 5.56 5.48 5.60 5.67
commercial . ... 5.43 4.79 4.79 4.92 4.74 4.76 4.84 4.80 491 4.98
Industrial’ ............. 3.05 2.99 3.01 3.10 3.09 3.09 3.14 3.18 3.26 3.30
Electric Generators’ ......................... 2.70 2.89 291 3.03 3.05 3.04 3.14 3.13 3.22 3.30
Transportation® . ............ooiiiiiiia.... 5.57 6.60 6.79 7.01 6.99 7.26 7.45 7.22 7.61 7.78
AVETAgE® 4.25 3.80 3.80 3.89 3.83 3.83 3.89 3.90 397 4,02
Transmission and Distribution Margins’
Residential ..............ccoiiii 417 331 3.27 333 3.10 3.09 313 3.03 3.05 3.08
Commercial ... 3.23 253 2.48 253 2.39 2.38 241 2.36 2.37 2.39
Industrial® ... ... 0.84 0.73 0.71 0.71 0.74 0.70 071 0.74 071 0.71
Electric Generators' ...............ooooiins 0.49 0.63 0.60 0.64 0.70 0.66 0.71 0.68 0.68 071
Transportation” .. ......o.vveeeeiiee 3.36 434 4.48 4.62 4.64 488 5.02 478 5.06 5.19
Averageﬁ ................................. 2.04 1.54 1.49 1.50 1.48 1.44 1.46 1.45 1.43 1.43
Transmission and Distribution Revenue
(billion 1995 dollars)
Residential ............ ... 2181 18.15 17.91 18.11 17.56 17.48 17.60 17.66 17.70 17.79
commercial . ... 10.34 9.13 9.05 9.21 8.84 8.88 9.00 8.73 8.87 8.95
Industrial’ ............ . 7.23 6.87 6.89 7.22 6.94 6.87 7.31 6.93 6.92 7.30
Electric Generators’ ......................... 1.47 451 4.32 4.72 5.86 5.63 6.14 6.25 6.69 7.10
Transportation® . .............iiiiiiie.... 0.03 1.05 1.04 1.03 1.42 1.43 141 1.67 1.68 1.67
Total ..o 40.88  39.71 39.21 40.28 40.62 40.29 41.47 41.24 41.87 42.81

'Represents lower 48 onshore and offshore supplies.

2Quantity-weighted average of the average lower 48 wellhead price and the average price of imports at the U.S. border.

3Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

SCompressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.

SWeighted average prices and margins. Weights used are the sectoral consumption values excluding lease, plant, and pipeline fuel.
"Within the table, “transmission and distribution” margins equal the difference between the delivered price and the source price (average of the wellhead price and the price of
imports at the U.S. border) of natural gas and, thus, reflect the total cost of bringing natural gas to market. When the term “transmission and distribution” margins is used in today's
natural gas market, it generally does not include the cost of independent natural gas marketers or costs associated with aggregation of supplies, provisions of storage, and other
services. As used here, the term includes the cost of all services and the cost of pipeline fuel used in compressor stations.
Note: Totals may not equal sum of components due to independent rounding.
Sources: 1996 industrial delivered prices based on Energy Information Administration (EIA), Manufacturing Energy Consumption Survey 1991. 1996 residential and commercial
delivered prices, average lower 48 wellhead price, and average import price: EIA, Natural Gas Monthly, DOE/EIA-0130(97/06) (Washington, DC, June 1997). Other 1996 values,
and projections: EIA, AEO98 National Energy Modeling System runs LWOP98.D0100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C15. Oil and Gas Supply

Projections
2010 2015 2020
Production and Supply 1996 Low High Low High Low High
World Oil | Reference | World QOil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Crude Oil
Lower 48 Average Wellhead Price*
(1996 dollars perbarrel) ..................... 1941 1477 21.08 26.44 14.04 21.01 27.94 14.03 21.58 27.99
Production (million barrels per day)?
US.Total ..o 6.48 4.63 5.57 6.28 4.23 5.24 6.36 3.92 4.92 5.99
Lower480nshore .............c.cviiiii... 3.76 2.44 3.15 3.70 2.33 3.13 3.90 2.27 3.09 3.94
Conventional ... 3.15 1.97 2.36 2.70 1.86 2.35 2.83 1.83 2.41 2.93
Enhanced Oil Recovery ..................... 0.61 0.47 0.79 1.00 0.47 0.78 1.07 0.44 0.68 1.01
Lower 48 Offshore ..................cooiit. 1.32 1.47 1.67 1.82 1.33 1.52 1.64 1.20 1.35 143
Alaska ... 1.40 0.72 0.75 0.77 0.57 0.60 0.82 0.45 0.48 0.63
Lower 48 End of Year Reserves (billion barrels) .. 16.82  12.14 14.87 17.01 11.59 14.67 17.65 11.17 14.33 17.46
Natural Gas
Lower 48 Average Wellhead Price
(1996 dollars per thousand cubic feet) ........ 2.24 2.25 231 2.38 2.35 2.38 242 245 2.54 258
Production (trillion cubic feet)®
US.Total ..o 19.01 24.23 24.70 25.08 25.72 26.12 26.56 26.54 27.44 27.84
Lower480nshore .............c.coiiiiin.. 13.07 17.08 17.33 17.57 18.52 18.72 19.09 18.41 18.99 19.37
Associated-Dissolved* ...................... 1.84 1.19 1.27 1.33 1.13 121 1.30 1.10 1.19 1.29
Non-Associated . ... 11.23 15.90 16.06 16.24 17.40 1751 17.79 17.32 17.81 18.07
Conventional . ... 7.96 11.57 11.77 12.08 12.27 12.44 12.61 12.07 12.32 12.49
Unconventional ..............coooviiiiiinn 3.27 4.32 4.30 4.16 5.13 5.08 5.17 5.25 5.49 5.58
Lower 48 Offshore .............cocvvini. 5.50 6.58 6.81 6.94 6.60 6.81 6.88 751 7.83 7.86
Associated-Dissolved” ... ................... 0.80 0.88 0.92 0.95 0.85 0.89 0.92 0.81 0.85 0.87
Non-Associated . ...........oviiiiiiiiinn 470 571 5.89 5.99 5.76 5.92 5.96 6.70 6.98 6.99
Alaska .. ... 0.43 0.56 0.56 0.56 0.59 0.59 0.59 0.62 0.62 0.62
Lower 48 End of Year Reserves
(trillion cubicfeet) ................ ..., 157.23  192.57 196.33 201.09 192.18 196.28 200.81 182.39 185.11 187.42
Supplemental Gas Supplies (trillion cubic feet)® ..  0.12 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Total Lower 48 Wells (thousands) ............. 2175  24.00 28.19 32.36 24.58 29.39 35.03 26.19 32.04 37.30

Ft. = feet.

'Represents lower 48 onshore and offshore supplies.

2Includes lease condensate.

3Market production (wet) minus extraction losses.

“Gas which occurs in crude oil reserves either as free gas (associated) or as gas in solution with crude oil (dissolved).
*Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural

gas.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 may differ from published data due to internal conversion factors.
Sources : 1996 crude oil lower 48 average wellhead price: Energy Information Administration (EIA), Office of Integrated Analysis and Forecasting. 1996 total wells completed:
EIA, Office of Integrated Analysis and Forecasting. 1996 lower 48 onshore, lower 48 offshore, Alaska crude oil production: EIA, Petroleum Supply Annual 1996, DOE/EIA-0340(96)

(Washington, DC, June 1997). 1996 natural gas lower 48 average wellhead price, Alaska and total natural gas production, and supplemental gas supplies.

EIA, Natural Gas

Monthly, DOE/EIA-0130(97/06) (Washington, DC, June 1997). Other 1996 values: EIA, Office of Integrated Analysis and Forecasting. Projections: EIA, AEO98 National Energy
Modeling System runs LWOP98.D0100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C16. Coal Supply, Disposition, and Prices
(Million Short Tons per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply, Disposition, and Prices 1996 Low High Low High Low High
World Oil | Reference | World QOil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Production*
Appalachia ... 452 502 505 487 510 505 492 524 513 506
INETIOF ..o 173 163 177 170 159 167 166 161 166 162
WeSt o 439 588 583 618 637 654 676 696 697 713
East of the MissisSippi .+ . ......oovvvvviinnann.. 564 591 602 575 611 609 593 634 623 610
West of the MisSiSSIppi .+ .. ..o vvvveveieennn 500 662 663 700 694 717 741 748 754 771
Total ..o 1064 1253 1265 1275 1305 1326 1334 1382 1376 1381
Net Imports
IMPOrtS ... 7 8 8 8 8 8 8 8 8 8
EXPOMS ..o 90 112 112 112 119 119 119 128 128 128
Total ..o -83 -104 -104 -104 -112 -112 -112 -120 -120 -120
Total SUPPIY? .o 981 1149 1161 1171 1193 1215 1222 1262 1256 1261
Consumption by Sector
Residential and Commercial ................... 6 6 6 6 7 7 6 7 6 6
Industrial ... .o 70 80 81 81 81 81 81 81 81 82
CokePlants..........ccovviiiiiiii s 32 26 26 26 24 24 24 23 23 23
Electric Generators® ............c.covvvvinnn.. 896 1036 1049 1058 1083 1103 1111 1152 1147 1151
Total ..o 1003 1149 1162 1172 1194 1215 1223 1262 1257 1262
Discrepancy and Stock Change®. ............... -23 1 -1 0 -1 -0 -1 -1 -1 -1
Average Minemouth Price
(1996 dollars per shortton) ..................... 18.50 14.83 15.05 14.85 13.96 13.99 13.92 13.16 13.27 13.28
(1996 dollars per million Btu) .. .................. 0.87 0.71 0.72 0.71 0.67 0.67 0.67 0.63 0.64 0.64
Delivered Prices (1996 dollars per short ton)°®
Industrial ... 32.28 29.23 29.29 29.30 28.79 28.90 28.86 28.50 28.57 28.62
Coke Plants .. ........vvviiiii i 47.33 45.20 45.10 45.22 44.88 44.78 4477 44.60 44.61 44.62
Electric Generators
(1996 dollars per shortton) ................... 26.45 21.79 22.09 22.26 20.48 20.72 20.94 19.23 19.52 19.79
(1996 dollars per million Btu) .................. 1.29 1.08 1.09 110 1.01 1.03 1.04 0.96 0.97 0.99
AVEIAgE ..ottt 27.52 22.85 23.12 23.26 21.55 21.76 21.95 20.29 20.56 20.81
Expor‘(s7 .................................... 40.77 34.86 35.02 35.18 33.52 33.75 33.84 32.12 32.47 32.66

!Includes anthracite, bituminous coal, and lignite.

2Production plus net imports and net storage withdrawals.

3Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

SBalancing item: the sum of production, net imports, and net storage minus total consumption.

®Sectoral prices weighted by consumption tonnage; weighted average excludes residential/ commercial prices and export free-alongside-ship (f.a.s.) prices.

" F.a.s. price at U.S. port of exit.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 data derived from: Energy Information Administration (EIA), Coal Industry Annual 1996, DOE/EIA-0584(96) (Washington, DC, November 1997). Projections:
EIA, AEO98 National Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C17. Renewable Energy Generating Capacity and Generation
(Thousand Megawatts, Unless Otherwise Noted)

Projections
2010 2015 2020
Capacity and Generation 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Qil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Electric Generators®
(excluding cogenerators)
Net Summer Capability
Conventional Hydropower .................... 7858  80.71 80.71 80.71 80.71 80.71 80.71 80.71 80.71 80.71
Geothermal ......... ..., 3.02 2.92 2.92 2.88 2.70 2.87 2.76 2.74 2.94 2.95
Municipal Solid Waste® ....................... 291 3.93 3.92 3.91 4.27 4.26 4.25 4.39 4.38 4.38
Wood and Other Biomass® .................... 1.91 2.06 2.07 2.08 2.19 2.28 2.18 2.41 2.50 2.20
Solar Thermal ..., 0.36 0.53 0.46 0.46 0.58 0.51 0.51 0.63 0.56 0.56
Solar Photovoltaic . .. ...l 0.01 0.22 0.22 0.22 0.38 0.38 0.38 0.56 0.56 0.56
Wind ... 1.85 3.42 3.33 3.41 3.73 3.68 3.64 4.90 4.06 422
Total ..o 88.64 93.78 93.64 93.69 94.56 94.69 94.43 96.35 95.70 95.57
Generation (billion kilowatthours)
Conventional Hydropower .................... 346.28 318.67 318.67 318.67 318.75 318.76 318.76 318.81 318.82 318.82
Geothermal ................. el 15.70  17.60 17.64 17.35 16.74 17.92 17.13 17.91 19.26 19.33
Municipal Solid Waste® ....................... 18.85 26.38 26.32 26.27 28.73 28.68 28.61 29.60 29.52 29.48
Wood and Other Biomass® ... ................. 7.27 9.70 9.79 9.90 10.63 11.24 10.56 12.20 12.81 10.74
Solar Thermal ..., 0.82 1.49 1.24 1.24 1.64 1.39 1.38 181 1.56 1.56
Solar Photovoltaic .. ......................... 0.00 0.60 0.60 0.60 1.00 1.00 1.00 1.45 1.45 1.45
WInd oo 3.17 8.00 7.76 8.00 8.98 8.86 8.70 12.75 10.08 10.58
Total ..o 39209 38244 382.03 382.03 386.47 387.84 386.15 394.52 393.50 391.96
Cogenerators®
Net Summer Capability
Municipal Solid Waste ....................... 0.41 0.46 0.46 0.46 0.47 0.47 0.47 0.48 0.48 0.48
Biomass ... 5.41 6.17 6.14 6.10 6.13 6.08 6.03 6.02 5.95 5.91
Total ..o 5.81 6.64 6.61 6.56 6.61 6.56 6.50 6.50 6.43 6.38
Generation (billion kilowatthours)
Municipal Solid Waste ....................... 2.09 2.30 2.30 2.29 234 2.34 233 2.37 2.36 2.35
BIOMASS .. ... 39.17 4120 41.00 40.66 40.88 40.55 40.15 40.13 39.65 39.33
Total ..o 4125 4350 43.29 42.95 43.23 42.89 42.48 42.50 42.01 41.68

*Includes grid-connected utilities and nonutilites other than cogenerators. These nonutility facilities include small power producers, exempt wholesale generators and generators
at industrial and commercial facilities which do not produce steam for other uses.

2Includes hydrothermal resources only (hot water and steam).

3Includes landfill gas.

“Includes projections for energy crops after 2010.

SCogenerators produce electricity and other useful thermal energy.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO98. Net summer
capability is used to be consistent with electric utility capacity estimates. Data for electric uility capacity are the most recently available as of August 25, 1997. Additional retirements
are also determined on the basis of the size and age of the units. Therefore, capacity estimates may differ from other Energy Information Administration sources.

Sources: 1996 electric utility capability: Energy Information Administration (EIA), Form EIA-860 “Annual Electric Utility Report,” 1996 nonutility and cogenerator capability: Form
EIA-867, “Annual Nonutility Power Producer Report.” 1996 generation: EIA, Annual Energy Review 1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Projections: EIA, AEO98
National Energy Modeling System runs LWOP98.D0100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C18. Renewable Energy Consumption by Sector and Source !
(Quadrillion Btu per Year)
Projections
2010 2015 2020
Sector and Source 1996 Low High Low High Low High
World Oil | Reference | World Oil | World Qil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Marketed Renewable Energy?
Residential . 0.63 0.63 0.63 0.64 0.64 0.63 0.64 0.64 0.64
WOOM ... X 0.63 0.63 0.63 0.64 0.64 0.63 0.64 0.64 0.64
Commercial’ ... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BIOMASS ..ot 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Industrial* . ......... ... 1.82 2.25 2.24 2.23 2.32 2.31 2.30 2.35 2.34 2.33
Conventional Hydroelectric .................... 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Municipal Solid Waste ........................ 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Biomass ... 1.78 221 2.20 2.20 2.28 2.27 2.26 2.31 2.30 2.29
Transportation ...t 0.10 0.11 0.17 0.17 0.12 0.14 0.22 0.14 0.15 0.17
Ethanol used i E85® ..............ooviiivinns 0.00 0.08 0.07 0.07 0.12 0.11 0.11 0.14 0.13 0.12
Ethanol used in Gasoline Blending .............. 0.10 0.03 0.09 0.10 0.00 0.03 0.11 0.00 0.01 0.04
Electric Generators® . .............coovvveeinns 4.40 4.40 4.40 4.39 4.45 4.48 4.45 454 4.56 455
Conventional Hydroelectric .................... 3.56 3.28 3.28 3.28 3.28 3.28 3.28 3.28 3.28 3.28
Geothermal .........ovii 0.43 0.52 0.52 0.51 0.50 0.53 051 0.53 0.58 0.58
Municipal Solid Waste ........................ 0.30 0.42 0.42 0.42 0.46 0.46 0.46 0.47 0.47 0.47
BIOMASS ..ot ee 0.06 0.09 0.09 0.09 0.09 0.10 0.09 0.11 0.11 0.10
Solar Thermal ... 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.00 0.00 0.00
Solar Photovoltaic . .. ...t 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Wind ... 0.03 0.08 0.08 0.08 0.09 0.09 0.09 0.13 0.10 0.11
Total Marketed Renewable Energy ............. 6.93 7.40 7.44 742 7.53 7.58 7.60 7.68 7.69 7.69
Non-Marketed Renewable Energy’

Selected Consumption
Residential ..o 0.02 0.05 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.07
Solar Hot Water Heating . . ..................... 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Geothermal Heat Pumps ...................... 0.01 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.06
Commercial ... 0.01 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
Solar Thermal ... 0.01 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04

*Actual heat rates used to determine fuel consumption for all renewable fuels except hydropower, solar, and wind. Consumption at hydroelectric, solar, andwind facilities determined
by using the fossil fuel equivalent of 10,280 Btu per kilowatthour.

2Includes nonelectric renewable energy groups for which the energy source is bought andsold in the marketplace, although all transactions may not necessarily be marketed, and
marketed renewable energy inputs for electricity entering the marketplace on the electric power grid. Excludes electricity imports; see Table C8.

3Value is less than 0.005 quadrillion Btu per year and rounds to zero.

“Includes all electricity production by industrial and other cogenerators for the grid and for own use.

SExcludes motor gasoline component of E85.

®Includes renewable energy delivered to the grid from electric utilities and nonutilities. Renewable energy used in generating electricity for own use is included in the individual
sectoral electricity energy consumption values.

“Includes selected renewable energy consumption data for which the energy is not bought or sold, either directly or indirectly as an input to marketed energy. The Energy
Information Administration does not estimate or project total consumption of nonmarketed renewable energy.

Btu = British thermal unit.

Notes: Totals may not equal sum of components due to independent rounding.

Sources: 1996 electric generators: Energy Information Administration (EIA), Form EIA-860, "Annual Electric Utility Report" and EIA, Form EIA-867, "Annual Nonutility Power
Producer Report." 1996 ethanol: EIA, Petroleum Supply Annual 1996, DOE/EIA-0340(96/1) (Washington, DC, June 1997). Other 1996: EIA, Office of Integrated Analysis and
Forecasting. Projections: EIA, AEO98 National Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C19. Carbon Emissions by Sector and Source
(Million Metric Tons per Year)

Projections
2010 2015 2020
Sector and Source 1996 Low High Low High Low High
World Oil | Reference | World QOil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
Residential
Petroleum ............ .. .. 27.3 25.7 24.8 23.9 25.7 24.5 235 25.6 24.2 23.3
Natural Gas .. ......ovvii i 77.4 81.1 81.1 80.6 83.9 83.8 83.2 86.3 85.9 85.6
Coal ..o 14 14 1.3 1.3 14 1.3 1.3 1.3 13 1.3
Electricity .. ..o 1799 2325 230.9 230.0 250.6 248.8 248.4 2723 267.5 266.9
Total Lo 286.0  340.8 338.1 335.8 3615 358.5 356.4 385.5 379.0 377.1
Commercial
Petroleum ............ .. .. 15.3 13.7 12.8 12.6 13.8 12.7 125 13.7 12.4 12.3
Natural Gas .. ......ovvii i 47.4 53.5 54.0 53.9 54.8 55.4 55.3 54.8 55.5 55.4
Coal ..o 2.1 2.4 2.4 2.4 25 25 25 25 25 25
Electricity .. ..o 164.8  206.6 205.1 204.3 2194 217.8 2174 229.6 2255 224.8
Total Lo 229.6  276.2 2744 2733 290.5 288.4 287.7 300.6 296.0 295.0
Industrial*
Petroleum ........... .. 104.8 120.6 115.6 107.8 1241 119.3 109.2 124.1 120.3 110.7
Natural Gas? . ......ovveeeeeeee e 142.8 160.2 165.8 172.4 161.8 167.1 175.6 162.8 167.5 175.3
59.3 62.4 62.8 63.0 61.4 61.7 61.9 60.3 60.7 60.8

1692 2174 219.1 2216 2284 230.6 2333 239.0 240.6 242.8
476.1  560.6 563.3 564.8 575.7 578.7 579.9 586.2 589.2 589.7

Transportation
Petroleum ............ .. .. i 457.9 617.7 601.0 593.0 652.8 632.3 618.3 683.5 658.6 644.8
Natural Gas® ...........coveiiieieeen... 10.5 16.8 17.2 17.2 18.3 18.6 18.4 195 19.8 19.8
Other . 0.0 15 15 14 2.3 2.2 2.1 2.8 2.7 25
Electricity . .. ..o 2.8 8.0 7.8 7.8 9.7 95 9.4 11.3 11.0 10.9
Total ..o 471.2 644.0 627.5 619.3 683.0 662.7 648.2 717.1 692.1 678.0
Total Carbon Emissions®
Petroleum .............c i 605.3 777.8 754.2 737.4 816.4 788.9 763.4 846.9 815.5 791.1
Natural Gas . .......ovvii e 278.1 3117 318.1 324.0 318.7 324.9 3325 323.4 328.7 336.2
Coal ..o 62.8 66.2 66.6 66.8 65.3 65.6 65.7 64.2 64.5 64.6
Other ... 0.0 15 15 14 2.3 2.2 2.1 2.8 2.7 25
Electricity .. ... 516.7 664.5 662.9 663.7 708.1 706.8 708.5 752.2 7447 745.4
Total ..o 14629 1821.7 1803.2 1793.2 1910.8 1888.3 1872.2 1989.5 1956.2 1939.8
Electric Generators®
Petroleum ............ ... .. i 15.5 18.7 7.4 4.7 19.7 6.8 43 21.0 6.6 45
Natural Gas .. ....ovvivi e 40.3 104.9 106.3 108.7 124.0 125.4 127.0 135.1 145.0 146.3
Coal ..o 460.9 540.9 549.3 550.3 564.4 574.5 577.3 596.2 593.1 594.5
Total ..o 516.7 664.5 662.9 663.7 708.1 706.8 708.5 752.2 7447 745.4
Total Carbon Emissions’
Petroleum ............ .. i 620.8 796.5 761.5 742.1 836.1 795.7 767.7 867.9 822.1 795.6
Natural Gas .. .....o.oevi e 318.4 416.6 424.4 432.7 442.7 450.3 459.5 458.5 473.7 482.5
Coal ..o 523.7 607.1 615.9 617.0 629.7 640.1 643.0 660.3 657.7 659.2
Other . 0.0 15 15 14 2.3 2.2 2.1 2.8 2.7 25
Total ..o 14629 1821.7 1803.2 1793.2 1910.8 1888.3 1872.2 1989.5 1956.2 1939.8

Carbon Emissions
(tons per person) ..., 5.5 6.1 6.0 6.0 6.1 6.1 6.0 6.2 6.0 6.0

*Includes consumption by cogenerators.

?Includes lease and plant fuel.

3Includes pipeline fuel natural gas and compressed natural gas used as vehicle fuel.

“Includes methanol and liquid hydrogen.

*Measured for delivered energy consumption.

®Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

"Measured for total energy consumption, with emissions for electric power generators distributed to the primary fuels.

Note: Totals may not equal sum of components due to independent rounding.

Sources: Carbon coefficients from Energy Information Administration, (EIA) Emissions of Greenhouse Gases in the United States 1996, DOE/EIA-0573(96) (Washington, DC,
October 1997). 1996 consumption estimates based on: EIA, Short Term Energy Outlook, August 1997, Online. http://iwww.eia.doe.gov/emeu/steo/pub/upd/aug97/index.html (August
21, 1997). Projections: EIA, AEO98 National Energy Modeling System run LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C20. Macroeconomic Indicators

(Billion 1992 Chain-Weighted Dollars, Unless Otherwise Noted)

Projections
2010 2015 2020
Indicators 19% Low High Low High Low High
World Oil | Reference | World Oil | World Qil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price

GDP Chain-Type Price Index

(1992=1.000) . ....iiii e 1.102 1.599 1.600 1.602 1.894 1.891 1.889 2.275 2.262 2.250
Real Gross Domestic Product .................. 6928 9464 9431 9398 10251 10211 10168 10953 10900 10873
Real Consumption . .........coovviviiniiinn. 4714 6381 6349 6319 7026 6989 6950 7676 7626 7599
Real Investment ...t 1067 1748 1739 1730 1944 1934 1923 2120 2105 2101
Real Government Spending ...................... 1258 1504 1498 1493 1590 1583 1576 1648 1640 1634
Real EXports . .......ovviiiiiiiiii 857 2348 2332 2318 2872 2849 2827 3382 3352 3329
Real Imports .........ooiiiii 971 2566 2514 2469 3355 3283 3214 4262 4153 4071
Real Disposable Personal Income ............... 5077 6930 6884 6842 7616 7560 7504 8289 8217 8171
Index of Manufacturing Gross Output

(index 1987=1.000) .........covuviiiiiiiinnns 1.299 1.855 1.851 1.847 1.996 1.992 1.987 2.124 2.125 2121
AA Utility Bond Rate (percent) .................... 757 7.15 721 7.29 7.56 7.64 7.74 8.16 8.27 8.27
Real Yield on Government 10 Year Bonds

(PEICENE) vttt 4,99 354 3.58 361 3.64 3.69 373 3.92 397 4.02
Real Utility Bond Rate (percent) ................... 5.28 3.95 4.05 417 4.02 4.15 431 429 4.49 4.59
Delivered Energy Intensity

(thousand Btu per 1992 dollar of GDP)

Delivered Energy ............cooiiiiiiiiiin... 10.16 9.09 9.04 9.01 8.74 8.68 8.63 8.43 8.35 8.29

Total ENergy . .....oovvvviiiiiii i 1357 11.95 11.90 11.88 1141 11.34 11.31 10.96 10.89 10.84
Consumer Price Index (1982-84=1.00) ............. 1.57 241 242 243 2.89 2.90 2.92 3.50 352 353
Unemployment Rate (percent) .................... 5.38 5.46 5.51 5.58 5.51 5.55 5.62 5.58 5.66 5.63
Unit Sales of Light-Duty Vehicles (million) ........ 15.10 17.01 16.65 16.31 1754 17.15 16.73 17.98 17.49 17.27
Millions of People

Population with Armed Forces Overseas........... 266.1 298.9 298.9 298.9 311.2 311.2 311.2 3235 3235 3235

Population (aged 16 andover) ................... 204.2 235.4 235.4 235.4 2458 245.8 2458 255.6 255.6 255.6

Employment, Non-Agriculture ................... 1195 144.4 143.9 143.4 149.8 149.2 148.6 154.1 153.4 152.9

Employment, Manufacturing . .................... 18.5 17.6 175 175 16.5 16.4 16.3 15.2 15.2 15.1

LaborForce . ......oovveiii i 1339 156.6 156.5 156.4 160.3 160.2 160.0 162.5 162.4 162.3

GDP = Gross domestic product.
Btu = British thermal unit.

Sources: 1996: Data Resources Incorporated (DRI), DRI Trend0897. Projections:

LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Table C21. International Petroleum Supply and Disposition Summary
(Million Barrels per Day, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply and Disposition 1996 Low High Low High Low High
World Oil | Reference | World Qil | World Oil | Reference | World Oil | World Oil | Reference | World Oil
Price Price Price Price Price Price
World Oil Price (1996 dollars per barrel)* ......... 2048 1444 20.81 26.87 14.42 21.48 28.59 14.43 22.32 28.71
Production®
OECD
U.S. (50 StateS) +.vvvveeeeeiii i 9.37 7.78 8.94 9.78 7.54 8.73 10.03 7.32 8.48 9.67
Canada . .......covii 2.51 2.55 2.59 2.63 2.57 2.62 2.67 2.59 2.66 2.70
MEXICO et 3.28 3.23 334 341 331 343 352 3.39 353 3.63
OECDEUIOPE® ...\ 6.67 5.65 5.74 5.80 5.02 5.11 5.18 4.38 4.47 453
OtherOECD ... ovvii e 0.77 0.97 1.01 1.04 0.76 0.80 0.83 0.80 0.84 0.88
TotalOECD . ..o 22.60 20.18 21.62 22.65 19.21 20.70 22.23 18.48 19.98 21.40
Developing Countries
Other South & Central America.................. 3.29 5.07 5.23 5.34 5.81 6.03 6.18 6.41 6.68 6.85
Pacific Rim ... 2.08 3.10 3.20 3.27 311 3.23 331 2.96 3.08 3.16
OPEC ..ot 29.00 56.29 48.19 42.96 66.60 56.40 49.12 78.32 65.98 58.08
Other Developing Countries .................... 421 4.85 5.00 511 5.14 5.33 5.47 5.16 5.38 5.52
Total Developing Countries .................. 3859  69.31 61.63 56.69 80.66 70.98 64.08 92.85 81.11 73.62
Eurasia
Former SovietUnion .......................... 7.14 9.53 9.83 10.04 10.21 10.59 10.87 10.96 1141 1171
EasternEurope ... 0.32 0.20 0.21 0.22 0.18 0.18 0.19 0.17 0.18 0.19
China ... 3.10 3.17 3.27 3.34 3.34 3.46 3.55 351 3.65 3.75
Total Eurasia ............ccooviiiiiiian.n. 10.55 12.90 1331 13.59 13.72 14.23 14.60 14.64 15.24 15.64
Total Production ............c.ocooviviinnii. 7174 102.39 96.56 92.93 113.59 105.91 100.92 125.97 116.34 110.66
Consumption
OECD
U.S. (50States) ...vvvviiiiiiii e 1831 2359 22.70 22.12 2471 23.66 22.89 25.58 24.39 23.61
US. Termtonies . . ...ovveeei i 0.26 0.44 0.38 0.35 0.48 0.42 0.37 0.55 0.46 0.42
Canada.........ovviiiii 177 242 215 1.98 2.62 2.28 2.07 2.83 243 2.20
Mexico .. 1.98 3.00 2.74 2.58 3.35 3.00 2.78 3.71 3.27 3.01
Japan 5.84 8.53 7.28 6.56 9.55 7.80 6.77 10.62 8.34 711
Australia and New Zealand. .................... 0.97 1.25 1.20 1.16 131 1.24 1.20 1.37 1.29 1.24
OECD EUIOPE® ... 13.93 15.97 15.11 14.56 16.40 15.40 14.73 16.80 15.69 15.02
TotalOECD ... 43.05 55.21 51.56 49.31 58.43 53.80 50.81 61.46 55.88 52.61
Developing Countries
Other South and Central America . ............... 3.79 6.72 6.51 6.37 7.76 7.49 7.29 8.95 8.61 8.40
PacificRIm ... 4.55 8.76 8.44 8.23 10.51 10.07 9.77 12.61 12.03 11.67
OPEC ..ot 5.14 7.06 7.06 7.06 7.91 7.91 7.91 8.86 8.86 8.86
Other Developing Countries .................... 5.44 8.69 7.94 7.48 9.87 8.75 8.06 11.18 9.66 8.77
Total Developing Countries .................. 1891 3124 29.95 29.14 36.05 34.22 33.03 4161 39.16 37.70
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Table C21. International Petroleum Supply and Disposition Summary (Continued)
(Million Barrels per Day, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply and Disposition 1996 Low High Low High Low High
World Oil | Reference | World Qil | World Oil | Reference | World Oil | World Oil | Reference | World Oil

Price Price Price Price Price Price

Eurasia
Former SovietUnion ..............cooviinn 4.48 7.04 6.73 6.54 8.03 7.65 7.38 9.16 8.68 8.39
Eastern EUrope .........c...covviiiiiiiiinns 1.43 177 173 1.69 2.03 1.96 1.92 231 2.24 219
China ... 3.44 7.44 6.89 6.55 9.35 8.58 8.08 11.72 10.68 10.07
Total Eurasia ............ccovviviiiiiinnnns 9.35 16.25 15.35 14.78 19.40 18.19 17.38 23.20 21.60 20.65
Total ConsSUuMPLion ..........ovvvviiniininn 7132  102.69 96.86 93.23 113.89 106.21 101.22 126.27 116.64 110.96
Non-OPEC Production ....................... 42.74 46.10 48.37 49.97 46.99 49.52 51.80 47.65 50.36 52.58
Net Eurasia EXports ..................c.outs 1.20 -3.35 -2.04 -1.19 -5.68 -3.96 -2.17 -8.57 -6.36 -5.01
OPEC MarketShare .......................... 0.40 0.55 0.50 0.46 0.59 0.53 0.49 0.62 0.57 0.52

Average refiner acquisition cost of imported crude oil.

2Includes production of crude oil (including lease condensates), natural gas plant liquids, other hydrogen and hydrocarbons for refinery feedstocks, alcohol, liquids produced from
coal and other sources, and refinery gains.

SOECD Europe includes the unified Germany.

OECD = Organization for Economic Cooperation and Development - Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Japan, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States(including territories).

Pacific Rim = Hong Kong, Malaysia, Philippines, Singapore, South Korea, Taiwan, and Thailand.

OPEC = Organization of Petroleum Exporting Countries - Algeria, Gabon, Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab Emirates, and
Venezuela.

Eurasia = Albania, Bulgaria, China, Czech Republic, Hungary, Poland, Romania, Slovak Republic, the Former Soviet Union, and the Former Yugoslavia.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 data derived from: Energy Information Administration (EIA), Short-Term Energy Outlook, August 1997, Online. http://www.eia.doe.gov/emeu/steo/pub

/upd/aug97/index.html (August 21, 1997). Projections: EIA, AEO98 National Energy Modeling System runs LWOP98.D100197C, AEO98B.D100197A, and HWOP98.D100197A.
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Appendix D
Crude Oil Equivalency Summary

Table D1. Total Energy Supply and Disposition Crude Oil Equivalency Summary
(Million Barrels per Day, Unless Otherwise Noted)

Reference Case é?c?vl\:tarll
Supply, Disposition, and Prices 1996-2020
1995 1996 2000 2005 2010 2015 2020 (percent)
Production
Crude Oil and Lease Condensate . .................. 6.56 6.48 6.17 5.82 5.57 5.24 4,92 -1.1%
Natural Gas Plant Liquids ......................... 112 1.16 1.13 1.24 1.39 1.47 1.55 1.2%
Dry Natural Gas . .........ovvviviiiiiiiiains 9.03 9.21 9.82 10.81 11.99 12.68 13.29 1.5%
C0al o 10.38 10.67 11.47 12.10 12.57 13.10 13.47 1.0%
Nuclear POWer .........oooveiiiiiiii 3.40 3.39 347 3.24 3.00 242 1.93 -2.3%
Renewable Energy1 .............................. 3.02 3.25 321 3.36 3.50 3.58 3.63 0.5%
OtEr e 0.64 0.63 0.26 0.26 0.23 0.22 0.22 -4.2%
Total . o 34.16 34.79 35.53 36.84 38.26 38.72 39.01 0.5%
Imports
Crude Oil® .o 7.23 7.51 8.84 10.14 10.67 11.22 11.65 1.8%
Petroleum Products® ........... ... 151 1.88 2.01 2.58 3.60 4.26 4.76 3.9%
Natural Gas ......ovvie e 1.37 1.38 1.98 2.07 2.20 2.38 252 2.5%
Other IMPOMS® .. .. ..o\ 0.28 0.27 0.29 0.27 0.27 0.26 0.26 -0.1%
Total . o 10.39 11.04 13.12 15.07 16.74 18.12 19.20 2.3%
Exports
Petroleum® .. ... 0.95 0.96 0.81 0.82 0.85 0.89 0.79 -0.8%
Natural Gas .......ovvie i 0.07 0.07 0.13 0.13 0.14 0.14 0.15 3.0%
C0@l 1.10 1.12 1.13 1.25 1.34 1.43 1.52 1.3%
Total . o 213 2.15 2.07 2.20 233 2.46 2.46 0.6%
DISCIEPANCY” .. vt ee e e 0.50 0.61 0.44 0.25 0.28 0.25 0.08 -8.3%
Consumption
Petroleum Products® ......... ... 16.41 16.96 18.06 19.52 20.94 21.82 22.44 1.2%
Natural Gas . ......o.vvviriiii 10.48 10.65 11.66 12.72 13.99 14.85 15.57 1.6%
C0al o 9.41 9.84 10.41 10.94 11.32 11.75 12.03 0.8%
Nuclear POWEr .........oviiii e . 3.40 3.39 347 3.24 3.00 242 1.93 -2.3%
Renewable Energy1 .............................. 3.02 3.25 321 3.36 351 3.60 3.64 0.5%
Other ..o 0.18 0.18 0.19 0.18 0.19 0.19 0.20 0.4%
Total . o 42.92 44.28 47.01 49.96 52.95 54.63 55.82 1.0%
Net Imports - Petroleum .......................... 7.78 8.43 10.04 11.90 13.42 14.59 15.63 2.6%
Prices (1996 dollars per unit)
World Oil Price (dollars per barrel)10 ................. 17.58 20.48 19.11 20.19 20.81 21.48 22.32 0.4%
Gas Wellhead Price (dollars per Mcf)11 .............. 161 2.24 211 2.15 231 2.38 2.54 0.5%
Coal Minemouth Price (dollars perton)............... 19.25 18.50 17.45 16.18 15.05 13.99 13.27 -1.4%
Average Electric Price (cents per kilowatthour) 7.0 6.9 6.5 6.1 5.9 5.6 55 -1.0%

Includes grid connected electricity from hydroelectric; wood and wood waste; municipal solid waste; other biomass; wind; photovoltaic and solar thermal
sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components
of E85, but not the ethanol components of blends less than 85 percent. Excludes nonmarketed renewable energy.

2Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

3Includes imports of crude oil for the Strategic Petroleum Reserve.

“Includes imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

®Includes coal, coal coke (net), and electricity (net).

®Includes crude oil and petroleum products.

Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdraws.

8Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum based liquids for blending, such as ethanol.

°Includes net electricity imports, methanol, and liquid hydrogen.

°Average refiner acquisition cost for imported crude oil.

"Represents lower 48 onshore and offshore supplies.

Mcf = Thousand cubic feet.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1995 and 1996 may differ from published data due to internal
conversion factors.

Sources: 1995 natural gas values: Energy Information Administration (EIA), Natural Gas Annual 1995, DOE/EIA-0131(95) (Washington, DC, November
1996). 1995 coal minemouth prices: EIA, Coal Industry Annual 1995, DOE/EIA-0584(95) (Washington, DC, October 1996). Other 1995 values: EIA, Annual
Energy Review 1995, DOE/EIA-0384(95) (Washington, DC, July 1996). 1996 natural gas values: EIA, Natural Gas Monthly, DOE/EIA-0130(96/7)
(Washington, DC, June 1997). 1996 coal minemouth price: Coal Industy Annual 1996 DOE/EIA-0584(96) (Washington, DC, November 1997). Coal
production and exports derived from: EIA, Monthly Energy Review, DOE/EIA-0035(97/08) (Washington, DC, August 1997). Other 1996 values: EIA, Annual
Energy Review 1996, DOE/EIA-0384(96) (Washington, DC, July 1997). Projections: EIA, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Crude Oil Equivalency Summary

Table D2. Total Energy Supply and Disposition Crude Oil Equivalency Summary
(Million Tons Oil Equivalent per Day, Unless Otherwise Noted)

Reference Case Annual
Supply, Disposition, and Prices Growth
' ’ 1995 | 1996 | 2000 | 2005 | 2010 | 2015 | 2020 | 1996-2020
(percent)
Production
Crude Oil and Lease Condensate ........................ 32651 32231  307.03 28971 27719  260.84  245.12 -1.1%
Natural Gas Plant Liquids . ............covieiiiiinn. 55.81 57.89 56.09 61.88 69.29 73.30 77.32 1.2%
DryNatural Gas ..........oovviiiiiniiiiiiiiiiiiennns 44952 45975 49002 537.86 597.00 631.24  663.25 1.5%
C0al 516.77 53229 57235 60226 62587  651.94  672.08 1.0%
Nuclear POWEr ...........ovviiiiiiiiii 169.06  169.39 17303 16140 14953  120.43 96.10 -2.3%
Renewable Energy1 ................................... 150.53 162.37 160.31 167.35 174.11 178.43 181.16 0.5%
Ol 31.99 31.21 13.18 12.99 11.38 11.07 11.04 -4.2%
TOtal .o 1700.18 173520 177201 183345 1904.36 1927.23  1946.07 0.5%
Imports
Crude Ol® ... 369.04 38328 45099 517.38 54484 57268  594.81 1.8%
Petroleum Products® .............. ... 75.00 93.65 99.95 12856  179.00  211.89  237.16 3.9%
NatUrAl GaS ..\ vv e e 68.26 68.90 98.80 10326  109.61 11856 12556 2.5%
Other Imports® 13.98 1331 14.66 13.66 13.37 12.80 13.08 -0.1%
Total ..o 526.28  559.13  664.40  762.87 84681 91593  970.62 2.3%
Exports
PetroleUm® ... ... 47.52 47.97 40.22 40.63 42.28 44.35 39.33 -0.8%
Natural Gas . ......ouvvei i 371 3.66 6.48 6.62 6.84 6.96 751 3.0%
54.55 55.72 56.62 62.11 66.83 71.22 76.06 1.3%
10577 10735 10332  109.35 11595 12252  122.90 0.6%
15.52 23.19 13.72 0.86 1.92 0.08 -5.98 N/A
Consumption
Petroleum Products® ............ ... 816.87 846,58 90155  971.39 104231 1086.11 1120.14 1.2%
Natural Gas 52147 53136 58176 63324 69655  739.08  777.33 1.6%
C0al 46920 49126 52048 54558  564.90 586,55  602.18 0.9%
Nuclear POWET . ...t . 169.06  169.39 17303 16140 14953 12043 96.10 -2.3%
Renewable ENergy’ ............cooviiiiiiiii i 15056 16241  160.33  167.48 17452  179.05  181.90 0.5%
Other . 9.17 9.16 9.68 8.73 9.33 9.51 10.15 0.4%
Total .. 2136.20 221016 2346.82 2487.83 2637.14 2720.72 2787.81 1.0%
Net Imports - Petroleum ... 396.52  428.96 51071  605.32 68155  740.22 792.63 2.6%
Prices (1996 dollars per unit)
World Oil Price (dollars per barrel)m ...................... 17.58 20.48 19.11 20.19 20.81 21.48 22.32 0.4%
Gas Wellhead Price (dollars per Mcf)11 .................... 161 2.24 211 2.15 231 2.38 2.54 0.5%
Coal Minemouth Price (dollars perton) .................... 19.25 18.50 17.45 16.18 15.05 13.99 13.27 -1.4%
Average Electric Price (cents per kilowatt hour) 7.0 6.9 6.5 6.1 5.9 5.6 5.5 -1.0%

YIncludes grid connected electricity from hydroelectric; wood and wood waste; municipal solid waste; other biomass; wind; photovoltaic and solar thermal
sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of
E85, but not the ethanol components of blends less than 85 percent. Excludes nonmarketed renewable energy.

2Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

3Includes imports of crude oil for the Strategic Petroleum Reserve.

“Includes imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

SIncludes coal, coal coke (net), and electricity (net).

SIncludes crude oil and petroleum products.

7Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdraws.

8Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum based liquids for blending, such as ethanol.

“Includes net electricity imports, methanol, and liquid hydrogen.

10Average refiner acquisition cost for imported crude oil.

11Represents lower 48 onshore and offshore supplies.

Mcf = Thousand cubic feet.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1994 and 1995 may differ from published data due to internal
conversion factors.

Sources: 1995 natural gas values: Energy Information Administration (EIA), Natural Gas Annual 1995, DOE/EIA-0131(95) (Washington, DC, November 1996).
1995 coal minemouth prices: EIA, Coal Industry Annual 1995, DOE/EIA-0584(95) (Washington, DC, October 1996). Other 1995 values: EIA, Annual Energy
Review 1995, DOE/EIA-0384(95) (Washington, DC, July 1996). 1996 natural gas values: EIA, Natural Gas Monthly, DOE/EIA-0130(96/7) (Washington, DC, June
1997). 1996 coal minemouth price: Coal Industy Annual 1996 DOE/EIA-0584(96) (Washington, DC, November 1997). Coal production and exports derived from:
EIA, Monthly Energy Review, DOE/EIA-0035(97/08) (Washington, DC, August 1997). Other 1996 values: EIA, Annual Energy Review 1996, DOE/EIA-0384(96)
(Washington, DC, July 1997). Projections: EIA, AEO98 National Energy Modeling System run AEO98B.d100197A.
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Appendix E

Household Expenditures

Table E1. 1996 Average Household Expenditures for Energy by Household Characteristic

(1996 Dollars)

Fuels
Household Characteristics . Fuel Oil and Motor
Total Energy Total Home Electricity Natural Gas Kerosene Gasoline
Average U.S.Household ...................... 217261 1115.45 702.23 341.89 71.32 1057.17
Households by Income Quintile
1363.02 863.41 519.96 293.78 49.67 499.61
1792.24 988.62 603.76 32547 59.39 803.62
2299.18 1106.29 726.61 304.91 74.78 1192.89
2452.73 1203.44 776.74 345.84 80.85 1249.30
2985.52 1418.02 891.19 433.90 92.92 1567.51
Households by Census Division
NewEngland . ..., 2493.19 1383.55 657.76 337.62 388.17 1109.64
Middle Atlantic . . ... 2279.33 1427.41 654.11 544.06 229.24 851.92
South Atlantic ..........covvviiiiiii 2222.69 1117.06 568.24 520.92 27.90 1105.63
EastNorthCentral ..............ccoovvvinnnn. 2173.83 1049.84 630.63 366.92 52.28 1123.99
EastSouthCentral ...............ccovvviinn 2002.11 1061.02 850.12 174.14 36.76 941.09
WestNorthCentral ................cvvivnnn. 2470.76 1220.00 991.02 221.81 7.17 1250.76
West South Central . .............covvviinnn.s. 2300.26 1169.36 878.53 290.82 0.00 1130.91
Mountain . ..o 2007.98 830.39 554.41 270.31 5.67 1177.59
Pacific ... ... 1959.49 844.34 577.31 254.39 12.64 1115.14
Source: Energy Information Administration, AEO98 National Energy Modeling System run AEO98B.D100197A.
Table E2. 2000 Average Household Expenditures for Energy by Household Characteristics
(1996 Dollars)
Fuels
Household Characteristics . Fuel Oil and Motor
Total Energy Total Home Electricity Natural Gas Kerosene Gasoline
Average U.S. Household ...................... 2088.77 1025.77 661.24 299.54 64.98 1063.01
Households by Income Quintile
1293.10 787.76 488.39 253.97 45.40 505.35
1715.66 908.44 570.71 283.94 53.78 807.22
2217.35 1018.21 683.83 266.59 67.79 1199.15
2363.79 1107.62 73177 302.54 73.31 1256.17
2883.07 1309.26 838.24 385.60 85.41 1573.82
Households by Census Division
New England 2471.60 1288.11 587.47 322.56 378.09 1183.49
Middle Atlantic . . 2220.30 1334.54 642.55 475.94 216.04 885.76
South Atlantic ..o 2128.69 1027.99 559.67 445.19 23.13 1100.70
EastNorthCentral ..................ccoovnn 2099.66 947.72 587.17 320.42 40.13 1151.94
East South Central ...................coiienn. 1939.69 993.59 797.77 162.66 33.17 946.09
WestNorthCentral .................coivinn. 2369.05 1090.27 875.97 208.38 5.91 1278.79
West South Central . .............oooiinns. 2206.56 1025.60 820.40 205.20 0.00 1180.96
Mountain ... ..o 1891.44 818.57 543.08 269.75 5.73 1072.88
Pacific ... ... 1850.08 777.24 518.37 245.72 13.15 1072.85

Source: Energy Information Administration, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Household Expenditures

Table E3. 2005 Average Household Expenditures for Energy by Household Characteristic

(1996 Dollars)

Fuels
Household Characteristics i
Total Energy Total Home Electricity Natural Gas Fuel Oil and MOth
Kerosene Gasoline
Average U.S. Household ...................... 2102.36 986.66 646.06 280.28 60.32 1115.70
Households by Income Quintile
ISt 1287.16 754.76 476.50 236.10 42.16 532.40
2nd 1721.62 875.06 559.49 265.69 49.88 846.56
] 2237.57 980.38 667.53 249.98 62.87 1257.19
Ah o 2385.32 1066.68 715.19 283.36 68.12 1318.64
Bth 2910.25 1259.14 818.21 361.63 79.30 1651.11
Households by Census Division
NewENngland ...........c.ooiiiiiii 2508.08 1239.01 565.44 307.65 365.92 1269.07
Middle Atlantic .. ... 2233.59 1284.98 634.03 44311 207.83 948.61
South Atlantic ... 2153.06 994.11 551.01 421.25 21.84 1158.95
EastNorthCentral ........................... 2127.33 917.12 578.26 302.15 36.70 1210.21
EastSouth Central ......................coots 1915.25 940.87 759.01 152.76 29.11 974.37
West North Central ...............coooviinnnn, 2351.95 1027.93 826.04 196.11 5.77 1324.02
West South Central . .........oovvvviiiinnnnnn, 2230.61 1001.69 805.33 196.36 0.00 1228.92
Mountain . .....ooi 1925.57 813.56 549.10 259.08 5.38 1112.01
Pacific ... 1899.47 760.39 516.80 230.97 12.62 1139.07
Source: Energy Information Administration, AEO98 National Energy Modeling System run AEO98B.D100197A.
Table E4. 2010 Average Household Expenditures for Energy by Household Characteristic
(1996 Dollars)
Fuels
Household Characteristics i
Total Energy Total Home Electricity Natural Gas Fuel Oil and Motqr
Kerosene Gasoline
Average U.S.Household ...................... 2096.67 961.06 637.31 267.84 55.91 1135.61
Households by Income Quintile
ISt 1274.80 732.89 469.38 224.58 38.93 541.92
2Nd 1711.28 852.33 552.58 253.59 46.16 858.95
B 2233.42 955.23 657.56 239.37 58.30 1278.19
Ah 2385.04 1040.72 706.24 271.26 63.23 1344.32
Bt 2913.22 1228.20 808.12 346.38 73.70 1685.02
Households by Census Division
NewEngland ... 2529.19 1211.51 567.61 292.37 351.52 1317.68
Middle Atlantic . ... 2243.65 1259.57 641.07 419.91 198.59 984.08
South Atlantic ...........cooiiiiiiiii 2138.88 961.98 540.82 400.38 20.78 1176.90
EastNorthCentral ....................ooit 2128.40 903.95 575.87 294.58 33.49 1224.45
EastSouth Central ................cooiiiiit 1878.77 906.90 732.27 148.53 26.10 971.87
WestNorthCentral .............cocovvvinnn, 2308.36 986.35 788.93 191.83 5.58 1322.02
West South Central . ............coovvvvininnn, 2217.35 979.99 788.11 191.88 0.00 1237.36
Mountain ..ot 1918.10 805.04 542.59 257.33 513 1113.05
Pacific . ..o 1957.95 760.16 524.44 223.61 12.11 1197.79

Source: Energy Information Administration, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Household Expenditures

Table E5. 2015 Average Household Expenditures for Energy by Household Characteristic

(1996 Dollars)

Fuels
Household Characteristics . Fuel Oil and Motor
Total Energy Total Home Electricity Natural Gas Kerosene Gasoline
Average U.S. Household ...................... 2048.72 927.04 616.72 258.28 52.04 1121.68
Households by Income Quintile
1241.79 705.75 453.71 215.97 36.07 536.04
1670.10 821.47 534.47 24412 42.88 848.63
2183.58 920.95 635.41 231.20 54.34 1262.63
2334.18 1005.29 684.43 261.95 58.91 1328.89
2852.44 1187.08 783.61 334.66 68.80 1665.36
Households by Census Division
NewEngland ...... ... 2521.78 1204.52 580.87 286.86 336.79 1317.26
Middle Atlantic .. ... 2221.02 1239.10 640.16 408.27 190.67 981.92
South Atlantic 2096.85 925.90 518.78 387.44 19.68 1170.95
EastNorth Central ......................c..ts 2081.30 869.51 553.20 285.47 30.84 1211.79
EastSouth Central ............cooviiiniiinns 1830.47 874.83 704.96 146.39 23.48 955.64
WestNorth Central .................ccovinnn 2247.45 944.97 750.72 188.83 5.42 1302.48
West South Central . ............oovviininnnn, 2157.21 934.85 748.38 186.47 0.00 1222.37
Mountain . ....oe 1863.27 771.50 519.28 247.30 4.92 1091.77
Pacific ... 1903.40 731.95 507.51 212.62 11.82 1171.45
Source: Energy Information Administration, AEO98 National Energy Modeling System run AEO98B.D100197A.
Table E6. 2020 Average Household Expenditures for Energy by Household Characteristic
(1996 Dollars)
Fuels
Household Characteristics i
Total Energy Total Home Electricity Natural Gas Fuel Oil and Motqr
Kerosene Gasoline
Average U.S. Household ...................... 2025.38 920.78 614.12 258.16 48.50 1104.60
Households by Income Quintile
1228.62 700.18 451.48 215.18 33.52 528.44
1650.33 815.13 531.44 243.72 39.96 835.19
2157.18 913.93 631.90 231.39 50.64 1243.25
2309.35 999.67 682.47 262.22 54.98 1309.68
2821.99 1181.09 781.87 335.02 64.20 1640.90
Households by Census Division
NewEngland . ...t 2527.71 1212.28 594.80 294.11 323.37 1315.43
Middle Atlantic . .. ... 2236.04 1255.92 663.72 410.04 182.16 980.12
South Atlantic ... 2070.01 915.23 506.04 390.51 18.68 1154.79
EastNorth Central ..................ccoviunts 2051.36 863.27 542.95 29181 28.51 1188.09
East South Central ...............covvvniinnns 1803.10 866.48 698.42 146.71 21.36 936.61
WestNorth Central ................coovvv. 221457 938.99 743.88 189.73 5.38 1275.58
West South Central . ............oovvviinnnn. 2129.88 927.05 740.35 186.71 0.00 1202.82
Mountain ... 1823.27 759.18 507.49 246.99 471 1064.09
Pacific ... 1882.40 727.30 506.32 209.79 1118 1155.11

Source: Energy Information Administration, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Appendix F

Results from Side Cases

Table F1. Key Results for Residential Sector Technology Cases
2005 2010
Energy Consumption 1996 1998 | Reference Advanced Best 1998 |Reference Advanced Best
Tech. Case Tech. Cpst Available Tech. Case [Tech. Cpst Available
Reduction Tech. Reduction Tech.
Energy Consumption
(quadrillion Btu)
Distillate Fuel ............. 0.89 0.83 0.79 0.78 0.77 0.82 0.77 0.75 0.73
Kerosene ................ 0.08 0.08 0.07 0.07 0.07 0.08 0.07 0.07 0.07
Liquefied Petroleum Gas .... 0.42 0.48 0.47 0.46 0.44 0.51 0.49 0.47 0.44
Petroleum Subtotal ....... 1.40 1.38 1.34 1.32 1.28 1.40 1.33 1.29 1.24
NaturalGas .............. 5.39 5.56 5.47 5.42 5.25 5.83 5.63 5.53 5.13
Coal .............oi.. 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Renewable Energy ......... 0.61 0.62 0.62 0.62 0.62 0.64 0.63 0.62 0.62
Electricity .. .............. 3.68 4.36 4.29 4.13 3.80 4.74 4.61 4.30 3.79
Delivered Energy ........ 11.13 11.99 11.77 11.53 11.00 12.67 12.25 11.79 10.84
Electricity Related Losses ... 8.23 9.19 9.05 8.71 8.02 9.66 9.39 8.76 7.73
Total .................. 19.36 21.18 20.81 20.24 19.02 22.33 21.64 20.56 18.57
Delivered Energy
Consumption per Household
(million Btu per Year) ...... 110.90 107.90  105.95 103.83 99.06 108.23  104.63 100.77 92.59
Table F2. Key Results for Commercial Sector Technology Cases
2005 2010
Energy Consumption 1996 1998 | Reference Advanced B_est 1998 |Reference Advanced B.est
Tech. Case Tech. Qost Available Tech. Case [Tech. Cpst Available
Reduction Tech. Reduction Tech.
Energy Consumption
(quadrillion Btu)
Distillate Fuel ............. 0.44 0.41 0.40 0.40 0.40 0.40 0.40 0.39 0.39
Residual Fuel ............. 0.15 0.13 0.12 0.13 0.13 0.13 0.12 0.13 0.13
Kerosene ................ 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Liquid Petroleum Gas . . . . . .. 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09
Motor Gasoline . ........... 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Petroleum Subtotal ....... 0.71 0.67 0.65 0.66 0.66 0.67 0.65 0.66 0.66
NaturalGas .............. 3.30 3.64 3.62 3.55 3.49 3.79 3.75 3.63 3.55
Coal ...........oiii. 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Renewable Energy . ........ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity ................ 3.37 3.88 3.84 3.78 3.52 4.17 4.09 3.94 3.61
Delivered Energy ......... 7.47 8.28 8.21 8.08 7.76 8.72 8.60 8.34 7.91
Electricity Related Losses ... 7.54 8.18 8.09 7.96 7.42 8.50 8.35 8.04 7.35
Total ........ ... .. ...... 15.01 16.46 16.30 16.04 15.18 17.23 16.94 16.38 15.26
Delivered Energy
Consumption per Square Foot
(thousand Btu per year) ....105.27 104.75 103.85 102.32 98.25 105.33  103.79 100.64 95.48
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Results from Side Cases

Table F1. Key Results for Residential Sector Technology Cases (Continued)

2015 2020 Annual Growth 1996-2020
1998 | Reference Advanced B?St 1998 |Reference Advanced B_est 1998 |Reference frdvanced B.'ESt
Tech. Case Tech. Cpst Available Tech. Case [Tech. Cpst vailable Tech. Case Tlech. Cpst Available

Reduction Tech. Reduction Tech. Reduction Tech.
0.81 0.74 0.72 0.69 0.81 0.72 0.69 0.66 -0.4% -0.9% -1.1% -1.3%
0.08 0.07 0.07 0.07 0.08 0.07 0.07 0.06 -0.3% -0.6% -0.7% -1.0%
0.54 0.50 0.48 0.44 0.56 0.51 0.49 0.43 1.2% 0.8% 0.6% 0.1%
1.43 1.32 1.27 1.19 1.45 1.30 1.24 1.15 0.1% -0.3% -0.5% -0.8%
6.14 5.82 5.66 5.05 6.45 5.97 5.74 5.00 0.8% 0.4% 0.3% -0.3%
0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 -0.2% -0.2% -0.2% -0.2%
0.65 0.64 0.63 0.63 0.66 0.64 0.63 0.64 0.3% 0.2% 0.1% 0.2%
5.14 4.94 4.54 3.96 5.54 5.28 4.80 4.16 1.7% 1.5% 1.1% 0.5%
13.42 12.77 12.15 10.89 14.15 13.25 12.47 11.01 1.0% 0.7% 0.5% -0.0%
9.97 9.58 8.81 7.68 10.42 9.93 9.02 7.83 1.0% 0.8% 0.4% -0.2%
23.39 22.35 20.96 18.57 24.56 23.17 21.49 18.83 1.0% 0.8% 0.4% -0.1%
109.06  103.79 98.76 88.50 109.91  102.91 96.88 85.51 -0.0% -0.3% -0.6% -1.1%

Tech. = Technology.

Btu = British thermal units.

Note: Side cases were run without the fully integrated modeling system, so not all feedbacks are captured. The reference case ratio of electricity losses to electricity use
was used to compute electricity losses for the technology cases.

Source: AEO98 National Energy Modeling System, runs RSFRZN.D100297A, AEO98B.D100197A, RSATCR.D100297A, and RSBEST.D100297A.

Table F2. Key Results for Commercial Sector Technology Cases (Continued)

2015 2020 Annual Growth 1996-2020
1998 | Reference Advanced B?St 1998 |Reference Advanced B_est 1998 |Reference Advanced B.ESt
Tech. Case Tech. Qost Available Tech. Case [ech. Cpst vailable Tech. Case Téch. Cgst Ayailable

Reduction Tech. Reduction Tech. Reduction Tech.
0.39 0.39 0.38 0.38 0.38 0.37 0.37 0.37 -0.6% -0.7% -0.7% -0.8%
0.13 0.12 0.13 0.13 0.13 0.12 0.13 0.13 -0.6% -0.9% -0.6% -0.6%
0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 -0.0% -0.2% -0.0% -0.0%
0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.8% 0.8% 0.8% 0.8%
0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 -0.3% -0.3% -0.3% -0.3%
0.66 0.65 0.65 0.65 0.65 0.63 0.64 0.64 -0.4% -0.5% -0.5% -0.5%
3.90 3.85 3.67 3.59 3.92 3.85 3.63 3.56 0.7% 0.7% 0.4% 0.3%
0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.8% 0.8% 0.8% 0.8%
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.1% 1.1% 1.1% 1.1%
4.44 4.33 4.11 3.71 4.59 4.45 4.18 3.73 1.3% 1.2% 0.9% 0.4%
9.10 8.92 8.54 8.05 9.26 9.04 8.55 8.03 0.9% 0.8% 0.6% 0.3%
8.60 8.39 7.97 7.18 8.62 8.37 7.86 7.02 0.6% 0.4% 0.2% -0.3%
17.70 17.31 16.51 15.23 17.88 17.41 16.40 15.05 0.7% 0.6% 0.4% 0.0%
106.05 103.99 99.50 93.77 106.64  104.16 98.46 92.52 0.1% -0.0% -0.3% -0.5%

Tech. = Technology.

Btu = British thermal units.

Note: Side cases were run without the fully integrated modeling system, so not all feedbacks are captured.The reference case ratio of electricity losses to electricity use was
used to compute electricity losses for the technology cases.

Source: AEO98 National Energy Modeling System, runs COMTK98.D100397A, AEO98B.D100197A,COMATCR.D100397A, and COMBEST.D100397A.
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Results from Side Cases

Table F3. Key Results for Industrial Technology Cases

2000 2010 2020
1996 1998 Reference High 1998 Reference High 1998 Reference High
Technology Case Technology | Technology Case Technology | Technology Case Technology
Energy Consumption
(quadrillion Btu)
Distillate Fuel .............. 1.17 121 121 1.20 1.45 1.45 1.40 1.57 1.56 1.46
Liquefied Petroleum Gas . ... .. 212 2.15 2.14 2.13 243 2.40 212 2.53 247 2.14
Petrochemical Feedstocks ...  1.28 1.31 131 1.30 1.49 1.47 1.30 1.55 151 131
Residual Fuel .............. 0.34 0.35 0.35 0.34 0.38 0.35 0.32 0.39 0.35 0.30
Motor Gasoline.............. 0.19 0.20 0.20 0.20 0.25 0.25 0.24 0.27 0.27 0.25
Other Petroleum . ........... 4.12 4.35 4.35 4.34 4.95 4.84 4.56 5.25 5.10 4.68
Petroleum Subtotal ........ 9.23 9.57 9.55 9.51 10.96 10.75 9.93 11.55 11.25 10.14
NaturalGas ............... 10.14 11.03 10.94 10.89 12.03 11.67 11.19 12.37 11.80 11.09
Metallurgical Coal .......... 0.85 0.84 0.83 0.82 0.72 0.71 0.65 0.62 0.61 0.53
SteamCoal ............... 1.55 1.58 1.56 1.54 1.88 1.77 1.67 1.95 1.79 1.64
Net Coal Coke Imports ... ... 0.00 0.03 0.03 0.03 0.07 0.06 0.07 0.09 0.08 0.09
Coal Subtotal ............. 2.40 245 242 2.39 2.67 2.54 2.39 2.66 248 2.26
Renewable Energy ......... 1.82 1.97 1.96 1.95 2.28 2.25 221 2.40 2.34 2.30
Electricity ................. 3.46 373 3.69 3.68 448 437 4.25 4.92 475 451
Delivered Energy ......... 27.05 28.75 28.57 28.42 3242 31.58 29.97 3391 32.62 30.30
Electricity Related Losses .... 7.74 8.21 8.14 8.10 9.14 8.92 8.66 9.26 8.93 8.48
Total ..o 34.79 36.96 36.71 36.52 41.56 40.50 38.62 43.16 41.55 38.78
Energy Use per Dollar of
Output (thousand Btu per
1987 dollar)
Delivered Energy .......... 7.11 6.91 6.87 6.83 6.13 5.97 5.67 5.63 5.42 5.03
Total Energy .............. 9.14 8.89 8.83 8.78 7.86 7.66 731 717 6.90 6.44

Btu = British thermal units.

Note: Side cases were run without the fully integrated modeling system, so not all potential feedbacks were captured. The reference case ratio of electricity losses to electricity use was
used to compute electricity losses for the technology cases.
Source: AEO98 Forecasting System runs INDLO98.D100397C, AEO98B.D100197A, and INDHI98.D100397C.

Table F4. Key Results for Transportation Technology Cases

2000 2010 2020
1996 1998 Tech Reference | Advanced 1998 Reference | Advanced 1998 Reference | Advanced
) Case Tech. Tech. Case Tech. Tech. Case Tech.
Energy Consumption
(quadrillion Btu)
Distillate Fuel ............ 4.48 5.15 5.14 5.09 6.21 6.02 6.40 6.67 6.31 7.31
JetFuel ................ 3.27 3.84 3.83 3.79 5.32 5.23 4.88 6.56 6.28 5.64
Motor Gasoline 14.94 15.83 15.96 15.96 18.23 18.22 15.72 19.92 19.38 14.20
Residual Fuel ................. 0.90 0.94 0.94 0.93 1.27 1.27 1.26 1.57 1.56 1.54
Liquid Petroleum Gas 0.03 0.04 0.04 0.04 0.16 0.16 0.24 0.23 0.24 0.43
Other Petroleum . ......... 0.29 0.34 0.31 0.34 0.38 0.35 0.38 0.40 0.37 0.40
Petroleum Subtotal 23.91 26.14 26.22 26.17 31.57 31.25 28.88 35.36 34.14 29.52
Pipeline Fuel Natural Gas .. ... ... 0.73 0.80 0.80 0.80 0.95 0.95 0.95 1.03 1.03 1.03
Compressed Natural Gas ... ...... 0.01 0.05 0.05 0.05 0.22 0.24 0.30 0.30 0.34 0.47
Renewables (E85) ........ 0.00 0.00 0.00 0.00 0.09 0.09 0.60 0.16 0.16 1.06
Liquid Hydrogen . . ........ 0.00 0.00 0.00 0.00 0.08 0.08 0.56 0.16 0.15 1.05
Methanol ............... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity ...t 0.06 0.06 0.06 0.06 0.18 0.16 0.16 0.28 0.22 0.24
Delivered Energy ............ 24.72 27.06 27.14 27.09 33.09 32.77 31.46 37.29 36.04 33.37
Electricity Related Losses 0.13 0.14 0.14 0.14 0.37 0.32 0.32 0.52 0.41 0.45
Total ... 24.85 27.20 27.28 27.23 33.46 33.09 31.78 37.82 36.45 33.82
Light-Duty Fleet Efficiency
(miles pergallon) ............. 20.2 20.6 20.3 20.3 204 20.3 21.0 20.6 21.2 22.6

Tech = Technology.
Btu = British thermal units.

Note: Side cases were run without the fully integrated modeling system, so not all potential feedbacks were captured.
Source: AEO098 Forecasting System runs DCDRUN.D100797B, AEO98B.D100197A, and DCDRUN.D100797C.
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Results from Side Cases

Table F5. Key Results for Integrated End-Use Technology Cases

2000 2010 2020
1996 1998 Reference | High 1998 Reference | High 1998 Heference | High
Tech. Case Tech. Tech. Case Tech. Tech. Case Tech.
Consumption by Sector
(quadrillion Btu)
Residential ................. 19.36  20.10 20.11 20.00 21.75 21.64 20.96 23.54 23.17 22.19
Commercial . ................ 15.01 15.74 15.72 15.66 17.12 16.94 16.50 17.79 17.41 16.56
Industrial . ............ ... ... 34.79 36.95 36.71 36.48 41.61 40.50 38.11 43.29 41.55 37.94
Transportation . .............. 2485 27.19 27.28 27.22 33.46 33.09 32.07 37.78 36.45 34.63
Total ....... ... ..., 94.01 99.98 99.82 99.36 113.94 112.17 107.64 122.40 118.58 111.32
Energy Intensity (thousand Btu
per 1992 dollar of GDP) ...... 13.57 13.07 13.05 12.99 12.10 11.90 11.38 11.24 10.89 10.20
Carbon Emissions by Sector
(million metric tons)
Residential ................. 286 306 306 304 341 338 325 388 379 359
Commercial . ................ 230 248 247 246 278 274 266 305 296 279
Industrial ................... 476 510 507 503 581 563 532 618 589 537
Transportation .. ............. 471 517 518 517 634 628 601 717 692 641
Total ....... ... .l 1463 1580 1577 1569 1834 1803 1724 2029 1956 1816
Carbon Emissions by End-Use
Fuel (million metric tons)
Petroleum .................. 605 643 644 643 761 754 712 841 816 731
NaturalGas . ................ 278 296 295 293 323 318 310 338 329 317
Coal .............. .. .. .... 63 65 64 63 70 67 62 69 64 58
Other ...................... 0 0 0 0 2 2 10 3 3 20
Electricity .................. 517 576 574 570 679 663 630 778 745 690
Total ....... ... .. ... .. .. 1463 1580 1577 1569 1834 1803 1724 2029 1956 1816
Carbon Emissions by Electric
Generators (million metric tons)
Petroleum . .............. ... 16 12 11 11 9 7 7 7 7 7
NaturalGas ................ 40 60 60 59 112 106 94 147 145 134
Coal ........ . 461 504 503 501 558 549 529 624 593 549
Total ....... ... 517 576 574 570 679 663 630 778 745 690
Carbon Emissions by Primary
Fuel (million metric tons)
Petroleum . ............. .. .. 621 655 656 654 770 762 719 848 822 738
NaturalGas ................ 318 356 354 352 434 424 405 485 474 451
Coal ...... ... .. i 524 569 567 564 628 616 590 694 658 607
Other ....... .. ... ... 0 0 0 0 2 2 10 3 3 20
Total ........ .. ... ..., 1463 1580 1577 1569 1834 1803 1724 2029 1956 1816

Btu = British thermal units.

GDP = Gross domestic product.

Tech. = Technology

Note: Totals may not equal sum of components due to independent rounding.

Source: Energy Information Adminnistration, AEO98 National Energy Modeling System runs LDEMTEK.D100297A, AEO98B.D100197A, and HDEMTEK.D102297A.
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Results from Side Cases

Table F6. Key Results for Nuclear Retirement Cases

(Thousand Megawatts)

Projections

Net Summer Capability 1996 2000 2010 2020
Low |Reference | High Low  Reference | High Low  Reference [High
Nuclear Case Nuclear |Nuclear Case Nuclear  Nuclear Case Nuclear
Electric Generators
Capability
Coal Steam .............. 305.3 296.8 296.8 296.8 310.8 304.6 301.5 361.3 323.6 307.3
Other Fossil Steam ........ 138.1 121.3 121.3 121.3 101.0 101.0 101.0 96.0 96.0 96.0
Combined Cycle . .......... 15.3 27.7 27.7 27.2 124.9 106.5 99.0 198.0 186.5 172.7
Combustion Turbine/Diesel . . 80.0 142.1 140.4 140.1 196.3 191.4 188.7 223.0 221.9 221.1
Nuclear Power ............ 100.8 92.6 95.6 97.6 49.2 80.4 93.5 2.3 49.2 80.4
Pumped Storage .......... 19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9
FuelCells ................ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources ........ 88.6 91.3 91.3 91.3 93.9 93.6 93.6 97.0 95.7 96.0
Total .................. 748.0 791.6 792.8 794.1 896.0 897.3 897.1 997.5 992.8 993.5
Cumulative Planned Additions
Coal Steam .............. 2.4 3.2 3.2 3.2 4.7 4.7 4.7 4.7 4.7 4.7
Other Fossil Steam ........ 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
CombinedCycle .. ......... 2.0 2.7 2.7 2.7 3.0 3.0 3.0 3.0 3.0 3.0
Combustion Turbine/Diesel . . 3.8 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2
Nuclear Power ............ 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Pumped Storage .......... 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
FuelCells ................ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources ........ 0.7 29 29 29 3.2 3.2 3.2 3.2 3.2 3.2
Total .................. 11.3 16.3 16.3 16.3 18.5 18.5 18.5 18.5 185 185
Cumulative Unplanned
Additions
Coal Steam .............. 0.0 0.0 0.0 0.0 23.0 16.9 13.7 83.1 454 29.1
Other Fossil Steam ........ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Combined Cycle . .......... 0.0 11.1 11.1 10.6 108.1 89.7 82.1 181.1 169.7 155.8
Combustion Turbine/Diesel ... 23.6 84.4 82.7 82.4 139.5 134.6 132.0 167.4 166.3 165.5
Nuclear Power ............ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pumped Storage .......... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FuelCells ................ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources ........ 0.5 0.7 0.7 0.7 3.1 2.8 2.8 6.7 5.4 5.7
Total .................. 24.1 96.2 94.4 93.7 273.8 244.0 230.6 438.3 386.7 356.2
Cumulative Total Additions . . 35.4 112.5 110.8 110.0 292.3 262.5 249.2 456.8 405.2 374.7
Cumulative Retirements R 14.4 48.9 45.9 43.9 122.7 92.4 79.2 184.7 138.8 108.4
Cogenerators
Capacity
Coal .................... 7.1 7.3 7.3 7.3 7.7 7.7 7.7 7.7 7.7 7.7
Petroleum .. .............. 1.0 1.1 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.2
NaturalGas .............. 28.0 30.5 30.5 30.5 32.7 32.7 32.7 31.9 319 319
Other Gaseous Fuels .. ... .. 1.2 11 11 11 11 11 11 11 11 11
Renewable Sources ........ 5.8 6.4 6.4 6.4 6.6 6.6 6.6 6.4 6.4 6.4
Other ................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total .................. 43.0 46.4 46.4 46.4 49.3 49.3 49.3 48.3 48.3 48.3
Cumulative Additions . ...... 8.1 11.4 11.4 11.4 14.4 14.4 14.4 13.4 13.4 13.4

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO98. Net summer
capacity is used to be consistent with electric utility capacity estimates. Electric utility capacity is the most recent data available as of August 25, 1997. Therefore, capacity
estimates may differ from other Energy Information Administration sources.

Source: Energy Information Administration, AEO98 National Energy Modeling System runs LNUC98.D100297B, AEO98B.D100197A, and HNUC98.D100297B.
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Results from Side Cases

Table F7. Key Results for Electricity Demand Cases

Annual Growth
2000 2010 2020 1996-2020
199 Reference High Reference High Reference High Reference High
Case Demand Case Demand Case Demand Case Demand

Electricity Sales (billion kilowatthours) . .. 3,098 3,318 3,330 3,877 4,034 4,308 4,927 1.4% 2.0%
Net Imports (billion kilowatthours) ... ... 38 39 39 30 30 27 27 -1.4% -1.4%
Electricity Prices

(1996 cents per kilowatthour) ........ 6.9 6.5 6.5 5.9 6.1 55 6.2 -1.0% -0.4%
Generation by Fuel

(billion kilowatthours)

Coal ..o 1,797 1,940 1,943 2,124 2,169 2,304 2,605 1.0% 1.6%

Natural Gas . .........coovvvevninnn. 469 609 617 1,128 1,239 1,590 1,905 5.2% 6.0%

Renewables ...................... 433 411 411 425 424 436 437 0.0% 0.0%

Other .....oooviii i 762 749 751 637 649 421 460 -2.4% -2.1%

Total ... 3,461 3,710 3,723 4,314 4,481 4,750 5,407 1.3% 1.9%

Generating Capacity (gigawatts)

Coal .. 305.3 296.8 296.8 304.6 306.7 3236 361.0 0.2% 0.7%

Combined-Cycle/Combustion Turbine . 95.3 168.0 1742 297.9 317.0 408.4 476.8 6.2% 6.9%

Renewables ...................... 88.6 91.3 91.3 93.6 93.5 95.7 95.8 0.3% 0.3%

Nuclear Power .................... 100.8 95.6 95.6 80.4 80.4 49.2 49.2 -2.9% -2.9%

Cogenerators .............oiiiin 43.0 46.4 46.4 49.3 49.3 48.3 48.3 0.5% 0.5%

Other ... 158.0 1411 1411 120.8 120.8 1159 1159 -1.3% -1.3%

Total ...t 791.1 839.2 845.3 946.7 967.7 1,041.1 1,147.1 1.2% 1.6%
Energy Production
Coal (million shorttons) .............. 980 1,058 1,062 1,161 1,193 1,256 1,396 1.0% 1.5%
Natural Gas (trillion cubic feet) ........ 21.86 24.23 24.24 29.03 29.95 32.41 3491 1.7% 2.0%
Carbon Emissions (million metric tons) . . 1,463 1,577 1,579 1,803 1,832 1,956 2,073 1.2% 1.5%

Prices to Electric Generators

(1996 dollars per million Btu)

Coal ..o 1.29 1.20 1.20 1.09 1.09 0.97 0.97 -1.2% -1.2%

Natural Gas . ..., 2.64 2.48 2.52 2.84 3.06 3.15 3.90 0.7% 1.6%

Btu = British thermal units.
Notes: Other includes non-coal fossil steam, pumped storage, methane, propane and blast furnace gas.
Source: Energy Information Administration, AEO98 Forecasting System runs HDEMD.D100297B and AEO98B.D100197A.
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Results from Side Cases

Table F8. Key Results for Electricity Generation Sector Technology Cases
(Thousand Megawatts)

2000 2010 2020
Net Summer Cability 1996 | Low |Reference |High |Low Reference High |ow Rpference High
Fossil Case Fossil Fossil Case Hossil Fpssil Case Fdssil

Electric Generators

Capability
Pulverized Coal ......................... 304.8 296.2 296.2 296.2 298.4 304.1 301.3 350.7 323.0 306.9
Coal Gasification Combined-Cycle . .......... 0.5 0.5 0.5 0.5 0.5 0.5 1.2 0.5 0.5 18.4
Conventional Natural Gas Combined-Cycle . ... 153 253 20.9 17.2 105.1 22.7 24.4 152.0 22.7 27.8
Advanced Natural Gas Combined-Cycle ...... 0.0 0.0 6.7 12.3 0.0 83.8 85.1 0.0 163.8 161.4
Conventional Combustion Turbine ........... 80.0 141.6 137.5 136.9 192.6 156.5 1775 220.4 163.8 202.1
Advanced Combustion Turbine ............. 0.0 0.0 29 3.1 0.0 34.9 10.0 0.0 58.1 12.3
FuelCells ... 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.3
Nuclear . ...... ... 100.8 95.6 95.6 95.6 80.4 80.4 80.4 492 49.2 49.2
Oil and Gas Steam 138.1 121.3 121.3 121.3 101.0 101.0 101.0 96.0 96.0 96.0
Renewable Sources 1085 1111 1111 111.1 1142 1135 113.8 119.7 1156 116.7
Total ... .. 748.0 7916 792.8 7943 8923 897.3 894.7 988.6 992.8 991.1
Cumulative Planned Additions
PulverizedCoal ............. ... ... ...... 2.4 3.2 3.2 3.2 4.7 4.7 4.7 4.7 4.7 4.7
Coal Gasification Combined-Cycle . .......... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Conventional Natural Gas Combined-Cycle . . .. 2.0 2.7 2.7 2.7 3.0 3.0 3.0 3.0 3.0 3.0
Advanced Natural Gas Combined-Cycle ...... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Conventional Cmbustion Turbine ............ 3.8 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2
Advanced Combustion Turbine ............. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FuelCells . ... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nuclear ....... ... ... . . .. . . 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
OllandGas Steam . ...................... 0.0 0.0 0.07 0.0 0.0 0.07 0.0 0.0 0.07 0.0
Renewable Sources . ..................... 1.9 4.0 4.0 4.0 4.3 4.3 4.3 4.3 4.3 4.3
Total ... 11.3 16.3 16.3 16.3 18.5 18.5 18.5 18.5 18.5 18.5
Cumulative Unplanned Additions
Pulerized Coal .............. ... .. ...... 0.0 0.0 0.0 0.0 11.2 16.9 141 73.0 454 29.2
Coal Gasification Comined-Cycle .. .......... 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 17.9
Conventional Natural Gas Combined-Cycle . . .. 0.0 8.7 4.4 0.6 883 5.9 7.6 135.2 5.9 10.9
Advanced Natural Gas Combined-Cycle ...... . 0.0 0.0 6.7 12.3 0.0 83.8 85.1 0.0 163.8 161.4
Conventional Combustion Turbine ........... 23.6 839 79.8 79.3 135.9 99.7 120.8 164.8 108.2 146.4
Advanced Combustion Turbine ............. 0.0 0.0 29 3.1 0.0 349 10.0 0.0 58.1 12.3
FuelCells ... 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.3
Nuclear ......... .. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
OilandGasSteam .. ..................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources ............ ... .. .... 0.5 0.7 0.7 0.7 35 2.8 3.1 9.5 5.4 6.5
Total ... . 241 932 94.4 95.9 238.9 2440 241.3 382.4  386.7 385.0
Cumulative Total Additions . ............... 354 109.6 110.8 112.2 2574 2625 259.8 400.9  405.2 403.5
Cumulative Retirements  .................. 14.4 459 45.9 459 924 92.4 92.4 138.8 138.8 138.8
Cogenerators
Capability
Coal ... 7.1 7.3 7.3 7.3 7.7 7.7 7.7 7.7 7.7 7.7
Petroleum . .......... ... ... .. . 1.0 1.1 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.2
Natural Gas ............ ... i 28.0 305 30.5 305 327 32.7 327 31.9 31.9 31.9
Other Gaseous Fuels .................... 1.2 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Renewables . .......... ... ... ... .. ..., 5.8 6.4 6.4 6.4 6.6 6.6 6.6 6.4 6.4 6.4
Other ... ... .. . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total . ... 43.0 464 46.4 46.4 493 49.3 494 484 48.3 48.4
Cumulative Additions . ................... 8.1 11.4 11.4 11.4 14.4 14.4 14.4 13.4 13.4 13.4

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO98. Net summer
capacity is used to be consistent with electric utility capacity estimates. Electric utility capacity is the most recent data available as of August 31, 1997. Therefore, capacity
estimates may differ from other Energy Information Administration sources.

Source : Energy Information Administration, AEO98 National Energy Modeling System runs LTECEL.D100297A, AEO98B.D1000197A, and HTECEL.D100297A.
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Results from Side Cases

Table F9. Key Results for Competitive Price Cases

2000 2010 2020
1996 Low Reference [High Gas Low Reference High Low Reference High
Gas Comp Comp Gas Comp Gas Gas Comp Gas
Comp. i ) Comp. ) Comp. Comp. ) Comp.
Electricity Sales
(billion kilowatthours ) ..... 3,098 3,331 3,330 3,331 3,908 3,908 3,903 4,278 4,276 4,285
Electricity Prices
(1996 cents per kilowatthour) 6.9 6.3 6.3 6.3 5.4 5.6 5.9 5.1 5.6 6.0
Generation by Fuel
(billion kilowatthours)
Coal ................. 1,758 1,912 1,912 1,911 2,051 2,087 2,123 2,100 2,222 2,437
NaturalGas ............ 288 422 421 423 985 951 900 1,507 1,388 1,175
Oil ... 80 55 55 55 27 32 43 22 30 39
Conventional Hydropower .. 346 316 316 316 319 319 319 319 319 319
Geothermal ............ 16 17 17 17 19 19 19 24 24 24
Municipal Solid Waste . ... 19 21 21 21 26 26 26 30 30 30
Wood and Other Biomass . 7 9 9 9 13 10 11 28 18 18
Solar Thermal . .......... 1 1 1 1 1 1 1 2 2 2
Solar Photovoltaic ....... 0 0 0 0 1 1 1 1 1 1
Wind.................. 3 6 6 6 13 10 10 15 12 13
Other ................. 673 686 686 686 593 593 593 380 380 380
Total ................ 3,191 3,445 3,444 3,445 4,048 4,049 4,044 4,427 4,426 4,436
Generating Capacity
(gigawatts )
Coal ................. 305 297 297 297 304 304 306 309 316 345
Natural Gasand Oil .. .... 233 295 295 295 422 423 421 511 513 499
Conventional Hydropower . . 79 80 80 80 81 81 81 81 81 81
Geothermal ............ 3 3 3 3 3 3 3 4 4 4
Municipal Solid Waste .. .. 3 3 3 3 4 4 4 4 4 4
Wood and Other Biomass . . 2 2 2 2 3 2 2 5 3 3
Solar Thermal .. ......... 0 0 0 0 0 0 0 1 1 1
Solar Photovoltaic ....... 0 0 0 0 0 0 0 1 1 1
wind.................. 2 3 3 3 5 4 4 6 5 5
Other ................. 121 116 116 116 100 100 100 69 69 69
Total ................ 748 799 799 798 922 923 922 990 997 1,011
Energy Production
Coal (million shorttons) .... 1,064 1,150 1,151 1,150 1,247 1,269 1,298 1,288 1,361 1,455
Natural Gas
(trilliion cubic feet) ... ... 21.86 24.26 24.23 2426 2943 28.95 28.21 33.89 32.33 30.06
Carbon Emissions
(million metric tons) ...... 517 577 577 577 657 664 670 714 734 764
Prices to Electric Generators
(1996 dollars per million Btu)
Coal .................. 1.29 1.20 1.20 1.20 1.08 1.09 1.10 0.97 0.98 0.98
NaturalGas ............ 2.64 2.48 2.50 2.49 2.72 2,92 3.27 2.65 3.25 3.83

Btu = British thermal units.
Comp. = Competitive

Source : Energy Information Administration, AEO98 National Energy Modeling System runs LOGCOMP.D101697A, BASECOMP.D10177A, and HOGCOMP.D101697A,
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Results from Side Cases

Table F10. Key Results for Renewable Portfolio Standard Cases

2000 2010 2020
1996 Reference p% RPS [L0% RPS |Reference $% RPS [10% RPS Reference 3% RPS ;g)/g
Electricity Sales
(billion kilowatthours ) 3,098 3,318 3,314 3,314 3,877 3,863 3,845 4,308 4,286 4,246
Electricity Prices
(1996 cents per kilowatthour) 6.9 6.5 6.5 6.5 5.9 6.0 6.1 5.5 56 5.7
Generation by Fuel
(billion kilowatthours)
Coal ................... 1,758 1,903 1,898 1,897 2,085 2,050 2,017 2,265 2,189 2,101
NaturalGas .............. 288 419 410 412 920 877 810 1,389 1,320 1,185
Oil ... 80 54 53 51 35 32 28 32 28 22
Conventional Hydropower . . .. 346 316 316 316 319 319 319 319 319 319
Geothermal .............. 16 17 18 18 18 21 23 19 31 34
Municipal Solid Waste . ... .. 19 21 21 21 26 26 26 30 30 30
Wood and Other Biomass . .. 7 9 9 9 10 48 100 13 104 258
Solar Thermal .. ........... 1 1 1 1 1 1 1 2 1 1
Solar Photovoltaic ......... 0 0 0 0 1 1 1 1 2 2
wind.................... 3 6 15 15 8 31 63 10 33 63
Other ................... 673 686 686 686 593 593 593 380 380 380
Total .................. 3,191 3,432 3,427 3,427 4,015 4,000 3,982 4,459 4,437 4,394
Generating Capacity
(gigawatts )
Coal ................... 305 297 297 297 304 303 301 324 313 303
Natural Gas and Oil ........ 233 289 288 288 399 393 382 504 497 477
Conventional Hydropower . . .. 79 80 80 80 81 81 81 81 81 81
Geothermal .............. 3 3 3 3 3 3 4 3 5 5
Municipal Solid Waste . ... .. 3 3 3 3 4 4 4 4 4 4
Wood and Other Biomass ... 2 2 2 2 2 8 15 3 16 38
Solar Thermal . ............ 0 0 0 0 0 0 0 1 1 1
Solar Photovoltaic ......... 0 0 0 0 0 0 0 1 1 1
wind.............. ... 2 3 6 6 3 11 26 4 13 26
Other ................... 120 116 116 116 100 100 100 69 69 69
Total .................. 748 793 795 795 897 905 913 993 999 1,004
Energy Production
Coal (million short tons) ... .. 980 1,058 1,058 1,058 1,161 1,150 1,131 1,256 1,225 1,182
Natural Gas
(trilliion cubic feet) . ....... 21.9 24.2 24.2 24.2 29 28.8 28.3 324 32 31.2
Carbon Emissions
(million metric tons) .. ... 517 574 571 571 663 648 631 745 718 682
Prices to generators
(1996 dollars per million btu)
Coal .................... 1.29 1.20 1.20 1.20 1.14 1.14 1.14 0.97 0.97 0.98
NaturalGas .............. 2.64 2.48 2.48 2.47 2.63 2.59 2.55 3.15 3.08 2.92

Source : Energy Information Administration, AEO98 National Energy Modeling System runs AEO98B.D100197A,RPS05.D100297A, and RPS10.D100297A.
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Results from Side Cases

Table F11. Key Results for High Renewable Energy Case

2010
C it dG ti 1996 i i
apacity and Generation Reference High Reference High
Renewables Renewables
Capacity (Gigawatts)
Net Summer Capability
Electric Generators
Conventional Hydropower . .............. 78.58 80.71 80.71 80.71 80.71
Geothermal ............ .. ... ... ...... 3.02 2.92 3.48 2.94 5.11
Municipal SolidWaste . ................. 291 3.92 4.15 4.38 4.69
Wood and Other Biomass ............... 1.91 2.07 4.09 2.50 11.61
Solar Thermal ........................ 0.36 0.46 0.44 0.56 0.68
Solar Photovoltaic .. ................... 0.01 0.22 0.22 0.56 0.56
Wind ... 1.85 3.33 10.82 4.06 25.46
Total ....... .. 88.64 93.64 103.9 95.7 128.8
Cogenerators
Municipal Solid Waste ................. 0.41 0.46 0.46 0.48 0.48
Wood and Other Biomass .............. 5.41 6.14 6.15 5.95 5.96
Total ... 5.81 6.61 6.61 6.43 6.44
Generation
(billion kilowatthours)
Electric Generators
Coal ... ... 1758 2085 2056 2265 2188
Petroleum . ....... ... .. ... . .. 80 35 31 32 25
Natural Gas . . ......cvi e 288 920 901 1389 1301
Total Fossil * ....................... 2126 3040 2988 3686 3514
Conventional Hydropower .. ............. 346.28 318.67 318.70 318.82 318.80
Geothermal ............ ... ... ...... 15.70 17.64 21.52 19.26 34.91
Municipal SolidWaste . ................. 18.85 26.32 27.86 29.52 31.64
Wood and Other Biomass  .............. 7.27 9.79 23.97 12.81 76.59
Solar Thermal ........................ 0.82 1.24 1.15 1.56 2.34
Solar Photovoltaic .. ................... 0 0.60 0.60 1.45 1.45
Wind ... 3.17 7.76 34.53 10.08 86.44
Total Renewable .................... 392.09 382.03 428.30 393.50 552.20
Cogenerators
Coal ..o 39 39 39 39 39
Petroleum ...... .. ... .. 6 6 6 6 6
NaturalGas . ........... ..o, 174 201 201 194 194
Total Fossil * ....................... 219 246 246 239 239
Municipal SolidWaste .................. 2.09 2.30 2.30 2.36 2.36
Wood and Other Biomass ............... 39.17 41.00 41.03 39.65 39.71
Total Renewables .................. 41.25 43.29 43.33 42.01 42.07

Total of items presented.

Source: Energy Information Administration, AEO98 Forecasting System runs AEO98B.D100197A and HIRENEW.D100297A.
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Results from Side Cases

Table F12. Key Results for Oil and Gas Technological Progress Cases
(Quadrillion Btu per Year

Unless Otherwise Noted)

Projections
2005 2010 2020
Supply, Disposition, and Prices 1996 Slow Rapid Slow Rapid Slow Rapid
Technology| Reference Technology | Technology| Reference | Technology| Technology| Reference | Technology
Progress Progress Progress Progress Progress Progress
Total Energy Supply and Disposition Summary
Production
Crude Oil and Lease Condensate ................ 1371 12.08 12.32 12.54 11.25 11.79 12.23 9.45 10.43 11.33
Natural Gas Plant Liquids ...................... 2.46 2.62 2.63 2.64 2.86 2.95 3.02 2.99 3.29 3.49
Dry Natural Gas ............covvvvuiiinnannnns 19.55 22.78 22.88 22.95 24.74 25.39 25.95 25.82 28.21 29.84
C0al . 22.64 25.66 25.62 25.55 26.95 26.62 26.17 30.59 28.59 26.97
7.20 6.87 6.87 6.87 6.36 6.36 6.36 4.09 4.09 4.09
6.91 7.12 7.12 7.12 741 7.41 7.39 7.78 7.71 7.64
1.33 0.55 0.55 0.55 0.48 0.48 0.44 0.48 0.47 0.47
Total .. 73.80 77.67 77.98 78.22 80.05 81.00 81.55 81.21 82.77 83.83
Imports
Crude Ol ... 16.30 22.23 22.01 21.82 23.73 23.17 22.72 26.29 25.30 24.37
Petroleum Products ................cooiiiiiin 3.98 543 5.47 551 7.61 7.61 7.71 10.13 10.09 9.95
Natural Gas . .......oveii e 2.93 4.39 4.39 4.39 4.70 4.66 4.66 5.38 534 5.34
Other IMPOrtS ... ..ovvv e 0.58 0.58 058 0.58 057 057 057 0.56 0.56 0.56
Total .. 23.78 32.63 3245 32.30 36.61 36.02 35.66 42.36 41.28 40.22
Exports
Petroleum ... 2.04 171 1.73 1.73 1.76 1.80 1.80 1.64 1.67 1.62
Natural Gas . .....ovovei i 0.16 0.28 0.28 0.28 0.29 0.29 0.29 0.32 0.32 0.32
C0al . 2.37 264 2.64 2.64 2.84 2.84 2.84 323 3.23 323
Total .o 457 463 4.65 4.66 4.89 4.93 493 5.20 5.23 5.17
DISCrepancy ............oevveiiaiiniainnninn. 0.99 0.14 0.04 0.02 0.18 0.08 -0.00 -0.04 -0.25 -0.26
Consumption
Petroleum Products ...............oooiiiiinn 36.01 41.34 41.32 4135 44.39 4433 4437 47.64 47.64 4774
Natural Gas .....ooovvvei 22.60 26.83 26.93 27.01 29.01 29.63 30.18 30.72 33.06 34.68
C0al .o 20.98 2327 2321 23.16 24.36 24.03 2357 27.63 25.61 23.99
7.20 6.87 6.87 6.87 6.36 6.36 6.36 4.09 4.09 4.09
6.91 7.12 7.12 7.13 7.42 7.42 7.41 7.81 7.74 7.67
Other .. 0.39 0.37 0.37 0.37 0.40 0.40 0.40 0.43 0.43 0.44
Total L. 94.01 105.81 105.82 105.88 111.95 112.17 112.29 118.33 118.58 118.62
Net Imports - Petroleum ...............ccovnn. 18.25 25.95 25.75 25.59 29.58 28.99 28.64 3478 3371 32.70
Prices (1996 dollars per unit)
World Oil Price (dollars per barrel) ................ 20.48 20.39 20.19 20.08 21.28 20.81 20.52 23.03 22.32 21.77
Gas Wellhead Price (dollars per Mcf) .............. 2.24 222 2.15 2.09 2.67 231 2.05 3.28 2.54 1.92
Coal Minemouth Price (dollars perton) ............. 18.50 15.98 16.18 16.19 14.62 15.05 15.01 13.29 13.27 13.52
Avg. Electricity Price (cents per Kwh) .............. 6.9 6.1 6.1 6.1 6.0 5.9 59 5.6 55 52
Natural Gas Supply, Disposition,and Delivered Prices
Production (trillion cubic feet)
Dry Gas Production ..............ccoovvuiiinnns 19.02 22.16 22.25 22.33 24.07 24.70 25.24 25.11 27.44 29.02
Supplemental Natural Gas 0.12 0.11 0.11 0.11 0.05 0.05 0.05 0.06 0.05 0.05
Net Imports (trillion cubic feet) .................. 272 4.02 4,02 4.02 4.32 428 428 4.95 491 491
Total Supply (trillion cubic feet) ................. 21.86 26.29 26.39 26.46 28.44 29.03 29.57 30.12 3241 33.99
Consumption by Sector (trillion cubic feet)
Residential ...l 523 5.30 531 532 5.38 5.47 5.53 5.63 5.80 5.96
commercial . ... 3.20 351 3.52 3.52 3.62 3.65 3.66 3.69 3.75 3.79
Industrial ... 8.60 9.36 9.39 9.41 9.54 9.75 9.85 9.28 9.70 9.96
Electric Generators 2.98 5.53 5.57 5.60 7.03 7.22 7.54 8.42 9.85 10.84
Lease and PlantFuel .......................... 125 1.45 1.45 1.46 1.56 1.59 1.62 1.65 176 1.84
Pipeline Fuel ............ooovviiiiiiiiis 0.71 0.82 0.82 0.84 0.88 0.93 0.96 0.92 1.00 1.06
Transportation . ...........ooveiiiiiiiii 0.01 0.15 0.15 0.15 0.23 0.23 0.23 0.33 0.33 0.34
Total oo 21.99 26.12 26.22 26.29 28.25 28.84 29.39 29.92 32.20 33.78
Discrepancy (trillion cubic feet) ................. -0.12 0.17 0.17 0.17 0.19 0.19 0.18 0.21 0.21 0.21
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Results from Side Cases

Table F12. Key Results for Oil and Gas Technological Progress Cases (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2005 2010 2020
Supply, Disposition, and Prices 1996 Slow Rapid Slow Rapid Slow Rapid
Tech. |Reference | Tech. Tech. Reference | Tech. Tech. Heference |[Tech.
Progress Progress progress Progress Prpgress Prdgress
Natural Gas Supply. Disposition,
and Delivered Prices (Continued)
Delivered Prices
(1996 dollars per Mcf)
Residential ................... 6.37 5.79 5.71 5.68 6.01 5.58 5.34 6.35 5.60 4.99
Commercial .................. 543 4.92 4.85 4.82 5.20 4.79 4.56 5.64 4.91 4.33
Industrial .................... 3.05 2.92 2.85 2.81 3.39 3.01 2.76 4.00 3.26 2.65
Electric Generators . ........... 2.70 2.76 2.69 2.65 3.28 291 2.66 3.92 3.22 2.71
Transportation ................ 5.57 5.96 5.89 5.86 7.15 6.79 6.59 8.22 7.61 7.12
Average .................... 4.25 3.83 3.76 3.73 4.20 3.80 3.55 4.73 3.97 3.38
Crude Oil Supply
Lower 48 Average Wellhead Price
(1996 dollars per barrel) ........ 19.41 20.78 20.52 20.37 21.62 21.08 20.75 22.58 21.58 21.01
Production (million barrels per day)
US.Total ..................... 6.48 5.70 5.82 5.92 5.31 5.57 5.78 4.47 4.92 5.35
Lower 48 Onshore .............. 3.76 3.10 3.13 3.15 3.04 3.15 3.21 2.83 3.09 3.33
Conventional ................. 3.15 247 2.47 2.48 2.32 2.36 241 2.23 241 2.63
Enhanced Oil Recovery ......... 0.61 0.63 0.66 0.67 0.72 0.79 0.80 0.60 0.68 0.70
Lower 48 Offshore .............. 132 1.74 1.75 1.77 1.63 1.67 1.70 1.27 1.35 1.39
Alaska ............ ... ... ..... 1.40 0.87 0.93 1.01 0.64 0.75 0.87 0.37 0.48 0.63
Lower 48 End of Year Reserves
(billion barrels) ............... 16.82 14.49 14.69 14.82 14.30 14.87 15.25 13.05 14.33 15.43
Natural Gas Supply
Lower 48 Average Wellhead Price
(1996 dollars per Mcf) .......... 2.24 2.22 2.15 2.09 2.67 2.31 2.05 3.28 2.54 1.92
Production (trillion cubic feet )
US.Total ..................... 19.01 22.16 22.25 22.33 24.07 24.70 25.24 25.11 27.44 29.02
Lower 48 Onshore .............. 13.07 15.30 15.30 15.32 17.11 17.33 17.58 17.64 18.99 20.34
Associated-Dissolved . .......... 1.84 1.39 1.39 1.39 1.26 1.27 1.27 1.16 1.19 1.22
Non-Associated . .............. 11.23 13.91 13.91 13.93 15.86 16.06 16.30 16.48 17.81 19.11
Conventional ................ 7.96 10.22 10.18 10.20 11.58 11.77 12.00 11.41 12.32 13.21
Unconventional .............. 3.27 3.69 3.73 3.73 4.28 4.30 4.30 5.08 5.49 5.91
Lower 48 Offshore . ............. 550 6.33 6.43 6.48 6.39 6.81 7.10 6.86 7.83 8.07
Associated-Dissolved . .......... 0.80 0.93 0.93 0.94 0.92 0.92 0.93 0.83 0.85 0.86
Non-Associated ............... 470 5.39 5.49 5.55 5.47 5.89 6.17 6.03 6.98 7.21
Alaska ........ ... .. 043 0.53 0.53 0.53 0.56 0.56 0.56 0.62 0.62 0.62
U.S. End of Year Reserves
(trillion cubic feet) ............. 157.23 181.42 187.25 194.70  184.77 196.33 210.10 165.97 185.11  202.09
Supplemental Gas Supplies
(trillion cubic feet) ............. 0.12 0.11 0.11 0.11 0.05 0.05 0.05 0.06 0.05 0.05
Total Lower 48 Wells Completed
(thousands) .................. 2191 26.34 25.30 24.49 30.56 28.19 26.44 36.10 32.04 28.75

Tech = Technology.

Kwh = Kilowatthour.

Btu = British thermal unit.

Mcf = Thousand cubic feet.

N/A = Not applicable.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 may differ from published data due to internal conversion factors.
Sources: Energy Information Administration, AEO98 National Energy Modeling System runs LTECOG.D100497C, AEO98B.D100197A, and HTECOG.D100497D.
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Results from Side Cases

Table F13. Key Results for Oil and Gas Moderate Resource Case

Annual Growth
s 2005 2010 2020 1996-2020
Reference Moderate Reference Moderate Reference Moderate Reference Moderate
Case Resource Case Resource Case Resource Case Resource
Crude Oil
Lower 48 Average Wellhead Price
(1996 dollars per barrel) ............. 19.41 20.52 20.57 21.08 21.19 21.58 22.07 0.4% 0.5%
Production (million barrels per day)
US. Total ..................ooit 6.48 5.82 5.80 5.57 5.52 4.92 4.78 -1.1% -1.3%
Lower 48 Onshore 3.76 313 3.14 315 315 3.09 3.12 -0.8% -0.8%
Conventional ...................... 3.15 2.47 2.48 2.36 2.37 241 2.43 -1.1% -1.1%
Enhanced Oil Recovery ............. 0.61 0.66 0.66 0.79 0.79 0.68 0.69 0.5% 0.6%
Lower 48 Offshore .................. 1.32 1.75 1.73 1.67 1.62 1.35 1.17 0.1% -0.5%
Alaska ... 1.40 0.93 0.93 0.75 0.75 0.48 0.48 -4.3% -4.3%
Lower 48 End of Year Reserves
(billion barrels) .................... 16.82 14.69 14.64 14.87 14.77 14.33 14.09 -0.7% -0.7%
Natural Gas
Lower 48 Average Wellhead Price
(1996 dollars per thousand cubic feet) 2.24 2.15 2.19 231 242 2.54 291 0.5% 1.1%
Production (trillion cubic feet)
US.Total ............coviiiiiiin 19.00 22.25 22.21 24.70 24.49 27.44 26.49 1.5% 1.4%
Lower 48 Onshore .................. 13.07 15.30 1541 17.33 17.42 18.99 18.82 1.6% 1.5%
Associated-Dissolved . .............. 1.84 1.39 1.39 1.27 1.27 1.19 1.19 -1.8% -1.8%
Non-Associated ................... 11.22 13.91 14.02 16.06 16.16 17.81 17.63 1.9% 1.9%
Conventional ..................... 7.96 10.18 10.26 1177 11.78 12.32 11.81 1.8% 1.7%
Unconventional ................... 3.26 3.73 3.76 4.30 438 5.49 5.82 2.2% 2.4%
Lower 48 Offshore .................. 5.50 6.43 6.27 6.81 6.50 7.83 7.06 1.5% 1.0%
Associated-Dissolved ............... 0.80 0.93 0.93 0.92 0.91 0.85 0.81 0.3% 0.1%
Non-Associated ................... 4.70 5.49 5.34 5.89 5.59 6.98 6.25 1.7% 1.2%
Alaska ... 0.43 0.53 0.53 0.56 0.56 0.62 0.62 1.5% 1.5%
U.S. End of Year Reserves
(trillion cubic feet) . ................. 157.23 187.25 185.33 196.33 193.70 185.11 176.09 0.7% 0.5%
Supplemental Gas Supplies
(trillion cubic feet) .................. 0.12 0.11 0.11 0.05 0.05 0.05 0.05 -3.6% -3.4%
Total Lower 48 Wells (thousands) .. ... 2191 25.30 25.49 28.19 28.75 32.04 34.08 1.6% 1.9%

Ft. = feet.
Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 may differ from published data due to internal conversion factors.

Sources: Energy Information Administration (EIA), AEO98 National Energy Modeling System runs AEO98B.D100197A, and RESCAP.D102497C.
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Results from Side Cases

Table F14. Key Results for Coal Mining Cost Cases

2000 2010 2020
Prices, Productivity, and Wages 1996 | Low |Reference | High |Low Reference [High  Low bference  Hligh
Cost Case Cost Cost Case Cost Cost Case Cost

Minemouth Price

(1996 dollars per shortton) .. ... 18,50 17.03 17.45 17.78 13.68 15.05 16.59 10.68 13.27 16.76
Delivered Price to Electric Generators

(1996 dollars per million Btu) . . . . . 129 118 1.20 1.22 1.00 1.09 1.19 0.83 0.97 1.16
Labor Productivity

(short tons per miner per hour) . .. 5.69 6.54 6.34 6.23 8.99 7.83 6.90 12.34 9.16 6.94
Labor Productivity

(average annual growth from 1996) N/A 3.6 2.8 2.3 3.3 2.3 1.4 3.3 2.0 0.8
Average Coal Miner Wage

(1996 dollars per hour) . ........ 18.75 18.38 18.75 19.13 17.48 18.75 20.11 16.62 18.75 21.13
Average Coal Miner Wage

(average annual growth from 1996) N/A -0.5 0.0 0.5 -0.5 0.0 0.5 -0.5 0.0 0.5

N/A = Not Applicable.

Note: Side cases were run without the fully integrated modeling system, so not all potential feedbacks are captured.

Source: Energy Information Administration, AEO98 National Energy Modeling System runs LLCST.D100297A, AEO98.D100197A, and HLCST.D100297A.
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Component modules

The component modules of NEMS represent the individual
supply, demand, and conversion sectors of domestic energy
markets and also include international and macroeconomic
modules. In general, the modules interact through values
representing the prices of energy delivered to the consuming
sectors and the quantities of end-use energy consumption.

Mcroeconomic Activity Mdule

The Macroeconomic Activity Module provides a set of es-
sential macroeconomic drivers to the energy modules and a
macroeconomic feedback mechanism within NEMS. Key
macroeconomic variables include Gross Domestic Product
(GDP), interest rates, disposable income, and employment.
Industrial drivers are calculated for 35 industrial sectors.
This module is a response surface representation of the
DRI/McGraw-Hill U.S. Quarterly Model.

International Mdule

The International Module represents the world oil markets,
calculating the average world oil price and computing sup-
ply curves for 5 categories of imported crude oil for the Pe-
troleum Market Module of NEMS, in response to changes in
U.S. import requirements. International petroleum product
supply curves, including curves for oxygenates, are also
calculated.

tduselold Exenditures Mdule

The Household Expenditures Module provides estimates of
average household direct expenditures for energy used in the
home and in private motor vehicle transportation. The fore-
casts of expenditures reflect the projections from NEMS for
the residential and transportation sectors. The projected
household energy expenditures incorporate the changes in
residential energy prices and motor gasoline price deter-
mined in NEMS, as well as the changes in the efficiency of
energy use for residential end-uses and in light-duty vehicle
fuel efficiency. Average expenditures estimates are pro-
vided for households by income group and Census division.

Rsidential and @mmercial mand Mdules

The Residential Demand Module forecasts consumption of
residential sector energy by housing type and end use, sub-
ject to delivered energy prices, availability of renewable
sources of energy, and housing starts. The Commercial De-
mand Module forecasts consumption of commercial sector
energy by building types and nonbuilding uses of energy and
by category of end use, subject to delivered prices of energy,
availability of renewable sources of energy, and mac-
roeconomic variables representing interest rates and floor-
space construction. Both modules estimate the equipment
stock for the major end-use services, incorporating assess-
ments of advanced technologies, including representations
of renewable energy technologies and effects of both build-
ing shell and appliance standards.

Industrial [@mand Mdule

The Industrial Demand Module forecasts the consumption
of energy for heat and power and for feedstocks and raw ma-
terials in each of 16 industry groups, subject to the delivered
prices of energy and macroeconomic variables representing
employment and the value of output for each industry. The
industries are classified into three groups—energy-
intensive, non-energy-intensive, and nonmanufacturing. Of
the 8 energy-intensive industries, 7 are modeled in the In-
Demand Module with
boiler/steam/cogeneration, buildings, and process/assembly

dustrial components  for
use of energy. A representation of cogeneration and a recy-
cling component are also included. The use of energy for pe-
troleum refining is modeled in the Petroleum Market
Module, and the projected consumption is included in the in-
dustrial totals.

Tansprtation @mand Mdule

The Transportation Demand Module forecasts consumption
of transportation sector fuels, including petroleum products,
electricity, methanol, ethanol, and compressed natural gas
by transportation mode, vehicle vintage, and size class, sub-
ject to delivered prices of energy fuels and macroeconomic
variables representing disposable personal income, GDP,
population, interest rates, and the value of output for indus-
tries in the freight sector. Fleet vehicles are represented
separately to allow analysis of CAAA90 and other legisla-
tive proposals, and the module includes a component to ex-
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Table G1. Summary of the AEO98 cases

Integration | Reference | Reference in
Case name Description mode in text Appendix G
Reference Baseline economic growth, world oil price, and Fully
technology assumptions integrated
Low Economic Growth Gross domestic product grows at an average annual rate  Fully p. 35
of 1.3 percent, compared to the reference case growth of integrated
1.9 percent.
High Economic Growth Gross domestic product grows at an average annual rate  Fully p. 35
of 2.4 percent, compared to the reference case growth of integrated
1.9 percent.
Low World QOil Price World oil prices are $14.43 per barrel in 2020, compared  Fully p. 36
to $22.32 per barrel in the reference case. integrated
High World Qil Price World oil prices are $28.71 per barrel in 2020, compared  Fully p. 36
to $22.32 per barrel in the reference case. integrated
Residential: Future equipment purchases based on equipment Standalone p. 47 p. 210
1998 Technology available in 1998. Building shell efficiencies fixed at 1998
levels.
Residential: Cost of best technologies reduced by 35 percent by 2020. Standalone p. 47 p. 210
Advanced Technology Building shell efficiencies increase by 50 percent from
Cost Reduction reference values by 2020.
Residential: Future equipment purchases based on most efficient Standalone p. 47 p. 210
Best Available technologies available. Building shell efficiencies increase
Technology by 50 percent from reference values by 2020.
Commercial: Future equipment purchases based on equipment Standalone p. 48 p. 211
1998 Technology available in 1998. Building shell efficiencies fixed at 1998
levels.
Commercial: Cost of best technologies reduced by 35 percent by 2020. Standalone p. 48 p. 211
Advanced Technology Building shell efficiencies increase by 50 percent from
Cost Reduction reference values by 2020.
Commercial: Future equipment purchases based on most efficient Standalone p. 48 p. 211
Best Available technologies available. Building shell efficiencies increase
Technology by 50 percent from reference values by 2020.
Industrial: Efficiency of plant and equipment fixed at 1998 levels. Standalone p. 49 p. 211
1998 Technology
Industrial: Energy intensity declines at an annual rate of 1.5 percent, Standalone p. 49 p. 211
High Technology compared to 1.1 percent in the reference case.
Transportation: Efficiencies for new equipment in all modes of travel are ~ Standalone p. 49 p. 212
1998 Technology fixed.
Transportation: Reduced costs and improved efficiencies are assumed Standalone p. 49 p. 212
Advanced Technology for advanced technologies.
End-Use Demand: Combination of the residential, commercial, industrial, Fully p. 29
1998 Technology and transportation 1998 technology cases. integrated
End-Use Demand: Combination of the residential and commercial advanced Fully p. 29
High Technology technology cost reduction cases, the industrial high integrated
technology case, and the transportation advanced
technology case.
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Appendix G

Major Assumptions for the Forecasts

The National Energy Modeling System

The projections in the Awnnual Energy Outlook 1998
(AEO98) are generated with the National Energy Modeling
System (NEMYS), developed and maintained by the Office of
Integrated Analysis and Forecasting of the Energy Informa-
tion Administration (EIA). In addition to its use in the devel-
opment of the AEO projections, NEMS is also used in
analytical studies for the U.S. Congress and other offices
within the Department of Energy. The AEO forecasts are
also used by analysts and planners in other government
agencies and outside organizations.

The projections in NEMS are developed with the use of a
market-based approach to energy analysis. For each fuel and
consuming sector, NEMS balances the energy supply and
demand, accounting for the economic competition between
the various energy fuels and sources. The time horizon of
NEMS is the midterm period, approximately 20 years in the
future. In order to represent the regional differences in en-
ergy markets, the component models of NEMS function at
the regional level: the 9 Census divisions for the end-use de-
mand models; production regions specific to oil, gas, and
coal supply and distribution; the North American Electric
Reliability Council regions and subregions for electricity;
and aggregations of the Petroleum Administration for De-
fense Districts for refineries.

NEMS is organized and implemented as a modular system.
The modules represent each of the fuel supply markets, con-
version sectors, and end-use consumption sectors of the en-
ergy system. NEMS also includes macroeconomic and
international modules. The primary flows of information be-
tween each of these modules are the delivered prices of
energy to the end user and the quantities consumed by prod-
uct, region, and sector. The delivered prices of fuel encom-
pass all the activities necessary to produce, import, and
transport fuels to the end user. The information flows also
include other data on such areas as economic activity, do-
mestic production activity, and international petroleum sup-
ply availability.

The integrating module controls the execution of each of the
component modules. To facilitate modularity, the compo-
nents do not pass information to each other directly but com-
municate through a central data file. This modular design
provides the capability to execute modules individually,
thus allowing decentralized development of the system and

independent analysis and testing of individual modules. This
modularity allows the use of the methodology and level of
detail most appropriate for each energy sector. NEMS calls
each supply, conversion, and end-use demand module in se-
quence until the delivered prices of energy and the quantities
demanded have converged within tolerance, thus achieving
an economic equilibrium of supply and demand in the con-
suming sectors. Solution is reached annually through the
midterm horizon. Other variables are also evaluated for con-
vergence, such as petroleum product imports, crude oil
imports, and several macroeconomic indicators.

Each NEMS component also represents the impact and cost
of legislation and environmental regulations that affect that
sector and reports key emissions. NEMS represents current
legislation and environmental regulations as of July 1, 1997,
such as the Clean Air Act Amendments of 1990 (CAAA90)
and the costs of compliance with other regulations.

In general, the AEO98 projections were prepared by using
the most current data available as of July 31, 1997. At that
time, most 1996 data were available, but only partial 1997
data were available. Carbon emissions were calculated by
using carbon coefficients from the EIA report, Emissions of
Greenhouse Gases in the United States 1996, published in
October 1997 [1].

Historical numbers are presented for comparison only and
may be estimates. Source documents should be consulted for
the official data values. Some definitional adjustments were
made to EIA data for the forecasts. For example, the trans-
portation demand sector in AEO98 includes electricity used
by railroads, which is included in the commercial sector in
EIA's consumption data publications. Also, the State Energy
Data Report classifies energy consumed by independent
power producers, exempt wholesale generators, and co-
generators as industrial consumption, whereas AEO9S in-
cludes cogeneration in the industrial sector and other
nonutility generators in the electricity sector. Footnotes in
the appendix tables of this report indicate the definitions and
sources of all historical data.

The AEOY8 projections for 1997 and 1998 incorporate
short-term projections from the August update of EIA's
Short-Term Energy Outlook (STEO), Third Quarter 1997
[2], published in July 1997. For short-term energy projec-
tions, readers are referred to the monthly updates of the
STEO.
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Table G1. Sumary of the AEO98 cases (continued)

Integration | Reference | Reference in
Case name Description mode in text Appendix G

Electricity: All reactors retire after 30 years of operation. Partially p. 55 p. 214
Low Nuclear integrated
Electricity: Each reactor operates 10 years longer than assumed in Partially p. 55 p. 214
High Nuclear the reference case. integrated
Electricity: Electricity demand increases at an annual rate of 2.0 Partially p. 55 p. 214
High Demand percent, compared to 1.4 percent in the reference case. integrated
Electricity: Low No new advanced fossil-fired generating technologies are Fully p. 56 p. 214
Fossil Technology assumed. Costs for conventional fossil-fired technologies integrated

are lower than in the reference case.
Electricity: High Costs and efficiencies for advanced fossil-fired generating Fully p. 56 p. 214
Fossil Technology technologies are assumed to improve from reference integrated

case values.
Electricity: Competitive pricing is phased in over 10 years in all Fully p. 21 p. 215
Competitive Pricing regions of the country. integrated
Electricity: Competitive pricing is combined with the rapid oil and gas Fully p. 22 p. 215
Low Gas Price technology case assumptions. integrated
Competitive Pricing
Electricity: Competitive pricing is combined with the slow oil and gas  Fully p. 22 p. 215
High Gas Price technology case assumptions. integrated
Competitive Pricing
Electricity: 5-Percent Nonhydroelectric renewable generation increases to 5 Fully p. 24 p. 215
Renewable Portfolio percent of total generation by 2020. integrated
Standard
Electricity: 10-Percent  Nonhydroelectric renewable generation increases to 10 Fully p. 24 p. 215
Renewable Portfolio percent of total generation by 2020. integrated
Standard
Renewables: Lower costs and higher efficiencies are assumed for new  Fully p. 58 p. 216
High Renewables renewable generating technologies integrated
Oil and Gas: Cost, finding rate, and resource base growth parameters  Fully p. 64 p. 218
Slow Technology adjusted for slower improvement. integrated
Oil and Gas: Cost, finding rate, and resource base growth parameters  Fully p. 64 p. 218
Rapid Technology adjusted for more rapid improvement. integrated
Oil and Gas: Expansion of oil and natural gas inferred reserves and Fully p. 65 p. 218
Moderate Resource shallow Gulf of Mexico resources adjusted for slower integrated

improvement.
Oil and Gas: Reformulated gasoline demand increases by 10 percent  Partially p. 15 p. 220
High Reformulated in Census divisions 1 through 7 (areas east of the Rocky integrated
Gasoline Mountains).
Coal: Productivity increases at an annual rate of 3.3 percent, Standalone p. 70 p. 220
Low Mining Cost compared to the reference case growth of 2.0 percent.

Real wages decrease by 0.5 percent annually, compared

to constant real wages in the reference case.
Coal: Productivity increases at an annual rate of 0.8 percent, Standalone p. 70 p. 220

High Mining Cost

compared to the reference case growth of 2.0 percent.
Real wages increase by 0.5 percent annually, compared
to constant real wages in the reference case.
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plicitly assess the penetration of alternatively-fueled
vehicles.

Electricity Mrket Mdule

The Electricity Market Module represents generation, trans-
mission, and pricing of electricity, subject to delivered
prices for coal, petroleum products, and natural gas; costs of
generation by centralized renewables; macroeconomic vari-
ables for costs of capital and domestic investment; and elec-
tricity load shapes and demand. There are four primary
submodules—capacity planning, fuel dispatching, finance
and pricing, and load and demand-side management. Nonu-
tility generation and transmission and trade are represented
in the planning and dispatching submodules. The levelized
fuel cost of uranium fuel for nuclear generation is directly
incorporated into the Electricity Market Module. All
CAAA90 compliance options are explicitly represented in
the capacity expansion and dispatch decisions. Both new
generating technologies and renewable technologies com-
pete directly in these decisions.

RRnevabe uels Mdule

The Renewable Fuels Module includes submodules that
provide explicit representation of the supply of biomass (in-
cluding wood and energy crops), municipal solid waste (in-
cluding landfill gas), wind energy, solar thermal electric and
photovoltaic energy, and geothermal energy. It contains
natural resource supply estimates and provides cost and per-
formance criteria to the Electricity Market Module. The
Electricity Market Module represents market penetration of
renewable technologies used for centralized electricity gen-
eration, and the end-use demand modules incorporate mar-
ket penetration of selected off-grid electric and nonmarketed
nonelectric renewables.

Oil and Gs Sipgdy Mdule

The Oil and Gas Supply Module represents domestic crude
oil and natural gas supply within an integrated framework
that captures the interrelationships between the various
sources of supply: onshore, offshore, and Alaska by both
conventional and nonconventional techniques, including en-
hanced oil recovery and unconventional gas recovery from
tight gas formations, Devonian shale, and coalbeds. This
framework analyzes cash flow and profitability to compute

investment and drilling in each of the supply sources, sub-
ject to the prices for crude oil and natural gas, the domestic
recoverable resource base, and technology. Oil and gas pro-
duction functions are computed at a level of 12 supply re-
gions, including 3 offshore and 3 Alaskan regions. This
module also represents foreign sources of natural gas, in-
cluding pipeline imports and exports with Canada and Mex-
ico and liquefied natural gas imports and exports. Crude oil
production quantities are input to the Petroleum Market
Module in NEMS for conversion and blending into refined
petroleum products. Supply curves for natural gas are input
to the Natural Gas Transmission and Distribution Module
for use in determining prices and quantities.

Mitural @s Tansmission and Dstritution Mdule

The Natural Gas Transmission and Distribution Module rep-
resents the transmission, distribution, and pricing of natural
gas, subject to end-use demand for natural gas and the avail-
ability of domestic natural gas and natural gas traded on the
international market. The module tracks the flows of natural
gas in an aggregate, domestic pipeline network, connecting
the domestic and foreign supply regions with 12 demand re-
gions. This capability allows the analysis of impacts of re-
gional capacity constraints in the interstate natural gas
pipeline network and the identification of pipeline capacity
expansion requirements. Core and noncore markets are ex-
plicitly represented for natural gas transmission. Key com-
ponents of pipeline and distributor tariffs are included in the
pricing algorithms.

Petroleum Mrket Mdule

The Petroleum Market Module forecasts prices of petroleum
products, crude oil and product import activity, and domes-
tic refinery operations, including fuel consumption, subject
to the demand for petroleum products, availability and price
of imported petroleum, and domestic production of crude
oil, natural gas liquids, and alcohol fuels. The module repre-
sents refining activities for three regions— Petroleum Ad-
ministration for Defense District (PADD) 1, PADD 5, and
an aggregate of PADDs 2, 3, and 4. The module uses the
same crude oil types as the International Module. It explic-
itly models the requirements of CAAA90 and the costs of
new automotive fuels, such as oxygenated and reformulated
gasoline, and includes oxygenate production and blending
for reformulated gasoline. Costs include capacity expansion
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for refinery processing units. End-use prices are based on
the marginal costs of production, plus markups representing
product distribution costs, State and Federal taxes, and
environmental costs.

©al Mrket Mdule

The Coal Market Module simulates mining, transportation,
and pricing of coal, subject to the end-use demand for coal
differentiated by physical characteristics, such as the heat
and sulfur content. The coal supply curves include a re-
sponse to fuel costs, labor productivity, and factor input
costs. Twelve coal types are represented, differentiated by
coal rank, sulfur content, and mining process. Production
and distribution are computed for 11 supply and 13 demand
regions, using imputed coal transportation costs and trends
in factor input costs. The Coal Market Module also forecasts
the requirements for U.S. coal exports and imports. The in-
ternational coal market component of the module computes
trade in 4 types of coal for 16 export and 20 import regions.
Both the domestic and international coal markets are simu-
lated in a linear program.

Major assumptions for the
Annual Energy Outlook 1998

Table G1 provides a summary of the cases used to derive the
AEO9S forecasts. For each case, the table gives the name
used in this report, a brief description of the major assump-
tions underlying the projections, a designation of the mode
in which the case was run in the NEMS model (either fully
integrated, partially integrated, or standalone), and a refer-
ence to the pages in the body of the report and in this appen-
dix where the case is discussed.

Assumptions on world oil markets and domestic mac-
roeconomic activity are primary drivers to the forecasts pre-
sented in AEO98. These assumptions are presented in the
“Market Trends” section. The following section describes
the key regulatory, programmatic, and resource assumptions
that factor into the projections. More detailed assumptions
for each sector will be available via the EIA Home Page on
the Internet and on the EIA CD-ROM, along with regional
results and other details of the projections.

Rilding sector assumgions

The buildings sector includes both residential and commer-
cial structures. Both the National Appliance Energy Conser-
vation Act of 1987 (NAECA), the Energy Policy Act of
1992 (EPACT), and the Climate Change Action Plan
(CCAP) contain provisions which impact future buildings
sector energy use. The provisions with the most significant
effect are minimum equipment efficiency standards. These
standards require that new heating, cooling, and other speci-
fied energy-using equipment meet minimum energy effi-
ciency levels which change over time. The manufacture of
equipment that does not meet the standards is prohibited.

Residential assumptions. The NAECA minimum standards
[3] for the major types of equipment in the residential sector
are:

¢ Central air conditioners and heat pumps—a 10.0 mini-
mum seasonal energy efficiency ratio for 1992

* Room air conditioners—an 8.7 energy efficiency ratio
in 1990, increasing to 9.7 in 2001

* Gas/oil furnaces—a 0.78 annual fuel utilization effi-
ciency in 1992

* Refrigerators—a standard of 976 kilowatthours per
year in 1990, decreasing to 691 kilowatthours per year
in 1993 and to 483 kilowatthours per year in 2002

¢ FElectric water heaters—a 0.88 energy factor in 1990

* Natural gas water heaters—a 0.54 energy factor in
1990.

Improvements to existing building shells are based on both
energy prices and assumed annual efficiency increases. New
building shell efficiencies relative to existing construction
vary by main heating fuel and assumed annual increases.
The effects of shell improvements are modeled differen-
tially for heating and cooling. For space heating, existing
and new shells improve by 13 percent and 27 percent,
respectively, by 2020 relative to the 1993 stock average. For
space cooling, the corresponding increases are 10 percent
and 23 percent for existing and new buildings. Building
codes relevant to CCAP are represented by an increase in the
shell integrity of new construction over time.

Other CCAP programs which could have a major impact on
residential energy consumption are the Environmental Pro-
tection Agency's (EPA) Green Programs. These programs,
which are cooperative efforts between the EPA and home
builders and energy appliance manufacturers, encourage the
development and production of highly energy-efficient
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housing and equipment. At fully funded levels, residential
CCAP programs are estimated by program sponsors to re-
duce carbon emissions by approximately 28 million metric
tons by the year 2010. For the reference case, carbon reduc-
tions are estimated to be 8 million metric tons, primarily be-
cause of differences in the estimated penetration of
energy-saving technologies.

In addition to the AEO9S reference case, three cases using
only the residential module of NEMS were developed to ex-
amine the effects of equipment and building shell efficien-
cies on residential sector energy use:

* The 71998 technology case assumes that all future
equipment purchases are based only on the range of
equipment available in 1998. Building shell efficien-
cies are assumed to be fixed at 1998 levels.

* The best available technology case assumes that all fu-
ture equipment purchases are made from a menu of
technologies that includes only the most efficient mod-
els available in a particular year, regardless of cost.
Building shell efficiencies are assumed to increase by
50 percent over the reference case level by 2020.

* The advanced technology cost reduction case assumes
that the best technology within a given end use and fuel
combination will experience a 35-percent reduction in
purchase costs. Most of the decline will occur within
the 10-year period following a technology's introduc-
tion. Building shells will be at best available technol-
ogy case levels.

Commercial assumptions. Minimum equipment efficiency
standards for the commercial sector are mandated in the
EPACT legislation [4]. Minimum standards for representa-
tive equipment types are:

* Central air-conditioning heat pumps—a 9.7 seasonal
energy efficiency rating (January 1994)

* Gas-fired forced-air furnaces—a 0.8 annual fuel utili-
zation efficiency standard (January 1994)

¢ Fluorescent lamps—a 75.0 lumens per watt lighting ef-
ficacy standard for 4-foot F40T12 lamps (November
1995) and a 80.0 lumens per watt efficiency standard
for 8-foot F96T12 lamps (May 1994).
Improvements to existing building shells are based on as-
sumed annual efficiency increases. New building shell effi-
ciencies relative to existing construction vary for each of the
11 building types. The effects of shell improvements are
modeled differentially for heating and cooling. For space
heating, existing and new shells improve by 5 percent and 7
percent, respectively, by 2020 relative to the 1992 averages.

The CCAP programs recognized in the AEO98 reference
case include the expansion of the EPA Green Lights and En-
ergy Star Buildings programs and improvements to building

shells from advanced insulation methods and technologies.
The EPA green programs are designed to facilitate cost-
effective retrofitting of equipment by providing participants
with information and analysis as well as participation recog-
nition. Retrofitting behavior is captured in the commercial
module via discount parameters for controlling cost-based
equipment retrofit decisions for various market segments.
To model programs such as Green Lights, which target par-
ticular end uses, the AEO98 version of the commercial mod-
ule includes end-use-specific segmentation of discount
rates. At fully funded levels, commercial CCAP programs
are estimated by program sponsors to reduce carbon emis-
sions by approximately 25 million metric tons by the year
2010. For the reference case, carbon reductions are esti-
mated to be just over 9 million metric tons in 2010, primarily
because of differences in the estimated penetration of
energy-saving technologies.

In addition to the AEO98 reference case, three cases using
only the commercial module of NEMS were developed to
examine the effects of equipment and building shell effi-
ciencies on commercial sector energy use:

* The 1998 technology case assumes that all future
equipment purchases are based only on the range of
equipment available in 1998. Building shell efficien-
cies are assumed to be fixed at 1998 levels.

* The best available technology case assumes that all fu-
ture equipment purchases are made from a menu of
technologies that includes only the most efficient mod-
els available in a particular year, regardless of cost.
Building shell efficiencies are assumed to increase by
50 percent over the reference case level by 2020.

* The advanced technology cost reduction case assumes
that the two best technologies within a given end use
and fuel combination will experience a 35-percent re-
duction in purchase costs. Most of the decline will oc-
cur within the 10-year period following a technology's
introduction. Building shells will be at best available
technology case levels.

Industrial sector assumgions

Compared to the building sector, there are relatively few
regulations which target industrial sector energy use. The
electric motor standards in EPACT require a 10-percent in-
crease in efficiency above 1992 efficiency levels for motors
sold after 1998 [5]. These standards have been incorporated
into the Industrial Demand Module through the analysis of
process efficiencies for new industrial processes. These
standards are expected to lead to significant improvements
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in efficiency since it has been estimated that electric motors
account for about 60 percent of industrial process electricity
use.

Climate Change Action Plan. Several programs included in
the CCAP target the industrial sector. Note that the potential
impacts of the Climate Wise Program are also included in
the CCAP impacts. The intent of these programs is to reduce
greenhouse gas emissions by lowering industrial energy
consumption. For their annual update, the program offices
estimated that full implementation of these programs would
reduce industrial electricity consumption by 20 billion kilo-
watthours and non-electric consumption by 193 trillion Btu
by 2000. However, since the energy savings associated with
the voluntary programs in the CCAP are, to a large extent,
already contained in the AEO98 baseline, total CCAP en-
ergy savings were reduced. Consequently, CCAP is as-
sumed to reduce electricity consumption by 9 billion
kilowatthours and non-electric energy consumption by 48
trillion Btu. The non-electric energy is assumed to be 85 per-
cent natural gas.

For 2010, the program offices estimated electricity savings
of 79 billion kilowatthours and fossil fuel savings of 359 tril-
lion Btu. For the reason cited above, these estimates for
AEO98 were revised to 41 billion kilowatthours for electric-
ity and 90 trillion Btu for fossil fuels. In this situation, car-
bon emissions would be reduced by about 8 million metric
tons (1 percent) in 2010.

High technology and 1998 technology cases. From 1960 to
1994, the decline in the 10-year moving average for aggre-
gate industrial energy intensity was 1.2 percent, with a stan-
dard deviation of 1.1 percent. Thus, a change of 1 standard
deviation would approximately double the decline in inten-
sity. The high technology case emulates this result by ap-
proximately doubling the projected rates of decline in
energy intensity for the energy-intensive industries.
Changes in aggregate energy intensity result both from
changing equipment and production efficiency and from
changing composition of industrial output. Since the compo-
sition of industrial output remains the same as in the refer-
ence case, aggregate intensity falls by only 1.5 percent
annually.

The 1998 technology case holds the energy efficiency of
plant and equipment constant at the 1998 level over the fore-
cast.

Both cases were run with only the Industrial Demand Mod-
ule rather than as a fully integrated NEMS run. Conse-
quently, no potential feedback effects from energy market
interactions were captured.

Tansportation sector assumgions

The transportation sector accounts for the two-thirds of the
Nation's oil use and has been subject to regulations for many
years. The Corporate Average Fuel Economy (CAFE) stan-
dards, which mandate average miles-per-gallon standards
for manufacturers, continue to be widely debated. The pro-
jections appearing in this report assume that there will be no
further increase in the CAFE standards from the current 27.5
miles per gallon standard. This assumption is consistent with
the overall policy that only current legislation is assumed.

EPACT requires that centrally-fueled automobile fleet op-
erators—Federal, State, and local governments, and fuel
providers (e.g., gas and electric utilities)—purchase a mini-
mum fraction of alternative-fuel vehicles [6]. Federal fleet
purchases of alternative-fuel vehicles must reach 50 percent
of their total vehicle purchases by 1998 and 75 percent by
1999. Purchases of alternative-fuel vehicles by State gov-
ernments must realize 25 percent of total purchases by 1998
and 75 percent by 2000. Private fuel-provider companies are
required to purchase 50 percent alternative-fuel vehicles in
1997, increasing to 90 percent by 1999. Fuel provider ex-
emptions for electric utilities are assumed to follow the elec-
tric utility provisions beginning in 1998 at 30 percent and
reaching 90 percent by 2001. It is assumed that the munici-
pal and private business fleet mandates begin in 2002 at 20
percent and scale up to 70 percent by 2005.

In addition to these requirements, the State of California has
delayed the Low Emission Vehicle Program, which now re-
quires that 10 percent of all new vehicles sold by 2003 meet
the “zero emissions requirements.” At present, only
electric-dedicated vehicles meet these requirements. Origi-
nally, Massachusetts and New York adopted this program.
The projections currently assume that only California and
Massachusetts have formally delayed the Low Emission Ve-
hicle Program.

The projections assume that these regulations represent
minimum requirements for alternative-fuel vehicle sales;
consumers are allowed to purchase more of these vehicles,
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should vehicle cost, fuel efficiency, range, and performance
characteristics make them desirable.

Projections for both personal travel [7] and freight travel [8]
are based on the assumption that modal shares, for example,
personal automobile travel versus mass transit, remain sta-
ble over the forecast and track recent historical patterns. Im-
portant factors affecting the forecast of vehicle-miles
traveled are personal disposable income per capita; the ratio
of'miles driven by females to males in the total driving popu-
lation, which increases from 56 percent in 1990 to 100 per-
cent by 2010; and the aging of the population, which will
slow the growth in vehicle-miles traveled. These projections
incorporate recent data which indicate that retirees are driv-
ing far more than retirees of a decade ago.

Climate Change Action Plan. There are four CCAP pro-
grams that focus on transportation energy use: (1) reform
Federal subsidy for employer-provided parking; (2) adopt a
transportation system efficiency strategy; (3) promote tele-
commuting; and (4) develop fuel economy labels for tires.
The combined assumed effect of the Federal subsidy, system
efficiency, and telecommuting policies in the AEO9S refer-
ence case is a 1.6-percent reduction in vehicle-miles traveled
(273 trillion Btu) by 2010, with a net carbon reduction of 5.3
million metric tons. The fuel economy tire labeling program
improved new fuel efficiency by 4 percent among vehicles
that switched to low rolling resistance tires, and resulted in a
reduction in fuel consumption of 1 trillion Btu by 2010 and a
carbon reduction of 19,000 metric tons.

1998 technology case. The 1998 technology case assumes
that new fuel efficiency levels are held constant through the
forecasts horizon for all modes of travel.

Advanced technology case. The advanced technology case
assumes the cost and performance criteria from the effi-
ciency case in the U.S. Department of Energy (DOE) interla-
boratory study, Scenarios of U.S. Carbon Reductions [9] for
air, freight, marine, and rail travel and from the DOE Office
of Energy Efficiency and Renewable Energy for light-duty
vehicles. The case includes new technologies including a
high-efficiency advanced light-duty diesel vehicle with
attributes similar to gasoline engines; electric and electric
hybrid vehicles with higher efficiencies, lower costs, and
earlier introduction dates than in the reference case, and fuel
cell light-duty vehicles. In the freight sector, the case as-
sumes technologies including advanced drag reduction, re-

duced weight, and engines such as the advanced turbocom-
pound diesel engines and the lean burn diesel LE-55 engine
all with shorter market penetration periods and lower cost-
effectiveness criteria—from a range of $8 to $10.50 to $6
per gallon of distillate. The case also assumes increasing
load factors and an increase in efficiency of 40 percent
above the 1996 level for aircraft.

Both cases were run with only the Transportation Demand
Module rather than as a fully integrated NEMS run. Conse-
quently, no potential macroeconomic feedback on travel de-
mand was captured.

Electricity assumgions

Characteristics of generating technologies. The costs and
performance of new generating technologies are important
factors in determining the future mix of capacity. There are
26 fossil, renewable, and nuclear generating technologies
included in these projections. Technologies represented in-
clude those currently available as well as those that are as-
sumed to be commercially available within the horizon of
the forecast. Capital cost estimates and operational charac-
teristics, such as efficiency of electricity production, are
used for decisionmaking where it is assumed that the selec-
tion of new plants to be built is based on least cost subject to
environmental constraints. The levelized lifetime cost, in-
cluding fuel costs, is evaluated and is used as the basis for se-
lecting plants to be built. Details about each of the
generating plant options are described in the detailed as-
sumptions, which will be available via the EIA Home Page
on the Internet and on the EIA CD-ROM.

Regulation of electricity markets. It is assumed that electric-
ity producers comply with CAAA90, which mandates a
limit of 8.95 million short tons of sulfur dioxide emissions
by 2000. Utilities are assumed to comply with the limits on
sulfur emissions by retrofitting units with flue gas desulfuri-
zation (FGD) equipment, transferring or purchasing sulfur
emission allowances, operating high-sulfur coal units at a
lower capacity utilization rate, or switching to low-sulfur fu-
els. The costs for FGD equipment average approximately
$192 per kilowatt, in 1996 dollars, although the costs vary
widely across the regions. It is also assumed that the market
for trading emission allowances is allowed to operate with-
out regulation and that the States do not further regulate the
selection of coal to be used.
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The reference case assumes a transition to competitive pric-
ing in California, New York, and the New England States.
Although other States are allowing consumers to choose
their electricity suppliers, the regional configuration as-
sumed in the reference case prevents the representation of
competitive markets in the regions that include those States.
Nevertheless, the reference case assumes that, in California,
electricity prices will remain constant at nominal 1996 lev-
els between 1998 and 2001 for commercial and industrial
customers, whereas residential customers will see a 10-
percent reduction from 1996 prices in 1998; that there will
be a transition from regulated to competitive prices between
2002 and 2007; and that the market will be fully competitive
by 2008. Similarly, in New York and New England, the tran-
sition period is assumed to be from 1998 through 2007, with
fully competitive pricing of electricity beginning in 2008.
The transition period reflects the time needed for the estab-
lishment of competitive market institutions and recovery of
stranded costs as permitted by regulators. The reference case
assumes that competitive prices in these regions will be the
marginal cost of generation, and the distribution of prices
across economic sectors is the same as that for regulated
prices.

Competitive cost of capital. To capture the increased risks
that new power plant operators are expected to face in a
competitive market, the cost of capital for the generation
sector is assumed to be 100 basis points higher than that for
the transmission and distribution sector. In addition, it is as-
sumed that the capital invested in a new plant must be recov-
ered over a 20-year plant life rather than the traditional
30-year life.

Energy efficiency and demand-side management. Improve-
ments in energy efficiency induced by growing energy
prices, new appliance standards, and utility demand-side
management programs are represented in the end-use de-
mand models. Appliance choice decisions are a function of
the relative costs and performance characteristics of a menu
of technology options. Utilities have reported plans to spend
more than $2.2 billion per year by 2000.

Representation of utility Climate Challenge participation
agreements. As a result of the Climate Challenge Program,
many utilities have announced efforts to voluntarily reduce
their greenhouse gas emissions between now and 2000.
These efforts cover a wide variety of programs, including in-

creasing demand-side management (DSM) investments, re-
powering (fuel-switching) fossil plants, restarting nuclear
plants that have been out-of-service, planting trees, and pur-
chasing emission offsets from international sources. To the
degree possible, each one of the participation agreements
was examined to determine if the commitments made were
addressed in the normal reference case assumptions or
whether they were addressable in NEMS. Programs like tree
planting and emission offset purchasing are not addressable
in NEMS. With regard to the other programs, they are, for
the most part, captured in NEMS. For example, utilities an-
nually report to EIA their plans (over the next 10 years) to
bring a plant back on line, repower a plant, life extend a
plant, cancel a previously planned plant, build a new plant,
or switch fuel at a plant. These data are inputs to NEMS.
Thus, programs that would affect these areas are reflected in
NEMS input data. However, because many of the agree-
ments do not identify the specific plants where action is
planned, it is not possible to determine which of the speci-
fied actions, together with their greenhouse gas emissions
savings, should be attributed to the Climate Challenge Pro-
gram and which are the result of normal business operations.

Nuclear power. There are no nuclear units actively under
construction in the United States, and AEO98 does not as-
sume any new units becoming operational in the forecast pe-
riod.

In the reference case, the majority of nuclear units are as-
sumed to operate until the expiration of their licenses; how-
ever, recent experience has indicated that utilities will retire
units before their license expiration dates for a variety of rea-
sons, including either operating costs or refurbishment costs
that are excessively high. Therefore, AEO98 assumes that 24
currently operating reactors will be retired before their li-
censes expire. The units selected for early retirement are
among the first generation of plants to come on line and,
generally, have high operating costs or have not received
equipment repairs, such as steam generator replacement,
that are likely to be required for extended operation. The
early retirement dates vary from 2 to 10 years before the li-
cense expiration date. Two standalone side cases were de-
veloped with alternate retirement dates for nuclear units.
The low nuclear case assumes that all reactors retire after 30
years of operation, while the high nuclear case assumes 10
additional years of operation for each reactor beyond the op-
erating lives assumed in the reference case.
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The average nuclear capacity factor in 1996 was 76 percent
and is expected to increase throughout the forecast, to as
high as 85 percent in 2020. Capacity factor assumptions are
developed at the unit level, and improvements or decrements
are forecast based on the age of the reactor. Unit level pro-
jections are aggregated to the regional level for use in the
model. The capacity factor is calculated over time, based on
the units operable in each year; therefore, as units are retired,
the average capacity factor will increase if the retiring units
are those with lower performance.

Fossil-steam retirement assumptions. Using current and his-
torical data from FERC Form 1, existing plants whose com-
bined operating and fuel costs exceed 4 cents per
kilowatthour are identified for retirement. These plants are
then retired annually in equal numbers between 1999 and
2010. After 2010, only units reported by utilities as candi-
dates for retirement are retired.

High electricity demand case. The high electricity demand
case, which is a standalone case, assumes that the demand
for electricity grows by 2.0 percent annually between 1996
and 2020, compared with 1.4 percent in the reference case.
No attempt was made to determine the changes necessary in
the end-use sectors needed to result in the stronger demand
growth. The high electricity demand case is a partially inte-
grated run, i.e., the Macroeconomic Activity, Petroleum
Marketing, International Energy, and end-use demand mod-
ules use the reference case values and are not effected by the
higher electricity demand growth. Conversely, the Oil and
Gas, Natural Gas Transmission and Distribution, Coal Mar-
ket, and Renewable Fuels Modules are allowed to interact
with the Electricity Market Module in the high electricity
demand case.

High and low fossil technology cases. The high and low fos-
sil technology cases are standalone, partially integrated
cases. These cases use cost estimates for fossil-fuel-based
technologies provided by the DOE Office of Fossil Energy.
In the high fossil technology case, capital costs for coal gasi-
fication combined-cycle units and molten carbonate fuel
cells are assumed to be lower than the reference case while
advanced combustion turbine and advanced combined-cycle
unit costs are higher than the reference case. No new ad-
vanced fossil-fired generators are assumed to come online
during the projection period in the low fossil technology
case. In both the high and low fossil technology cases, gen-
erating technologies other than those for which capital costs

were provided by DOE's Office of Fossil Energy are as-
sumed to use the same technological optimism and learning
factors as the reference case. Details about annual capital
costs, operating and maintenance costs, plant efficiencies,
and technological optimism and learning factors are de-
scribed in the detailed assumptions which will be available
via the Internet (ftp:// ftp.eia.doe.gov/pub/forecast-
ing/ae098/ ae098asu.pdf) and on the EIA CD-ROM.

Competitive pricing cases. The three competitive pricing
cases assume that all regions of the country will gradually
move toward marginal-cost-based pricing, as discussed in
the “Issues in Focus” section of this report. Competitive
pricing is phased in over 10 years (1998-2007) by comput-
ing a weighted average of the traditional average-cost-based
price and a price based on marginal costs. The weighting
factor changes over time—initially weighting the average-
cost-based price more heavily, then decreasing the weight
over the phase-in period—until the price is based solely on
marginal costs. Other than the pricing methodology, the ref-
erence competitive case is based on the assumptions of the
AEO98 reference case. The two additional competitive sce-
narios have assumptions corresponding to the rapid and
slow technology cases developed for the oil and gas supply
sector. These cases incorporate alternative assumptions
about improvement in natural gas recovery and distribution
technology, and they lead to different gas price projections.
Therefore, the cases are referred to as the low gas price com-
petitive case and the high gas price competitive case. All
competitive pricing cases are fully integrated runs, allowing
feedback between the demand and supply models.

Renewable portfolio standard cases. Two cases were run in
which a minimum level of nonhydroelectric renewable gen-
eration was required. In the first case, the minimum percent-
age of renewable generation (defined as generation from
wind, biomass, geothermal, solar thermal, photovoltaic, and
landfill gases divided by total sales multiplied by 100) in-
creased from 2 percent to 5 percent over the period 2001
through 2020 inclusive. In the second case, the minimum
percentage of renewable generation increased from 2 per-
cent to 10 percent from 2001 to 2020 inclusive. Both cases
were fully integrated runs, in which all the modules were
used. As in the reference case, New York, California, and
New England had marginal-cost-based pricing for electric-
ity, while the all the other regions were assumed to use the
average cost methodology for electricity prices.
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Reference High
Renewable Technology Case Renewables
2000 Overnight Capital Costs® (1996 Dollars)
Biomass IGCC. . . . . . . 2,683 2,027
Geothermal . . . . . . .. 1,755 1,303
Solar Thermal . . . . . . . 3,130 3,634
Solar Photovoltaic . . . . . 4,484 3,955
Wind............ 1,008 767
2000 Annual Average Capacity Factor® (Percent)
Biomass IGCC. . . . . . . 80 80
Geothermal . . . .. ... 80 80°
Solar Thermal . . . . . . . 42 42
Solar Photovoltaic . . . . . 28 21
Wind. . .......... 30 37
2020 Overnight Capital Costs® (1996 Dollars)
Biomass IGCC. . . . . . . 1,850 1,333
Geothermal . . . . . . .. 1,546 1,042
Solar Thermal . . . . . . . 2,751 2,578
Solar Photovoltaic . . . . . 2,612 1,334
Wind............ 735 669
2020 Annual Average Capacity Factor® (Percent)
Biomass IGCC. . . . . .. 80 80
Geothermal . . . .. ... 80 80°
Solar Thermal . . . . . . . 42 77
Solar Photovoltaic . . . . . 30 21
Wind. ... ........ 38 47

#0Overnight capital costs plus project contingencies but
without resource constraints (elasticities), region 13,
California. Costs for specific years differ by region and by
degree of penetration of the technology in specific modeling
runs.

®For region 13, California, capacity factors differ by time of
day, season, region and for specific years. For solar
photovoltaics, lower costs and lower capacity factors in the
high renewables case reflect changes from fixed flat plate
modules to less expensive but also less efficient thin-film
collectors.

°DOE assumes increasing capacity factors, all greater
than 90 percent.

FRRnevabe fuels assumgions

Energy Policy Act of 1992. Under EPACT, the Renewable
Fuels Module (RFM) provides a renewable electricity pro-
duction credit of 1.5 cents per kilowatthour for electricity
produced by wind, applied to plants becoming operational
between January 1, 1994, and June 30, 1999, and continuing
for 10 years [10]. EPACT and the RFM also include a 10

percent investment tax credit for solar and geothermal tech-
nologies that generate electric power [11].

Supplemental Additions. AEO9S includes 1,780 megawatts
of assumed new generating capacity using renewable re-
sources, including 1,140 megawatts of planned new capac-
ity not reported among EIA data collections and 640
megawatts assumed by EIA to be built for reasons not incor-
porated in the NEMS, such as for investment, testing, for
distributed applications, or in response to state mandates.
Total supplementals include 119 megawatts biomass, 66
megawatts geothermal, 11 megawatts landfill gas, 545
megawatts solar photovoltaic, 185 megawatts solar thermal,
and 854 megawatts wind.

International learning. New for AEO98, capital costs for all
new electricity generating technologies— fossil, nuclear,
and renewable—decrease in response to foreign as well as
domestic experience, to the extent the new plants reflect
technologies and firms also competing inside the United
States. International learning effects this year include 1,229
megawatts advanced combined cycle, 88 megawatts ad-
vanced combustion turbine, 101 megawatts geothermal, 48
megawatts wind, and 2 megawatts biomass integrated com-
bined cycle capacity in operation, under construction, or un-
der contract for construction outside the United States.

Renewable resources. Although conventional hydroelec-
tricity is the largest source of renewable energy in U.S. elec-
tricity markets today, the lack of available new sites,
environmental and other restrictions, and costs are assumed
to nearly halt the expansion of U.S. hydroelectric power. Al-
though solar, wind, and geothermal resources are theoreti-
cally very large, economically accessible resources are
much less available. Solar energy (direct normal insolation)
for thermal applications is considered economically amena-
ble only in drier regions, west of the Mississippi River; pho-
tovoltaics, however, can be considered in all regions,
although conditions are also superior in the West. Wind en-
ergy resource potential, while large, is constrained by wind
quality differences, distance from markets, alternative land
uses, and environmental objections. The geographic distri-
bution of available wind resources is based on work by the
Pacific Northwest Laboratory [12], enumerating winds
among average annual wind-speed classes. Geothermal en-
ergy is limited geographically to regions in the western
United States with hydrothermal resources of hot water and
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steam. Although the potential for biomass is large, transpor-
tation costs limit the amount of the resource that is economi-
cally productive, because biomass fuels have a low thermal
conversion factor (Btu content per weight of fuel). Munici-
pal solid waste resources are limited by the amount of the
waste that is managed by other methods, such as recycling or
landfills, and by the impact of waste minimization as a strat-
egy for addressing the waste problem.

New for AEO98, EIA incorporates in NEMS recognition of
higher costs (proxies for supply elasticities) for uses of bio-
mass and wind resources as generating capacity consumes
more of the available resources. Costs increase in response
to (1) increasing costs as natural resource quality declines,
such as from wind turbulence, more difficult land access, or
declining land quality, (2) increasing costs of local and re-
gional transmission network improvements, and (3) market
conditions increasing costs of alternative land uses, includ-
ing for crops, recreation, or environmental or cultural prefer-
ences. Although the effects generally apply only with very
large capacity increases not experienced in AEO98, some
wind costs in California are increased this year in response
to these factors.

High renewables case. For the high renewables case, EIA
incorporates approximations of the DOE Office of Energy
Efficiency and Renewable Energy's August 1997, draft tech-
nology characterizations of lower capital and operating
costs and higher efficiencies (capacity factors) for new re-
newable energy generating technologies than used in the ref-
erence case [13]. EIA also assumes that 305 megawatts
geothermal capacity at The Geysers (California) expected to
retire before 2020 will continue producing through 2020. Fi-
nally, EIA assumes that the share of landfill gas used for en-
ergy production rises to 50 percent by 2020, rather than to 40
percent, as in the reference case. All other technologies and
other NEMS modeling characteristics remain unchanged.
Capital cost and efficiency differences for 2000 and 2020
are as shown in the table on the following page.

Non-electric renewable energy. The forecast for wood con-
sumption in the residential sector is based on the Residential
Energy Consumption Survey [14] (RECS) and data from the
Characteristics of New Housing: 1993, published by the Bu-
reau of the Census [15]. The RECS data provide a bench-
mark for Btu of wood use in 1993. The Census data are used
to develop the forecasts of new housing units utilizing wood.

Wood consumption is then computed by multiplying the
number of homes that use wood for main and secondary
space heating by the amount of wood used. Ground source
(geothermal) heat pump consumption is also based on the
latest RECS and Census data; however, the measure of geo-
thermal energy consumption is represented by the amount of
primary energy displaced by using a geothermal heat pump
in place of an electric resistance furnace. Solar thermal con-
sumption for water heating is also represented by displaced
primary energy relative to an electric water heater.

Exogenous projections of active and passive solar technolo-
gies and geothermal heat pumps in the commercial sector
are based on projections from the National Renewable En-
ergy Laboratory [16]. Industrial use of renewable energy is
primarily the use of wood and wood byproducts in the paper
and lumber industries as well as a small amount of hydro-
power for electricity generation.

Oil and gas suply assumgions

Domestic oil and gas economically recoverable resources.
The assumed resource levels are based on analyses of esti-
mates of the economically recoverable resource base from
the U.S. Geological Survey (USGS) and the Minerals Man-
agement Service (MMS) of the Department of the Interior
and the National Petroleum Council (NPC) [17]. The values
are given as beginning-of-the-year 1990, because that is the
initial year of the model execution. They have been derived
from estimates based in other years (USGS, 1/1/94; MMS,
1/1/95; NPC, 1/1/91) by adjusting for reserve additions in
the intervening years.

Economically recoverable resources are those volumes con-
sidered to be of sufficient size and quality for their produc-
tion to be commercially profitable by current conventional
or nonconventional techniques, under specified economic
conditions. Estimates were developed on a regional basis.
Total unproved oil resources are assumed to be 92 billion
barrels with 1990 technology and 102 billion barrels with
2020 technology. Total unproved gas resources are assumed
to be 870 trillion cubic feet with 1990 technology and 1,186
trillion cubic feet with 2020 technology. Unproved re-
sources comprise inferred reserves and undiscovered re-
sources. Inferred reserves are that part of expected ultimate
recovery from known fields in excess of cumulative produc-
tion plus current reserves. Undiscovered resources are lo-
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cated outside oil and gas fields in which the presence of
resources has been confirmed by exploratory drilling.

Technological improvements affecting recovery and costs.
Productivity improvements are simulated by assuming that
the undiscovered recoverable resource target will expand
and the effective cost of supply activities will be reduced.
The increase in recovery is due to the development and de-
ployment of new technologies, such as three-dimensional
seismology and horizontal drilling and completion tech-
niques.

The initially recoverable oil and gas resource volumes in
both known and undiscovered fields are projected to in-
crease through 2020 in all cases. Ultimate recovery from the
initial stock of inferred reserves in all cases except the mod-
erate resource case is assumed to expand over the period of
the forecast, exceeding the published estimates from the
USGS and MMS. Economically recoverable resources for
currently undiscovered fields are assumed, with one excep-
tion, to expand by 2020 to the level of current technically re-
coverable volume estimates released by the USGS and
MMS. Recoverable resources in shallow waters in the Gulf
of Mexico are assumed in all cases except the slow and rapid
technology cases and the moderate resource case to achieve
alevel of about 40 percent greater than the volume estimated
by the MMS to be technically recoverable. These adjust-
ments to the USGS and MMS estimates are based on non-
technical considerations that support domestic supply
growth to the levels necessary to meet projected demand
levels.

Drilling, operating, and lease equipment costs are expected
to decline due to technological progress, at econometrically
estimated rates that vary somewhat by cost and fuel catego-
ries, ranging from roughly 1 to 2.5 percent. These techno-
logical impacts work against increases in costs associated
with drilling to greater depths, higher drilling activity levels,
and rig availability.

Rapid and slow technology cases. Two alternative cases
were created to assess the sensitivity of the projections to
changes in the assumed rates of progress in oil and natural
gas supply technologies. To create these cases, oil and natu-
ral gas reference case parameters for the effects of techno-
logical progress on finding rates, drilling, lease equipment
and operating costs, and growth in the undiscovered eco-

nomic resource base were adjusted. The two cases were cre-
ated by varying parameters that represent the effects of tech-
nological progress on U.S. drilling lease equipment and
operating costs from their statistically estimated values by
one standard deviation (based on the standard error associ-
ated with each estimated parameter).

Statistically estimated values for U.S. finding rates were
similarly varied (although additional transformations of
these statistically estimated values, based on analyst judg-
ment, were subsequently required prior to their use as pa-
within the AEO98
Parameters for growth in the U.S. undiscovered economic

rameters analytic framework).
resource base (which are not statistically derived) were also
varied, in proportion to the changes in the technological
progress parameters affecting finding rates (reserves found

per well).

All other parameters in the model were kept at their refer-
ence case values, including success rates, technology pa-
rameters for other modules, parameters affecting foreign oil
supply, and assumptions about imports and exports of lique-
fied natural gas (LNG) and natural gas trade between the
United States and Canada and Mexico. Specific detail by re-
gion and resource category is presented in the supplemen-
tary tables to the Annual Energy Outlook 1998, which will
be available in December 1997 on EIA's FTP site
(ftp://ftp.eia.doe.gov/pub/forecasting/ae098/ aco98tables).

Moderate resource case. The moderate resource case was
created to isolate the sensitivity of the AEO98 projections to
a change in the assumed rates of technological progress af-
fecting the growth in lower 48 unproved resources. The re-
source assumptions in this case vary from the reference case
in two ways: (1) the initial estimate of inferred reserves does
not increase over the forecast period, and (2) the expansion
of undiscovered economically recoverable oil and gas re-
sources in the shallow regions of the Gulf of Mexico is
capped at the technologically recoverable resource levels,
derived from the MMS appraisal. All other parameters in the
model were kept at their reference case values.

Climate Change Action Plan (CCAP). The CCAP includes a
program promoting the capture of methane from coal min-
ing activities to reduce carbon emissions. The methane
would be marketed as part of the domestic natural gas sup-
ply. This program began in 1995. The AEO98 assumption is
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that it reaches a 2010 production level of 29 billion cubic
feet and a level of 36 billion cubic feet by 2020.

Leasing and drilling restrictions. The projections of crude
oil and natural gas supply assume that current restrictions on
leasing and drilling will continue to be enforced throughout
the forecast period. At present, drilling is prohibited along
the entire East Coast, the west coast of Florida, and the West
Coast except for the area off Southern California. In Alaska,
drilling is prohibited in a number of areas, including the Arc-
tic National Wildlife Refuge. The projections also assume
that coastal drilling activities will be reduced in response to
the restrictions of CAAA90, which requires that offshore
drilling sites within 25 miles of the coast, with the exception
of areas off Texas, Louisiana, Mississippi, and Alabama,
meet the same clean air requirements as onshore drilling
sites.

Gas supply from Alaska and LNG imports. The Alaska
Natural Gas Transportation System is assumed to come on
line no earlier than 2005 and only after the U.S.-Canada bor-
der price reaches $3.82, in 1996 dollars per thousand cubic
feet. The liquefied natural gas facilities at Everett, Massa-
chusetts, and

Lake Charles, Louisiana (the only ones currently in opera-
tion) have an operating capacity of 311 billion cubic feet.
The facilities at Cove Point, Maryland, and Elba Island,
Georgia, are assumed to reopen when economically justi-
fied, but not before 1998. Should these facilities reopen, to-
tal liquefied natural gas operating capacity would increase to
794 billion cubic feet.

Natural gas transmission and distribution assumptions.
Consistent with industry restructuring, the methodology em-
ployed in solving for the market equilibrium assumes that
marginal costs are the basis for determining market-clearing
prices for nonfirm service markets. Firm service market
prices are based on average cost of service rates minus a
credit (to account for capacity release) that credits a share of
the revenue from nonfirm services to holders of firm capac-
ity should those revenues exceed costs.

Firm transportation rates for pipeline services are calculated
with the assumption that the costs of new pipeline capacity
will be rolled into the existing rate base (the test for deter-
mining whether or not to build new capacity is based on in-
cremental rates, however). Distribution markups to core

customers (not including electricity generators) change over
the forecast in response to changes in consumption levels,
cost of capital, and assumed industry efficiency improve-
ments. It is assumed that, independent of changes in costs re-
lated to the cost of capital and consumption levels,
distributor costs for firm service customers will decline by 1
percent per year through 2015.

In determining interstate pipeline tariffs, capital expendi-
tures for refurbishment over and above that included in op-
erations and maintenance costs are not considered, nor are
potential future expenditures for pipeline safety. (Refurbish-
ment costs include any expenditures for repair and/or re-
placement of existing pipe.) Reductions in operations and
maintenance costs and total administrative and general costs
as a result of efficiency improvements are accounted for on
the basis of historical trends.

The vehicle natural gas (VNG) sector is divided into fleet
and non-fleet vehicles. The distributor tariffs for natural gas
to fleet vehicles are based on historical differences between
end-use and citygate prices from EIA's Natural Gas Annual
plus Federal and State VNG taxes. The price to non-fleet ve-
hicles is based on the industrial sector firm price plus an
assumed $3 (1987 dollars) dispensing charge plus taxes.
Federal taxes are set at $0.52 (1996 dollars) per thousand cu-
bic feet.

CCAP initiatives to increase the natural gas share of total en-
ergy use through Federal regulatory reform (Action 23) are
reflected in the methodology for the pricing of pipeline serv-
ices. This methodology is consistent with FERC's receptiv-
ity to alternative ratemaking and its desire to provide an
atmosphere that fosters efficient capacity release. Provisions
of the CCAP to expand the Natural Gas Star program
(Action 32) are assumed to recover 35 billion cubic feet of
natural gas per year by the year 2000 that otherwise might be
lost to fugitive emissions. This is phased in by recovering an
additional 7 billion cubic feet per year from 1997 through
2000, and by recovering the full 35 billion cubic feet from
2000 through the end of the forecast period.

Petroleum market assumgions

The petroleum refining and marketing industry is assumed
to incur large environmental costs to comply with CAAA90
and other regulations. Investments related to reducing emis-
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sions at refineries are represented as an average annualized
expenditure. Costs identified by the National Petroleum
Council [18] are allocated among the prices of liquefied pe-
troleum gases, gasoline, distillate, and jet fuel, assuming
they are recovered in the prices of light products. The lighter
products, such as gasoline and distillate, are assumed to bear
a greater amount of these costs because demand for these
products is less price-responsive than for the heavier prod-
ucts.

Petroleum product prices also include additional costs re-
sulting from requirements for new fuels, including oxygen-
ated and reformulated gasolines and low-sulfur diesel.
These additional costs are determined in the representation
of refinery operations by incorporating specifications and
demands for these fuels. Demands for traditional, reformu-
lated, and oxygenated gasolines are disaggregated from
composite gasoline consumption based on market share as-
sumptions for each Census Division. The expected oxygen-
ated gasoline market shares assume wintertime participation
of carbon monoxide nonattainment areas beginning in 1993
and statewide participation in Minnesota beginning in 1997.
Oxygenated gasoline represents about 4 percent of gasoline
demand in the forecast.

Starting in 1995, reformulated gasoline (RFG) is assumed to
be consumed in the 10 serious ozone nonattainment areas re-
quired by CAAA90 and in areas in 13 States and the District
of Columbia that voluntarily opted into the program [19].
Reformulated gasoline projections also reflect a statewide
requirement in California beginning in 1996. The reformu-
lated gasoline is assumed to account for about 31 percent of
annual gasoline sales throughout the AEO98 forecast.

Reformulated gasoline reflects the “Complex Model” defi-
nition as required by the EPA. AEO9S projections also re-
flect California's statewide requirement for severely
reformulated gasoline beginning in 1996. Throughout the
forecast, traditional gasoline is blended according to 1990
baseline specifications, to reflect CAAA90 “antidumping”
requirements aimed at preventing traditional gasoline from
becoming more polluting.

AEO98 assumes that State taxes on gasoline, diesel, jet fuel,
M85, and E85 increase with inflation, as they have tended to
in the past. Federal taxes which have increased sporadically

in the past are assumed to stay at 1996 nominal levels (a
decline in real terms).

AEO9S assumes that the 54-cent-per-gallon tax credit for
gasoline blended with ethanol will not expire and will re-
main constant in nominal terms throughout the forecast.

AEO98 assumes that refining capacity expansion may occur
on the East and West coasts, as well as the Gulf Coast. In
previous forecasts, capacity expansion has been constrained
in PAD districts I (East Coast) and V (West Coast), assum-
ing that no growth would occur in those areas.

High reformulated gasoline case. The sensitivity of gasoline
prices to higher RFG consumption was explored in an alter-
native case. RFG consumption in the reference case is based
on current participation in the Federal RFG program, al-
though increased participation in the program may result
from the 1997 revision of ground-level ozone standards. The
revised standards are expected to increase the number of ar-
eas in violation of the standards, thereby increasing the in-
terest in using RFG as a solution. The EPA will be assessing
air quality data for the next several years and will not publish
the list of areas in violation of the new standards until 2000.
The alternative case assumes that after 2003, RFG consump-
tion in Census divisions 1 through 7 is 10 percent higher than
in the reference case. Census Divisions 1 through 7 lie east
of the Rocky Mountains and contain the 37 States that par-
ticipated in the Ozone Transport Assessment Group, which
included the increased use of RFG in its 1997 recommenda-
tions to the EPA.

©al market assumgions

Productivity. Technological advances in the coal industry,
such as improvements in coal haulage systems at under-
ground mines, contribute to increases in productivity, as
measured in average tons of coal per miner per hour. Pro-
ductivity improvements are assumed to continue but to de-
cline in magnitude over the forecast horizon. Different rates
of improvement are assumed by region and by mine type,
surface and deep. On a national basis, labor productivity is
assumed to improve on average at a rate of 2.0 percent per
year, declining from an annual rate of 5.8 percent in 1996 to
approximately 1.6 percent over the 2010 to 2020 period. In
two alternative mining cost cases that were run to examine
the impacts of different labor productivity and labor cost as-
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sumptions, the annual growth rates for productivity were in-
creased and decreased by region and mine type, based on
historical variations in labor productivity. The high and low
mining cost cases were developed by adjusting the AEO98
reference case productivity path by 1 standard deviation, al-
though productivity growth rates were adjusted gradually
(with full variation from the reference case phased in by
2000). The resulting national average productivities attained
in 2020 (in short tons per hour) were 12.34 in the low mining
cost case and 6.94 in the high mining cost case, compared
with 9.16 in the reference case.

In the reference case, labor wage rates for coal mine produc-
tion workers are assumed to remain constant in real terms
over the forecast period. In the alternative low and high min-
ing cost cases, wages were assumed to decline and increase
by 0.5 percent per year in real terms, respectively.

The mining cost cases were run without allowing demands
to shift in response to changing prices. If demands had been
allowed to shift, the price changes would be smaller, since
minemouth prices vary with the levels of capacity utilization
required to meet demand.
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Gower, G.L.; Gridded State Maps of Wind Electric Poten-
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Refining Meeting Requirements for Cleaner Fuels and Re-

Energy Information Administration/ Annual Energy Outlook 1998 2



Major Assumptions for the Forecasts

fineries, Volume 1 (Washington, DC, August 1993). Ex-
cludes operation and maintenance base costs prior to 1996.

[19] Required areas: Baltimore, Chicago, Hartford, Houston, Los
Angeles, Milwaukee, New York City, Philadelphia, San Di-
ego, and Sacramento. Opt-in areas are in the following
States: Arizona, Connecticut, Delaware, Kentucky, Maine,
Massachusetts, Maryland, New Hampshire, New Jersey,
New York, Rhode Island, Texas, Virginia, and the District of
Columbia. Excludes areas that “opted-out” prior to June
1996.
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Appendix H
Conversion Factors

Table H1. Heat Rates

Fuel

Units

Approximate
Heat Content

Coal®

Production...................
Consumption . ................
CokePlants ................
Industrial ...................
Residential and Commercial . . . .
Electric Utilities ..............
Imports . ........ ... ........
Exports ........... ... ... ...

CoalCoke ...................

Crude Oil

Production . ..................
Imports . ........ ... ... ...,

Petroleum Products

Consumption® . ...............
Motor Gasoline? .............
Jet Fuel (Kerosene) . ..........
Distillate Fuel Oil .............
Residual Fuel Oil . ............
Liquefied Petroleum Gas . . . .. ..
Kerosene ..................
Petrochemical Feedstocks . .. ..
Unfinished Qils .. ............

Imports? . . ...

EXpOrts? . .........iiiiiiin..

Natural Gas Plant Liquids

Production? . .................

Natural Gas

Production,Dry ...............
Consumption . ................
Non-electric Utilities ..........
Electric Utilities ..............
Imports . ............. .. .....
Exports ........... ... .. ...,

Electricity Consumption ........

million Btu per short ton
million Btu per short ton
million Btu per short ton
million Btu per short ton
million Btu per short ton
million Btu per short ton
million Btu per short ton
million Btu per short ton

million Btu per short ton

million Btu per barrel
million Btu per barrel

million Btu per barrel
million Btu per barrel
million Btu per barrel
million Btu per barrel
million Btu per barrel
million Btu per barrel
million Btu per barrel
million Btu per barrel
million Btu per barrel
million Btu per barrel
million Btu per barrel

million Btu per barrel

Btu per cubic foot
Btu per cubic foot
Btu per cubic foot
Btu per cubic foot
Btu per cubic foot
Btu per cubic foot

Btu per kilowatthour

21.277
20.845
26.800
21.950
23.118
20.495
25.000
26.180

24.800

5.800
5.948

5.346
5.206
5.670
5.825
6.287
3.625
5.670
5.630
5.800
5.280
5.719

3.495

1,028
1,028
1,029
1,022
1,022
1,022

3,412

Conversion factors vary from year to year. 1995 values are reported.
2Conversion factors vary from year to year. 2000 values are reported.

3Conversion factors vary from year to year. Values shown are for units entering service in 2000.

Source: Energy Information Administration, AEO98 National Energy Modeling System run AEO98B.D100197A.
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Conversion Factors

Table H2. Metric Conversion Factors

United States Unit multiplied Conversion equals Metric Unit
by Factor
Mass
Pounds (Ib) X 0.453 592 37 = kilograms (kg)
Short Tons (2000 Ib) X 0.907 184 7 = metric tons (t)
Length X 1.609 344 = kilometers (km)
Miles
Energy
British Thermal Unit (Btu) X 1055.056" = joules(J)
Quatrillion Btu X 23.5108775 = milliion tons of oil
equivalent (Mtoe)
Kilowatthours (kwWh) X 3.6 = megajoules(MJ)
Volume
Barrels of Oil (bbl) X 0.158 987 3 = cubic meters (m®)
Cubic Feet (ft®) X 0.028 316 85 = cubic meters (m*)
U.S. Gallons (gal) X 3.785 412 = liters (L)
Area
Square feet (ft?) X 0.092 903 04 = square meters (m?)

Note: Spaces have been inserted after every third digit to the right of the decimal for ease of reading.

#The Btu used in this table is the International Table Btu adopted by the Fifth International Conference on Properties of
Steam, London, 1956.

Source: Energy Information Administration (EIA), Annual Energy Review 1996, DOE/EIA-0384(96)(Washington DC,
July 1997), Table B1 and EIA, International Energy Outlook 1997, DOE/EIA-0484 (97) (Washington, DC, April 1997).

Table H3. Metric Prefixes

Unit )

Multiple Prefix Symbol
10° kilo k
10° mega M
10° giga G
10* tera T
10*® peta P
10® exa E

Source: Energy Information Administration,
Annual Energy Review 1996, DOE/EIA-0384(96)
(Washington, DC, July 1997), Table B2, and
EIA,Statistics and Methods Group.
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