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Preface

This International Energy Outlook presents historical data from 1970 to 1993
and EIA’s projections of energy consumption and carbon emissions through 2015
for six country groups. Prospects for individual fuels are discussed.

The International Energy Outlook 1996 (IEO96) presents
an assessment by the Energy Information Administra-
tion (EIA) of the outlook for international energy
markets through 2015. The report is an extension of the
EIA’s Annual Energy Outlook 1996 (AEO96), which was
prepared using the National Energy Modeling System
(NEMS). U.S. projections appearing in the IEO96 are
consistent with those published in the AEO96. IEO96 is
provided as a statistical service to energy managers and
analysts, both in government and in the private sector.
The projections are used by international agencies,
Federal and State governments, trade associations, and
other planners and decisionmakers. They are published
pursuant to the Department of Energy Organization Act
of 1977 (Public Law 95-91), Section 205(c). The IEO96
projections are based on U.S. and foreign government
policies in effect on October 1, 1995.

Projections in IEO96 are displayed according to six
basic country groupings (Figure 1). In addition, the
Organization for Economic Cooperation and Develop-
ment (OECD) includes projections for four individual
countries—the United States, Canada, Mexico, and
Japan—along with the subgroups OECD Europe and
Other OECD (defined as Australia, New Zealand, and
the U.S. Territories). The non-OECD countries are
represented by five separate regional subgroups:
Eastern Europe and the former Soviet Union (EE/FSU),
non-OECD Asia, Africa, Middle East, and Central and
South America. China and India are represented in
non-OECD Asia. The detailed projections for India are
new to this year’s report.

The report begins with a review of world trends in
energy demand. The historical time frame begins with
data from 1970, and—for the first time—IEQ9 projec-
tions extend to 2015. This provides readers with a 23-
year historical view of energy demand and a 22-year
forecast. New to this year’s report is a set of scenarios
developed for use in depicting a set of alternative
growth paths. The scenarios consider alternative growth
paths of regional gross domestic product (GDP). The
resulting projections and the uncertainty associated
with making international energy projections in general

are discussed in the first chapter of the report. The
status of environmental issues, including global carbon
emissions, is reviewed. Comparisons of the IEO96 pro-
jections with other available international energy
forecasts are included in the first chapter.

The next part of the report is organized by energy
source. Regional consumption projections for oil,
natural gas, coal, nuclear power, and renewable energy
(hydroelectricity, geothermal, wind, solar, and other
renewables) are presented in the five fuel chapters,
along with a review of the current status of each fuel
on a worldwide basis.

The last part of the report contains a discussion of
energy consumed by electricity producers. The elec-
tricity demand model used for previous international
energy forecasts has been replaced by a module that fits
electricity consumption to logistic curves on a regional
basis.

Summary tables of the IEO96 world energy consump-
tion, oil production, and carbon emissions projections
are provided in Appendix A. The reference case pro-
jections of total foreign energy consumption and of
natural gas, coal, and renewable energy were prepared
using EIA’s World Energy Projection System (WEPS)
model. Reference case projections of foreign oil pro-
duction and consumption were prepared using the
International Energy Module of the National Energy
Modeling System (NEMS). Nuclear consumption projec-
tions were derived from the International Nuclear
Model, PC Version (PC-INM). Alternatively, nuclear
capacity projections were developed using two methods:
the lower reference case projections were based on
analysts’ knowledge of the nuclear programs in differ-
ent countries; the upper reference case was generated
by the World Integrated Nuclear Evaluation System
(WINES)—a demand-driven model. In addition, the
NEMS Coal Export Submodule (CES) was used to de-
rive flows in international coal trade. As noted above,
foreign projections of electricity demand are now
projected as part of the WEPS.

Energy Information Administration/ International Energy Outlook 1996 vii






Highlights

The outlook for world energy demand is higher than projected in previous years,
as developing nations grow rapidly and use more energy.
Energy supplies are expected to be plentiful, at stable prices.

Strong economic growth is expected to substantially
boost world energy demand over the next two decades.
By 2015 world energy consumption increases to 542
quadrillion British thermal units (Btu), 1.6 times the
current level (Figure 2). New discoveries of oil and
natural gas reserves, technological developments that
allow more energy sources to be recovered, and in-
creased efficiency of generating plants will make it
possible to obtain enough energy to accommodate great
increases in energy demand.

Energy demand projections in this report have been
increased relative to last year’s. In this year’s forecast
for 2010, world energy demand is projected to reach
495 quadrillion Btu, 23 quadrillion Btu more than last
year’s projection for 2010. Higher standards of living in
emerging economies are propelling increased use of
energy for electric power generation and for personal
automobile transportation. Gains in demand are offset,
in some measure, by improving efficiency in the indus-
trial sector of developing countries; however, the rate
of such improvement is uncertain and has been scaled
back for this projection.

Figure 2. World Energy Consumption, 1970-2015
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Sources: History: 1970-1975: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1990: EIA, International Energy Annual 1993, DOE/
EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996).

The emerging economies of nations outside the
Organization for Econoniic Cooperation and Develop-
ment (OECD) account for almost 69 percent of the
projected increase in world energy demand over the
projection period. The increase is a result of rapid
economic development, particularly in non-OECD Asia.
By 2015, advanced economies within the OECD account
for less than one-half of world energy consumption,
whereas in 1970 they consumed 65 percent (Figure 3).

The largest gains in energy use occur in the non-OECD
Asia region (Figure 4), where energy demand increases
by 150 percent between 1993 and 2015, led by the
economies of China and India. In comparison, a 32-
percent increase is projected for the OECD. Whereas
OECD consumption grows by 1.3 percent annually be-
tween 1993 and 2015, non-OECD consumption grows
by more than twice that rate, 2.8 percent annually, and
non-OECD Asia consumption expands by 4.3 percent
annually. While the future rate of penetration of new
energy-intensive consumption patterns is difficult to
determine, both China and India seem to be capable of

Figure 3. OECD and Non-OECD Energy
Consumption, 1970-2015
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Sources: History: 1970-1979: Energy Information Administration
(ElA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: EIA, International Energy Annual 1993, DOE/
ElA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996).
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Figure 4. Non-OECD Energy Consumption
by Region, 1970-2015
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Sources: History: 1970-1979: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: ElA, International Energy Annual 1993, DOE/
EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996).

sustaining substantial improvements in economic
wealth which will increase personal demand for energy.
Both countries have large, energy-intensive industrial
sectors, which present many opportunities for energy
efficiency improvements, but growth in residential and
commercial energy use will probably more than offset
any prospective energy savings associated with im-
proved industrial efficiency.

In contrast to the rapid energy growth in non-OECD
Asia, little net growth is projected over 1990 levels in
the region of Eastern Europe and the former Soviet
Union (EE/FSU). In fact, by 2015 the region gains only
4 quadrillion Btu over its 1990 consumption level in the
reference case projections. The dramatic economic de-
clines witnessed in the 1990s are projected to stop in
the FSU only by 2000. On the other hand, economic
recovery has already begun in Eastern Europe. The pro-
jections in this report assume that efforts at institutional
reform will eventually be successful, and that more
normal economic growth and energy consumption will
resume by the end of the projection period throughout
the EE/FSU region.

Despite one-half growth in total world oil consump-
tion—attributed to rapidly increasing non-OECD de-
mand for transportation, as well as expanded demand
for a wide range of industrial, commercial, and resi-
dential sector uses—no significant escalation in world
oil prices is expected. For the current reference case, oil
prices rise from about $16 to $25 between 1995 and
2015 (Figure 5). The oil price projections in this year’s

Figure 5. World Oil Prices, 1970-2015
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Source: Energy Information Administration, Annual Energy Outlook
1996, DOE/EIA-0383(96) (Washington, DC, January 1996).

report have been scaled back from past years. As
recently as 1992, the reference case oil price forecast
was around $40 (1994 dollars) per barrel for 2010. Even
in an environment that appears to present limited
opportunity for improved prices, profit expectations
grow. Such optimism is based, in part, on growing
demand; but even more important are the prospects for
technological advances that will allow for expanded oil
production, along with modified government policies
(e.g., in terms of taxes, royalties, or profit sharing) that
encourage oil production in such areas as South Ameri-
ca, the North Sea, Nigeria, Indonesia, and Australia.

The outlook for the international oil market over the
next 20 years is one of sufficient sources of supply to
meet anticipated growth in demand with only moder-
ately increasing (or potentially stable) world oil prices.
New technology and additional discoveries have led to
stable or slightly increased levels of production in non-
OPEC areas in recent years, which are expected to
continue through 2015. It is now generally accepted that
the potential for further expansion of non-OPEC oil
production is substantial enough to offset declines from
old producing areas. Moreover, Persian Gulf nations
have sufficient reserves to meet expected increases in
oil demand through 2015, although they must contend
with a substantial range of potential competition if they
are to achieve such growth.

Oil’s share of world energy consumption actually drops
slightly over the projection period, from 39 percent in
1993 to 37 percent in 2015 (Figure 6). Slow growth is
projected for oil demand in the OECD—with increases
of less than 1 percent annually between 1993 and
2015—mainly because of the implementation of more

2 Energy Information Administration/ International Energy Outlook 1996



Figure 6. World Energy Consumption Shares
by Fuel Type, 1970, 1993, and 2015
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Sources: 1970: Energy Information Administration (EIA), Office of
Energy Markets and End Use, International Statistics Database. 1993:
EIA, International Energy Annual 1993, DOE/EIA-0219(93) (Washing-
ton, DC, May 1995). 2015: EIA, World Energy Projection System
(1996).

efficient energy-using technologies and because natural
gas is replacing oil for many uses. Conversely, non-
OECD oil demand is projected to grow by almost 3 per-
cent annually over the projection period. Strong
economic growth, rapidly increasing transportation
demand, and an expansion of oil demand for industrial,
residential, and commercial uses all contribute to the
expectation of strong growth in the demand for oil by
non-OECD nations.

Natural gas is projected to gain a larger share of world
energy consumption over the projection period, rising
from 22 percent in 1993 to almost 25 percent in 2015.
The fastest growth in natural gas consumption is pro-
jected for OECD Europe and developing countries in
non-OECD Asia and Central and South America. Natu-
ral gas is an attractive alternative to other fossil fuels
for industrialized countries concerned about reducing
greenhouse gas emissions. Further, technological devel-
opments, particularly in terms of increasing the effi-
ciency of natural-gas-fired electricity generating plants,
encourage the penetration of natural gas in the electric
utility sector. Natural gas is expected to fuel the
vigorous electric power development needed by non-
OECD countries to sustain economic growth. In fact, by
2015, world gas use is expected to equal coal consump-
tion (Figure 7).

Coal consumption is projected to increase by almost 2.6
billion short tons over the projection period. Neverthe-
less, coal’s share of world energy consumption remains

Figure 7. World Energy Consumption by Fuel Type,
1970, 1993, and 2015
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(1996).

virtually unchanged between 1993 and 2015 (Figure 6).
Increasing concerns about air pollutants released in the
combustion of coal, coupled with the growing availa-
bility of natural gas in countries of OECD Europe and
North America, have slowed the growth of coal use, as
has the collapse of the EE/FSU economies. However,
coal consumption in the countries of Asia—especially
China and India, but also including Japan—is expected
to offset those declines. Much of the projected coal
growth will be used to fuel electricity generation
throughout the world.

Fewer than half of the countries with nuclear power
programs are projected to expand capacity over the
projection period, and the nuclear share of world ener-
gy consumption declines by nearly 2 percent between
1993 and 2015. Growth is expected mainly in develop-
ing countries—especially those in non-OECD Asia that
are just beginning their nuclear programs (including
China, India, South Korea, and Taiwan)—and in Japan.
Nuclear energy is seen as necessary to supply much-
needed electricity in China, where there are increasing
concerns about the adverse environmental impacts
resulting from high levels of coal consumption, poor
transportation infrastructure that makes it difficult to
transport coal resources to areas of need, and limited
potential for developing hydroelectric resources.

Hydroelectricity and other renewable resources make
only small gains in their share of total energy consump-
tion, exceeding current levels by only 1 percent in 2015.

Energy Information Administration/ International Energy Outlook 1996 3



While environmental concerns are expected to create
appropriate market conditions for growth in renewable
energy demand, competitive fossil fuel prices may
hinder the expansion of renewables, especially in the
OECD countries. Consumption of renewables grows
slightly faster in the non-OECD, as a result of aggres-
sive development of hydroeleciric resources in coun-
tries of non-OECD Asia (such as Indonesia, Malaysia,
and Vietnam).

Electric power is projected to be the fastest-growing
source of end-use energy supply worldwide over the
next two decades. Growing world dependence on elec-
tricity should result in dramatic changes in the electric
power industry; many countries are currently working
to create more competitive environments for electricity
markets in order to promote greater efficiency. The
changes affect ownership, regulation, and industrial
structure (i.e.,, unbundling of electricity generation,
transmission, and distribution).

Assuming that world energy consumption reaches the
levels forecast in the reference case, world carbon
emissions are expected to rise by 3.4 billion metric tons
between 1993 and 2015. By the end of the forecast
period, world carbon emissions are projected to exceed
1990 levels by 54 percent. In 1992, more than 100 coun-
tries signed the United Nations Framework Convention
on Climate Change to encourage worldwide efforts to
achieve stabilization of greenhouse gas concentrations.
Industrialized countries within the OECD have pledged
to pursue efforts that would stabilize greenhouse gas
emissions at their 1990 levels. Indeed, in the forecast,
OECD countries substitute natural gas for coal in an

effort to stabilize emissions; but petroleum products
used in the transportation sector have few substitutes,
and petroleum accounts for nearly half the increase in
emissions. In the present forecast, only the EE/FSU
countries are projected to attain emissions below their
1990 levels, as a result of the drop in energy con-
sumption that accompanied the region’s economic woes
in the early and mid-1990s (Figure 8). By 2015, carbon
emissions for non-OECD Asia almost triple over 1990
levels, as coal use in the region grows substantially.

Figure 8. Growth in Carbon Emissions for
Selected Regions, 1990-2015
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World Energy Consumption

The world will require, and can produce, large increments of energy supply
over the next two decades. As energy use grows—especially in the
developing nations of Asia—carbon emissions will keep pace.

Introduction

The central message of the International Energy Outlook
1996 (IEQ96) is that the world will require, and can
produce, large increments of energy supply over the
next two decades. The normal course of economic de-
velopment is likely to spread the energy use patterns
currently prevalent in advanced economies of the
OECD to newly developing nations, such as non-OECD
Asia, where half the world’s population resides. New
demands for energy can be satisfied from available
resources with known technologies. Thus, the real cost
of energy need not escalate significantly over the pro-
jection period. Were these developments actually to
transpire, worldwide carbon emissions in 2015 would
be 50 percent higher than the current level.

World energy use is projected to grow by about 2 per-
cent per year through 2015, resulting in total con-
sumption in excess of 542 quadrillion British thermal
units (Btu). Between 1993 and 2015 energy consumption
is expected to increase by 193 quadrillion Btu—an
amount nearly equal to the world’s total energy con-
sumption in 1970. All forms of energy supply except
nuclear power are expected to grow over the projection
period. By 2015 oil use will total about 99 million
barrels per day, up more than 32 million barrels per
day relative to 1993. On a worldwide basis, coal use
equaled 4.9 billion short tons in 1993; by 2015, it is
projected to reach 7.5 billion tons. In aggregate, fossil
fuel use is expected to grow at the same rate as world
energy use over the next 20 years, with natural gas
gaining share relative to oil and coal.

Economic growth is the main factor driving growth in
energy demand. Between 1970 and 1993 world gross
domestic product (GDP) rose from $12 trillion (1990
U.S. dollars) to $23 trillion. By 2015 world GDP is
expected to almost double again, rising to $45 trillion.
On average, demand for energy does not rise in direct
proportion to increases in income (Figure 9). Between
1970 and 1993 energy consumption grew by 2.3 percent
per year, while income rose at an annual rate of 2.8
percent. The IEO96 projections assume that world eco-
nomic growth will average about 3.0 percent per year,
but that growth in energy use will slow to 2 percent.

Figure 9. World Energy, GDP, and Population
Trends, 1970-2015
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Sources: History: 1970-1979: Energy Information Administration
(ElA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: EIA, International Energy Annual 1993, DOE/
EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996). Gross Domestic Product (GDP):
The WEFA Group, World Economic Service Historical Data (Bala
Cynwyd, PA, July 1993); and World Economic Outlook, Vol. 1 (Bala
Cynwyd, PA, November 1995). Population: United Nations, World
Population Prospects: The 1994 Revision Annex Tables (New York,
NY, 1994), Tables A.1 and A.2.

Population is also expected to grow substantially over
the forecast period, but at less than one-half the rate of
income growth. The slow growth in population relative
to growth in GDP permits substantial improvements in
per capita income over the projection period. World
population currently is estimated to equal 5.7 billion; by
2015 it is expected to total 7.5 billion (Figure 9). Both
the level and composition of energy demand are affect-
ed by gains in per capita income. In general, the more
advanced an economy and the higher personal income,
the greater the demand for energy-using equipment.

Electricity demand is especially sensitive to growth in
income. Economic development leads to increased reli-
ance on electricity for machine drive in industrial
processes and increased use for heating, lighting, cook-
ing, and other appliances in residential and commercial
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activities. The trend evident over the past 20 years—
higher growth for electricity use relative to energy use
in general—is expected to continue throughout the pro-
jection period (Figure 9).

The geographic composition of energy demand will
change substantially over the projection period. Two-
thirds of all energy growth will occur in newly indus-
trializing economies. Most of that growth will be
concentrated in the developing countries of Asia, where
half the world’s population resides. Energy growth in
Asia is expected to reach 4.3 percent per year on
average (Table 1), compared with 1.3 percent for the
industrialized economies in the Organization for Eco-
nomic Cooperation and Development (OECD). The U.S.
growth rate is expected to average about 1 percent per
year. As recently as 1990, U.S. consumption exceeded
total non-OECD Asia consumption by 33 quadrillion
Btu. By 2015, non-OECD Asia is expected to exceed U.S.
consumption by almost 43 quadrillion Btu (Table 1).

The link between energy growth and economic growth
is relatively weak in industrialized economies. While
substantial economic expansion is expected over the
next two decades, growth in energy demand within the
OECD will be modest (Figure 10). In contrast, for much
of recent history and through much of the projection
period, energy use and economic growth closely track
each other in developing countries in non-OECD areas
(Figure 11).

The relatively higher energy growth in developing
countries is a result not only of rapid economic and
population expansion but also of changing lifestyles.
Many areas of the world are now gaining access to
electricity for the first time. Those that have electricity
are expanding the range of appliances they use. At the
same time, personal automobile ownership is becoming

Figure 10. OECD Energy, GDP, and Population
Trends, 1970-2015
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Sources: History: 1970-1979: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: EIA, International Energy Annual 1993, DOE/
ElA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996). Gross Domestic Product (GDP):
The WEFA Group, World Economic Service Historical Data (Bala
Cynwyd, PA, July 1993); and World Economic Outlook, Vol. 1 (Bala
Cynwyd, PA, November 1995). Population: United Nations, World
Population Prospects: The 1994 Revision Annex Tables (New York,
NY, 1994), Tables A.1 and A.2.

an important component of consumer demand in newly
industrializing areas. Double-digit growth rates in auto-
mobile ownership are evident in many countries, in-
cluding South Korea, Thailand, India, and China.

In developed countries, high levels of per capita energy
use have already been achieved. Most of the new
demand for energy-using equipment relates to main-
taining existing capital stock. Additions to personal

Table 1. World Energy Consumption by Region, 1970-2015

(Quadrillion Btu)

Annual Percent Change
Region 1970 1993 2010 2015 1970-1993 1993-2015
OECD ......ccceuuns 135.1 190.7 239.8 - 251.4 15 1.3
United States ........ 67.6 87.3 104.7 108.0 11 1.0
Non-OECD........... 7.7 158.3 255.3 291.0 35 2.8
Non-OECD Asia ...... 18.9 60.3 126.6 150.8 52 4.3
EE/FSU ............ 39.7 60.9 74.0 79.7 1.9 1.2
Total World .......... 206.7 349.1 495.1 542.3 23 2.0

Note: Totals may not equal sum of components due to independent rounding.
Sources: History: Energy Information Administration (EIA), Office of Energy Markets and End Use, International Statistics
Database; and International Energy Annual 1993, DOE/EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World

Energy Projection System (1996).
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Figure 11. Non-OECD Energy, GDP, and Population
Trends, 1970-2015
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Sources: History: 1970-1979: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: EIA, International Energy Annual 1993, DOE/
EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996). Gross Domestic Product (GDP):
The WEFA Group, World Economic Service Historical Data (Bala
Cynwyd, PA, July 1993); and World Economic Outlook, Vol. 1 (Bala
Cynwyd, PA, November 1995). Population: United Nations, World
Population Prospects: The 1994 Revision Annex Tables (New York,
NY, 1994), Tables A.1 and A.2.

consumption associated with higher income in ad-
vanced economies tend to be directed toward less
energy-intensive consumer goods and services. Because
of prior development, per capita energy use in indus-
trialized economies far exceeds the levels in newly
emerging economies (Figure 12), and it is expected to
change only moderately in the next two decades. In
emerging economies, per capita energy use may double
or triple. Even with such growth, however, average per
capita energy use in non-OECD countries—excluding
Eastern Europe and the former Soviet Union (EE/
FSU)—will still be less than one-fifth of the average for
OECD countries in 2015.

This issue of the International Energy Outlook reflects an
upward revision in energy use projections relative to
last year. For 2010, the JEO96 anticipates nearly 5 per-
cent (24 quadrillion Btu) more energy demand than did
IEO95. For the most part, the change reflects an upward
revision of the prospects for energy demand in non-
OECD Asia, and particularly in China and India. Al-
though the future rate of penetration of new energy-
intensive consumption patterns is difficult to determine,
both countries appear to be capable of sustaining sub-
stantial improvements in economic wealth, which will
increase personal demand for energy. On the other
hand, both countries have large, energy-intensive in-
dustrial sectors, which present significant opportunities

Figure 12. World Energy Consumption per Capita
by Region, 1970-2015

300
M world MW OECD
250 | INEE/FSU [JNon-OECD Asia
M Other Non-OECD
s
5.200
[34
[&]
g
5150+
m
o
S
=100-
s
501
0 -
1970 1993 2005 2015

Sources: History: 1970: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database. 1993: EIA, International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996). Population: United Nations, World
Population Prospects: The 1994 Revision Annex Tables (New York,
NY, 1994), Tables A.1 and A.2.

for improvements in energy efficiency. Recent studies
by the World Bank, however, suggest that there is a
potential for substantial growth in demand for energy
for personal use in these countries. Rapid growth in
residential and commercial energy use would offset
some of the prospective energy savings associated with
improved industrial efficiency [1, 2].

Sources of Energy Supply

Oil, which has been the dominant energy source his-
torically, is projected to continue its dominance during
the projection period (Figure 13 and Table 2). By 2015,
oil consumption throughout the world is projected to
total about 99 million barrels per day. On the other
hand, growth in oil consumption is expected to trail
growth in total energy use over the next two decades,
primarily because oil demand in OECD regions is pro-
jected to increase by only about 1 percent per year
(Figure 14 and Table 3). Much of the projected growth
in oil use in the OECD region occurs in the transporta-
tion sector, where petroleum fuels continue to have
limited competition from other energy sources. In non-
OECD areas, oil demand is expected to increase by
almost 3 percent per year on average, with growth
occurring in all economic sectors (Figure 15 and Table
3). By 2015, the non-OECD area is projected to consume
as much oil as does the OECD, and world oil require-
ments are expected to exceed current levels by more
than 32 million barrels per day. This increment is
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Figure 13. World Energy Consumption
by Fuel Type, 1970-2015
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Sources: History: 1970-1979: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: ElA, International Energy Annual 1993, DOE/
EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996). .

greater than the current level of oil production from all
of OPEC.

With such substantial growth in demand, the reference
case projection for oil prices rises over the next two
decades. Still, oil prices in the reference case are only
about $25 a barrel in 2015. The high and low world oil
price cases included in the IEO96 forecast cover a range
between $16 and $34 per barrel in 2015, as detailed in
the following chapter.

It should be noted that, while the JEO96 projections of
oil demand are somewhat higher than the IEO95 projec-
tions were, the oil price trajectories have been scaled

Figure 14. OECD Energy Consumption
by Fuel Type, 1970-2015
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Sources: History: 1970-1979: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: EIA, International Energy Annual 1993, DOE/
EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996).

down. In 2010, the IEOQ96 reference case projects the
world oil price at $24 per barrel, compared with $25 in
the IEO95 reference case. In fact, the downward revi-
sion in price expectations in this forecast is only the
latest in a series: as recently as 1992, the JEO had a base
case oil price of nearly $40 per barrel in 2010 [3].

Oil market forecasters have been persistently surprised
by real oil market developments. The key development
that has made it possible to have higher oil demand
and lower prices is the marked improvement in tech-
nology applied to oil exploration, development, and
production. The increasingly widespread use of three-
dimensional seismic imaging, horizontal drilling, and

Table 2. World Energy Consumption by Fuel, 1970-2015

(Quadrillion Btu)

Annual Percent Change
Energy Source 1970 1993 2010 2015 1970-1993 1993-2015
Oil ..o 97.8 136.2 187.7 202.8 14 1.8
Natural Gas .......... 36.1 75.1 117.9 133.7 3.2 2.7
Coal ........covanne 59.7 87.6 121.8 134.6 1.7 20
Nuclear ............. 0.9 22.1 24.3 21.6 14.9 -0.1
Renewables .......... 12.2 28.1 43.4 497 3.7 2.6
Total ........cuv... 206.7 349.1 495.1 542.3 2.3 2.0

Note: Totals may not equal sum of components due to independent rounding.
Sources: History: Energy Information Administration (EIA), Office of Energy Markets and End Use, International Statistics
Database; and International Energy Annual 1993, DOE/EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World

Energy Projection System (1996).
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Figure 15. Non-OECD Energy Consumption
by Fuel Type, 1970-2015
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subsea well completion technology has helped to revive
production from mature oil provinces and to reduce
development and production costs from new provinces.
As a consequence, the size and geographic diversity of
economical sources of oil supply have grown. While the
vast reserves of the Middle East still hold the most
promise for assuring large-scale availability of reason-

ably priced oil, the reserve and production potentials of
other areas of the world have expanded substantially.
Thus, future growth in oil demand may be served by a
wider array of supply areas than was hitherto thought
possible.

Among all fossil fuels, natural gas use is expected to
increase at the most rapid rate over the next two
decades. By 2015 the energy value of natural gas con-
sumption worldwide is expected to be approximately
equal to that of coal (Table 2). In 1970, coal consump-
tion exceeded natural gas use (in energy value) by 50
percent. As the level of gas use has risen, the geo-
graphical dispersion of consumption has broadened
greatly. In 1970 the major portion of natural gas
consumption was in the United States; since 1970,
growth in natural gas consumption has occurred in all
major areas of the world. By 1990 the U.S. share of
world gas consumption had dropped to just over 26
percent, and Europe and the FSU had become major
users. Over the next two decades, the use of natural gas
in established markets is expected to rise, while in Asia
and Central and South America major increments will
be added to demand (Table 3).

Factors boosting natural gas use include widespread
availability of recoverable reserves, rapid expansion of
systems for gas gathering and distribution, and the
favorable emissions characteristics of natural gas com-
bustion. Use of natural gas helps to moderate local air
pollution problems, especially when gas is substituted
for coal in electric power generation.

Table 3. World Energy Consumption hy Region and Fuel, 1970-2015

(Quadrillion Btu)

Annual Percent Change
Region and Energy Source 1970 1993 2010 2015 1970-1993 1993-2015
OECD ............... ' 135.1 190.7 239.8 251.4 1.5 1.3
L | 70.6 82.1 97.2 100.0 0.7 0.9
NaturalGas .......... 27.1 38.9 58.1 65.0 1.6 24
Coal................ 27.7 347 40.8 421 1.0 0.9
Nuclear ............. 0.8 18.1 18.9 16.7 14.5 -0.4
Renewables .......... 8.8 16.8 24.8 276 29 23
Non-OECD ............ 71.7 158.3 255.3 291.0 35 2.8
1 | 27.2 54.1 90.5 102.8 3.0 3.0
NaturalGas .......... 9.1 36.2 59.9 68.7 6.2 3.0
Coal................ 32.0 52.9 81.0 92.5 22 26
Nuclear ............. 0.1 4.0 54 4.9 17.4 1.0
Renewables .......... 3.3 11.2 18.6 22.0 5.5 3.1

Note: Totals may not equal sum of components due to independent rounding.
Sources: History: Energy Information Administration (EIA), Office of Energy Markets and End Use, International Statistics
Database; and International Energy Annual 1993, DOE/EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World

Energy Projection System (1996).
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Coal is expected to supply about 25 percent of all
energy consumption over the next two decades. On a
worldwide basis coal consumption is expected to rise at
about the rate of growth for all energy. However, most
growth in demand will be centered in non-OECD Asia
countries, especially China and India, both of which
have large reserves and are undertaking rapid expan-
sion of electric power generation capacity based on
coal.

Over the next two decades the share of renewables
(hydroelectricity, geothermal, wind, solar, and biomass)
is projected to rise somewhat. Most of the rise is
attributable to increased use of hydropower. Major
projects to expand hydroelectric power generation in
China and other Asia/Pacific nations are underway or
are planned. While the use of other renewable energy
sources is growing, the outlook for their use is less
optimistic in JEQ96 than it was in IEO95. Although the
costs of many renewable fuels technologies have de-
clined in recent years—a trend that should contribute
to an expansion of their use—fossil fuel prices are
expected to remain relatively low, making it more diffi-
cult for renewable technologies to compete with con-
ventional energy sources.

Among all energy supply sources, only nuclear power
is expected to decline both relatively and absolutely
over the projection horizon. Some areas will increase
reliance on nuclear power: new plants will be com-
missioned in China, Japan, and South Korea. However,
plants in the United States and in other countries with
mature programs are expected to be retired more rapid-
ly than new plants are activated in other areas. Substan-
tial capacity reduction is expected in the FSU and in the
United States, where plants are expected to be retired
after 2010 as they reach the end of their designed
operating lives.

Electricity is the most rapidly growing component of
energy demand throughout the world (Figures 9, 10,
and 11). In the OECD, electricity showed strong growth
between 1970 and 1993, at 2.6 percent per year, in
contrast to 2.3-percent annual growth in total energy
use. Between 1993 and 2015 the growth rate for
electricity demand in the OECD is projected to slow to
2.0 percent per year. Electricity consumption in non-
OECD countries grew by 4.7 percent per year between
1970 and 1993 and is expected to grow by 3.5 percent
per year between 1993 and 2015 (Table A8). Electricity
growth has been particularly strong in non-OECD Asia,
where the 1993 level of electricity consumption was
more than 5.5 times its 1970 level (Figure 16). In that
region, electricity consumption is expected to more than
triple again by 2015, as aggressive industrialization and

Figure 16. Non-OECD Electricity Consumption
by Region, 1970-2015
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urbanization plans correspond to aggressive develop-
ment of electricity supplies.

Throughout the forecast, coal is expected to remain the
dominant fuel used for electricity generation worldwide
(Figure 17). Slow growth in coal-fired generating capac-
ity in the OECD (Figure 18) is expected to be offset by

Figure 17. World Energy Use for Electricity
Generation by Fuel Type, 1993-2015
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Figure 18. OECD Energy Use for Electricity
Generation by Fuel Type, 1993-2015
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Sources: History (1993): Energy Information Administration (EIA),
International Energy Annual 1993, DOE/EIA-0219(93) (Washington,
DC, May 1995). Projections: EIA, World Energy Projection System
(1996).

rapid expansion in non-OECD regions (Figure 19). The
large increase in electricity consumption in non-OECD
Asia—particularly, China and India—accounts for a
major portion of the overall rise in coal-fired genera-
tion. Both countries are rich in coal reserves and have
well-developed infrastructures for coal mining and dis-
tribution, and because their oil and natural gas infra-
structures are relatively less developed, coal is their
most economical fuel.

Renewables (primarily hydropower) are currently the
second largest source of electricity, followed closely by
nuclear power and natural gas. Both renewables and
natural gas continue to grow as energy sources for
electricity generation throughout the forecast. China
contributes substantially to the growth in renewables
through an expansion of hydropower, and a number of
countries in non-OECD Asia and other parts of the
world are turning to gas as their first choice for
expansion of generation capacity. Oil use for electricity
generation changes little. Nuclear, after a slight rise
through the end of the century, begins to decline, and
by the end of the forecast its share is only slightly
larger than oil’s. Nuclear’s share of electricity genera-
tion rises slightly in Japan, France, and non-OECD Asia,
but for many parts of the world, unsolved problems
with plant safety, waste disposal, and public acceptance
have become barriers to the growth of commercial
nuclear power.

Figure 19. Non-OECD Energy Use for Electricity
Generation by Fuel Type, 1993-2015
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Energy Use and Carbon Emissions

If world energy consumption reaches the projected
levels in the IEQ96 reference case, world carbon emis-
sions are expected to increase by 3.4 billion metric
tons—or at a rate just over 2 percent per year—through
2015 (Table A9 and Figure 20). In that case, world
carbon emissions in 2015 would exceed 1990 levels by
54 percent. Oil and coal will contribute about 1.3 and
1.2 billion metric tons, respectively, to the increase, and
natural gas will provide the remainder (Tables Al0Q,
A1ll, and Al12 and Figure 21). Carbon emissions will
grow at a slower rate than energy consumption, reflect-
ing more rapid growth in the use of natural gas than
other fossil fuels.

Carbon emissions from energy use in OECD countries
are expected to increase by 902 million metric tons to
about 3.9 billion metric tons by 2015 (Figure 22), or by
about 1 percent a year. Petroleum products, used prin-
cipally in the transportation sector and having few sub-
stitutes, will account for nearly half the increase in
emissions. Natural gas will become a relatively more
important source of emissions as it replaces coal, which
is “dirtier” with respect to carbon dioxide (as well as
sulfur dioxide and nitrogen oxide). Nonetheless, coal
will remain an important source of emissions, primarily
because of its role as an economical fuel for baseload
electric power generation.
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Figure 20. World Carbon Emissions Trends,
1970-2015
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Sources: History: 1970-1979: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: EIA, International Energy Annual 1993, DOE/
ElA-0219(93) (Washington, DC, May 1995). Projections: Gross Do-
mestic Product (GDP): The WEFA Group, World Economic Outlook,
Vol. 1 (Bala Cynwyd, PA, November 1995). Energy Consumption
and Carbon Emissions: EIA, World Energy Projection System (1996).

By 2000, carbon emissions in non-OECD countries are
expected to surpass those in the OECD, even though
developing countries will use less energy than industri-
alized countries at that time. Non-OECD emissions are
expected to increase by 2.3 billion metric tons to a total

Figure 21. World Carbon Emissions by Fuel,
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Sources: History: 1970-1979: Energy Information Administration
(ElA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: EIA, International Energy Annual 1993, DOE/
EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996).

of almost 5.5 billion metric tons in 2015 (Figure 22).
Their growth represents about two-thirds of the project-
ed increase worldwide. The sizeable rise in emissions
from non-OECD countries is a result of their heavy
dependence on coal, the most carbon-intensive of the
fossil fuels, especially in the non-OECD Asia region,
which has the highest expected rate of economic
growth. Carbon emissions in non-OECD Asia are pro-
jected to increase from 1.3 billion metric tons in 1993 to
3.1 billion metric tons in 2015.

While coal use grows at the slowest rate among the
three fossil fuels worldwide, coal’s relatively high level
of carbon emissions per Btu lead to higher growth in
emissions from coal than from oil or natural gas. A
high rate of natural gas penetration is the principal
factor curtailing the growth of emissions relative to the
growth rate for energy in the projection period. Non-
carbon energy sources are not expected to grow in rela-
tive importance to mitigate carbon emissions. Although
the share of renewables in the overall energy supply is
projected to increase, that trend is offset by a reduction
in the use of nuclear power.

More than 100 countries are signatories to the United
Nations Framework Convention on Climate Change.
The ultimate concern of the Convention is to encourage
worldwide efforts to achieve stabilization of greenhouse
gas concentrations at levels which would forestall the
threat of global warming. Industrialized countries with-
in the OECD have pledged to pursue efforts that could

Figure 22. World Carbon Emissions by Region
and Fuel, 1990, 2000, and 2015
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Sources: History (1990): Derived from Energy Information Ad-
ministration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996).
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stabilize greenhouse gas emissions at their 1990 levels.
Negotiations are currently underway to clarify commit-
ments regarding projected stabilization targets.

Energy combustion accounts for 85 percent of all green-
house gas emissions. Thus, what happens to interna-
tional energy use is of fundamental importance to the
concerns identified in the Convention agreement. Al-
though developed countries are projected to increase
their energy use relatively slowly, at this point, taken as
a whole, they are not on a path to stabilizing green-
house gas emissions from energy use. Were such stabi-
lization achieved by the industrialized nations, annual
carbon emissions in 2015 would be about 900 million
metric tons less than projected in this report; none-
theless, worldwide emissions would still rise by one-
third from their 1990 levels—to about 8 billion metric
tons in 2015—because of the rapid rate of growth in
energy use in other parts of the world.

Alternative Growth Cases

Long-term projections of energy consumption are sub-
ject to substantial uncertainties. The sources of uncer-
tainty include economic growth rates, energy prices,

and the intensity of energy use in growing economic
systems. The IEO96 forecasts include a baseline set of
assumptions for these variables to provide a reference
case. A measure of the uncertainty in the reference case
projections of future energy consumption is represented
by two additional cases, which assume future economic
growth rates that are higher and lower, respectively,
than for the reference case.

In the reference case, total economic activity worldwide
is expected to grow at an average rate of 3.0 percent a
year from 1993 to 2015 (Table 4). The economies of the
OECD nations are assumed to average 2.5-percent
annual growth, compared with an average of 4.3 per-
cent a year for the non-OECD nations. Growth rates
within non-OECD areas are expected to vary widely:
China’s growth is projected at 7.7 percent per year;
Africa and Central and South America are expected to
grow at less than half that rate; and the EE/FSU region
is expected to average 2.8 percent annual growth in
GDP between 1993 and 2015.

There have been substantial differences in economic
growth rates both within and between regions over
time. For developing nations, in particular, unexpected

Table 4. Annual Growth Rates in Gross Domestic Product by Region and for Selected Countries, 1970-2015

(Percent per Year)

History Projections
Region/Country 1970-1980 1980-1990 1990-2000 2000-2015 1993-2015

OECD .....ciiveveecnnnnnnn 3.2 2.8 2.2 25 25
North America .............. 3.0 2.6 2.1 2.3 2.3
Europe .................... 3.0 2.6 2.1 2.6 2.6
Pacific ..........c.vvvn... 4.3 4.0 2.6 2.7 2.8
Non-OECD .......covvvnnnnnn 4.4 2.8 2.0 4.7 4.3
EE/FSU ........ ... 3.2 2.1 -4.0 3.8 2.8
Former Soviet Union . ........ 3.2 2.1 -4.4 3.7 2.6
Eastern Europe ............ 35 1.8 -1.1 4.2 3.9
Non-OECD Asia ............. 6.3 6.9 6.4 6.0 6.0
China..........ovvvnnn.. 5.8 8.9 9.2 7.6 7.7
OtherAsia ................ 6.4 6.3 54 5.2 52
MiddleEast ................ 4.8 1.5 3.3 34 3.4
Affica . .........ccovevve.. 4.2 1.4 2.3 3.5 3.2
Central and South America .. ... 5.8 1.1 3.9 3.8 3.7
TotalWorld ..........ccc.v. 3.5 2.8 2.2 3.1 3.0

Note: India is included in Non-OECD Other Asia.

Sources: History: Derived from The WEFA Group, World Economic Service Historical Data (July 1993). Projections: The
WEFA Group, World Economic Outlook, Vol. 1 (Bala Cynwyd, PA, November 1995); U.S. data from Energy Information Ad-
ministration (EIA), Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January 1996); and EIA, World Energy

Projection System (1996).

Energy Information Administration/ International Energy Outlook 1996

13



developments have played a major role in national or
regional development. Similarly, unanticipated events
are likely to play a major role in the future. The eco-
nomic turmoil in the FSU over the past 5 years serves
as an example: it was not anticipated in energy fore-
casts much before the region’s economic fortunes began
to decline. Likewise, the double-digit rates of economic
growth seen in China in the past few years were not
anticipated in many forecasts. The more mature econo-
mies of OECD nations grow more slowly and show less
variation than those of developing nations, but their
economic growth is also subject to uncertainty.

For the high and low economic growth cases, different
assumptions were made about the range of possible
economic growth rates for developing and developed
nations, reflecting the greater uncertainty inherent in
attempts to forecast economic growth in developing
economies. The same pattern of change in energy in-
tensity relative to change in GDP (discussed below) was
assumed for the high and low growth cases as for the
reference case. For OECD countries, increments of +0.5
and -0.5 percentage points, respectively, were added to
the reference case growth rates to generate the high and
low growth cases. For developing countries and/or
regions, apart from China and EE/FSU, increments of
+1.5 and -1.5 percentage points were used to generate
the high and low growth cases.

China and the EE/FSU countries are special cases with
regard to prospects for future economic growth. China
has had quite high economic growth in the past few
years, and the EE/FSU region has suffered a severe
economic downturn. For both regions, the opportunity
for a substantial change in growth exists: China has the
potential for a larger decline in growth rate given its
currently high rate, and there are prospects for a
substantial increase in the rate of growth for EE/FSU
nations should their current political and institutional
problems be moderated sufficiently for the recovery of
a considerable industrial base. Reflecting these un-
certainties, -3 percentage points have been added to
China’s growth rate for the low economic growth case
and +1.5 added for the high; and +3.0 percentage points
have been added to the EE/FSU growth rate for the
high economic growth case and -1.5 added for the low.

In the reference case, total world energy consumption
is expected to reach 542 quadrillion Btu in 2015, with
OECD countries consuming 251 quadrillion Btu and
non-OECD countries 291 quadrillion Btu (Table 5 and
Figure 23). Under the assumptions of the high eco-
nomic growth case, total world energy consumption
would be 622 quadrillion Btu in 2015, 80 quadrillion
Btu higher than the reference case projection. In the low
economic growth case, worldwide consumption would
be 473 quadrillion Btu, down 70 quadrillion Btu from

Table 5. Annual World Energy Consumption by Region in Three Economic Growth Cases,

1970, 1993, 2005, and 2015
(Quadrillion Btu)

History Projections
2005 2015

Region 1970 1993 Low Reference High Low Reference High
OECD ........ 135.1 190.7 220.2 227.7 235.2 237.6 251.4 265.6
Non-OECD ..... 7.7 158.3 199.6 2234 250.1 235.1 291.0 356.6
EE/FSU ...... 39.7 ' 60.9 64.0 68.7 78.9 70.2 79.7 102.5
China........ 11.6 31.6 45.8 54.2 58.9 58.8 81.8 96.2
Other Asia .... 7.2 28.7 452 51.2 57.9 55.8 69.1 85.3
Total World .... 206.7 349.1 419.8 451.1 485.4 472.7 5423 622.2

Note: India is included in Non-OECD Other Asia.

Sources: History: Derived from The WEFA Group, World Economic Service Historical Data (July 1993). Projections: The
WEFA Group, World Economic Outlook, Vol. 1 (Bala Cynwyd, PA, November 1995); U.S. data from Energy Information
Administration (EIA), Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January 1996); and EIA, World

Energy Projection Sysiem (1996).
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Figure 23. World Energy Consumption
in Three Cases, 1970-2015
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Sources: History: 1970-1979: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: EIA, Infernational Energy Annual 1993, DOE/
EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996).

the reference case. Thus, for the range of growth rates
used in the high and low cases, the associated spread
in total international energy consumption is 150 quad-
rillion Btu, or one-third of the total consumption pro-
jected for 2015 in the reference case. Non-OECD nations
contribute 122 quadrillion Btu to the spread, reflecting
the higher potential variability in economic growth
rates associated with their economic development.

Changes in energy intensity (the ratio of total energy
consumption to GDP) could also have a significant
impact on the projections presented in this report. As
economies grow, the energy intensity of the additional
economic activity will influence the course of energy
consumption. In industrialized countries, the expansion
of economic activity has tended to be in areas that are
less energy intensive. Further, more energy-efficient
technology has been adopted in many areas. As a re-
sult, energy consumption in the OECD has grown more
slowly than GDP since the mid-1970s (Figure 10). The
divergence, which developed after the Arab oil em-
bargo of 1973-1974, has persisted even as oil and other
energy prices have fallen to pre-embargo levels in real
terms. Thus, by 2015, GDP is expected to be three times
its 1970 level but energy use only twice its 1970 level.

In contrast, energy demand has risen at a more rapid
rate than GDP in non-OECD areas (Figure 11). This
pattern is expected to persist during the early years of
the projection period. Between 2000 and 2015, however,
a relationship between energy and economic growth
similar to that achieved in OECD countries is expected

to emerge. The future path of energy intensity for the
non-OECD nations is subject to much uncertainty and
is therefore more difficult to project than that for OECD
nations. Figure 24 depicts the historical and projected
energy intensities used in this report. Particularly for
the economies that are expanding rapidly, the expan-
sion rates of key sectors—such as electricity generation
(associated with expanding electricity consumption),
transportation, and energy-intensive manufacturing
industries—will be key determinants of trends in ener-
gy intensity. Equally important is the type of capital
equipment used in these sectors, as energy intensity
will vary considerably, depending on the energy-use
characteristics of new equipment.

Figure 24. OECD and Non-OECD Energy Intensities,
1970-2015
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The dynamics of growth in energy consumption are
demonstrated by considering an approximate measure
of the elasticity of change in energy consumption
relative to change in GDP. To smooth the year-to-year
differences, an average annual elasticity is calculated
for a 5-year period. The elasticity is the percentage
change in energy consumption divided by the percent-
age change in GDP. When the elasticity is greater than
1, each percentage point increase in GDP results in
more than 1 percentage point increase in consumption.
Consequently, when the average elasticity is greater
than 1, energy intensity is increasing; and when it is
less than 1, energy intensity is decreasing.

For OECD nations, the energy-to-GDP elasticity has
typically been less than 1 (Table 6). The economic
troubles of the EE/FSU countries have distorted the
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picture for non-OECD nations in the 1990 to 1995
period: while GDP and energy consumption have both
been declining in the EE/FSU, GDP has fallen more
rapidly, leading to a rise in energy intensity and a
positive energy-to-GDP elasticity. However, adding the
declines for the EE/FSU to the rest of the non-OECD
results in a misleading negative energy-to-GDP elastic-
ity. To correct for this distortion, average elasticities
were also computed for the non-OECD nations exclud-
ing EE/FSU. For those nations, the average elasticity
hovered around 1 for the 1970 to 1980 period, corre-
sponding to relatively flat energy intensity values
(Table 6). From 1980 to 1985 the average elasticity was
almost 2, and it has since declined through 1995.

The decline in energy-to-GDP elasticity for non-OECD
nations is projected to continue through 2015 in the
IEO96 forecasts, but at a slower rate than that for
OECD nations. The projected reduction in energy inten-
sity is based on the assumption that energy-efficient
technologies used in OECD nations will increasingly be
adopted in the developing nations. The widespread use
of efficient technology could come about through
pressures for economic efficiency as the economies in
non-OECD nations become more market driven and
more integrated into a world market. Environmental
considerations could be another factor contributing to
the adoption of more efficient technologies around the
world.

The reference case projections of energy intensity
assume a substantial rate of decline in energy intensity.
Several recent reports on China illustrate different

views on this subject. In one report, China: Issues and
Options in Greenhouse Gas Emissions Control [1], which
provides a forecast to the year 2020, the baseline fore-
cast has an energy-to-GDP elasticity of 0.56, comparable
to that assumed for IEO96. In contrast, a World Bank
discussion paper, “Energy Demand in Five Major Asian
Developing Countries” [2], assumes an elasticity of 0.78
through 2005, citing an International Energy Agency
finding that there may not be sufficient funds for China
to build plants using highly efficient, and therefore
more expensive, technology. Using this larger energy-
to-GDP elasticity with the GDP growth assumptions in
IEO96 to 2015 (well beyond the intended range of the
World Bank study) would give a total energy consump-
tion for China in 2015 that is about 30 quadrillion Btu
larger than the reference case forecast of 82 quadrillion
Btu.

Still another report, Pacific Energy Outlook by the East-
West Center [4], has a more optimistic view of the de-
cline in China’s future energy intensity, with an implicit
energy-to-GDP elasticity of about 0.47 for the 1995 to
2010 period. This elasticity applied to the IEO96 GDP
growth rates would place total energy consumption for
China at about 71 quadrillion Btu in 2015. Thus, the
range of estimates for China’s energy consumption,
using this range of estimates for energy-to-GDP elastic-
ities, is about 41 quadrillion Btu, or 50 percent of the
IEO96 reference case forecast for China’s total consump-
tion.

Because assumptions about energy intensity have such
a strong influence on energy consumption projections,

Table 6. Average Energy Elasticity (Change in Consumption Versus Change in Gross Domestic Product),

1970-2015: World, OECD, Non-OECD, and Non-OECD Asia

History Projections

Region/Country 1975 1980 1985 1990 1995 2000 2005 2010 2015
TotalWorld ................... 0.95 0.92 0.74 0.68 0.71 0.74 0.67 0.61 0.59
OECD ....iiiiiinireannanians 0.74 0.65 0.03 0.56 0.79 0.56 0.51 042  0.39
NOom-OECD ......covvnvnnnnsn 1.08 1.23 1.63 085  -0.51 0.74 0.67 0.61 0.59
Non-OECD without EE/FSU ...... 0,97 1.07 2.05 1.07 0.87 0.85 0.74 0.66 0.63
EE/FSU . ... oot 1.27 1.70 1.24 0.49 0.46 0.54 0.42 0.40 0.39
Non-OECD Asia................ 1.03 0.61 0.86 0.72 0.82 0.81 0.68 0.62 0.61
China................. e 0.88 0.53 0.57 0.44 0.51 0.59 0.57 0.56 0.55
OtherAsia ................... 1.21 0.83 0.98 1.03 1.04 0.98 0.74 0.62 0.59

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
The elasticity was calculated for each 5-year period by dividing the percentage change in energy consumption by the

percentage change in GDP.

Sources: History: Derived using gross domestic product data from The WEFA Group, World Economic Service Historical
Data (July 1993), and energy consumption data from Energy Information Administration (EIA), International Energy Annual
1993, DOE/EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World Energy Projection System (1996).
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it is useful to consider the effects of alternative assump-
tions for the non-OECD nations as a whole. Under the
possibly pessimistic view that development in the non-
OECD nations will not result in changes in energy in-
tensity (an energy-to-GDP elasticity of 1.0), total energy
consumption in 2015 by non-OECD nations would be
441 quadrillion Btu, an increase of 150 quadrillion Btu
over the reference case projection (Table 7). On the
optimistic side, if it is assumed that the average energy
intensity for non-OECD nations will decline on average
at the same rate as that for OECD nations, total non-
OECD energy consumption in 2015 would be 31 quad-
rillion Btu less than in the reference case (Table 7).

Comparisons with Other Projections

Another way to assess uncertainty is to compare differ-
ent forecasts. Three forecasts that are comparable in
scope to IEO96 have been developed by the Inter-
national Energy Agency (IEA), Petroleum Economics
Limited (PEL), and Petroleum Industry Research Asso-
ciates (PIRA). Two of the forecasts (IEA and PIRA)
expect higher levels of growth in energy demand over
the next two decades than those presented here, and
the PEL forecast projects roughly the same level of
growth (Table 8).

A core difference across the forecasts lies in assump-
tions about regional economic growth rates (Table 9).
Although the four forecasts have similar expectations
with respect to economic growth in OECD countries—
differing by only one-tenth of a percentage point—there
are sizeable differences in the assumptions about pros-
pects for developing countries. The IEO96 projection
assumes the slowest rate of growth for non-OECD
areas: 3.3 percent a year for the 1990 to 2010 period.
The range for the other forecasts is from 4.6 percent a
year for PEL, to 4.8 percent for IEA, to 5.0 percent for
the PIRA forecast (which extends only to 2005).

The forecasts are generally pessimistic regarding the
outlook for recovery in the EE/FSU, where GDP has
declined by as much as one-third since 1990.! The IEA
appears to be more optimistic, projecting an average
growth rate for the region of 2.1 percent per year;
however, that estimate is for the period 1992 to 2010
rather than 1990 to 2010. The time difference is sig-
nificant, because there was a substantial loss of GDP
between 1990 and 1992 for the EE/FSU region. Indeed,
IEO9%6 projects average growth of 1.6 percent a year
between 1992 and 2010 for the region. Even though the
forecasts generally expect some economic recovery in
the EE/FSU economies, GDP levels in 2015 are expect-
ed to be only about at 1990 levels; and even to achieve
that result, growth rates in excess of 2 percent would be
needed after 2000.

All four of the forecasts agree that non-OECD Asia will
be the area of largest growth over the two decades.
Further, all the forecasts agree that China, with GDP
growth assumptions ranging from 7.9 to 8.4 percent a
year, will have the strongest economic growth. The
IEQ96 assumptions are at the high end of the range.

In large part, differences in projected world energy
requirements flow directly from different assumptions
about economic growth. As seen for the comparison of
economic growth rates (Table 9), the IEO96 projection
of 1.8-percent annual growth in total world energy use
(Table 8) is slightly lower than the other forecasts,
which range from 1.9 percent (PEL), to 2.1 percent
(IEA), to 2.4 percent (PIRA). The crucial role of energy
demand growth in determining world energy needs is
underscored when one notes that a difference of 0.6
percentage point between the PIRA and IEO96 refer-
ence case growth rates for world energy consumption
translates into 66 quadrillion Btu more energy use in
2010 in the PIRA forecast.

Table 7. Variation in Non-OECD Energy Consumption in 2015, Given Alternative Assumptions

About Energy Intensity
(Quadrillion Btu)

Alternative Assumptions

Non-OECD Energy
Consumption, 2015

Change from
Reference Case

Non-OECD energy intensities remain constant at 1995 levels

JEO9B referenCe Case .. v v v v v i i ittt e i et

Non-OECD energy intensities decline at OECD rate ........

....... 441 +150
....... 291 —
....... 260 -31

Source: Energy Information Administration, World Energy Projection System (1996).

't is useful to bear in mind in comparing different forecasts for the EE/FSU that statistical data from these regions are not reliable,
particularly for the period of the economic collapse. Differences among forecasts could result in part from the use of different historical

data for GDP and energy consumption.
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Table 8. Comparison of Energy Consumption Growth Rates, 1990-2010, by Fuel Type
(Average Annual Percent Growth)

IEO96
Fuel Type Low Growth | Reference |High Growth | 1EO95 IEA® PEL PIRAP
L 1 1.1 1.6 2.2 1.5 1.9 1.8 1.9
NaturalGas .............. 2.0 25 3.1 2.0 25 25 2.9
Coal ....ooviiiiie i 0.6 1.3 1.9 1.3 2.0 1.4 2.6
Nuclear ................. 0.7 0.9 1.2 0.9 1.4 1.4 1.5
OtherEnergy ............. 2.1 25 3.0 23 3.3 2.6 3.1
Total Energy ............ 1.3 1.8 23 1.6 2.1 1.9 2.4

3EA growth rates are for the period 1992-2010.

bPIRA growth rates are for the period 1990-2005.

Sources: IEO96: Energy Information Administration (EIA), World Energy Projection System (1996). IEOQ95: EIA, International
Energy Outlook 1995, DOE/EIA-0484(95) (Washington, DC, June 1995), Table 9, p. 22. IEA: International Energy Agency,
World Energy Outlook 1995 (Paris, France, April 1995), Capacity Constraints Case, p. 301. PEL: Petroleum Economics, Ltd.,
Oil and Energy Outlook to 2010 (London, United Kingdom, December 1995), Table 1. PIRA: Petroleum Industry Research
Associates, Inc., Annual Retainer Client Seminar—World and U.S. Oil (New York, NY, October 1995), Table II-5.

Table 9. Comparison of Economic Growth Rate Assumptions, 1990-2010, by Region
(Average Annual Percent Growth)

IEO96 .
Region Low Growth | Reference |High Growth| IEO95 IEA® PEL PIRAP

OECD .....cciiiinreennn 2.0 2.4 2.7 2.3 2.5 2.4 2.3
North America ........... 1.8 2.2 2.6 2.2 25 2.4 2.4
Europe . ....ccoiiii... 1.9 2.3 2.7 2.3 2.3 2.1 2.2
Pacific ................. 2.3 2.7 3.1 2.8 2.7 22 2.2
Non-OECD ............... 2.0 3.3 4.6 3.4 4.8 4.6 5.0
EE/FSU ... ... ... . ..., -1.3 -0.2 1.9 0.6 2.1 — 0.1
Former Soviet Union ...... -1.5 -0.5 1.7 0.1 1.3 -0.1 —_
Eastern Europe ......... 0.4 1.5 3.7 22 3.6 1.8 —
Non-OECD Asia .......... 4.6 6.2 , 7.4 6.1 6.6 — 6.8
China................. 6.1 8.4 9.5 7.4 7.9 8.3 8.2
OtherAsia ............. 4.2 54 6.5 5.4 6.0 6.1 . 5.0
MiddleEast ............. 2.3 3.3 45 3.9 3.4 3.5 3.6
Africa .................. 1.7 2.8 4.0 2.8 3.7 3.2 2.8
Central and South America .. 25 3.8 4.8 3.7 3.7 2.8 3.6
TotalWorld .............. 2.0 2.6 3.3 2.7 3.1 2.8 3.7

31EA growth rates are for the period 1992-2010.

bPIRA growth rates are for the period 1990-2005.

Notes: IE096, IEO95: India is included in Non-OECD Other Asia. Mexico is included in North America. PEL: North America
includes only the United States. OECD Pacific includes only Japan. Mexico is included in Central and South America. PIRA:
North America includes only the United States and Canada. Mexico is included in Central and South America. OECD Pacific
includes only Japan. Asia is defined as South Asia and Southeast Asia and Pacific.

Sources: IEO96: Energy Information Administration (EIA), World Energy Projection System (1996). IEOQ95: EIA, International
Energy Outlook 1995, DOE/EIA-0484(95) (Washington, DC, June 1995), Table 8, p. 21. IEA: International Energy Agency,
World Energy Outlook (Paris, France, April 1995), Table A2, p. 298. PEL: Petroleum Economics, Lid., Oif and Energy Outlook
to 2010 (London, United Kingdom, December 1995), Table 4. PIRA: Petroleum Industry Research Associates, Inc., Annual
Retainer Client Seminar—World and U.S. Oil (New York, NY, October 1995), Table II-1.
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The World Oil Market

Oil is the major source of energy worldwide and is expected to remain so
over the next two decades. Oil use is projected to grow by 2 percent a year,
but oil prices are not expected to rise beyond $25 per barrel before 2015.

Since the oil price collapse of 1986, petroleum has re-
emerged as a premier growth industry in world energy
markets. Current oil consumption exceeds 68 million
barrels per day and is rising at an annual rate in excess
of 1.5 million barrels per day. By 2015, the world’s
daily consumption of oil is expected to reach about 99
million barrels, as compared with an average of 57 bar-
rels per day in 1973, when the world was first racked
by an oil price crisis. Despite continued demand
growth of nearly 2 percent per year over the next two
decades, oil prices are not expected to rise beyond $25
per barrel. The existence of vast quantities of pro-
ducible oil reserves, along with actual and potential
competition from nonpetroleum fuels, is expected to
moderate many tendencies for sustained oil price esca-
lation over the projection period.

Oil is the major source of energy worldwide and is ex-
pected to remain so over the next two decades (Figure
25 and Table 2). While natural gas and renewables are
making inroads into energy markets in OECD nations,

Figure 25. World Consumption of Oil Relative to
All Other Energy Sources, 1970-2015
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leading to a decline in oil’s share in those markets, its
share is rising in the developing nations as transporta-
tion, industrial, and other uses for oil expand.

Growth in Oil Demand

Oil consumption by OECD countries is expected to
grow at about 0.9 percent per year, rising from 41
million barrels per day in 1993 to about 50 million
barrels per day in 2015 (Figure 26). Oil remains the
most important energy source in the majority of OECD
countries, although its share of energy consumption for
all OECD nations is expected to drop by 3 percentage
points (from 43 to 40 percent) over the 1993 to 2015
period. This drop reflects the continuation of trends in
Europe, Japan, and other countries in which newer
technologies use oil more efficiently and where natural
gas and other energy sources are replacing oil for many
uses, constraining the bulk of oil's growth to its
principal market—transportation fuels—where it has no
substantial competition.

Figure 26. OECD and Non-OECD Oil Consumption,
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Growth in oil use by non-OECD countries of 3 percent
per year is projected to cause oil consumption to rise
from 26 to about 49 million barrels per day in the 1993
to 2015 time period. In 2015, the OECD and non-OECD
nations approach parity in their levels of oil consump-
tion. Strong economic growth, the rapidly increasing
demand for transportation, and an expansion of de-
mand for oil in a wide range of industrial and residen-
tial/commercial uses all contribute to the projected
growth in oil demand in the non-OECD countries.
Many of the non-OECD countries where rapid eco-
nomic growth is taking place do not have transmission
and distribution infrastructures in place for natural gas
to compete with oil in all areas where energy demand
is increasing. Consequently, more incremental energy
demand is met by oil in developing nations than in the
OECD, where gas infrastructure has become wide-
spread in most nations.

In the IEO96 high and low economic growth cases, oil
consumption worldwide could reach 113 million barrels
per day or be as low as 87 million barrels per day
(Figure 27). At present, there appears to be greater
potential for oil demand growth to exceed the reference
case projection than the reverse. Oil demand is highly
income-elastic, especially in countries with under-
developed personal transportation usage—including
China and India, with 38 percent of the world’s popula-
tion. Although high growth rates in oil use are project-
ed in the reference case, the rates are much lower than
those experienced in the recent past by Asian countries
that first emerged as rapidly growing economies
(Taiwan, Thailand, and South Korea). If China and

Figure 27. World Oil Consumption, 1970-2015

120

High Economic Growth
100

80

Reference Case

/~/\’/— " Low Economic Growth
60+

40

Million Barrels per Day

20
History Projections

0 T 1 T T T T T T

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Sources: History: 1970-1979: Energy Information Administration

(EIA), Office of Energy Markets and End Use, International Statistics .

Database. 1980-1993: EIA, International Energy Annual 1993, DOE/
EIA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996).

India were to match the oil demand growth rates seen
recently in smaller Asian economies, the increment in
oil demand over reference case levels could be 1.2 mil-
lion barrels per day in 2005 and more than 20 million
barrels per day in 2015.

Regional Variations in Demand
Growth

For non-OECD Asia, in the reference case, oil consump-
tion is expected to grow at an average rate of 44
percent per year from 1993 to 2015 (Figure 28). In the
regions with less dramatic projections for economic
growth (Middle East, Africa, and Central and South
America), the growth rate for oil consumption is closer
to 2 percent per year. Oil consumption in the EE/FSU
nations is expected to resume positive growth by 1996,
but the severe economic downturn this region has
suffered, coupled with opportunities for significant
technical advances leading to more efficient use,
dampens net growth over the forecast period. The pro-
jected EE/FSU consumption level of 9 million barrels
per day in 2015 is expected to exceed consumption in
1993 by about 2 million barrels per day, but it is still
slightly below the 1990 level.

The projected increase in oil consumption by the OECD
as a whole from 1993 to 2015 is 8.9 million barrels per
day. Oil's share of total energy use is projected to
increase in Australia and New Zealand, with oil con-
sumption growing by 1.6 percent a year (Figure 29). In

Figure 28. World Oil Consumption by Region,
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Figure 29. OECD Oil Demand by Region,
1970, 1993, and 2015
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the United States, oil’s share remains unchanged at 39
percent between 1993 and 2015. And in the remainder
of the OECD countries, oil's share falls substantially,
dropping by 5 to 10 percentage points in most coun-
tries. Next to Australia and New Zealand, Mexico has
the highest projected rate of growth for oil demand at
2.0 percent a year; however, other energy use is expect-
ed to grow even more rapidly, so that oil’s share of
Mexico’s total energy consumption declines from 72
percent in 1993 to 58 percent in 2015. Japan also has a
higher growth rate for oil consumption than most
OECD nations, averaging 1.3 percent a year, but oil’s
share of total energy consumption also decreases there,
from 57 percent in 1993 to 52 percent in 2015. Lacking
indigenous energy resources, Japan remains dependent
on imports to meet its oil needs and is expected to
continue diversifying its energy resource base to reduce
its dependence on a particular fuel or supplier.

In the rest of the OECD, oil consumption grows at a
much slower rate. Growth in OECD Europe averages
only 0.4 percent per year, growing from 13.6 to 14.9
million barrels per day over the projection period. In
this region oil continues to be displaced in space heat-
ing and power generation and to lose market share to
natural gas and electricity in many industrial energy
uses. This trend is further accentuated by the decline in
energy-intensive industries and the growth in service
industries, which are more likely to use natural gas and
electricity than oil.

Over the projection period, non-OECD Asia will
become a dominant force on the demand side of the
world oil market (Figure 30). By the year 2000, the
region’s oil demand is expected to average nearly 0.3
million barrels per day more than average daily con-
sumption in OECD Europe. By 2010 the region’s de-
mand of 21 million barrels per day is expected to
surpass consumption in the United States. In 2015, non-
OECD Asia’s share of world oil consumption is ex-
pected to be nearly twice what it was in 1993.

Figure 30. Non-OECD Oil Demand by Region,
1970, 1993, and 2015
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There is a sizeable difference between China and India
and the other non-OECD Asia countries in their de-
pendence upon oil. In 1993, oil accounted for 21 percent
of China’s total energy consumption and 30 percent of
India’s. Those shares are not projected to change much
over the projection period. On the other hand, the re-
maining non-OECD Asian countries (of which Indo-
nesia, Malaysia, South Korea, and Thailand are the
major energy consumers) are much more dependent on
oil, which claimed a 55-percent share of their total
energy consumption in 1993 and is expected to reach 60
percent in 2015. A significant factor contributing to
higher reliance on oil use in these countries is the rapid
growth in road transportation, especially for personal
transportation.

The transportation sector in both China and India is -
currently dominated by rail, using coal-fired engines
[1]. Both countries are switching to diesel or electric
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engines, which will lead to some increase in the
demand for oil. More importantly, road transportation
in both countries is limited, both for freight hauling
and for personal travel, and is likely to develop rapidly
in the future. The increase in demand for motor fuels
will lead to an increase in the use of lighter petroleum
products in both countries. China’s economy over the
projection period is assumed to grow at an average rate
of 7.7 percent a year, and its oil consumption is expect-
ed to grow by 4.5 percent a year, with oil consumption
nearly tripling. In 2015, China’s oil consumption is
expected to approach 40 percent of U.S. consumption
and 55 percent of OECD Europe’s.

World Oil Price Projections

As noted earlier, the oil price projections included in
the IEO9 reference case indicate a rise in oil prices
over the projection period from about $16 to $25 per
barrel between 1995 and 2015 (Figure 31). In the low
and high oil price cases, the price in 2015 could be as
low as $16 or as high as $34 per barrel. Despite a 40-
percent increase in total world daily consumption over
the forecast period, no significant escalation in world
oil prices is expected. Moreover, this IEO projects lower
prices for oil through 2010 than did IEO95, despite
higher consumption projections for 2010 and for most
of the preceding years.

Over the past several years, oil price expectations have
been scaled back drastically. As recently as 1992, the
reference case oil price forecast for the JEO—and for

Figure 31. World Oil Prices in Three Oil Price
Cases, 1970-2015
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most other forecasts—was in the neighborhood of $40
per barrel for 2010. The current reference case pro-
jections track what was presented as the low price case
for typical forecasts in 1992 (Figure 32). The low price
case for IEO96—around $16 per barrel through the fore-
cast period—is the current base case for some other
forecasts.

Figure 32. Comparison of Oil Price Projections,
1990-2010
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Typical investment decisions by petroleum companies
currently engaged in oil exploration and development
are undertaken with the assumption that oil prices will
not rise in real terms in the foreseeable future. Despite
this price outlook, investment is rising and oil produc-
tion capabilities are expanding in many parts of the
world, including the United States. Even in an environ-
ment which appears to present limited prospects for
improved prices, profit expectations are growing, fueled
in part by growing demand, but fueled even more im-
portantly by opportunities for economical expansion of
output.

The potential for expanded oil production has been
vastly enlarged by the development of new technolo-
gies to identify and develop producible oil reserves,
even in geologically and operationally hostile areas.
This potential also applies to difficult horizons and to
producing areas formerly considered to be near deple-
tion. In addition, government policies in many areas of
the world have been modified to encourage investment
in oil production. Taxes, royalties, or profit-sharing
arrangements have been changed to profit margins for
investment in areas such as South America, the North
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Sea, Nigeria, Indonesia, and Australia. Moreover, in-
vestment opportunities now exist in parts of the former
Soviet Union and in some OPEC member countries
where for decades private investment was excluded.

As a consequence, while oil demand has risen in recent
years, new technology and additional discoveries have
led to a stable or slightly increasing level of production
in non-OPEC areas (Figure 33). This trend is expected
to continue through 2015, as the range of application of
new technologies is extended to old producing areas
and to new areas which, through discovery or through
the modification of host countries’ oil investment
policies, now offer new opportunities for private in-
vestment. It is now generally agreed that there is sub-
stantial potential for further expansion of non-OPEC
production that is at least sufficient to offset declines
from old producing areas. Although Persian Gulf
nations alone- have sufficient reserves to meet the
expected increases in demand through 2015, to gain
that market they must compete with a substantigl range
of potential competition. Consequently, the outlook for
the international oil market over the next 20 years is
one with sufficient sources of supply to meet anticipat-
ed growth in demand with only moderate growth in—
or potentially stable—world oil prices.

Production Assumptions for the
World Oil Price Cases

Three alternative paths for world oil prices are con-
sidered in this report. The three price paths result from

Figure 33. World Oil Production by Region,
1970, 1993, and 2015
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three different sets of assumptions about production
rates for OPEC and for EE/FSU producers (Figure 34
and Table 10). The low oil price case uses optimistic
production rates from OPEC and the FSU, while the
high oil price case uses pessimistic production rates.
These are the only assumptions made in generating the
three price paths. Non-OPEC production and oil con-
sumption vary across the three cases as a result of the
different prices, but the changes are a consequence of
the different prices and are not part of the assumptions
made to generate the three price cases.

Figure 34. OPEC Oil Production in Three
Oil Price Cases, 1970-2015
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Table 10. OPEC OQil Production, 1990-2015
(Million Barrels per Day)

Reference High Low
Year Case Oil Price | Oil Price

History

1990 .......... 24.8 — —
Projections .

1995 .......... 28.0 27.8 28.1

2000 .......... 32.8 29.0 36.4

2005 .......... 40.5 33.5 468

2010 .......... 47.5 39.3 56.3

2015 .......... 55.5 471 67.1

Note: Includes the production of crude oil, natural gas
plant liquids, refinery gain, and other liquid fuels.

Sources: History: Energy Information Administration
(EIA), International Petroleum Statistics Report, DOE/EIA-
0520(96/02) (Washington, DC, February 1996), Table 4.4.
Projections: EIA, World Energy Projection System (1996).
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OPEC oil production is expected to grow significantly
in the future, and all three JEO96 price cases assume
that Persian Gulf producers will substantially expand
their production (Table 10). In the reference case, OPEC
production in 2015 is assumed to be 56 million barrels
per day, more than twice its 1990 level. The assumed
OPEC production levels in 2015 are about 8 million bar-
rels per day lower in the high price case (47.1 million
barrels per day) and about 12 million barrels per day
higher in the low price case (67.1 million barrels per
day).

The low price case assumes that OPEC production will
be near the maximum feasible, as a result of competi-
tion among producers for market share and aggressive
development to bring additional reserves into produc-
tion. The high price case assumes lower production
levels, which could be brought about by a combination
of slower development of production capabilities and
production further below capacity than is assumed in
the reference case. The variations in non-OPEC produc-
tion between the high and low price cases result from
the responses of non-OPEC producers to the different
price levels, as well as variations in such assumptions
as the number of exploration wells, finding rates,
reserve-to-production ratios, and advances in extraction
technology (Table 11).

Table 11. Non-OPEC Qil Production, 1990-2015
(Million Barrels per Day)

Reference Low High
Year Case Qil Price | Qil Price

History .

1990 .......... 41.9 — —
Projections

1995 ........ .. 417 417 41.8

2000 .......... 43.7 425 45.0

2005 .......... 43.9 418 46.5

2010 .......... 43.8 40.9 46.7

2015 .......... 43.1 39.6 459

Note: Includes the production of crude oil, natural gas
plant liquids, refinery gain, and other liquid fuels.

Sources: History: Energy Information Administration
(ElA), International Petroleum Statistics Report, DOE/EIA-
0520(96/02) (Washington, DC, February 1996), Table 4.4.
Projections: EIA, World Energy Projection System (1996).

With the wide disparity between OPEC and non-OPEC
reserve-to-production ratios, it is logical to assume that
most production capacity expansion in the mid- to long
term will be in the OPEC member nations, especially
those in the Persian Gulf region. In fact, a compilation
of official plans and announcements by OPEC member
nations indicates additions to OPEC crude oil produc-

tion capacity of at least 10 million barrels per day by
the turn of the century [2]. Such plans are consistent
with the anticipated vigorous growth in oil demand,
especially in the newly industrialized countries of the
Pacific Rim region.

Other Views of Prices and Production

Table 12 presents price projections alternate to IEO96
prepared by other oil market analysts. Among these
forecasts, the IEO96 price expectations are toward the
high side of a very broad range. The 2005 price esti-
mates range from $14.64 per barrel (PEL) to $28.59
(IEA), with IEO96 at $21.86. For 2010, the range is
$12.32 (PEL) to $28.59 (IEA), with JEO96 at $23.70. For
2015, IEO96 is slightly above $25, DRI is just below, and
GRI, which has assumed constant prices in real terms,
is at $16.17.

A major factor conditioning alternate views on oil
prices is the expected composition of world oil produc-
tion. At issue in particular is the expected strength of
production expansion within OPEC areas. Also of con-
cern is the timing of production recovery in the former
Soviet Union. There is general agreement among the
forecasts that production from the EE/FSU will remain
in the neighborhood of 10 percent of world production
(Table 13). The expectations regarding the split between
OPEC producers and the rest of the world excluding
EE/FSU vary much more. JEO96 has the highest esti-
mate for the OPEC share, growing from 48 percent in
2005 to 56 percent in 2015. Forecasts that are more
bullish for non-OPEC producers include NERA and
PIRA, which have the OPEC share at 35 and 36 percent,
respectively, in 2005. For 2010 and beyond, the other
forecasts have the OPEC share remaining just below 50
percent. In general, the more bullish analysts are with
regard to non-OPEC supply development, the lower
their price expectations are.

Worldwide Reserves and Ultimately
Recoverable Oil

In the late 1980s, more than 350 billion barrels of crude
oil reserves were added worldwide. The additions were
made predominantly by the OPEC nations (almost 94
percent of the total). It might be natural to assume that
such dramatic increases in OPEC crude oil reserves
would be accompanied by commensurate increases in
OPEC crude oil production. Such has not been the case.
Although OPEC crude oil production has been increas-
ing steadily since the mid-1980s, crude oil production
from non-OPEC suppliers has shown surprising resil-
ience over the past two decades, increasing by more
than two-thirds. In fact, the long-term outlook for non-
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Table 12. Comparison of World Oil Price Projections, 1995-2015
(1994 Dollars per Barrel)

Year IEO96 IEA PEL PIRA DRI GRI WEFA NWS NERA
1995 .... 16.81 — 16.41 17.73 16.46 — 17.22 18.03 16.89
2000 .... 18.27 23.48 ° 14.66 14.66 16.82 16.17 19.61 19.52 21.60
2005 .... 21.86 28.59 14.64 15.37 20.83 16.17 21.30 — 27.10
2010 .... 23.70 28.59 12.32 — 23.22 16.17 22.06 — 21.49
2015 .... 25.43 —_ — — 24.79 16.17 —_ — 18.53

Notes: PEL projections are for Brent crude oil. NWS projections are for West Texas Intermediate crude oil spot prices. PIRA
projections are for West Texas Intermediate crude oil at Cushing. /EO96 projections are for average landed imports to the
United States. DRI, GRI, and WEFA projections are for composite prices. NERA projections are for U.S. refiners’ acquisition
cost.

Sources: IEO96: Energy Information Administration, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,
January 1996), Table 3. IEA: International Energy Agency, World Energy Outlook (Paris, France, April 1995), Capacity
Constraints Case, p. 295. PEL: Petroleum Economics, Ltd., Oil and Energy Outlook to 2010 (London, United Kingdom,
December 1995). PIRA: Petroleum Industry Research Associates, Inc., Annual Retainer Client Seminar—World and U.S. Oil
(New York, NY, October 1995). DRI: DRI/McGraw Hill, Oil Market Outlook: Special Issue (Lexington, MA, October 1995), p.
40, GRI: Gas Research Institute, Draft of the GRI Baseline Projection of the U.S. Energy Supply and Demand, 1995 Edition
(Washington, DC, October 1995). WEFA: The WEFA Group, U.S. Long-Term Economic Outlook, Volume 1 (Bala Cynwyd, PA,
Fourth Quarter 1995), pp. 5.92-5.93. NWS: NatWest Securities, Lid., Strategic Assessment, Major Oils Identifying Value from a
Global Perspective (London, United Kingdom, September 1995). NERA: National Economic Research Associates, Inc., NERA

Energy Outlook (White Plains, NY, February 1996), Table 2.

OPEC supply has become increasingly optimistic even
in the face of lower world oil prices. Figure 35 shows
the estimates for non-OPEC production for the year
2010 from six consecutive editions of the International
Energy Outlook. After adjusting for differences in the
world oil price forecast (all production paths were
normalized to the JEO96 reference case price path),
there is a difference of almost 10 million barrels per day
between the JEO90 forecast for non-OPEC production
(33.7 million barrels per day) and the IEO96 projection
(43.6 million barrels per day).

What accounts for this evolving optimism regarding
non-OPEC supply potential? New exploration and pro-
duction technologies, aggressive cost-reduction pro-
grams by industry, and attractive fiscal terms to
producers by governments all have contributed to the
steady increase in non-OPEC oil production. Although
forecasters have long been predicting a precipitous
decline of non-OPEC oil supplies, there is reason to be
optimistic that such production will continue to be
vigorous well into the next century. Table 14 shows
estimates of worldwide proven crude oil reserves and
a forecast range of undiscovered conventional crude oil.
Also shown is an estimate of ultimately recoverable
resources, which is derived from the sum of cumulative
production, undiscovered conventional crude oil (modal
value), and identified reserves (assuming current tech-
nology and prices). Cumulative production is also
included, to give a sense of that portion of ultimately
recoverable resources that has already been produced.

OPEC producers, led by those in the Persian Gulf
region, obviously enjoy an enormous advantage in
proven reserves over non-OPEC producers. However,
the U.S. Geological Survey estimates that of the more
than 450 billion barrels of undiscovered conventional
crude oil that would most likely be recoverable assum-
ing current economic and technological conditions,
about two-thirds of that oil would come from non-
OPEC producers [3]. In this context one may conclude
that OPEC could potentially remain at less than a 50-
percent share of worldwide production even in the face
of strong demand growth for at least the first two
decades of the next century.

OPEC Production Capacity
Expansion

The IEO96 price projections assume that the OPEC
countries with large reserves that can be exploited at
relatively low cost will have the greatest influence on
future oil market conditions. It is assumed that OPEC
nations will pursue policies—and that investment capi-
tal will be available—to expand production capacity as
necessary to meet growing demand.

In the IEO96 reference case, the production call on
OPEC producers grows at a robust annual rate of 3.5
percent. When compared with the estimates in last
year’s International Energy Outlook, OPEC production in
IEO96 is 1.1 million barrels per day lower than IEO95
in the year 2000, equivalent in 2005, and 900,000 barrels
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Table 13. Comparison of World Oil Production

Forecasts
(Percent of World Total)
Forecast OPEC EE/FSU Other
History
1993 .......... 40 12 48
Projections
1995
IEO96 ........ 40 10 49
PEL .......... 42 9 50
PIRA ......... 36 11 53
DRI .......... 39 10 51
NERA ........ 42 9 51
2005
IEQ%6 ........ 48 10 42
"PEL.......... 45 11 43
PIRA ......... 36 13 51
DRI .......... 48 .o 41
NERA ........ 35 11 54
2010
IEO%6 ....... . 52 11 37
IEA .......... 49 11 40
PEL........... 48 12 40
DRI .......... 49 11 41
2015
IEOC96 ........ 56 11 33
DRI .......... 49 10 41

Note: Percentages may not add to 100 due to independ-
ent rounding.

Sources: JE096: Energy Information Administration,
World Energy Projection System (1996). IEA: International
Energy Agency, World Energy Outlook (Paris, France, April
1995), Capacity Constraints Case, p. 295. PEL: Petroleum
Economics, Lid., Oil and Energy Outlook to 2010 (London,
United Kingdom, December 1995). PIRA: Petroleum Indus-
try Research Associates, Inc., Annual Retainer Client Semi-
nar—World and U.S. Oil (New York, NY, October 1995).
DRI: DRI/McGraw Hill, Oil Market Outlook: Special Issue
(Lexington, MA, October 1995), p. 40. NERA: National
Economic Research Associates, Inc., NERA Energy Out-
look (White Plains, NY, February 1996), Table 2.

per day higher in 2010. By 2015, the IEO96 production
estimate for OPEC exceeds 55 million barrels per day.
This outlook assumes that Iraq will resume exports in
1997 and will gradually build up its output to almost 3
million barrels per day by the year 2000.

The return of Iraq’s production to the international oil
supply market marks a period—out to the end of this
decade—in which OPEC capacity utilization will not
exceed 85 percent. In the aftermath of the Persian Gulf
War, OPEC capacity utilization remained above 85 per-
cent through 1995, with rates above 91 percent in 1991
and 1992. With the expected growth in demand, espe-
cially in the developing countries of Asia, OPEC capaci-
ty utilization is expected to exceed 85 percent after 2000

Figure 35. Comparison of Non-OPEC Oil Production
Projections, 2010
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and remain there for the duration of the forecast
period. Official plans and announcements by OPEC
producers indicate that their total liquids capacity by
the year 2000 could exceed 38 million barrels per day.

Given the production capacity expansion requirements
for OPEC inherent in the IEO96 estimates, much atten-
tion has been focused on the oil development, produc-
tion, and operating costs of individual OPEC producers.
The reserve-to-production ratio of Persian Gulf OPEC
producers currently exceeds 80 years, implying that the
adequacy of the reserves base to support significant
capacity expansion should not be an issue. But what
can be said regarding the economies of production
capacity expansion estimates, given the alternative
world oil price projections included in IEO96?

The cost to produce a barrel of oil in Persian Gulf
OPEC nations ranges between $0.99 and $1.49 per bar-
rel, depending on field size [4]. The capital investment
required to increase production capacity by 1 barrel per
day in Persian Gulf OPEC nations ranges between
$2,515 and $4,866, depending on field size. Assuming
a world oil price of $16 per barrel and mid-size fields
only, total development and operating costs over the
entire forecast period expressed as a percentage of
gross revenues range only between 10 and 15 percent.
At least for the Persian Gulf OPEC producers, the total
cost of the projected capacity expansion is a relatively
small percentage of the gross revenue even in the low
price case. The production capacity estimates in IEO96
assume that investment funds exist and will be bor-
rowed, or that foreign companies will be allowed to
acquire an equity position.
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Table 14. Estimated Undiscovered and Ultimately Recoverable Conventional Oil Resources

as of January 1, 1993
(Billion Barrels)

Undiscovered Oil

Low Most High Cumulative ldentified Ultimate
Region Estimate Likely Estimate Production Reserves Resources
OPEC ........ointvvnnn. 95.3 152.0 319.8 282.9 706.4 1,141.3
PersianGulf ............. 74.2 116.4 232.0 177.0 583.0 876.4
Other 21.1 35.6 87.8 105.9 123.4 264.9
Non-OPEC............... 196.9 318.7 685.4 415.7 396.8 1,131.2
OECD ........... ... 68.4 108.3 223.9 225.4 156.4 480.1
Eurasia ................ 77.5 132.1 330.6 142.3 163.7 438.1
RestofWorld ............ 51.0 78.3 130.9 48.0 76.7 203.0
TotalWorld .............. 292.2 470.7 1,005.2 698.6 1,103.2 2,272.5

Notes: Identified reserves are the nominal sum of proved, probable, and possible reserves, or some major part thereof.
Ultimate resources = cumulative production + identified reserves + undiscovered oil (most likely).

Source: C. Masters, E. Attanasi, and D. Root (U.S. Geological Survey), “World Petroleum Assessment and Analysis,”
Proceedings of the Fourteenth World Petroleum Congress (John Wiley and Sons, New York, 1994).

For OPEC producers outside the Persian Gulf, the cost
to expand production capacity by 1 barrel per day is
considerably greater, ranging from $7,610 (Indonesia) to
$10,240 (Venezuela) [5]. Yet even this group of pro-
ducers in the low price case can expect margins in
excess of 50 percent on investments to expand produc-
tion capacity over the long term. Of the non-Persian
Gulf OPEC producers, Venezuela has the greatest
capacity expansion potential and has already an-
nounced plans to expand capacity to nearly 4 million
barrels per day by 2005. Tables A34-A37 in Appendix
A present the ranges of production potential for both
OPEC and non-OPEC producers.

Non-OPEC Oil Production in the
Reference Case

The growth in non-OPEC oil supply has played a sig-
nificant role in the erosion of OPEC’s market share over
the past two decades. Moreover, the non-OPEC oil
supply has become increasingly diverse. North America
dominated non-OPEC supply in the early 1970s, the
North Sea and Mexico evolved as major producers into
the 1980s, and much of the new production in the 1990s
has come from the developing countries.

In the IEO96 reference case, world petroleum demand
rises at an annual average rate of 1.5 million barrels per
day over the forecast period. Although OPEC is expect-
ed to benefit most from the projected growth in oil
demand, there will be significant competition from a
diverse range of non-OPEC suppliers that have shown
surprising resilience even in the current low price

environment. While U.S. exploration and development
activity has dropped dramatically over the past decade,
its production and its reserve availability have not
fallen proportionately. For example, EIA’s Annual
Energy Outlook for 1996, published in January of this
year, projects U.S. oil output in 2010 that is 1.5 million
barrels per day higher, with 40 percent lower prices,
than those projected in the 1992 Annual Energy Outlook
[6]. At the same time, even with lower prices, explora-
tion activity in some of the developing countries has
actually expanded. In the JEO96 reference case, non-
OPEC supply is expected to remain virtually flat (rang-
ing between 41.0 and 41.5 million barrels per day) out
to 2010, with a decline of only 1 million barrels per day
coming near the end of the projection period.

When the IEO96 production profiles are compared with
those in the International Energy Outlook 1995, several
important differences emerge:

* U.S. production does not decline as severely in the
IEO96 projections, and the production recovery near
the end of the forecast period is more robust, actu-
ally returning to about current production levels as
a result of technological progress that has expanded
the economically recoverable resource base.

* North Sea production peaks later in IEO96 and does
not decline as rapidly, due to a combination of
several large new fields, enhanced subsea tech-
nology, and improved fiscal management.

* Oil production in the former Soviet Union does not
rebound as quickly in IEO96, as a result of both
physical problems (declining flow rates and under-
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utilized or outmoded technology) and institutional
factors (bureaucratic impediments to joint ventures,
law and taxation constraints on investing, and idle
production resulting from lack of capital).

e The production outlook for the developing coun-
tries, particularly those of Latin America and Asia,
is more optimistic in IEO96, due to a combination of
increased drilling, technology dissemination, and
improved fiscal environments.

The net effect of these differences is that the IEO96 non-
OPEC production estimates are equivalent to the com-
parable IEOQ95 estimates, even though the expected
prices are somewhat lower. The reference case estimate
for the year 2010 is 1.3 million barrels per day lower in
IEO96 than it was in JEO95, but the difference is largely
attributable to the JEO96 assumption that the produc-
tion turnaround for the former Soviet Union will be
delayed: resource availability in the area is great, but
the politics to support economic investment remain
highly uncertain.

In the JEO96 forecast, North Sea production peaks in
1997 at almost 6.4 million barrels per day. Production
from Norway, Western Europe’s largest producer, is ex-
pected to peak at about 3.3 million barrels per day in
1997 and then gradually decline to about 2.2 million
barrels per day by the end of the forecast period, as
some of its larger and older fields mature. The United
Kingdom sector of the North Sea is expected to produce

about 2.8 million barrels per day for the remainder of
this decade, followed by a decline of about 1 million
barrels per day by the end of the forecast period.
Recent discoveries, however, especially in the United

" Kingdom sector, indicate the possible availability of

significant untapped potential.

Two non-OPEC Persian Gulf producers are expected to
show production increases at least to the end of this
decade. In Oman, enhanced recovery techniques are ex-
pected to increase current output by almost 150,000
barrels per day. And assuming that the recent civil
strife in Yemen remains dormant, current oil produc-

- tion could increase by more than 200,000 barrels per

day early in the next century. Syria is expected to hold
output at its current level for the remainder of this
decade, with production declining thereafter.

Far Eastern producers are beginning to explore and
develop what appears to be a promising potential for
oil production, which could reap benefits well into the
next century. Assuming no barriers for foreign invest-
ment, India is expected to increase its current output
steadily to about 900,000 barrels per day by 2015. Deep-
water fields offshore from the Philippines could pro-
duce about 250,000 barrels per day by the turn of the
century. There appears to be enough long-term produc-
tion potential in Vietnam for output to reach 500,000
barrels per day by the end of the forecast period.
Australia will have a near-term increase that peaks at

During the 1980s, oil production in the former Soviet
Union (FSU) consistently averaged around 12 million
barrels per day. In each year of this decade, however,
there have been severe declines in FSU oil production,
largely because of the economic problems of the post-
Communist era. Data for 1995 suggest that the down-
ward trend may have ended at a low point of about
7 million barrels per day. A gradual recovery is ex-
pected over the remainder of the decade, but no sig-
nificant production gains are anticipated before the
turn of the century.

Currently, in the upstream segment of the FSU oil in-
dustry, flow rates at producing wells are down, and
many idle wells are flooded. Rig technology is often
outmoded, and fairly common extraction techniques
such as gas injection are underutilized. According to
World Bank estimates [7], an investment of about $8
billion per year would be needed to return FSU oil
production to its 1991 volume of just over 10 million
barrels per day by the year 2000. Given the current

Former Soviet Union Oil Production and Export Potential

political and economic uncertainty in the FSU, it is
unlikely that such investment levels can be achieved.

The energy sector in the FSU now operates on a
viable economic basis, but profit levels are low. There
is still a widespread perception among consumers that
the energy utilities are state-subsidized monopolies
obligated to maintain supply, and many customers,
both corporate and individual, do not pay their oil
bills. As a result, the oil industry suffers a chronic
shortage of capital for investment.

The export market is currently the most profitable
arena for the FSU oil industry. Three new export
facilities now under active consideration would make
the promising fields in the northeast sector of Euro-
pean Russia available to the world market, and full
deregulation of oil exports appears to be imminent.
These developments would contribute substantially to
renewed confidence—and investment—in the FSU oil
sector. In the past, the region’s inconsistent regulatory
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and legislative environment has constrained the devel-
opment of joint ventures.

The long-term outlook for FSU oil production is more
optimistic. Proven reserves exceed 125 billion barrels,
and a recent assessment of world petroleum by the
U.S. Geological Survey [3] postulates an additional
100 billion barrels of undiscovered oil in the FSU
whose discovery and development are considered
likely under current economic and technological con-
ditions. Thus, ultimately recoverable oil resources in
the FSU region could total at least 340 billion barrels.
Only Saudi Arabia, with estimates in excess of 374 bil-
lion barrels, can boast a greater potential for ulti-
mately recoverable oil.

As described on pages 32 and 33, the IEO96 projec-
tions include a high non-OPEC oil supply case, based
on assumptions that are somewhat more optimistic

FSU Oil Production Potential in Two Cases,
1990-2015
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 1993, DOE/EIA-0219(93) (Washington,
DC, May 1995). Projections: EIA, World Energy Projection System
(1996).

than the reference case with regard to technology
gains, economically recoverable resources, and insti-
tutional constraints on oil production throughout the
world. The two figures below show projected FSU oil
production and export potential in the reference case
and the high non-OPEC supply case.

In the reference case, oil production in the FSU is
projected to exceed 8.4 million barrels per day in 2005
and to reach 10.4 million barrels per day by 2015. In
the high non-OPEC supply case, FSU production
levels reach 10 million barrels per day in 2006 and 11
million barrels per day in 2010. In the reference case,
net exports of oil from the FSU remain between 2 and
3 million barrels per day throughout the forecast. In
the high non-OPEC supply case, they surpass 3 mil-
lion barrels per day in 2002 and rise above 4 million
barrels per day in 2006.

FSU Oil Export Potential in Two Cases,
1990-2015
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more than 650,000 barrels per day by 1997, but produc-
tion declines are expected to be rather severe beyond
the year 2000 unless current offshore exploration pays
some dividends. Malaysia’s production activity comes
mostly from mature fields that are in decline. Prelimi-
nary seismic exploration and test wells indicate some
production potential for Bangladesh and Mongolia, but
it is unlikely that output would be realized until the
turn of the century.

In Central and South America, Colombia—which con-
tinues to encourage significant multinational invest-
ment—is expected to at least double its current output
by 2000. By the turn of the century, both Brazil and
Colombia are expected to join the relatively short list of
producers whose output exceeds 1 million barrels per
day. Brazil has vast untapped production potential; and
given no government impediments to foreign invest-
ment, it could approach 2 million barrels per day of
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output by the end of the forecast period. Argentina is
expected to raise current production levels by up to
150,000 barrels per day by the end of this decade.
Former OPEC member Ecuador is expected to increase
its production capacity to allow an additional 200,000
barrels per day in output.

A few non-OPEC producers in Africa are expected to
show modest increases out to the end of the decade.
Angola, Congo, and Tunisia, combined, will account for
about 200,000 barrels per day of additional output by
the year 2000. The absence of significant discoveries,
coupled with normal declines from mature fields, has
Egypt’s production falling by almost 150,000 barrels per
day by the end of the decade. Two new African pro-
ducers, Chad and the Sudan, are expected to bring a
combined 500,000 barrels per day of output on line by

the turn of the century. The Ivory Coast, Equatorial -

Guinea, Somalia, and South Africa have some produc-
tion potential, but they are unlikely to begin production
before 2000.

Due mainly to the decline in U.S. production, North
American output will show steady decline into the
early years of the next century. Canada’s output should
increase modestly over current levels, declining only
slightly by the end of the forecast period. Offshore
discoveries in the Gulf of Mexico, incremental Alaskan
production from Cook Inlet, and technological advances
in extraction methods reverse the downward trend in
U.S. production for the remainder of the forecast
period. By 2015, U.S. production is expected to return
to current production levels. Mexico is expected
increasingly to make concessions that will encourage
foreign investment in its oil sector, resulting in a much-
needed infusion of capital and leading to more efficient
use of its vast resource base. Production volumes in
Mexico are expected to reach 3.5 million barrels per day
by 2005 and could increase by another 300,000 barrels
per day by 2015.

The estimates for non-OPEC production potential pre-
sented in this outlook are based on such parameters as
the number of exploration wells, finding rates, reserve-
to-production ratios, advances in extraction technology,
and the world oil price. By the end of the projection
period, the range of non-OPEC supply varies between
38.5 million barrels per day and 47.2 million barrels per
day. Tables A34-A36 in Appendix A present the ranges
of production potential for both OPEC and non-OPEC
producers.

The High Non-OPEC Supply Case

As noted above, world oil market forecasts in the past
have been notable for their persistent underestimation
of oil production by non-OPEC nations. The three
world oil price cases considered here present three
alternative paths for non-OPEC production resulting
from the three different price paths. A range of esti-
mates for non-OPEC production potential is presented
in Tables A34-A37 in Appendix A, reflecting different
assumptions about the number of exploration wells,
finding rates, and so on. The range shown for non-
OPEC production potential probably is conservative, in
that it does not incorporate incremental production that
could result from the development of currently un-
discovered oil that is thought to exist (Table 14). A
fourth view of future non-OPEC production is provided
by assuming that a portion of the undiscovered oil in
non-OPEC nations will be developed and produced
over the forecast period.

Figure 36 compares OPEC and non-OPEC production
estimates over the forecast period for the reference case
and for a high non-OPEC supply case. The high non-
OPEC supply case was developed from the following
assumptions:

Figure 36. Non-OPEC Oil Production in Two Cases,
1990-2015
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e World oil prices were the same as those in the
reference case.

¢ US. production was the same as in the reference
case.

® One-third of the world’s undiscovered oil was con-
sidered economical to develop over the forecast
period.

¢ Technology improvements over the forecast period
were assumed to be transferrable worldwide.

¢ It was assumed that no institutional barriers would
constrain production.

e A reserve-to-production ratio of 15 years (slightly
less than the current non-OPEC ratio) was used as
a lower bound for production estimates.

These assumptions result in 0.7-percent annual growth
of non-OPEC production over the forecast period, com-
pared with slightly declining growth in the reference
case. Non-OPEC production reaches a peak of 47.4 mil-
lion barrels per day in the high case, compared with a
high of only 41.5 million barrels per day in the refer-
ence case. Figure 37 compares peak production levels

Figure 37. Non-OPEC Oil Production in Two Cases
by Region, 2010
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for the six non-OPEC nations whose volumes increased
the most in the high case with the corresponding peak
levels in the reference case.

In the reference case, OPEC production peaks at 57.5
million barrels per day, and the OPEC share of world-
wide production begins to exceed that of non-OPEC
suppliers in 2005. In the high non-OPEC supply case,
OPEC production peaks at 50.6 million barrels per day,
and OPEC is delayed from regaining the majority
market share until 2013. A somewhat conservative esti-
mate of ultimate recoverable resources was used in the
high non-OPEC supply case; on the other hand, if more
than one-third of the undiscovered oil in non-OPEC
countries were economically recoverable, it is conceiv-
able that OPEC might never again produce more than
one-half of the world’s oil.
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Natural Gas

Natural gas is the cleanest of the fossil fuels, and reserves are abundant.
Environmental considerations and technological advances in gas-fired
electricity generation are making it the fastest-growing fossil fuel worldwide.

Natural gas remains the fastest-growing fossil fuel
worldwide, and strong growth in gas demand is pro-
jected through the end of the forecast period. There are
several reasons for this optimism. Natural gas is the
cleanest of the fossil fuels, and many countries are
increasing their use of natural gas resources because of
environmental concerns. It is an attractive alternative
fuel for industrialized OECD countries concerned about
reducing greenhouse gas emissions. It is also an in-
creasingly popular choice for countries building new
electric generating facilities. Natural-gas-fired plants
often require lower capital costs and shorter construc-
tion leadtimes than solid fuel plants, and technological
advances are lowering operating costs [1, p. 21]. In
addition, natural gas prices are expected to be increas-
ingly competitive with oil prices, and gas reserves are
abundant [2, p. 60].

Worldwide, natural gas demand is expected to grow by
more than 76 percent by 2015 over current levels. In the
IEOG6 reference case, consumption grows to 133 trillion
cubic feet in 2015 from 76 trillion cubic feet in 1993
(Figure 38). The fastest growth is projected for Europe

Figure 38. World Consumption of Natural Gas,
1970-2015
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(both OECD and Eastern Europe), Asia, and Central
and South America (Figure 39). Each of these regions
makes gains in its share of world natural gas demand
(Table 15), with OECD Europe increasing its share by
3 percentage points between 1993 and 2015. In Asia and
Central and South America, natural gas resources have
not been developed to the same extent that they have
in regions with more mature natural gas markets, such
as North America. Natural gas demand is expected to
grow by 6.5 percent annually in Asia, 4.8 percent in
Easteérn Europe, and 4.4 percent in Central and South
America, compared with the 1.7 percent projected for
North America. Natural gas is expected to play a key
role in the vigorous electric power development that is
needed—particularly in the non-OECD countries—to
sustain economic growth.

Changes in the natural gas industry and technological
advances are also facilitating the growth of natural gas
demand in the OECD countries. While the U.S. natural
gas market is almost completely a competitive market,
many countries of OECD Europe are in various stages
of privatization. For most of the non-OECD nations,

Figure 39. Natural Gas Consumption by Region,
1995, 2005, and 2015
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Table 15. Shares of World Natural Gas Consumption by Region, 1993-2015

(Percent of Total)

History Projections

Region 1993 2000 2005° 2010 2015
OECD ....iviiinrrineecannaann ereeeaas 51.0 50.2 49.8 48.7 48.2°
OECD North America ..........ccvovvn... 31.9 29.2 28.1 26.8 26.2
OECDEurope ..........ciiiiiiannnn. 15.3 17.1 17.7 18.0 18.2
OECDPacific . ....c v i i i i i i en 3.8 3.9 4.1 3.9 3.7
Non-OECD . .....ciiiiiiciiieennnncnnnns 49.0 49.8 50.2 51.3 51.8
EEFSU ... i e 33.6 324 31.0 30.3 29.8
Former SovietUnion . . .................. 30.3 28.1 26.4 25.3 24.6
EasternEurope . ......... .. ... .. 3.3 4.4 4.6 5.0 5.2
Non-OECD Asia .....cciii it it 49 7.0 8.6 10.1 10.9
MiddleEBast ..........ciiiiiiiiinnn. 57 57 5.5 52 49
Affica . .. 2.0 1.8 2.0 2.1 2.1
Central and South America ................ 2.8 2.8 3.2 3.7 41

Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995), Table 1.3. Projections: EIA, World Energy Projection System (1996).

natural gas utilities remain under state control, al-
though many non-OECD countries have also begun to
explore privatization. In addition, there are efforts in
OECD Europe and North America to increase storage
to ensure secure gas supplies. Finally, technological
developments, particularly in terms of increasing the
efficiency of natural-gas-fired electric power plants,
favor the penetration of natural gas in the electric
utility sector, especially in OECD Europe.

Reserves

As of January 1, 1996, proven world gas reserves®
(Table 16) were estimated at nearly 5 quadrillion cubic
feet [3, p. 43], 46 trillion cubic feet less than the
estimate for 1995. Over the past two decades, however,
estimated reserves have increased by 94 percent, mostly
because of increases in domestic reserve estimates in
the Middle East and EE/FSU. While reserves in the
OECD have remained fairly stable between 1975 and
1996 (Figure 40), estimated reserves in the non-OECD
have more than doubled, from 1,990 trillion cubic feet
to 4,442 trillion cubic feet [3, p. 43; 4, pp. 237-238].

More than 70 percent of the world’s gas reserves are
located in the former Soviet Union and the Middle East.

Remaining reserves are distributed fairly evenly
throughout the other regions of the world (Figure 41),
except for the OECD Pacific. Natural gas reserves in the
OECD Pacific region amounted to only 24 trillion cubic
feet in 1996, about, one-seventh the size of those in
OECD Europe.

Despite rapid growth in natural gas use, reserves-to-
production ratios are high by standards seen in devel-
oped gas markets in North America and Europe. On a
worldwide basis, known reserves would be sufficient to
maintain production at current rates for more than 60
years. In many countries with emerging economies, the
reserves-to-production ratio is twice the world average.
In developed areas, the ratio is nearly 16 years for the
OECD, compared with 79 years for the former Soviet
Union and over 100 years for the Middle East [5, p. 18].

Infrastructure To Support
Natural Gas Usage

Delivery and storage systems are key to making natural
gas an economical source of fuel for energy consump-
tion. In the United States, major developments in infra-
structure occurred especially in the 1950s and 1960s. In
Europe and Japan the energy crises of the 1970s drove

?Proven reserves are the estimated quantities that analysis of geological and engineering data demonstrate with reasonable certainty
to be recoverable in future years from known reservoirs under existing economic and operating conditions. However, significant reserves
in the probable category are included in “reserves” estimates for various countries, including those in the former Soviet Union.
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Table 16. World Natural Gas Reserves by Country
as of January 1, 1996

Reserves | Percent of
(Trillion World
Country Cubic Feet) Total
WorldTotal ............. 4,933.6 100.0
Top 20 Countries ........ 4,579.7 92.8
Former Soviet Union . . .... 1,977.0 40.1
ran ......co0vvinn.... 741.6 15.0
Qatar ................. 250.0 5.1
United Arab Emirates ..... 205.5 4.2
Saudi Arabia ........... 185.4 3.8
United States ........... 163.8 3.3
Venezuela ............. 139.9 2.8
Algeria ................ 128.0 2.6
Nigeria ................ 109.7 22
=T 109.5 2.2
Indonesia . ............. 68.9 1.4
Mexico................. 68.4 1.4
Malaysia .............. 68.0 1.4
Canada ............... 67.0 1.4
Netherlands ............ 65.2 1.3
China................. 59.0 1.2
Kuwait ................ 52.4 1.1
Norway ............... 47.5 1.0
Libya ................. 45.8 0.9
Pakistan ............... 27.0 0.5
RestofWorld ........... 353.9 7.2

Note: The sum of the shares for the top 20 countries may
not equal their total share due to independent rounding.

Source: “Worldwide Look at Reserves and Production,”
Oil and Gas Journal, Vol. 93, No. 52 (December 25, 1995),
pp. 44-45.

rapid development of pipeline and liquid natural gas
(LNG) processing facilities. In these established mar-
kets, substantial expansion of natural gas handling
facilities continues. Although infrastructure develop-
ment is less advanced in other areas of the world,
widespread development is underway, featuring not
only major LNG projects (see box on page 38) but also
extended pipeline connections (Figure 42).

In addition, the increasingly competitive global natural
gas market has resulted in a need for countries to
increase natural gas storage capacity, both to ensure
secure supplies of the fuel and to increase market
efficiency and, subsequently, market growth. This is
particularly evident in countries in North America,
OECD Europe, and Eastern Europe, where growing gas

Figure 40. OECD and Non-OECD Natural Gas
Reserves, 1975-1996

5,000

4,000

3,000+
Non-OECD

2,000

Trillion Cubic Feet

1,000
OECD

\—————_—/_\_—\

0 ——————r—— —
1975 1980 1985 1990 1995

Sources: 1975-1995: International Petroleum Encyclopedia:
Worldwide Oil and Gas at a Glance (Tulsa, OK: PennWell Publishing
Co.), various issues. 1996: “Worldwide Look at Reserves and Produc-
tion,” Oil and Gas Journal, Vol. 93, No. 52 (December 25, 1995),
pp. 44-45. )

Figure 41. World Natural Gas Reserves by Region,
as of January 1, 1996
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imports, deregulation, and competition have increased
the demand for flexible mechanisms to transmit gas to
customers. The need for more storage is particularly
strong in those European countries that are import-
dependent and are unable to dramatically increase
domestic production.
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Figure 42. Proposed Natural Gas Pipeline Construction Projects Worldwide
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Liquefied Natural Gas

Liquefied natural gas (LNG) is natural gas that has
been converted to a liquid state. When natural gas
suppliers are not able to connect with customers
through pipelines, the gas must be converted to LNG
before shipment. The converted gas is loaded into
specially designed refrigerated ships and delivered to
ports equipped with special receiving facilities. It is
then regasified and distributed to consumers by pipe-
line, just as natural gas is usually distributed. The
considerable costs associated with processing and
transporting LNG reduce its economic viability, espe-
cially in today’s oil market. Nevertheless, LNG pro-
duction is showing some signs of increasing.

Most LNG is produced in Asia, Africa, and the
Middle East. In 1994, Indonesia and Algeria accounted
for 40 percent and 21 percent of the world’s LNG
exports, respectively [5, p. 24]. Australia, Brunei, and
Malaysia together account for 31 percent. Algeria
exports the vast majority of its LNG to OECD Europe
and the United States and a small amount (less than

2 million cubic feet) to Japan. LNG from Asian suppli-
ers is exported mainly to Asian markets in Japan,
South Korea, and Taiwan. A small amount of Austral-
ian LNG is exported to Spain (see map on page 39).

New LNG projects currently planned or under con-
struction in Abu Dhabi, Indonesia, and Malaysia are
expected to produce about 1.2 trillion cubic feet of
LNG per year by 1998. In addition, Qatar and Nigeria
have plans for two projects that would produce 1 tril-
lion cubic feet per year by 2000. Qatar expects to be
able to produce about 195 billion cubic feet of LNG
per year, all for export to Japan [6, p. 52].

Existing LNG production and transportation capacities
are estimated to be about 10 percent higher than mar-
ket demand [7, p. 10]; but by 2010, demand may ex-
ceed supply [7, p. 10]. South Korea and Taiwan have
the largest potential markets for LNG, depending on
the extent to which their nuclear power programs
grow to meet electricity demand. Thailand and China
are also potential future LNG consumers [8, p. 3].
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In Taiwan, the Kaosiung regasification plant is being
expanded, and a planned trans-island pipeline will
increase capacity to 438 billion cubic feet a year. The
completion date for these projects is 1997 [9, p. 7].
South Korea was scheduled to increase LNG imports
by 14 percent in 1995 (to 330 billion cubic feet), with
imports from Indonesia, Malaysia, and Brunei [10,
p- 12]. The state-owned Korea Gas Corporation is also
negotiating for supplies from Australia and Qatar.

Demand for LNG is also expanding in Europe. France
accounted for almost 9 percent of the world’s LNG
imports in 1994, all of it from Algeria [5, p.24].

Worldwide Trade Flows for Liquefied Natural Gas, 1995

Belgium, Italy, Spain, and Turkey also import LNG
from Algeria [5, p. 24; 11, p. 22.6]. Growth in the
electric power sector in Turkey is projected to result
in growing LNG imports [7, p. 10]. By some estimates,
imports may grow fivefold over current levels [12]. In
August 1995, Turkey purchased five LNG cargoes on
the spot market with some 14 billion cubic feet of
LNG from Australia [12]. Algeria is Turkey’s other
major supplier, but the country has signed memoran-
da of intent with Qatar and Nigeria, and has in the
past purchased spot cargoes from Abu Dhabi, which
is also a supplier to France, Spain, and Belgium.

LNG Shipping Routes { {g/

.

Source: British Petroleum Company, BP Review of World Gas (London, UK, 1995), p. 5.

Regional Activity
North America

The North American natural gas market is becoming
increasingly integrated and competitive. The United
States has an estimated economically recoverable
resource base® of over 1 quadrillion cubic feet, com-
pared with 740 trillion cubic feet in Canada and 250
trillion cubic feet in Mexico [13, p. 43; 14, p. 6.6; 15,
p..180]. North America contains roughly 7 percent of
the world’s total natural gas reserves but accounts for

more than 31 percent of world production—the second
largest source of natural gas production in the world.
The vast majority of North American production is con-
sumed domestically: less than 1 percent is currently
exported. Because of its relatively abundant supply and
low environmental emissions, natural gas is expected to
continue to play a key role in North American energy
markets.

Underground storage has become increasingly impor-
tant in North America, especially in the United States,
where regulatory changes over the past decade have

*Economically recoverable resources are those volumes considered to be of sufficient size and quality for their production to be
commercially profitable by current conventional technologies, under specified economic assumptions. They include proven reserves,
inferred reserves, and undiscovered and other unproven reserves. These resources may be recoverable by techniques considered either

conventional or unconventional.
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resulted in the higher usage of storage facilities
throughout the year. The industry currently has the
capability to store approximately 8 trillion cubic feet of
natural gas in 375 storage sites across the United States.
Of this capacity, about 46 percent (3.7 trillion cubic feet)
is considered working gas storage that can be with-
drawn as necessary to meet demand requirements.* On
a peak day, the industry has the capability to deliver
more than 120 billion cubic feet of natural gas to con-
sumers, and underground storage can supply as much
as half of that capacity. Proposed capacity additions
through the end of the decade could increase the ability
of the U.S. storage industry to deliver gas from storage
on a peak day by almost 31 percent from the 1993 level
[16, p. vii].

Natural gas consumption in Canada is expected to
grow at a modest rate (1.2 percent annually) between
1993 and 2015. Canadian production has been increas-
ing since 1986 and is expected to continue to rise as
known fields are more intensely developed, due in part
to technological improvements. Historically, Canada has
exported substantial volumes of gas to the United
States, increasing from 28 percent of its domestic pro-
duction a decade ago to 50 percent in 1994. Canada has
the productive capacity and the resource potential to
remain a significant supplier of natural gas to the
United States. Currently, however, the flow of gas
between the two countries is near the upper limit of
existing pipeline capacity (Figure 43). Several projects
currently are either planned or underway. If all the
projects announced through the end of 1994 were com-
pleted as proposed, pipeline capacity on the U.S.-
Canadian border would expand by more than 500 bil-
lion cubic feet per year by 1997 [17, p. 23]. Canada has
a current total underground storage capacity of 682 bil-
lion cubic feet in 11 storage sites, with a peak delivery
capability of about 8 billion cubic feet per day, and
some 66 billion cubic feet of new storage capacity is in
the planning stage [18].

The United States currently accounts for more than 80
percent of natural gas consumption in North America,
and its consumption is expected to increase at an
average annual rate of 1.6 percent through the forecast
period. The highest growth in U.S. consumption is
expected in the electricity generation sector, where
. projected consumption approximately doubles between
1994 and 2015. The United States currently is the
second largest producer of natural gas in the world and
accounts for roughly 76 percent of total North America
production [19, p. 26]. Despite high levels of domestic
production, the United States is still expected to

increase imports from 11 percent of total supply in 1994
to 14 percent in 2015.

Of the three countries in North America, the strongest
growth in natural gas consumption is expected in
Mexico (at 4.5 percent annually over the projection
period), in part because of new environmental stand-
ards. Relatively clean-burning natural gas is an
attractive alternative to the use of high-sulfur heavy
fuel oil for power generation and other industrial
applications. Mexico also has the greatest potential for
growth in production, with a reserve-to-production
ratio greater than 30 years, compared with 8.5 for the
United States and 17.0 for Canada [17, p. 21].

Although Mexico currently does not have the infra-
structure (nor the capital) needed to exploit its natural
gas reserves, the Mexican government has demonstrat-
ed an interest in attracting the capital needed for
infrastructure development from domestic and foreign
investors. Legislation recently passed by the Mexican
congress partially privatizes the transmission, storage,
and distribution of natural gas [20, 21]. Proposed proj-
ects to expand pipeline capacity on the U.S.-Mexican
border also reflect the growing interest of U.S. firms in
expanding their trade with Mexico. Currently, there are
six proposed projects to facilitate increased trade with
the United States: two will increase pipeline capacity at
the California-Mexico border, three target the New
Mexico-Northwest Texas area, and one connects a pipe-
line originating in Hidalgo County, Texas, with a
PEMEX pipeline near Reynosa, Tamaulipas, Mexico. If
all the projects announced were completed as proposed,
annual cross-border capacity would increase by more
than 600 billion cubic feet [22, p. v]. It is unlikely,
however, that all the projects will actually be built,
because construction of some pipelines may eliminate
the need for others.

OECD Europe

Particularly strong growth is expected for natural gas
in the electric utility sector of OECD Europe. Until
recently, in many countries of OECD Europe (excep-
tions are the Netherlands, Ireland, and Austria) natural
gas was considered a premium fuel. Gas utilities—
under pressure from their respective governments—
were reluctant to promote its use for -electricity
generation [2, p. 60]. In recent years, however, several
developments have brought about a more favorable cli-
mate for natural gas in the electric power sector:
heightened environmental concerns (especially in terms
of tighter emission restrictions for carbon dioxide,

*Workable gas capacity is defined as the maximum amount of natural gas that can be injected and withdrawn from a site, excluding

minimum operating levels.
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Figure 43. Major North American Natural Gas Pipelines

Source: British Petroleum Company, BP Review of World Gas (London, UK, 1995), p. 9.
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sulfur dioxide, and nitrous oxide); the 1991 repeal of a
1975 directive that limited natural gas use for power
generation; and improved combined-cycle technology
that increases the efficiency of natural-gas-fired plants
to over 50 percent, compared with 35 to 40 percent for
oil- or coal-fired plants [2, p. 60]. In addition, the
deregulation and widespread development of inde-
pendent power plants has favored the construction of
gas-fired plants, which have lower capital costs and
shorter construction periods than coal-fired or nuclear
power plants. In the United Kingdom, in particular, gas
usage restrictions have been lifted as part of the privati-
zation of the electric utility sector [23, p. 7.9]. In
addition, phase-downs of coal production in the United
Kingdom, Germany, and Spain are creating opportuni-
ties for natural gas use in electric power generation [2,
p- 601.

Some of the most vigorous pipe-laying activity in 1994
was focused around plans to expand the international
gas grid serving the OECD European markets (Figure
44). Much of this effort involved installing large-
diameter international pipeline systems to transport
natural gas from the North Sea, North Africa, and
Russia [24, p. 24]. Five large gas pipelines (over 1,600
miles of pipe) are planned to transport gas from the
Norwegian North Sea to markets in Europe: 184 miles
of pipe from Norway’s Kollses terminal to a North Sea
transmission hub on Block 16/11 (Zeepipe IIB); 415
miles of pipe linking Block 16/11 to an onshore termi-
nal at Emden Germany (Europipe II); 535 to 560 miles
of pipe from Norway’s Sleipner field to Zeebrugge,
Belgium, or Dunkirk, France (Zeepipe IV); 95 miles of
pipe around Norway’s Ekofisk field; and 375 miles of
pipe from the Haltenbanken area (Norwegian Sea, off-
shore mid-Norway) to the North Sea gas grid. Con-
struction on Zeepipe IIB is scheduled to begin in
October 1997; construction on the four other projects
should begin at least by 1999.

The main gas suppliers to France are currently Algeria
and Russia [23, p. 2.22]. Concerns in France about
dependence on these two suppliers have led the French
public gas utility, Gaz de France, to maintain storage to
accommodate disruptions for up to a year from either
major supplier, as well as to secure more diverse
supplies. In 1995, Gaz de France signed a 26-year
contract with the Norwegian Gas Negotiating Commit-
tee to purchase more than 1.4 trillion cubic feet of gas
beginning in 2001 [24, p. 24]. The gas will be delivered
through a pipeline at Dunkirk, which is currently under
construction, with an estimated completion date of
October 1998. Deliveries through the pipeline are ex-

pected to peak in 2005 at 70 billion cubic feet. With this
contract, Norwegian gas deliveries to France in 2005
should reach almost 530 billion cubic feet, around 35
percent of the total French gas demand.

In Germany, natural gas is expected to make big gains
as its use increases in the residential sector in the
eastern part of the country, and as the entire country
reduces its dependence on coal. Substantial gains have
been made in the effort to upgrade residential use in
eastern Germany from town gas>—which has low ener-
gy content and high manufacturing costs—to natural
gas [23, p. 3.7]. By 1994, 80 percent of the homes using
town gas had converted to natural gas.

The Norwegian companies Statoil and Norsk Hydro
announced at the end of 1994 that they would partici-
pate in gas pipeline expansions in Germany, through
the newly-formed company, Norddeutsche Erdgas-
Transversale (Netra) [24, p. 25]. The $720 million, 181-
mile Etzel-Salzwedel pipeline project, completed at the
end of 1995, will transport between 560 and 630 billion
cubic feet of Norwegian gas per year to eastern German
markets [25, p. 29]. In addition, the Etzel-Salzwedel line
should connect with an existing 112-mile segment
between Salzwedel (at the former East-West German
border) and Bernau (north of Berlin). Existing contracts
call for Norway to triple its gas supplies to Germany to
more than 1,050 billion cubic feet per year by 2005,
from 385 billion cubic feet in 1994. By 2005, Norway is
expected to supply almost one-third of Germany’s
natural gas demand.

The United Kingdom is estimated to have the third-
largest reserves of natural gas in OECD Europe, after
Norway and the Netherlands [19, p. 99]. Currently, 89
percent of British households use natural gas [23,
p- 7.11. With its large reserves, the United Kingdom is
not expected to import any natural gas in the foresee-
able future. In 1994, a consortium of companies led by
British Gas agreed to lay a 150-mile pipeline—the Inter-
connector—between England and continental Europe,
with a capacity of 1.9 billion cubic feet per day [24,
p- 25]. The Interconnector, which is expected to connect
into the Belgium gas grid at Zeebrugge, will be the first
pipeline link between Britain and the continent. Plans
are to begin construction in 1996, with a projected com-
pletion date of October 1998. Other pipelines serving
the United Kingdom market include a 25-mile subsea
pipeline to transport gas from Twynholm, Scotland
(Bord Gais Eireann interconnect) t6 Larne, Northern
Ireland (Ballylumford power station), which is sched-
uled for completion in late 1996.

STown gas” (or “coal gas”), a substitute for natural gas, is produced synthetically by the chemical reduction of coal at a coal gasification

facility.
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Figure 44. Major European Natural Gas Pipelines
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Source: British Petroleum Company, BP Review of World Gas (London, UK, 1995), p. 19.

Pipeline construction is expected to continue in regions
interested in feeding the healthy gas markets of OECD
Europe. Many European countries are depending on
the completion of the proposed 2,500-mile pipeline that
will connect Russia with the European markets through
Poland and Belarus. Current estimates for its comple-
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tion are for 2010, although the first gas might begin to
flow from already-producing fields in western Siberia
at the end of 1996, at a rate of around 483 million cubic
feet per day [26, p. 5]. Construction also continues on
pipelines between Africa and Europe. The first phase of
the 865-mile Maghreb-Europe pipeline between Algeria



and Spain is expected to be completed by the end of
1996 [24, p. 25]. This line would also provide a route
for Algerian gas into Portugal, France, and Germany.
Spain alone has plans to expand its pipeline system by
more than 20,000 miles by 2004, as well as plans to
connect with the gas grids of Portugal and France [24,
p- 26].

Italy is expected to increase its capacity on the trans-
Mediterranean pipeline from Algeria to about 2.5 billion
cubic feet per day [24, p. 26]. The trans-Mediterranean
pipeline is being expanded by more than 1,366 miles of
new pipe, running from the Algeria-Tunisia border to
Minerbio, Italy. Construction has also continued on
pipelines connecting Tunisia and Sicily, where adding
one to three compression units could increase capacity
to as much as 2.9 billion cubic feet per day. Within
Italy, a 900-mile expansion to the trans-Mediterranean
system is expected to begin by the end of 1995. In
September 1995, Edison SpA, an Italian energy pro-
ducer, agreed to set up a joint venture with Russia’s
Gazprom to transport natural gas to Italy. The pro-
" posed 620-mile pipeline is expected to begin operation
in 1998, and it is slated to be used mainly to supply
electricity generators [27].

Increased gas storage capacity is needed in Europe to
deal with the increasingly competitive nature of the
natural gas market, as well as to ensure supplies in
periods of peak demand [28, p. 2]. The Netherlands
utility, Gasunie, considered one of the largest and most
flexible suppliers in Europe, announced at the begin-
ning of 1995 that it was losing the ability to provide
swing capacity during peak winter demand periods as
a result of the growth in gas demand, deregulation, and
competition throughout Europe [28, p. 1]. Other impor-
tant European exporters, such as Norway, Russia, and

Algeria, are not considered flexible enough to accom- °

modate seasonal demand swings. Moreover, these
suppliers and numerous LNG suppliers depend upon
high-load, inflexible deliveries to make the gas trade
economically viable.

In Europe there are plans to expand underground stor-
age by 730 billion cubic feet over the next 10 years [28,
p- 11. Overall, gas from existing underground storage
sites in Europe can, at a maximum, supply about 2
months of peak winter demand. Currently, European
workable underground storage capacity is estimated at
1.5 trillion cubic feet, divided among 76 sites in 12 net
importing countries. Most of the sites and storage
capacity (61 sites storing 1.2 trillion cubic feet) are
located in OECD Europe. Germany, with an expected
300 billion cubic feet of storage capacity expansion be-
tween 1995 and 2000, has the most ambitious plans for
increased storage capacity in OECD Europe, followed

by Italy and Austria, which expect to add 151 and 53
billion cubic feet, respectively, over the same time
period [28, p. 2].

Eastern Europe and Former Soviet Union

As of the end of 1995, Eastern (non-OECD) Europe and
the former Soviet Union combined accounted for
approximately 41 percent of the world’s natural gas
reserves, and exploratory efforts continue to uncover
reserves. The vast majority of the reserves (34 of the 41
percent) are located in the Russian Federation, with the
rest mainly in Turkmenistan (2 percent), Uzbekistan (1.3
percent), and Ukraine (0.8 percent). While the natural
gas industry is currently experiencing a decline in those
countries, there is significant potential for long-term
growth if the political environment favors Western
investment.

About 34.5 percent of the world’s total natural gas
production in 1994 came from the EE/FSU region—33.0
percent from the FSU alone. While a large portion of
the gas produced in the FSU is also consumed there,
17.5 percent of its 1994 production was exported. Key
export markets were Austria, Finland, France, Germany,
Italy, Turkey, and most of Eastern Europe [5, p. 20].

Natural gas consumption in EE/FSU countries nearly
doubled between 1980 and 1990, from 16.0 to 28.1 tril-
Lion cubic feet. Although consumption has dropped
yearly since 1990 as a result of the economic and
political upheaval in the region, the JEO96 reference
case projects renewed growth in total EE/FSU con-
sumption, reaching 39.7 trillion cubic feet in 2015. Both
historically and in the forecast, the FSU accounts for
more than 80 percent of the region’s total consumption.

The economic and political transitions occurring in
Eastern Europe and the FSU continue to hamper
growth in natural gas production and consumption in
most countries, continuing the decline that began in
1990. The highest consumption drops were seen in
Ukraine and the Russian Federation, where consump-
tion fell by 124 and 7.1 percent, respectively. The
highest production drop was seen in Turkmenistan,
where production fell by 45.5 percent between 1993 and
1994. Partially offsetting the drastic decline in Turk-
menistan production was a 4.9-percent increase in pro-
duction in Uzbekistan. Due to increased storage and
exports from the FSU, overall production fell less (5.6
percent) than consumption (7.2 percent) [5, pp. 20-22].

With the relaxation of the political environment in
Eastern Bloc countries over the past few years, some
foreign investors are being attracted, and prospects for
increased development of their natural resources are
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Figure 45. Major Eastern Europe/Former Soviet Union Natural Gas Pipelines

I
s’ A E
AT '
S A \
{;’,vg a4
g U LR .
B A

t
I

Source: British Petroleum Company, BP Review of World Gas (London, UK, 1995), p. 23.

becoming more favorable. Substantial natural gas re-
sources over and above already proven reserves appear
to exist, and foreign capital continues to flow in for
projects to discover and develop resources in several
countries. Until an investor-friendly petroleum law is
passed in the Russian Federation, however, plans for
large expenditures by Western firms are on hold.
Kazakhstan, which has huge oil and gas reserves, has
made a deal with Chevron to develop the huge Tengiz
oil field, but lack of adequate export facilities impairs
this effort. The government of the FSU republic of
Moldova is negotiating with U.S. investors, who are
planning to initiate drilling for the country’s limited oil
and gas resources. The legislated willingness of EE/
FSU countries to allow foreign investment is key to
resource development.

Foreign investment may also play a role in developing
Eastern Bloc natural gas transmission and distribution
systems (Figure 45). The Japanese firm Mitsubishi is
looking into a much longer term development possi-
bility—building an oil and gas pipeline from Turk-
menistan and Kazakhstan through China and Korea to
Japan. The distance requires a higher real cost of energy
than at present, and the project probably will not be
feasible in this century. However, a very large resource
base is available to serve such a development.

Other key developments in the expansion of gas trans-
mission systems are the signing of an agreement in
August 1994 between Turkmenistan and Iran to build
a pipeline from Turkmenistan through northern Iran to

Turkey, and the February 1995 agreement signed by
Russian Prime Minister Chernomyrdin to build the
Yamal-Poland-Germany gas pipeline across Poland. The
Yamal pipeline will deliver cheap gas to Poland begin-
ning in 1996 and has a large potential for delivery to
Western Europe by 2010.

While the natural gas market is controlled by the
government in most EE/FSU countries, some are mov-
ing toward privatization. - The Russian state gas
company Gazprom is currently a monopoly controlling
all aspects of the natural gas market. The government
owns a major stake in Gazprom but has plans for its
eventual privatization. As Gazprom is a major source of
income for the Russian government, the move toward
full privatization is not imminent; but it is expected to
occur over the longer term. The government is current-
ly divesting itself of Gazprom shares via voucher auc-
tions, and there are rumors that it is about to sell 15
percent of its 40-percent stake in Gazprom to Gazprom
itself. The company would then be free to resell those
shares to the highest bidder, at a huge profit [29, p. x].

Asia

Strong growth in natural gas use is expected for Asia,
where developing countries face increasing demand for
energy. Natural gas is expected to be particularly
important in the region’s fast-paced expansion of elec-
tricity supply. The demand for natural gas throughout
Asia is projected to increase by 6.5 percent annually
over the forecast period, reaching 14.5 trillion cubic feet
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in 2015. In addition, some of the most vigorous activity
in the liquefied natural gas market is occurring in this
region (see box on page 38).

Pipeline construction plans necessary to meet India’s
growing gas demand have not materialized as hoped.
A proposed pipeline connecting Oman to India was
tabled at the end of 1995, as a consequence of the death
of Oman’s Finance Minister, Qais al-Zawawi [30].
India’s Gas Authority of India Limited (GAIL) is
working to secure needed gas supplies by developing
domestic reserves and securing import sources that will
allow gas demand to double by 2000 [31].

In Southeast Asia, there are some 39 current or prob-
able natural gas development projects [32]. An esti-
mated 51 trillion cubic feet of gas may be produced by
these projects. Growing domestic demand for natural
gas, as well as an increasing market for LNG, have
resulted in gas projects in Indonesia, where some 14
gas development projects have startup dates between
1996 and 1999. Thailand, Myanmar, and the Philippines
also have a number of gas development projects. Gas
production in the region may increase by as much at 54
percent by 2002 over current average production of 12.4
billion cubic feet per day [32; 19, p. 27].

Natural gas is not expected to displace coal as China’s
dominant fuel source over the projection period: in the
reference case forecast, coal supplies more than 65 per-
cent of the energy consumed in China through 2015.
However, gas demand in China is growing rapidly.
China has four offshore natural gas projects expected to
be operational between 1995 and 1999, with estimated
reserves of more than 6.2 trillion cubic feet [32]. In
January 1996, Asia’s longest large-diameter subsea pipe-
line began operating. The 480-mile system links China’s
Yacheng gas field (South China Sea) and Hong Kong
[33]. There are notable efforts to expand the gas trans-
portation system in the Xinjiang Uygur region in
remote Northwest China, including a 56-mile pipeline
from Lunnan to Korla, a 192-mile pipeline from Shan-
shan to Urumqu with a capacity of 153 million cubic
feet per day, and a 195-mile pipeline from Tazhong 4
field to Lunnan with a capacity of 38 million cubic feet
per day [34, p. 32].

Myanmar is expected to begin gas production in the
Yadana gas field in the Gulf of Martaban by July 1998
[35]. The field has estimated reserves of as much as 5.8
trillion cubic feet. Plans are to supply the gas to
Thailand, as well as for domestic consumption. A 260-
mile pipeline is planned to transport the gas from
Yadana to Thailand, and construction is expected to
begin by the end of 1995; however, anti-government
minorities have threatened to sabotage the pipeline,

which is routed through densely forested areas. The
Yetagun gas field, discovered in Myanmar’s Gulf of
Martaban in 1992, should provide Thailand with gas
deliveries of about 200 million cubic feet per day by
2000. Plans are to construct a pipeline from Yetagun to
Thailand.

Indonesia may be another potential gas supplier for
Thailand. In 1994 the U.S. company Exxon signed an
agreement with Indonesia’s utility, Pertamina, to build
an LNG facility at Natuna Sea to tap some of Natuna’s
estimated 210 trillion cubic feet of gas reserves [36,
p- 30]. To date, however, Exxon has not been able to
obtain financing for the proposed $40-billion project.
Instead, Pertamina and the Petroleum Authority of
Thailand began discussions in 1996 to consider building
a 620-mile pipeline to Thailand [37].

South Korea is expected to become a major consumer
of LNG within the next two decades [7, p. 10]. The
country’s new natural gas transmission system is sched-
uled for completion by the end of 1996, and extensions
to the system have already been planned and are
scheduled for completion in 1998 [38]. LNG imports are
correspondingly scheduled to increase by 14.3 percent
by the end of 1995 over 1994 levels. Indonesia should
remain South Korea’s largest natural gas supplier, with
about 90 percent of the Korean market. Malaysia and
Brunei currently supply the remaining 10 percent.
South Korea has recently added Qatar as a supplier and
has also entered negotiations with Australia for gas
supplies.

Much of the natural gas pipeline development in the
OECD Pacific is projected to occur in Japan and
Australia. Japan began construction in 1994 on a 155-
mile pipeline running from the west coast city, Niigata,
to Sendai City in Niyagi Prefecture on the Pacific Ocean
[24, p. 28]. This is the first part of a 2,050-mile gas
distribution system that could transport as much as 82.6
million metric tons of regasified LNG per year by 2005.
In 1994, Japan imported almost 65 percent of the
world’s LNG [4, p. 24]. In mid-1995, work began on the
470-mile Australian pipeline, which is to link Queens-
land with Brisbane and Gladstone [24, pp. 27-28]. The
project is expected to begin operation in late 1996.

Central and South America

Development of natural gas resources is expected to be
strong in some countries of Central and South America,
in order to meet increasing demand for electricity in a
region where natural gas is considered a relatively im-
mature industry. Natural gas and hydropower are the
two major energy sources for electricity generation in
the region [2, p. 611.
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Construction of several large pipeline projects was
scheduled in 1995 [24, p. 28]. When completed, the
pipelines will transport gas from Argentina to markets
in Brazil and Chile. A 750-mile system planned for the
Argentina-Chile line is expected to be completed in
1997. A 2,000-mile pipeline system is being developed
to deliver gas from Argentina and Bolivia to Brazil, and
a 685-mile project is currently under consideration to
link Bolivia and Chile.

In 1994, construction began on Colombia’s first large
natural gas pipeline, a 357-mile system running from
Ballena, Colombia, into the Barrancabermeja area [25,
p- 28]. The system should begin operating by the end of
the first quarter of 1996 [25, p. 28]. For the first 15 years
of operation, the gas will be used to supply the domes-
tic market. The pipeline is expected to supply about 150
million cubic feet per day.

Africa

Algeria, by far, has the most highly developed natural
gas resources in Africa. The pipelines linking Algeria
with markets in OECD Europe, combined with growing
LNG exports, provide the country with a particularly
strong commodity. Pipelines are currently under con-
struction to link both Algeria and Tunisia with Italy
and Spain, and through them to markets in Belgium,
Portugal, and France.

Natural gas resources in North Africa (primarily,
Algeria, Egypt, and Libya) are considerably more
developed than those in the rest of Africa. There is,
however, growing interest in pursuing gas resources
outside the north, particularly in terms of fueling
electric power. Nigeria, for example, is the site of a
$569-million gas utilization project in Escravos, which
is expected to be operational in 1997 [39, p. 36]. A
Nigerian LNG project has also been proposed [39,
p- 36]. The country is estimated to have some 120 tril-
lion cubic feet of natural gas reserves, the most of any
west African country. Long-term hopes are to expand
the Escravos gas project into the West African Pipeline,
which would allow gas in eastern Nigeria to reach
potential customers in Benin, Togo, and Ghana, as well
as other parts of Nigeria’s domestic market.

Another African country anxious to develop its natural
gas resources is Tanzania. Although Tanzania’s reserves
are markedly smaller than those of Nigeria, at 4 trillion
cubic feet, financing is being sought to construct two
small natural-gas-fired electricity plants (one at Songo-
Songo and one at Mnazi Bay) [39, p. 38]. Tanzania is
interested in increasing the amount of electricity
generated by natural gas to counter losses in hydro-

electricity—caused by low rainfall and aging facilities—
and to replace some of the 90 percent of its energy
consumption that is now provided by wood burning.

Middle East

More than 30 percent of the world’s natural gas re-
serves are located in the Middle East [6, p. 51], and
about 93 percent of the Middle Eastern reserves are
located in Iran, Iraq, Qatar, Saudi Arabia, and the
United Arab Emirates (mostly Abu Dhabi) [6, p. 511.
Natural gas is an increasingly important fuel in this
region, both in terms of utilization and as an export
commodity. Electricity demand is increasing rapidly in
the Middle East, and much of it is expected to be
accommodated by natural-gas-fired plants. At present,
more than 50 percent of the region’s marketed natural
gas production is consumed in electric power genera-
tion and for seawater desalination [6, p. 52]. Most of the
thermal power plants in countries that border the
Arabian Gulf are fueled by natural gas.

There is also evidence of increased development of
natural gas for export in the Middle East. The region
accounted for almost 5 percent of the world’s LNG ex-
ports in 1994, all of it exported to Japan [5, p. 24]. There
are plans to develop Qatar’s North field gas reserves
for export to Japan, and initially the project will be
designed to produce 195 billion cubic feet per year.
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Coal

World coal use is projected to increase by more than 50 percent between 1993 and 2015,
primarily for electricity generation. Environmental regulation and competition
Jrom other fuels are increasing, but the demand for coal remains strong.

Coal is an abundant and relatively low-cost energy re-
source. It has been used extensively worldwide in the
past, and it is expected to be an important part of the
world’s energy supply in the future. In the 1970s, coal
consumption grew steadily in both absolute and rela-
tive terms (Figure 46), as oil embargoes and price
shocks caused consumers to substitute more economical
and secure supplies of coal for petroleum products,
especially for power generation. Since the mid-1980s,
however, coal has lost out in relative terms as a source
of incremental energy supply. Coal’s share of total
energy consumption has decreased from 28 percent in
1985 to 25 percent in 1993. The collapse of oil prices,
the growing availability of natural gas in Europe and
North America, and the adoption of new, highly com-
petitive technologies for natural-gas-fired electricity
generation have been major factors in coal’s decline.

Figure 46. World Consumption of Coal Relative to
All Other Energy Sources, 1970-2015
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In some regions, coal consumption has decreased in
both absolute and relative terms. For example, while
consumption has continued to rise in the United States
and Japan (on a Btu basis) over the past decade, coal

use in other OECD countries has declined by more than
20 percent as a result of interfuel competition. And in
the EE/FSU countries, substantial declines in economic
growth have led to a 27-percent decline in coal use
between 1989 and 1993.

Declines in usage in OECD countries and in the former
Soviet Union have been offset by strong growth in coal
usage elsewhere, particularly in China and other Asian
countries. In 1980, China accounted for 17 percent of
world coal use (on a Btu basis); in 1993, its share
exceeded 26 percent. As a group, the Asian countries,
including Japan, accounted for more than 40 percent of
world coal consumption in 1993, whereas in 1980 their
share was about 26 percent.

Increased concern about the adverse environmental im-
pacts associated with coal use has taken a toll on coal
demand throughout OECD areas. Coal combustion
produces several air pollutants that adversely affect
ground-level air quality. One of the most significant
pollutants from coal is sulfur dioxide, which has been
linked to acid rain. Many countries have implemented
policies or regulations to limit sulfur dioxide emissions,
which typically require electricity producers to switch
to lower sulfur fuels or invest in technologies that re-
duce the amount of sulfur dioxide emitted. In addition,
coal has the highest carbon content of all the fossil
fuels. Carbon dioxide emissions per unit of energy ob-
tained from coal are nearly double those from natural
gas and approximately 20 percent higher than from
residual fuel oil—the petroleum product most widely
used for electricity generation [1, p. 76].

The first binding international legal agreement dealing
directly with climate change—the United Nations
Framework Convention on Climate Change—became
effective in March 1994. The Convention’s primary
objective is the “stabilization of greenhouse gas con-
centrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the
climate system.” It was initially presented at the Earth
Summit in Rio de Janeiro in June 1992, where it was
signed by representatives from more than 160 countries,
including the United States and the countries of the
European Union. Carbon dioxide is generally viewed as
the most significant of the greenhouse gases.
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In terms of physical units, coal usage increased from 4.2
billion tons® in 1980 to a peak of 5.3 billion tons in
1989 (Figure 47) but has since declined to 4.9 billion
tons in 1993. In the forecast, world coal consumption
rises by 53 percent between 1993 and 2015, reaching
almost 7.5 billion tons in 2015. Based on alternative
assumptions about economic growth rates and trends
in energy intensity, however, world coal consumption
in 2015 could be as high as 8.7 billion tons or as low as
6.2 billion tons.

Figure 47. World Coal Consumption, 1970-2015
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Burning coal to generate electricity will account for
most of the projected growth in coal consumption
worldwide. In contrast, the outlook for non-electricity
coal consumption is relatively flat. In the industrial
sector, other fuels—primarily, natural gas and electric-

ity—are expected to gain market share, except in China, .

where coal continues to be the fuel of choice. Consump-
tion of coking coal should decline slightly as a result of
technological advances in steelmaking, increasing out-
put from electric arc furnaces, and continuing substitu-
tion of other materials for steel.

Overall, the changes in regional coal market activities
over the past decade have been significant. World coal
consumption was substantially higher in 1993 than in
1980, primarily because steady growth in the Asian
market has overshadowed the recent setbacks in Euro-
pean markets. In the future, environmental regulation

*Throughout this chapter, tons refers to short tons (2,000 pounds).

will represent a major challenge for coal markets. In
addition, competitive pressure from other fuels, particu-
larly oil and natural gas, has intensified, in part because
of low oil and gas prices, and in part because of new
technologies that favor the use of natural gas for
electricity generation. Nevertheless, coal use is still
projected to grow by 2.6 billion tons (more than 50
percent) worldwide between 1993 and 2015.

Reserves

Total recoverable reserves of coal are estimated at 1,145
billion tons—enough to last another 230 years at current
production levels (Figure 48).” Although coal deposits
are widely distributed, 57 percent of the world’s re-
serves are located in three regions: FSU (23 percent);
United States (23 percent); and China (11 percent). An-
other four countries—Australia, Germany, India, and
South Africa—account for an additional 28 percent. In
1993, these seven regions accounted for 80 percent of
total world coal production.

Figure 48. World Coal Reserves
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Source: Energy Information Administration, International Energy
Annual 1993, DOE/EIA-0219(93) (Washington, DC, May 1995), Table
8.2.

Quality and geological characteristics of coal deposits
are other important parameters for coal reserves. Coal
is a much more heterogeneous source of energy than is
oil or natural gas, with quality varying significantly
from one region to the next and even within an indi-
vidual coal seam. For example, both Australia and the

"Recoverable reserves are those quantities of coal which geological and engineering information indicates with reasonable certainty can
be extracted in the future from known deposits under existing economic and operating conditions.
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United States are endowed with substantial reserves of
superior coals that can be used to manufacture coke,
and together they supplied 71 percent of the metallur-
gical coal traded worldwide in 1993 (Table 17). Coal

deposits in South Africa, the number three exporter in
the world, are high in ash content and require much
more preparation to produce a marketable product than
do coals from other regions [2, p. 16]. South Africa’s

Table 17. World Coal Flows by Importing and Exporting Regions, Reference Case, 1993, 2000, and 2015

(Million Short Tons)

Importers
Steam Metallurgical Total
Exporters Europe| Asia| Other| Total | Europe| Asia| Other| Total | Europe| Asia| Other| Total

1993
Australia . ........... 10 51 1 62 16 51 14 81 25 102 15 142
United States ........ 14 8 5 26 27 12 12 51 41 20 17 78
South Africa ......:.. 33 17 2 52 0 4 1 5 34 21 3 57
Former Soviet Union . .. 14 2 0 16 2 3 0 5 16 5 0 21
Poland ............. 16 0 0 16 6 0 2 7 21 0 2 23
Canada ............ 1 3 1 5 2 22 2 26 3 25 4 31
China.............. 1 15 0 17 0 4 0 5 2 20 1 22
South America ....... 13 0 6 19 1 0 0 1 14 1 6 20
Other® ............. 9 16 1 26 3 2 0 6 12 18 1 31
Total .......ocuuu 111 112 17 240 57 99 31 187 168 211 48 426

2000
Australia . ........... 19 87 2 109 13 51 5 69 33 138 7 178
United States ........ 21 4 7 31 28 14 15 57 49 18 22 89
South Africa ......... 25 28 2 56 1 4 0 5 26 32 2 61
Former Soviet Union 6 5 0 11 3 4 0] 7 9 9 0 18
Poland ............. 13 0 0 13 7 0 0 7 20 0 0 20
Canada ............ 3 5 1 10 4 18 0 22 7 23 1 31
China.............. 0 17 0 17 0 3 0 3 0 20 0 20
South America ....... 29 0 12 41 0 0 0 0 29 0 12 41
Othe® ............. 0 26 0 26 0 0 0 0 0 26 0 26
Total ............. 117 172 25 314 56 93 20 169 172 266 45 483

2015
Australia . ........... 35 150 7 192 15 48 5 69 50 198 12 260
United States ........ 37 12 19 68 32 13 17 62 69 24 36 130
South Africa ......... 41 53 7 101 1 3 0 4 42 56 7 105
Former Soviet Union . .. 9 6 0 15 3 4 0 7 11 10 0 21
Poland ............. 10 0 0 10 9 0 0 9 19 0 0 19
Canada ............ 7 4 1 13 4 23 1 28 11 28 2 40
China.............. 0 32 0 32 0 4 0 4 0 36 0 36
South America ....... 63 0] 27 90 0 0 0 0 63 0 27 90
Other® ............. 0 42 0 42 0 0 0 o 0 42 0 42
Total .......ouuut. 202 299 61 562 64 95 22 181 265 394 83 743

alncludes principally Indonesia’s trade within Asia, as well as the United Kingdom and Germany’s trade within Europe.
®Does not include the United Kingdom and Germany’s trade within Europe.
Note: Totals may not equal sum of components due to independent rounding. The sum of the columns may not equal the
total, because the total includes a balancing item between importers’ and exporters’ data.
Sources: 1993—International Energy Agency, Coal Information 1993 (Paris France, 1994). Projections—Energy Information
Administration, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January 1996), National Energy Modeling

System run AEO96B.D101995C.
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coal seams lie relatively close to the surface, however,
and they are both flat and thick. As a result, low
production costs—along with relatively low sulfur
content—compensate for the higher preparation costs.
Germany, on the other hand, has substantial amounts

of bituminous or hard coal reserves (26 billion tons), .

but its production costs are high because much of the
coal is in deep-lying, discontinuous seams [3]. Conse-
quently, Germany’s hard coal production requires large
government subsidies to ensure its competitiveness
with other fuels [4, p. 21].

Several new low-cost producers, including Indonesia,
Colombia, and Venezuela, have entered the coal supply
picture in recent years and are rapidly penetrating the
market for world coal trade. Indonesia currently ranks
ninth in the world, with an estimated 35 billion tons of
recoverable coal reserves. As late as 1989, Indonesia’s
recoverable reserves were estimated at only 3 billion
tons [5]. Indonesian coal production has increased
rapidly, rising from less than 1 million tons in 1980 to
30 million tons in 1993 [6, p. 1.109]. Some of its coal
reserves have unique characteristics that have made
them sought after in the world marketplace. Some have
extremely low sulfur content (0.08 percent average by
weight). Other high-quality Indonesian reserves are
finding acceptance as soft coking coals and in the new-
ly evolving market for pulverized coal injection at blast
furnaces [7].

Trade

The amount of coal traded in international markets is
relatively small in comparison with world coal con-
sumption. In 1993, world imports of coal amounted to
426 million tons (Table 17 and Figure 49), representing
9 percent of total consumption. By 2015, coal imports
are projected to rise to 743 million tons, or 10 percent
of total world coal consumption.

The current market for international coal trade has been
characterized by relatively stable coal import demand
in Europe and expanding demand in Asia. Although
rationalization of the indigenous coal industry has led
to substantial declines in European production in recent
years, other factors, which include the continuing
process of economic reform in EE/FSU countries, a
weak economy in Western Europe, and increased elec-
tricity generation from natural gas, nuclear, and hydro-
power, have kept European coal imports from rising.
Conversely, growth in coal demand in Japan, South
Korea, and Taiwan in recent years has contributed to a
substantial rise in Asian coal imports.

Asian coal import demand is poised for exceptional
growth over the forecast period due to strong economic

Figure 49. World Coal Trade, 1985-2015
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growth, particularly in China and India, and plans to
construct many new coal-fired generating plants. Japan,
South Korea, and Taiwan are projected to account for
most of the additional imports (Table 17). Imports to
China and India are projected to rise by a slightly
smaller amount, as domestic coal supplies are expected
to be given first priority in meeting the large projected
increase (2.0 billion tons) in coal demand. China and
Indonesia—Asia’s internal coal suppliers—are projected
to meet 20 percent of the region’s import demand by
2015, up from 16 percent in 1993. Australia, however,
should continue as the major exporter to Asia, meeting
50 percent of that region’s total coal import demand in
2015, compared with 48 percent in 1993.

During the 1980s, Australia became the leading coal
exporter in the world, primarily by meeting increased
demand for steam coal in Asia. Some growth in exports
of metallurgical coal also occurred, however, as coun-
tries such as Japan began substituting some of Aus-
tralia’s semi-soft or weak coking coals in their coke
oven blends [6, 1.78]. As a result, imports of hard
coking coals from other countries, including the United
States, were displaced. Australia’s share of total world
coal trade, which increased from 17 percent in 1980 to
33 percent in 1993, is projected to rise to 35 percent in
2015 [8].

European coal imports also are projected to rise, al-
though the expected increase is less than half that
projected for Asia. The forecast for Europe, however, is
less certain than that for Asia. Uncertainties surround-
ing the prospects for European imports include the
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extent and pace of the decline in indigenous coal
production (primarily in Germany and the United
Kingdom) and the extent to which natural gas and
other sources of energy will substitute for coal in
electricity generation.

Coal production in Germany and the United Kingdom,
taken together, has declined by almost 50 percent since
1989. This substantial decline is attributable in part to
some decline in total energy demand in Germany. More
importantly, however, other fuels—particularly, natural
gas—have substituted for domestic coal in the energy
mix of the two countries. Growth in coal imports has
been small, rising by 7 million tons in Germany be-
tween 1989 and 1994 and by 4 million tons in the
United Kingdom.

In the United Kingdom, coal production declined from
111 million tons in 1989 to 53 million tons in 1994 [6,
p- 1.109]. Most of the decline was due to privatization
efforts in the electricity sector, which led to a rapid
increase in gas-fired generation at the expense of coal
[6, p. 1.63]. In Germany, coal production declined from
540 million tons in 1989 to 292 million tons in 1994 [6,
pp- 1.109 and 1.114]. More than 90 percent of the decline
was in the production of lignite, which has approxi-
mately one-third the heat content of German hard coal.
The large decline in lignite production is mostly attrib-
utable to the conversion from lignite-based town gas to
natural gas that occurred in the eastern states of
Germany following reunification in 1990 [6, p. I.163; 9].
A second key factor was the collapse in industrial out-
put in the eastern states that resulted from the loss of
markets in Eastern Europe and increased competition
from the West [6, p. I1.163; 10].

In the IEO96 forecast, further declines in lignite pro-
duction are expected to be small. This outlook is based
on the competitiveness of German lignite with other
imported fuels, as well as planned investments to re-
furbish or replace existing lignite-fired plants using best
available combustion and pollution control technologies
[4]. On the other hand, some observers in Germany
contend that alternative investments in energy-saving
technologies, renewable energy, and natural-gas- and
hard-coal-fired power stations represent a wiser invest-
ment from an environmental perspective [11]. Germa-
ny’s hard coal production, which is highly subsidized,
declined from 85 million tons in 1989 to 63 million tons
in 1994. Current plans call for some reductions in sub-
sidies over time, which are expected to result in sub-
sequent declines in domestic production and some
increases in imports. German imports are also projected
to rise as a result of increasing coal demand.

In the forecast, the United States, Australia, and South
Africa continue to supply approximately 60 percent of
Europe’s coal import demand. Low-cost producers in
South America are projected to increase their share of
European imports from 8 percent in 1993 to 24 percent
in 2015, primarily at the expense of the FSU and
Poland, whose combined share is projected to decline
from 22 percent in 1993 to 11 percent in 2015.

Compared with European and Asian coal markets, im-
ports of coal by North and South America are relatively
small, amounting to only 34 million tons in 1993. Brazil
imported 41 percent of the 1993 total, followed by
Canada (27 percent) and the United States (21 percent)
[12]. Almost all (95 percent) of the imports to Brazil
were metallurgical coal. In the forecast, coal imports to
these regions increase by 44 million tons, with most of
the additional amounts going to South America and
Mexico. Over the next few years, Mexico plans to con-
vert many of its oil-fired power plants to natural gas
and coal and to construct additional generating capac-
ity, including a number of coal-fired units [13, 14]. On
the basis of expectations that Mexico’s economy will
recover and that sufficient coal import facilities will be
built, steam coal imports of 17 million tons are project-
ed by 2015, originating from mines in South America
and the United States. The North American Free Trade
Agreement (NAFTA) provides some economic incentive
for imports, as it removes the current tariff and value-
added tax on U.S. coal shipments to Mexico [15].

Historically, metallurgical coal has dominated world
coal trade, but its share has steadily declined, falling
from 54 percent in 1980 to 44 percent in 1993 (Figure
49). In the forecast, its share of world coal trade con-
tinues to shrink, falling to 24 percent by 2015. In abso-
lute terms, metallurgical coal trade is projected to de-
cline by only a small amount over the forecast. Factors
that contribute to the decline are additional penetration
of steel production from electric arc furnaces (which do
not use coal coke as an input) and technological im-
provements at blast furnaces, including greater use of
pulverized coal injection (PCI) equipment as well as
higher average injection rates per ton of hot metal pro-
duced. One ton of pulverized coal (categorized as steam
coal) displaces approximately 1.4 tons of coking coal
[16]. In 1993, an estimated 15 million tons of coal for
PCI were traded worldwide [6, p. 1.81], representing 8
percent of total coal imports for consumption at coke
plants and blast furnaces. Partly offsetting the down-
ward pressure on metallurgical coal trade is an expect-
ed rise in imports to Europe, attributable to projected
declines in indigenous coking coal production, and
some growth in world steel production.
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Regional Overview

Worldwide, the consumption of coal relative to other
fuels is projected to remain stable, accounting for 25
percent of total energy consumption through 2015. The
approximate stability masks strongly divergent trends.

Asia

As a result of fast-paced economic growth, coal con-
sumption is expected to grow most rapidly in non-
OECD Asia. In the IEO96 forecast, this region’s share of
total world coal consumption increases from 36 percent
in 1993 to 52 percent in 2015. Coal consumption in the
region is projected to more than double, rising from
1,777 million tons in 1993 to 3,931 million tons in 2015
(Figure 50). China, alone, is expected to increase its coal
consumption by 1,725 million tons. India, too, is poised
for a substantial increase in coal usage, with consump-
tion projected to rise by 320 million tons.

Figure 50. World Coal Consumption by Region,
1970, 1993, and 2015
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The large projected increases in coal consumption in
China and India are based on an outlook for strong
economic growth (7.7 percent per year in China and 5.1
percent per year in India) and the expectation that
much of the increased demand for energy will be met
by coal, particularly in the industrial and electricity
sectors. By 2015, coal is projected to meet 66 percent of
the total demand for primary energy in China and 47
percent in India. The JEO96 forecast assumes no sig-
nificant change in environmental policies in the two
countries. It also assumes that necessary investments in

the countries’ mines, transportation, industrial facilities,

and power plants will be made.

Strong growth (26 percent) in coal usage in Japan is
also anticipated. Japan imports more coal than any
other country in the world. In 1993, Japanese coal
imports amounted to 122 million tons, or 29 percent of
total world imports. Although imports to Japan are
expected to expand to meet increases in electricity coal
demand, its share of total world imports is projected to
decline to 21 percent by 2015.

Europe

As noted earlier, coal consumption in OECD Europe
has declined in recent years. Increased coal consump-
tion is projected for the region, but it is not expected to
reach the levels of the late 1980s. Environmental con-
cerns in OECD Europe play an important role in the
competition among coal, natural gas, and nuclear
power, and they have favored increased use of fuels
other than coal in recent years. The countries of OECD
Europe are committed to the stabilization of greenhouse
gas concentrations in the atmosphere as established by
the Framework Convention on Climate Change.

In the countries of Eastern Europe and the former
Soviet Union, the process of economic reform continues,
as the transition to a market-oriented economy replaces
centrally planned economic systems. The dislocations
associated with these institutional changes have con-
tributed substantially to the declines in both coal
production and consumption. Coal consumption in the
EE/FSU region has fallen from 1,441 millions tons in
1988 to about 1 billion tons in 1993. In the future, total
energy consumption in the EE/FSU is expected to rise,
driven primarily by increasing production and con-
sumption of natural gas. In the forecast, coal’s share of
total EE/FSU energy consumption declines from 27 per-
cent in 1993 to 19 percent in 2015, while the portion of
consumption met by natural gas increases from 40 per-
cent in 1993 to 48 percent in 2015.

North America

In North America, coal consumption is concentrated in
the United States, which, at 926 million tons, accounted
for 94 percent of the regional total in 1993. By 2015,
U.S. coal consumption is projected to rise to 1,120 mil-
lion tons. With its substantial supplies of coal reserves,
the United States has come to rely heavily on coal for
electricity generation and will continue to do so over
the forecast. Coal provided 52 percent of total U.S. elec-
tricity generation in 1993 and is projected to provide 49
percent in 2015 [17]. Coal consumption in Canada and
Mexico, taken together, is projected to rise from 59
million tons in 1993 to 109 million tons in 2015.
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Africa

In Africa, coal production and consumption are concen-
trated almost entirely in South Africa. In 1993, South
Africa produced 201 million tons of coal, with 71 per-
cent routed to domestic markets and the remainder to
exports [6, p. 1.109]. South Africa ranks third in the
world in exports, behind Australia and the United
States, and is projected to maintain that position over
the forecast. On the domestic front, South Africa holds
the distinction of being the world’s largest producer of
coal-based synthetic liquid fuels. In 1993, almost one-
fourth of the coal consumed in South Africa (on a Btu
basis) was used to produce coal-based synthetic fuels
[6, . I11.42], which in turn accounted for approximately
one-third of all liquid fuels consumed in South Africa
for the year. For Africa as a whole, coal consumption is
projected to increase by 36 million tons between 1993
and 2015, primarily to meet increased demand for elec-
tricity. There are substantial opportunities for trade in
electricity and natural gas between South Africa and
neighboring countries. Such trades may occur, given
government reform in South Africa and the subsequent
removal of trade sanctions.

References

1. Energy Information Administration. Emissions of
Greenhouse Gases in the United States 1987-1994.
DOE/EIA-0573(87-94). Washington, DC, October
1995.

2. M. Daniel. African Coal Supply Prospects. IEACR/33.
London, UK: IEA Coal Research, February 1991.

3. S. Walker. Major Coalfields of the World. IEACR/51.
London, UK: IEA Coal Research, January 1993. pp.
84-88.

4, “What Future for German Coal?” World Coal. July
1995. pp. 16-22.

10.

11.

12.

13.

14.

15.

16.

17.

. Energy Information Administration. International

Energy Annual 1989. DOE/EIA-0219(89). Washing-
ton, DC, February 1991. Table 36, pp. 100-101.

. International Energy Agency. Coal Information 1994.

Paris, France, 1995.

. “Indonesian Coal: Strategies for Growth.” Coal Trans

International. Vol. 9, No. 3. May/June 1994. pp. 16-
21.

. Energy Information Administration. Annual Pros-

pects for World Coal Trade 1991. DOE/EIA-0363(91).
Washington, DC, June 1991. Table 1.

. “Eastern Germany Undergoes Swift Conversion to

Natural Gas.” Gas World International. Vol. 199, No.
4915. June 1995. p. 36.

“Babcock Wins Landmark East German Power Con-
tract.” Reuter European Business Report. October 17,
1995.

“RWE Faces Fuels Dilemma.” Power Europe. Novem-
ber 3, 1995.

International Energy Agency. Coal Information 1993.
Paris, France, 1994.

“Mexico.” Coal. Vol. 100, No. 9. September 1995.
p- 28.

“U.S. Visit Encourages Energy Sector: Mexico.”
Petroleum Economist. Vol. 62, No. 7. July 1995. p. 20.

“Mexico.” Engineering and Mining Journal. Vol. 195,
No. 8. August 1994. p. 16B.

Energy Information Administration. Coal Data: A
Reference. DOE /EIA-0064(93). Washington, DC, Feb-
ruary 1995. pp. 33-35.

Energy Information Administration. Annual Energy
Outlook 1996. DOE/EIA-0383(96). Washington, DC,
January 1996. Table AS8.

Energy Information Administration/ International Energy Outlook 1996 55






Nuclear Power

Growth in nuclear capacity is expected in France, in Japan,
and in developing nations just beginning their nuclear power programs.
In other nations with nuclear capacity, declines are anticipated.

Nuclear power plants have been generating electricity
since the 1960s. In recent years, countries with nuclear
power programs have derived an average of more than
20 percent of total electricity generation from nuclear
fuels; however, fewer than half of those countries are
projected to experience net growth in nuclear capacity
between 1994 and 2015 in the lower reference case (as
defined below). Growth is expected mainly in develop-
ing countries just beginning their nuclear programs,
and in France and Japan (Figure 51). In the United
States, nuclear power capacity is projected to decline by
one-third, given the assumption that existing plants will
be retired at the end of their licensed operating lives. In
Europe, only France is expected to achieve further
growth in nuclear generating capacity. Despite rapid
growth in nuclear capacity in Asia, overall reliance on
nuclear energy is projected to decline by 2015.

Figure 51. World Nuclear Capacity by Region,
1970, 1990, and 2015
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Two scenarios were developed for projections of nu-
clear capacity in this report (Figure 52). The lower
reference case reflects a continuation of the present

trends in the nuclear power industry, resulting in
minimal growth through 2010 and a decline by 2015, as
discussed above. The upper reference case reflects a
moderate revival in nuclear orders, with net capacity
growth of 1.1 percent per year over the forecast period.
In the upper reference case, net increases in nuclear
capacity are projected for all but 7 of the 39 countries
with nuclear programs (Table 18).

Figure 52. World Nuclear Capacity, 1970-2015
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DOE/EIA-0436(95) (Washington, DC, October 1995), p. 8.

World Trends

The performance of nuclear reactors has been improv-
ing worldwide. A review of 1994 performance, as meas-
ured by reactor load factors,® indicates that 55 percent
of all reactors achieved load factors above 75 percent,
whereas only 48 percent were above the 75-percent
level in 1993 [1]. Moreover, 54 reactors in various
countries achieved load factors above 90 percent for
the year. The highest national averages—all above 80
percent—were reported by Switzerland, Argentina,
Finland, Hungary, South Korea, Netherlands, Czech

¥The annual load factor is calculated as the gross generation of a reactor in a 1-year period, divided by the gross capacity of the reactor,
as originally designed, multiplied by the number of hours in the calendar year.
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Table 18. Historical and Projected Operable Nuclear Capacities, 1994-2015

(Net Gigawatts)
2000 2005 2010 2015
Lower Upper Lower Upper Lower Upper Lower Upper
Reference | Reference | Reference | Reference | Reference | Reference | Reference | Reference
Country 19942 Case Case Case Case Case Case Case Case
OECD ............ 276.4 285.7 285.9 281.8 283.9 27741 288.3 239.7 317.4
United States ...... 99.1 100.3 100.3 99.7 100.3 93.3 100.3 63.6 99.6
Canada .......... 15.8 141 141 141 141 12.0 12.0 12.0 15.3
Mexico........... 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.9
Japan ........... 38.9 43.7 43.7 45.8 46.1 51.1 52.3 52.6 57.7
Western Europe )
Belgium ......... 55 55 5.5 47 4.7 3.9 3.9 3.9 4.8
Finland ......... 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 27
France .......... 58.5 64.3 64.3 62.9 62.9 62.9 64.3 60.5 72.8
Germany ........ 22.7 22.0 22.0 21.4 21.4 21.4 21.4 20.2 23.6
ftaly ............ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Netherlands ...... 0.5 0.5 0.5 0.0 0.0 0.0 0.0 0.0 14
Spain........... 71 7.0- 71 7.0 7.0 6.5 7.0 6.5 9.4
Sweden ......... 10.0 10.0 10.0 10.0 10.0 10.0 10.0 6.7 10.5
Switzerland ...... 3.0 3.0 3.0 2.3 2.3 1.9 1.9 1.9 2.6
Turkey .......... 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 2.0
United Kingdom . .. 11.7 11.8 11.8 10.5 10.5 9.5 10.7 7.2 124
EEFSU ........... 44.1 51.8 52.8 47.6 61.8 45.9 59.2 36.8 62.7
Eastern Europe
Bulgaria ......... 3.5 2.7 27 1.9 2.9 1.9 3.8 1.9 3.8
Czech Republic ... 1.6 2.6 3.5 3.5 3.5 3.5 3.5 3.1 5.1
Hungary ......... 1.7 1.7 1.7 1.7 1.7 1.7 2.3 21 3.3
Romania ........ 0.0 0.6 13 1.3 1.9 1.9 2.5 25 3.2
Slovak Republic . .. 1.6 1.6 2.0 1.6 1.6 1.6 1.6 0.8 1.4
Slovenia ........ 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Former Soviet Union
Armenia ......... 0.0 0.4 0.7 0.4 0.7 04 0.7 0.4 0.7
Kazakhstan ...... 0.1 0.1 0.1 0.0 0.6 0.1 0.6 0.0 1.2
Lithuania ........ 24 2.4 2.4 24 2.4 24 2.4 2.4 2.4
Russia .......... 19.8 23.6 23.6 201 20.9 175 24.5 12.9 274
Ukraine ......... 12.7 15.5 14.1 14.1 15.1 15.6 16.6 11.4 15.2
Non-OECD ........ 20.2 26.0 28.4 32.1 38.5 39.7 43.8 39.6 53.4
Asia
China .......... 21 2.1 2.1 3.3 53 5.3 5.3 53 8.2
India ........... 1.5 2.3 2.5 2.2 3.6 33 3.5 3.3 5.1
Korea, North .. ... 0.0 0.2 0.2 0.2 1.9 0.2 1.9 0.2 1.9
Korea, South ..... 8.2 13.0 13.0 13.9 14.9 174 17.4 17.4 19.3
Pakistan ........ 0.1 0.1 0.4 0.4 0.4 04 0.7 0.3 0.6
Philippines ....... 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.6
Taiwan ......... 4.9 4.9 4.9 6.7 6.7 6.7 6.7 6.7 8.5
Central and South America
Argentina ........ 0.9 0.9 1.6 1.6 1.6 1.3 1.3 1.3 1.5
Brazil ........... 0.6 0.6 1.9 1.9 1.9 1.9 3.1 1.9 3.1
Cuba ........... 0.0 0.0 0.0 0.0 0.4 0.4 0.4 0.4 0.8
Middle East
Iran ............ 0.0 0.0 0.0 0.0 0.0 1.0 1.0 10 =~ 1.3
Israel ........... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 06 .
South Africa ....... 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Total World ........ 340.7 363.5 367.1 361.5 374.2 362.8 391.2 316.1 433.5

3Status as of December 31, 1994.

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union. Totals may not
equal sum of components due to independent rounding. The lower and upper reference cases reflect varying degrees of optimism regarding
nuclear power.

Sources: United States: Energy Information Administration, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996). Foreign: Energy Information Administration, World Nuclear Outlook 1995, DOE/EIA-0436(95) (Washington, DC, October 1995).
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Republic, and Belgium. All of these countries, except
Argentina and the Netherlands, operate four or more
reactors.

Improvements in reactor performance have been made
possible, in large part, by longer operating cycles and
shorter refueling times. For example, the longest contin-
uous run ever achieved for a light-water reactor—616
days at Indian Point 2 in the United States—was com-
pleted in 1994, and two impressively short refueling
outages were recorded during the year—35.5 days at
Peach Bottom 2 and 31 days at North Anna 1, both in
the United States.

The world’s net operable nuclear capacity at the end of
1994 was 341 gigawatts for 432 reactors [2]. Total elec-
tricity generation from nuclear power increased slightly
in 1994, with production of 2,131 net terawatthours
worldwide. The United States, France, Germany,
Russia, Ukraine, and Japan accounted for more than 70
percent of the total. Total nuclear generation, which
grew substantially between 1980 and 1990, is projected
to remain nearly level through 2015 (Figure 53). As
increased emphasis on competition in electricity mar-
kets causes providers to turn to generating sources with
short construction leadtimes and low capital costs,
nuclear power will be at a severe disadvantage because

of the higher construction costs and longer leadtimes .

for new nuclear capacity. In most areas of the world,
currently operating nuclear plants will have to demon-
strate improved performance and lower operating costs

Figure 53. World Consumption of Electricity
From Nuclear Power Relative to
All Other Fuels, 1970-2015
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to prove that investments in nuclear power can be
competitive.

Regional Overview
Non-OECD Asia

Countries in non-OECD Asia currently operating
nuclear power plants include China, South Korea,
Taiwan, India, and Pakistan. With the exception of
South Korea, these programs are small, but all expect
growth in the future. At the end of 1994, these five
countries had 16.8 gigawatts of nuclear capacity on line.
By 2015, additional programs are expected to be operat-
ing in the Philippines and North Korea, and nuclear
capacity for the region is projected to be between 33.2
and 44.2 gigawatts. South Korea, currently the largest
operator of nuclear power in the region, with 10 oper-
able units totaling 8.2 gigawatts, projects a doubling of
capacity to between 17.4 and 19.3 gigawatts by 2015.

During 1994 two new units became operable in the
region: Guangdong 2, a 906-megawatt pressurized-
water reactor (PWR) in China, and Yonggwang 3, a
950-megawatt PWR in South Korea. At the end of 1994,
27 units were under construction or on order in non-
OECD Asian countries, including 11 in South Korea [2,
p- 6]. South Korea has experienced rapid growth in
energy demand over the past 20 years but still lags
behind Japan and Taiwan in per capita electricity
consumption. Therefore, its potential for continued
growth is high. The latest power development plan for
South Korea calls for 35 percent of new generating
capacity over the next 10 years to come from nuclear
power. China has also announced aggressive plans to
build additional nuclear power plants to meet rapid
growth in electricity demand. It is pursuing several
different options to purchase new nuclear reactors and
technology (see box on page 60). India and Pakistan are
also expecting continued growth in electricity consump-
tion, and both countries will need new capacity to meet
the demand.

OECD Pacific

In the OECD Pacific region, only Japan has a well-
established nuclear program, with 49 units totaling 38.9
gigawatts of operable capacity at the end of 1994.
Japan’s nuclear share of electricity in 1994 was 31 per-
cent. Japan has ambitious plans for further nuclear
expansion, mainly to help achieve energy independ-
ence. Japan's nuclear capacity is projected to increase
by 13.7 gigawatts—to a total of 52.6 gigawatts—by 2015
in the lower reference case. The upper reference case
projects an increase in capacity to 57.7 gigawatts by
2015. In 1994, one new unit was connected to the grid—
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China’s Nuclear Expansion

China began considering nuclear energy in the late
1970s as an alternative source of much-needed elec-
tricity. Current electricity production is not sufficient
to satisfy demand, especially in the heavily populated
and industrialized southeastern region of the country
[3]. Several factors drive China’s efforts to expand its
electricity supply with new nuclear capacity:

* Environmental considerations. China uses large
amounts of coal to generate electricity. The
country already ranks among the world’s largest
emitters of carbon dioxide from its coal-fired
generation.* In 1989, China emitted 6.01 million
metric tons of carbon dioxide per $1,000 of GNP—
more than any other nation, according to the
National Academy of Sciences’” Commission on
Policy Options for Global Warming [4].

* Poor transportation infrastructure. Even if China
were willing to increase coal use, its under-
developed rail system would not be adequate to
transport enough coal to areas of need. Most of
the country’s coal resources are located in the
north—away from its most needy areas [5]. In fact,
half of the present railway capacity and one-fourth
of the trucking fleet are already committed to
hauling coal and oil.

» Limited potential for hydroelectric development.
Another alternative source to coal-generated elec-
tricity in China is hydroelectricity. This year con-
struction began on the Three Gorges Dam on the
Yangtze River, which may be fully operational by
2015, with a capacity of 18 gigawatts. Unfortunate-
ly, the need to preserve valuable arable land to
feed the nation’s population constrains extensive
hydroelectric development on the scale of Three
Gorges.

In 1980, China announced to the world that it intend-
ed to build 12 nuclear power plants over the next 20
years, and that the country would open its doors to
foreign contractors to help in the billion dollar con-
struction process. However, China’s refusal to sign the
Nuclear Non-Proliferation Act, which is designed to
prevent the spread of nuclear, weapons, forced the
country to announce in 1987 that it would revert to
self-reliance.

Today China’s nuclear infrastructure consists of three
plants (see map on page 61) with a total capacity of

2.1 gigawatts, which provided 1.5 percent of the coun-
try’s total electrical output in 1994 (see table on page
62) [2, p. 4l. The first reactor, Qinshan 1, a 288 net
megawatt-electric (MWe) PWR, went on line in 1991,
making China the 26th nation in the world to generate
commercial electricity from nuclear power. The plant
is seen by the Chinese as a victory in its fight for
national self-reliance, although some 30 percent of the
components were provided by Japan and Western
Europe. The plant is located by the Hangzhou Bay at
the foot of Qinshan Mountain in Zhejiang province
and feeds electricity to the grid serving Shanghai and
three eastern Chinese provinces.

Two other 906-MWe PWRs, Guangdong 1 and 2 at
Daya Bay in the Guangdong province, are modeled
after reactors used by Electricité de France and jointly
owned by the Chinese government and China Light
and Power of Hong Kong. The units were connected
to the grid in 1993 and 1994, respectively [2, p. 89].
The completion of the Guangdong station helps in-
crease the generating capacity of the country’s fastest
growing province. The station is less than 50 kilo-
meters northeast of Hong Kong and provides over 70
percent of its output to the city; the remainder is
dispersed to relieve the area’s energy shortage.

China’s 2.1 gigawatts-electric (GWe) of capacity is far
short of its original projection. The main reason for
the slow start of the country’s nuclear program is lack
of capital. While central planners in Beijing set overall
objectives for nuclear power, budgeting by individual
provinces has made it difficult to force the pace for
implementation. China’s National Nuclear Corpora-
tion (CNNC), which is responsible for promoting nu-
clear power, currently projects a goal of 15 to 17 GWe
of nuclear generating capacity by 2010 and 30 to 50
GWe by 2020 [5]. If China is able to connect 50 GWe
to the grid by 2020, it will provide about 10 percent of
the country’s expected electricity demand. To reach
that ambitious goal, foreign capital will be essential.

Four nuclear power units, totaling 3.2 GWe capacity,
are currently in the construction pipeline in China
(see table): Qinshan 2 and 3 and Lingao 1 and 2 (also
known as Guangdong 3 and 4). Qinshan 2 and 3 are
600-MWe PWRs. CNNC hopes that they will be the
model for a standardized Chinese design for those
provinces whose systems and finances are not yet

*Carbon dioxide emissions per unit of energy obtained from coal are nearly double those from natural gas and approximately 20

percent higher than from residual fuel oil.
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suitable for large imported nuclear power plants. Con-
crete pouring for Qinshan 2 and 3 began in late 1995
[6, pp. 26-27], and the Chinese government estimates
completion by 2000 and 2001, respectively. The pur-
chase of Lingao 1 and 2, both 985-MWe PWRs, was
agreed on in January 1995 between China and French

Nuclear Power Units in China

vendor Framatome. The reactors are to be built at
Lingao in the Guangdong province, only a few
kilometers from Guangdong 1 and 2. Construction of
the units was scheduled to begin before the end of
1995, and they are due to enter service in 2002 and
2003, respectively.

Frovince Nome

Status of Nuclear Power Plants
- Ponned
o Under Consiruction N
ol In Operation U >
0 Mies 500

Source: S. Rippon, “China Ready for More Nuclear Power,” Nuclear News (June 1995), pp. 32-33.
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China’s Nuclear Expansion (Continued)

Three countries have recently concluded agreements
that could lead to the supply of nuclear power plants
for the eastern provinces of China. In May 1995,
Chinese authorities in Beijing approved the construc-
tion of two 1,000-MWe PWRs from Russia at Wufang-
dian in the northeastern province of Liaoning, at an
estimated cost of $3.2 billion. The project is slated for
operation by 2002. Financing will be provided from
Russia and from CNNC and the Liaoning provincial
government.

At the end of 1994, Atomic Energy of Canada Limited
(AECL) and CNNC signed a memorandum of under-
standing (MOU) regarding the purchase of two 700-
MWe reactors, possibly at the Qinshan site. The MOU
is an agreement to start detailed technical and com-

Nuclear Power Units in China

mercial discussions, including options for financing.
The reactors are expected to be based on the CANDU-
6 design currently in use at Point Lepreau and
Gentilly in Canada, and their cost is estimated at
about $3.5 billion.

Also at the end of 1994, South Korea concluded an
MOU for the supply of two units based on its Korean
standardized nuclear power plant design. The South
Koreans are working with CNNC on assessment of
prospective sites in Shandong or Fujian provinces. In
1992, a site known as Dongping in the Guangdong
province was selected for a nuclear power station,
where four 950-MWe units will be built at an esti-
mated cost of $11 billion.

Unit Name Type

Capacity Published
(Net Megawatts-Electric) Date?

Location

Units in Operation

Guangdong 1 ...... Pressurized-water reactor Guangdong 906 1993
Guangdong 2 ...... Pressurized-water reactor Guangdong 906 1994
Qinshan1 ........ Pressurized-water reactor Zhejiang 288 1991

<) - | 2,100

Units in Construction Pipeline

Lingao1.......... Pressurized-water reactor Guangdong 985 2002
Lingao2 .......... Pressurized-water reactor Guangdong 985 2003
Qinshan2 ........ Pressurized-water reactor Zhejiang 600 2000
Qinshan3 ........ Pressurized-water reactor Zhejiang 600 2001

Total ... i i i i et 3,170

Planned Units

Dongping 1........ Pressurized-water reactor Guangdong 950 Unknown
Dongping2........ Pressurized-water reactor Guangdong 950 Unknown
Dongping3........ Pressurized-water reactor Guangdong 950 Unknown
Dongping4........ Pressurized-water reactor Guangdong 950 Unknown
Liaoning 1 ........ Pressurized-water reactor Liaoning 1,000 2002
Liaoning2 ........ Pressurized-water reactor Liaoning 1,000 2002
Qinshan4 ........ Pressurized heavy-water reactor  Zhejiang 700 Unknown
Qinshan5 ........ Pressurized heavy-water reactor  Zhejiang 700 Unknown
Fujian/Shandong 1 .. Pressurized-water reactor Fujian/Shandong 960 Unknown
Fujian/Shandong 2 .. Pressurized-water reactor Fujian/Shandong 960 Unknown

L P T T T T e 9,120

Sources: Units in Operation: Energy Information Administration (EIA), World Nuclear Outlook 1995, DOE/EIA-0436(95)
(Washington, DC, October 1995), p. 89. Units in Construction Pipeline: Eia, World Nuclear Outlook 1995, p. 108; and
Nuclear Engineering International (February 1995), p. 15. Planned Units: NUEXCO Review (1993), pp. 26-29; S. Rippon,
“China: Ready for More Nuclear Power,” Nuclear News (June 1995), pp. 32-33; and “Four Projects in China’s 5 Year

Plan,” Nuclear News (December 1995).
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Ikata 3, an 846-megawatt PWR [2, p. 3]. The aggressive
expansion plan includes 18 units, totaling 19.3 giga-
watts, in the construction pipeline at the end of 1994 [2,
p. 51. Japan’s expansion plans include the construction
of reprocessing and recycling facilities to handle nuclear
waste domestically.

OECD Europe

Western Europe relies heavily on nuclear power to
satisfy its electricity demand. In 1994, OECD Europe
generated 43 percent of its electricity with nuclear
power. In France and Belgium, 75 and 56 percent, re-
spectively, of the national demand for electricity was
supplied from nuclear power plants [2, p. 4]. However,
the overall trend in OECD Europe is away from nuclear
power builds. In the lower reference case, only France
and Turkey (building its first unit) are projected to have
net increases in nuclear capacity between 1994 and
2015. Seven other West European countries are project-
ed to have decreases in total nuclear capacity due to
plant retirements.

No new units were brought on line in the region dur-
ing 1994, but two units were retired. In France, Bugey
1, a 540-megawatt gas-cooled, graphite-moderated reac-
tor (GCR) was retired after 22 years of operation; and
in the United Kingdom, Dounreay PFR, a 234-megawatt
fast breeder reactor (FBR), was permanently shut down.
In early 1995 Sizewell B, a 1,188-megawatt PWR, was
brought on line in the United Kingdom, after just under
7 years of construction time.

The bleak outlook for nuclear power in Western Europe
can be explained by several factors. France’s 56 units
provided 75 percent of the country’s electricity needs,
and the country will continue to depend on nuclear
power for the majority of its electricity. Demand is not
growing substantially, however, and the French are
considering extending the operating lifetimes of current
plants. Therefore, orders for new capacity are not ex-
pected until after 2000. Political opposition is limiting
new nuclear construction in Finland, Sweden, and Ger-
many. In the United Kingdom it has been determined
that privatization of the advanced gas-cooled and PWR
nuclear stations is possible, and will take place during
1996. As a result, Nuclear Electric, the only utility
building new nuclear units, will not receive govern-
ment assistance for new nuclear construction, as it
would represent intervention in the electricity market.

North America

The nuclear program in the United States is much
larger than those of Canada and Mexico, the two other
countries in the region. However, reliance on nuclear
power is very similar in the United States and in
Canada. In 1994, the nuclear share of electricity in the
United States was 20 percent; in Canada it was 19 per-
cent. Mexico brought on line its second nuclear unit in
1994, and 3 percent of the country’s electricity was
generated from nuclear power during 1994. Little to no
growth is expected in this region. In the United States,
one unit under construction is projected to come on line
in 1996. By 2015, however, U.S. nuclear capacity is pro-
jected to decrease by 36 percent from the 1994 level in
the lower reference case, due to retirements and the
lack of new orders. In Canada, with no new orders pro-
jected in the lower reference case, capacity decreases by
3.8 gigawatts by 2015 as a result of retirements. In the
upper reference case, nuclear capacity is projected to
remain relatively stable through 2015; this could be
achieved if plants currently scheduled for retirement
were life-extended.

During 1994 one new nuclear unit was connected to the
grid in North America. In Mexico, Laguna Verde, a 654-
megawatt boiling-water reactor (BWR), was brought on
line. At the end of 1994, the construction pipeline
included seven units under construction or planned in
the United States; however, all but one are indefinitely
deferred or have since been canceled. Canada and
Mexico have no new units under construction [2, p. 5].

Although the national average performance of nuclear
reactors in the United States is lower than in other
countries, probably because of the large number of
plants operating and the variability in operations, it is
still steadily improving relative to past performance. A
study of U.S. capacity factors’ for the 3-year period
1992-1994, showed improved performance for all cate-
gories of plants, grouped either by size or by age [7].
Three-year averages were used to eliminate any
dramatic changes from one year to the next based on
refueling cycles. Almost three-quarters of U.S. plants
had average capacity factors above 70 percent for 1992-
1994, and only nine plants performed below 50 percent.
The median capacity factor was 77 percent, up from 70
percent in 1989-1991. Improvements in nuclear reactor
performance in the United States should improve the
competitive potential for nuclear power, but further

*The capacity factor differs from the load factor in that net rather than gross generation and capacity are used. Otherwise, the calculation

is the same.
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reductions in operating and maintenance costs must
also be achieved.

Eastern Europe/Former Soviet Union

In the EE/FSU region, the nuclear share of total elec-
tricity generation was 18 percent in 1994; 75 percent of
the electricity in the region from nuclear plants was
generated in the FSU [2, p. 4]. Reliance on nuclear
power varies in this region, with Lithuania supplying
76 percent of the electricity from nuclear power and
Russia only 11 percent. Several countries in the region
have ambitious plans for additional nuclear capacity,
but there are many challenges that will likely limit new
nuclear builds. Due to the uncertain potential for future
projects, the region’s projected nuclear capacity in 2015
ranges from a net loss of 7.3 gigawatts in the lower
reference case to a gain of 18.6 gigawatts in the upper
reference case. These forecasts, particularly the upper
reference case, assume that either financing will be
available to the Eastern European countries through
international lending institutions, or the respective
economies will recover sufficiently to make nuclear
construction a viable option.

The ability of EE/FSU countries to complete their
aggressive plans to build new capacity (some 30 new
units are under consideration) will depend on obtaining
financial support and on improving safety at existing
units. While the region is in transition to a market
economy, investments in capital-intensive nuclear
power projects are difficult. Many Western nations are
tying financing agreements to improved safeguards at
current plants, or requiring that unsafe plants be shut
down. In many cases, the power generated by such
plants cannot be supplied by any currently available
alternatives. In Lithuania, two RBMK reactors (Soviet-
designed light-water-cooled, graphite-moderated reac-
tors) provide 76 percent of the country’s electricity as
well as a portion for export. The Ukrainian parliament
originally voted to shut down permanently the two
remaining reactors at the Chernobyl site by the end of
1993, but the units are still operating to alleviate
electricity shortages in the area. The government has
tentatively agreed to close the plants by the year 2000,
given that replacement power would come from up-
graded VVERs (Soviet-designed light-water reactors)
[8]. Both the European Union and the G7 countries
have pledged funds for the closure of the Chernobyl

units.

Other Non-OECD Countries

Other non-OECD countries that currently operate nu-
clear power include Argentina, Brazil, and South Africa.

Cuba is projected to bring its first unit on line by 2010.
Argentina’s two nuclear units provided 14 percent of
the country’s electricity in 1994. In March 1993, Brazil
shut down the one unit it had in operation; however,
the 657-megawatt PWR, Angra 1, came back on line in
early 1995. South Africa has two nuclear units currently
operable, which provided 6 percent of the country’s
electricity generation in 1994. No new nuclear units are
planned in South Africa.

In the Middle East, Iran and Israel are projected to
complete their first nuclear power projects by 2015.
Development in these countries is not supported by
many Western nations, which are concerned that the
countries will also develop nuclear weapons capability.
Nevertheless, Iran is pursuing several options for ob-
taining nuclear power. China has tentatively agreed to
sell one or more reactors to Iran, but it is unclear
whether any progress has actually been made [8].
Russia has also signed a contract to build nuclear
reactors for Iran, and according to Russia’s Atomic
Energy Minister, work on the first has already begun
[9]. Russia will also complete the Bushehr power plant
in Iran, which was worked on for 5 years in the 1970s.
Israel’s plans are less defined, and only one small plant
is projected to be on line by 2015 in the upper reference
case.

References

1. “Load Factors: 1994 Annual Review.” Nuclear Engi-
neering International. March 1995.

2. Energy Information Administration. World Nuclear
Outlook 1995. DOE/EIA-0436(95). Washington, DC,
October 1995.

3. S. Rippon. “China: Ready for More Nuclear Power.”
Nuclear News. June 1995. pp. 32-33.

4. P. Dresser. Nuclear Power Plants Worldwide. pp. 169-
175.

5. J. DeMott. “Ambitious Dragon.” Nuclear Energy. First
Quarter 1995. pp. 24-29.

6. “Four Projects in China’s 5 Year Plan.” Nuclear News.
December 1995.

7. “U.S. Capacity Factors: Still Higher, From Necessity.”
Nuclear News. May 1995.

- 8. “World Survey.” Nuclear Engineering International.

June 1995.

9. “Russia Will Build 3 Reactors for Iran.” The Washing-
ton Times. September 6, 1995.

64 : Energy Information Administration/ International Energy Outlook 1996



Hydroelectric and Other Renewable Energy

Hydroelectric resources are being developed aggressively in the emerging nations.
In many developed nations, where few new hydropower sites are available,
attention has shifted to wind as a renewable energy source.

Fast-paced growth in the use of renewable energy
sources is expected to continue through 2015 around
the world. Environmental concerns, in particular, are
expected to create the appropriate market conditions for
rapid growth in renewable energy demand. Despite
competitive fossil fuel prices, which are expected to
remain competitive throughout the projection period,
the share of hydroelectricity and other renewable ener-
gy sources (primarily geothermal, wind, and solar) in
the world’s energy consumption mix increases from 8.0
percent in 1993 to about 9.2 percent in 2015 in the
IEQ96 reference case (Figure 54).

Figure 54. World Consumption of Hydroelectricity
and Other Renewables Relative to
All Other Fuels, 1970-2015
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World consumption of hydroelectricity and other re-
newables is projected to grow to 49.7 quadrillion Btu in
2015, an average annual increase of 2.6 percent between
1993 and 2015 (Figure 55). Slightly higher growth is
expected in non-OECD countries, at 3.1 percent per
year over the projection period, mainly as a result of
aggressive development of hydroelectric resources in
non-OECD Asia. Although slower growth is expected
in the OECD countries, where most hydroelectric

Figure 55. World Consumption of Hydroelectricity
and Other Renewables, 1970-2015
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resources have already been developed, environmental
concerns in Europe and North America are prompting
the implementation of a variety of programs to promote
the use of other renewables. In the industrialized
nations of the world, further exploitation of hydro-
power resources for electricity generation is increasing-
ly at odds with environmental protection. The adverse
impacts of hydroelectric development, including dis-
placement of population from flood plains and disrup-
tion of fisheries, have led to the suspension of a
number of major projects in recent times, the most
ambitious of which were located in Canada.

Although weod waste, landfill methane, geothermal,
wind, and solar energy still tend to be limited
substitutes for hydropower, because of intermittent
availability and relatively low power output with high
cost per unit of operation, much progress has been
made in improving the efficiency and performance of
renewables technology. Efforts have been focused on
making existing technology more cost-efficient and
thereby more competitive with fossil fuels. In par-
ticular, substantial advances have been made toward
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reducing the per-kilowatthour cost of producing elec-
tricity with wind power. In the United States, for exam-
ple, the present cost of producing a kilowatthour of
electricity with natural gas is estimated at about 3 cents;
the cost of generating the same amount of energy with
wind has dropped from a range of 7 to 10 cents per
kilowatthour to as low as 5 cents per kilowatthour [1,
p- D1l

Decreases in the cost of producing wind energy are
attributed to intensive research programs in several
OECD countries, most notably, the United States and
Denmark. Turbines that can generate power in winds
as low as 9 to 13 miles per hour are now being intro-
duced in the United States [2, p. 9]. In 1994, the United
States invested $30.5 million in research and develop-
ment associated with wind power [3, p. 50]. By 2003,
researchers expect to lower the cost of wind energy to
4 cents per kilowatthour. In contrast, solar-generated
electricity presently costs more than 14 cents per kilo-
watthour.

Solar-generated electricity is being promoted by various
government research and development programs.
While its potential is large (Table 19), solar is currently
dwarfed by such renewables as hydroelectricity, bio-
mass, and geothermal, and only special circumstances
allow it to be economical at this time. A principal issue
in cost is the conversion rate of solar input to electricity
output, which currently is only one-third of the theo-
retical maximum. Small quantities of solar power are
installed on an economical basis where users are far
removed from electricity grid networks.

Although the technology for generating electricity from
tidal power may be considered mature (Table 19), it is
also expensive to develop and is often accompanied by
substantial environmental costs [4]. Efforts continue to
develop tidal energy technologies that will be competi-
tive with the costs of other energy sources and have
minimal environmental impacts. A number of tidal
energy projects have been proposed in India, including
a 900-megawatt barrage in the Gulf of Kutch.

Table 19. Status of World Renewable Electric Power Generation Technologies, 1994

Current Capacity

Technology Technical Status Commercial Status {(Megawatts)

Biomass ........... Agricultural residues R-D A 50,000
Energy crops R-D A 500

Urban wastes R-D A 1,000

Biogas D A 1,000

Geothermal ........ Hydrothermal M E 10,060
Geopressurized R U 0

Hot dry rocks R-D U 0

Magma R U 0

Hydroelectric ....... Small scale M, A 19,500
’ Large scale M A 627,000

Ocean ............ Tidal M A 263
Tidal stream R U 0

Shoreline wave R-D A <1

Offshore wave R u <1

Ocean thermal (OTEC) R-D A 0

Salinity gradient R u 0

Solar ............. Solar therma! electric R-D U >350
Photovoltaics D-M A 380

Wind ............. Onshore D-M A 2,000
Offshore D A 5

Notes: Technical Status—R = research, D = demonstrated, M = mature. Commercial Status—U = uneconomical, A =
economical in certain areas or niche markets, E = economical.
Source: International Energy Agency, IEA/OECD Scoping Study: Energy and Environmental Technologies to Respond to
Global Climate Change Concerns (Paris, France, 1994), p. 93.
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Noncommercial fuels from plant and animal sources
are important energy sources, especially in the develop-
ing countries. Comprehensive data on the use of non-
commercial fuels are not available, however, and they
are not considered in the IEO96 projections. Similarly,
because there are few extensive sources of international
data on their use, dispersed renewables (renewable
energy consumed on the site of its production, such as
solar panels used for hot water heating) also are not
considered in the projections.

North America

In 1993 more than 10.3 quadrillion Btu of electricity
generated by hydroelectric plants and other renewable
resources was consumed in the three countries of
OECD North America (Canada, Mexico, and the United
States) [5, pp. 12-16]. Their consumption represented
almost 37 percent of the world’s use of renewable
energy resources. Renewable energy in North America
is projected to grow by 2.3 percent per year between
1993 and 2015, reaching nearly 17 quadrillion Btu at the
end of the projection period (Figure 56).

Figure 56. World Consumption of Hydroelectricity
and Other Renewables by Region,
1995, 2005, and 2015
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Hydroelectricity is well-established in the United States
and, therefore, has limited potential for further devel-
opment. In Mexico, hydroelectric capacity could double
by 2010; however, a growing supply of electricity from
independent power producers is expected to impede
hydroelectric development somewhat [6, p. 115]. While
there are numerous plans to expand the hydroelectric
resources in Canada, grand schemes for large-scale
hydroelectric projects—such as the three-phase James

Bay project—have lost favor in light of decreasing
estimates of electricity demand and increasing environ-
mental concerns. In November 1994 work on the second
phase of the James Bay project—the Grande Baleine
(Grand Whale)—was suspended. Plans for the third
phase, Nottaway-Broadback-Rupert, have been dis-
carded.

By 2015, demand for renewable energy is projected to
reach 8.9 quadrillion Btu in the United States, repre-
senting more than 8 percent of total U.S. energy con-
sumption [7, p. 71]. Strong growth is projected for wind
power, which could supply nearly 1 percent of U.S.
electricity production by 2015. An annual growth rate
of 11.5 percent is projected for wind-generated elec-
tricity between 1993 and 2015 [7, pp. 116-117].

At present, the total wind generating capacity in the
United States is about 1.8 gigawatts, mostly located in
California [7, p. 114; 2, p. 8]. There is also extensive
potential in other States, most notably, in North Dakota,
South Dakota, Texas, Minnesota, and Montana. By one
estimate, Texas and North Dakota alone could generate
46 percent of the electricity needed in the continental
United States [8, p. 58]. Wind farms are currently under-
construction in Minnesota, lowa, Hawaii, Texas, Wis-
consin, and Washington, with demonstration projects
planned in New England and Wyoming [2, p. 91.

In Canada, a shift from plans for nuclear power and
large-scale hydroelectric schemes—most notable in
Hydro Quebec’s decision to terminate development of
the Great Whale project in 1994—has resulted in re-
newed interest in alternative energy sources. The
provincial utility, Ontario Hydro, has issued a request
for proposals to acquire 100 megawatts of renewable
energy capacity between 1995 and 1999 [9]. Plans
include adding up to 200 megawatts of renewable
sources—other than those generated at utility-owned
large-scale hydroelectric stations—each year after 2000.
The utility expects to develop wind power, solar power,
combustion of wood and biomass, and burning of land-
fill gases. By 2020, Ontario Hydro would like to have
long-term contracts for as much as 3.6 gigawatts of
renewable nameplate capacity. The utility expects to
fund wind power projects at $28 million annually
through 1999.

Hydro Quebec has signed a power purchase agreement
with the U.S. company, Kenetech, to install two on-grid
wind farms with a combined capacity of 100 megawatts
on the Gaspe peninsula, south of the St. Lawrence River
in Quebec [3, p. 50]. Construction of the Gaspe Island
project is slated to begin by summer 1997 [10, p. 71.
Currently, the Canadian company York-Vestas Energy
is replacing old turbines at Cap Chat on the Gaspe
peninsula with eight more efficient turbines [11, p. 56].
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Work on Kenetech’s 5-megawatt Magdalen Islands
wind farm was scheduled to begin in 1995. In 1994, the
company obtained a 25-year contract from Hydro
Quebec to supply electricity at 5 U.S. cents per kilo-
watthour [12, p. 7]. The project was delayed in 1995,
however, because of technical problems in connecting
the wind farm with the existing diesel generator, and
because the largest power consumer on the islands, a
salt mining operation, was shut down in summer 1995
as a result of flooding.

Central and South America

Renewable energy, particularly hydropower, is an
important source of electricity in Central and South
America. In 1993, almost 400 billion kilowatthours of
electricity from renewable sources was consumed in
this region, most of it hydroelectricity [5, p. 12]. At
present, 65 percent of the region’s installed electricity
capacity is hydroelectricity [5, p. 87]. Projected growth
of renewables in this region is only 0.8 percent annually
through 2015, because hydroelectric resources have
already been developed to a large degree. Demand for
renewables as a whole is expected to reach 5.0 quad-
rillion Btu by 2015. By 2010, there are plans to install
over 30 gigawatts of additional hydroelectric capacity
in Central and South-America. Construction has already
begun on much of the proposed capacity, or is at least
in the final planning stages, including the large-scale,
20-gigawatt Guri project in Venezuela [6, p. 157].

Asia

Many countries in non-OECD Asia have an abundance
of untapped hydroelectric resources. Indeed, in non-
OECD Asia vigorous hydroelectric development con-
tinues, even though international financial support has
declined. For example, Vietnam completed the 1.92-
gigawatt Hoa Binh hydroelectric plant at the beginning
of 1994 [13, p. 5]. A consortium of countries, including
Vietnam, Thailand, Laos, and Cambodia, have agreed
to begin building dams along the Mekong River [14,
p- 29]. Hydroelectric projects are planned for the
Borneo rain forest (Malaysia) and the Stung Nam River
(jointly by Thailand and Cambodia) [15, p. 23].

Many large-scale hydroelectric projects continue to be
difficult to finance because of high construction costs.
Nepal is seeking a $175 million loan from the World
Bank to support work on the 201-megawatt hydroelec-
tric station on the Arun River, which is estimated to
cost about $1 billion to construct [16]. While the Arun
project has been the subject of protest from environ-
mental groups, the Nepalese government argues that
forests, their main energy source, are quickly being

depleted and that utilizing the country’s extensive
hydroelectric potential is important to continued eco-
nomic development.

In December 1994, construction began on China’s
controversial Three Gorges project at Sandouping. The
18-gigawatt project is expected to take between 15 and
20 years to complete with costs ranging from $12 billion
to $70 billion, including interest charges and inflation
[14, p. 25]. The Chinese government expects to provide
much of the funding for the project and, toward that
end, has already begun to levy a 2-percent tax on elec-
tricity. When completed, the Three Gorges project will
provide power to an economic development program
on the upper Yangtze River basin around the industrial
city of Chongging, as well as providing electric power
to Shanghai, the fifth largest city in the world. In
addition to the Three Gorges project, construction
began on several smaller hydroelectric projects in 1995,
including the Mianhuatan project (600 megawatts),
Lingjintan (240 megawatts), Gaobazhou (240 mega-
watts), Bailongtan (192 megawatts), and Shiquankuo (90
megawatts) [17, p. 24]. Of the new electric capacity
China plans to add between 1993 and 2010, 96.3 giga-
watts are expected to be from hydropower [18, p. 2.

Government plans in India are to increase hydroelectric
capacity to 71 gigawatts by 2007, an average increase of
more than 3 gigawatts per year [6, p. 199]. However,
the World Bank recently withdrew support for the
large-scale Narmadu dam project on environmental
grounds, and the future of the project is unknown. The
Indian central government also devotes substantial re-
sources to the development of other sources of renew-
able energy. Currently, other renewable capacity in
India is on the order of 151 megawatts, including 3.3
megawatts from solar photovoltaic systems and 53.9
megawatts from wind power [6, p. 173].

Prospects for wind power development in India are

_ very optimistic. Worldwide Institute estimated that, at

the end of 1995, India was installing wind turbines at
a faster rate than any other country [19, p. 66]. In 1989,
tax incentives were introduced to encourage private-
sector investment in wind resources [20, p. 62]. The
policy allows companies to deduct the entire cost of
equipment from pre-tax profits in the first year. India’s
Ministry for Non-Conventional Energy Sources projects
that wind mills will contribute 500 megawatts of gener-
ating capacity to the national grid by 1997 [20, p. 62].

In Pakistan, hydroelectric resources are also abundant,
but they are underdeveloped. Pakistan’s hydroelectric
capacity is about 3 gigawatts, one-third of its total
electric utility capacity [6, pp. 199-200]. The potential
for development of hydroelectric capacity is estimated
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to be more than 30 gigawatts. As in India, environment-
al concerns have affected some hydroelectric projects.
Recently, work ceased on the 2.4-gigawatt Kalabagh
project because of environmental concerns.

In Indonesia, potential hydroelectric capacity has been
estimated at 75 gigawatts, with less than 3 percent of
this potential presently exploited. The state-owned
electric utility, Perusahaan Listrik Negara (PLN), plans
to add more than 5 gigawatts of hydroelectric capacity
before 2004 by constructing more than 120 new hydro-
electric plants [21, p. 9].

In OECD Asia, research and development on renewable
energy sources continue to receive government spon-
sorship. The Japanese government supports develop-
ment programs for such sources as waste-fired electric-
ity, solar photovoltaics, and wind power [22, p- 51

Australia also provides funds for research on renewable

technologies. In 1995, a solar-thermal system designed
to heat steam to drive turbine generators was installed
in the Northern Australian community of Tennant
Creek [19, p. 67].

Africa

There is abundant hydroelectric potential in Sub-
Saharan Africa; however, the energy generated from
existing hydroelectric facilities more than exceeds
current electricity demand [6, p. 237]. For instance, the
Inga site on the Zaire River has an installed capacity of
1.8 gigawatts, but only 550 megawatts is currently uti-
lized. Inga alone could produce power far in excess of
Zaire’s current requirements. Zambia, Mozambique,
and Egypt all have installed capacities of more than 2
gigawatts, and in Angola the 520-megawatt Capandu
Dam on the Kwanza River is expected to be completed
by 2000. Mozambique’s civil war has substantially
reduced generation from the 2.1-gigawatt Cahora Bassa
dam on the Zambezi River to only 1.5 percent of capac-
ity. When the civil war ends, Cahora Bassa could in-
crease output to supply electricity to South Africa, for
which that country has agreements in place to purchase
950 megawatts of capacity until 2004 and 1,500 mega-
watts beginning in 2005 [6, pp. 237-238].

OECD Europe

About 22 percent of the total world demand for hydro-
electricity is attributed to OECD Europe. Most practical
hydroelectric resources have already been exploited in
this region, and little further development is expected.
Currently, France, Norway, and Sweden account for
more than half of the total hydroelectricity consumption
in OECD Europe. In 1993, these countries together con-
sumed 257 of the 479 billion kilowatthours generated in

the region. Demand for renewable energy in OECD
Europe is expected to grow to 7.6 quadrillion Btu by
2015 (Figure 56)—an increase of more than 1.8 percent
per year.

As in the United States, wind power is expected to
grow faster than any of the other renewable energy
sources in OECD Europe. Most of the 3.4 gigawatts of
installed worldwide wind capacity is split between the
United States and Europe [11, p. 52], where OECD
Europe has an installed wind capacity equivalent to
about half that in the United States. There are plans to
install 400 megawatts of wind power in Europe in 1995.
Denmark remains Europe’s biggest generator of wind-
powered electricity, but aggressive development is also
taking place in Germany, the United Kingdom, and
other parts of OECD Europe. The European Wind Ener-
gy Association has predicted the creation of more than
11.5 gigawatts capacity of wind power in Denmark,
Germany, the Netherlands, and the United Kingdom by
2005, and the U.S. company Kenetech is currently
building wind turbine plants in Spain and the Nether-
lands [1, p. D8].

In Denmark, wind-powered electricity from utilities and
independent power producers provided 2 percent of
the country’s power in 1990 [23, p. 33]. About 70 per-
cent of Denmark’s wind turbines are owned by local
cooperatives, which provide free electricity to their
stakeholders and are allowed to sell any excess elec-
tricity to the national grid [24, p. 14]. Government plans
project that 10 percent of Denmark’s electricity will be
wind-generated by 2000 [23, p. 33].

In 1995, electricity generated by wind turbines in
Germany was expected to exceed 1 billion kilowatt-
hours, approaching the level of 1.1 billion kilowatthours
generated at California’s Altamont Pass in 1994.
Germany’s total installed wind capacity is expected to
reach 750 megawatts by the end of the year. Most of
the growth is planned for the northern states Schleswig-
Holstein and Neidersachsen, but a small number of
wind turbines are under construction in Rheinland-
Pfalz, Nordrhein-Westfalen, and the former East Ger-
man state, Mecklenburg-Vorpommeran.

Wind power development has also been aggressive in
the United Kingdom. The first wind farm in Great
Britain began operating in 1990 [24, p. 12], and the
British government has pledged to generate 3 percent
of all energy from renewable resources by 2000. The 25
existing clusters of wind turbines in England and Wales
now provide 0.13 percent of the United Kingdom's elec-
tricity [11, p. 54]. The 103-turbine Llandinam site in
central Wales is the largest wind farm in the United
Kingdom, with a total installed capacity of almost 31
megawatts [24, p. 13], generating enough electricity for
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The United Kingdom has employed two strategies to
encourage the development of non-fossil fuel tech-
nologies. Since 1974, the government has supported a
research, development, and demonstration program
for non-fossil fuels [26, p. 1067]. More than $545
million (1993 U.S. dollars) was expended on renew-
able projects between 1974 and 1993. In addition, the
Non-Fossil Fuel Obligation (NFFO) program was
| started in the United Kingdom as a result of the 1989
Electricity Act, to guarantee a market for electricity
generated from renewable energy sources. Two NFFO
calls for bids were made in 1990 for England and
Wales, and a third round of bids was held in 1994 [27,
pp. 234-235]. Money for the NFFO, which was en-
visioned as a way to stimulate the growth of the
renewables market, comes from a tax on fossil fuel
generation [26, p. 1067].

According to a 1988 paper from the United King-
dom'’s Department of Energy, public funding for non-
fossil fuels should have been surpassed by private
sector investment by 1994 [26, p. 1067]. However,
declining prices for primary fuels, particularly oil and
gas, have reduced the economic competitiveness of
renewable energy. Most private funding has, in fact,
been used to support “near market” projects rather
than research projects [26, p. 1068]. The government
reduced its own funding of research and development
programs by 20 percent in its 1994-1995 budget, with
plans for further reductions within the rlext few years.
The cuts would mean that the NFFO would be the

Government Strategy for Increasing Renewable Energy Demand in the United Kingdom

primary source of funding for the development of
renewables, along with some funding from the Euro-
pean Commission.

The NFFO tax provided about $48 million for renew-
able energy projects in 1993 [26, p. 1067] and has been
used to support almost 200 projects overall. About 80
percent of the capacity added as a result of NFFO
funding involved waste combustion and landfill gas
projects. A smaller portion of the funding has been
directed toward wind power projects, including the
103-turbine project in Llandinam. Approximately 110
megawatts of wind capacity was added through the
NFFO between 1990 and 1991 [26, p. 1067].

In 1994, the NFFO system was extended to Northern
Ireland. Under the Irish NFFO, Northern Ireland Elec-
tricity (NIE), the region’s electricity transmission and
distribution company, would be required to supply 15
megawatts of energy from renewable sources [27,
p- 235]. NIE has signed 20 contracts with 12 compa-
nies to produce renewable energy, 6 of which are for
wind power development at proposed sites in
Counties Antrim, Tyrone, Fermanagh, and London-
derry. Each wind farm is expected to have an
installed generating capacity of more than 2 mega-
watts [27, p. 244]. Combined, they account for 12.6 of
the 15.6 megawatts in total contracts. Nine small
hydroelectric projects, with a combined installed
capacity of 2.4 megawatts have also been accepted
under the NFFO.

21,600 households [25]. Additional farms are planned
for Northern Ireland and Scotland, subsidized by the
Non-Fossil Fuel Obligation program (see box on page
70). The United Kingdom has set a goal of installing 1.5
gigawatts of declared net capacity by 2000.

Eastern Europe

Hydropower accounts for most of the projected
improvements in renewable energy availability in
Eastern Europe and the former Soviet Union. In the
EE/FSU region, gains in production will derive
principally from improved availability from existing
producing sites. In 1995, a $50-million loan from the
European Bank for Reconstruction and Development
(EBRD) in cooperation with the World Bank, OECD,
Switzerland, and Austria was designated for upgrading
Albania’s energy sector, including 3 small hydroelectric
plants at Ulza, Shkopeti, and Selita [28, p. 5]. Bulgaria’s

National Electricity Company invited bids in 1995 for
the completion of the 864-megawatt Chaira pumped-
storage hydroelectric plant, the largest hydroelectric
project in that country [29, p. 9]. In a joint venture
between Romania and the former Yugoslavia, a station
is being added to the Iron Gates Two hydroelectric site
on the Danube River near Negotin [30]. The installed
capacity of Iron Gates Two is expected to increase to
270 megawatts from its present 216 megawatts. The
first unit of the new station was scheduled to be
completed by the end of 1995, and the second is to be
completed in 1996.

The Gabcikovo hydroelectric project in Slovakia has
been a major cause of dispute between the Slovak and
Hungarian governments since the October 1992 opening
of the installation, which now provides 1,700 giga-
watthours of electricity a year [31, p. 30]. In 1977, the
Czechoslovakian and Hungarian governments agreed
to construct the two dams on the Danube in an attempt
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to link the Danube and Rhine rivers, so that a shipping
lane could be formed between the North Sea and the
Black Sea [31, p. 27]. In 1992, Hungary abandoned the
1977 treaty on environmental grounds; however, the
Slovak government decided to continue work on
Gabcikovo [31, p. 28]. In 1994, the two governments
agreed to seek resolution of the disagreement at the
International Court of Justice in The Hague. Hearings
on the Slovak-Hungarian dispute over the Gabcikovo-
Nagymoros project were held in May 1994 [32], but no
ruling on the matter has been made to date.

In early 1995, the dispute between Hungary and Slo-
vakia over Gabcikovo-Nagymoros diminished some-
what as the two countries began to consider their
respective entries into the European Union. Gabcikovo-
Nagymoros was considered one of two major disputes
which had to be resolved before membership in the
European Union could be seriously considered (the
other was the treatment of the Hungarian minority in
Slovakia). On April 18, 1995, Slovakia and Hungary
signed a temporary agreement to divide the water of
the Danube between the original river bed and the
Moson branch of the Danube until the International
Court rules on the pending case [33]. The increased
water flow is expected to repair the ecological damage
that occurred in the Hungarian Szigetkoz area. The
temporary solution is expected to decrease electricity
production at Gabcikovo by 150 gigawatthours per year
[34].

Former Soviet Union

Countries of the former Soviet Union are similar to the
countries of Eastern Europe, in that much of the devel-
opment of hydroelectric power in the region is directed
toward maintaining and improving performance at
existing sites. For example, the World Bank announced
in April 1995 that $114 million would be given to the
Ukraine to upgrade eight hydroelectric power stations
(Dnieper I and II, Kiev PSP, Kakhovka HPS, Kiev,
Kanev, Kremenchug, and Dniprodzerzhinsk) located on
the Dnieper River [35, p. 1]. The work is expected to
extend the lives of the eight plants by as much as 20
years, as well as increase their electricity production.

In December 1994, the EBRD announced plans to loan
Azerbaijan $53 million to complete construction of the
Yenikend hydroelectric plant on the Kuru River [36,
p- 174]. The EBRD is also providing loans to Georgia
for the purpose of commissioning two 12-megawatt
generating units at the Rioni hydroelectric power
station [36, p. 175], which would help alleviate the
country’s chronic power shortages. For the most part,
the buildings and industry sectors in Georgia have

access to power only part of the day (less than 6 hours),
and fines are levied against those who use more than
their share.
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Electricity

Rapid growth in demand for electricity is expected throughout the world,
and coal remains the primary fuel for generation. Many nations are restructuring
their electric power industries to increase efficiency and hold down costs.

Electric power is expected to be the fastest-growing
source of end-use energy supply throughout the world
over the next two decades. Demand for electricity is
projected to grow to 19 trillion kilowatthours in 2015 in
the JEO96 reference case, nearly doubling present elec-
tricity demand (Figure 57). While electricity markets
continue to grow, dramatic changes are expected in the
electric power industry. Many countries are currently
working to create more competitive environments for
electricity markets in order to promote greater effi-
ciency. These efforts affect regulation, industrial struc-
ture, and ownership.

Figure 57. World Electricity Consumption,
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(EIA), Office of Energy Markets and End Use, International Statistics
Database. 1980-1993: EIA, International Energy Annual 1993, DOE/
ElA-0219(93) (Washington, DC, May 1995). Projections: EIA, World
Energy Projection System (1996).

Regulatory changes can lead to the elimination of
monopolies and reduction of governmental intervention
in the electric power industry. Reforms include the
reduction of price controls and tariff restrictions and
the elimination of subsidies. Structural changes are
characterized by the division of the industry into its
three major functions—generation, fransmission and
distribution—and a commitment from governments to

ensure that independent producers and other power-
related enterprises will have full and fair participation
in each of these functions. Ownership trends include an
emphasis on privatization and commercialization to
attract private capital from foreign and domestic
sources.

Many non-OECD countries facing high electricity
demand growth favor privatizing their electric power
sectors and opening their markets to foreign firms. This
approach can free up large amounts of public capital
which can be used instead for social programs. In addi-
tion, private ownership allows managerial accountabili-
ty, market efficiency, and better customer service while
reducing government deficits and international debt.

Market reforms can also affect the environment, curbing
the growth of greenhouse gas and related emissions.
For example, reducing energy subsidies could increase
the relative price of electricity, deterring its use; and the
opening of market access could affect the mix of gener-
ating technologies, as private developers favor smaller
gas-fired units, with lower capital costs and investment
risks, over large coal-fired power plants. Technology is
also expected to help curb the growth of emissions
as generating units become more efficient and new,
improved technologies for emissions conirol become
available.

The choice of fuels for power generation has significant
implications for the environment. As electricity demand
continues to grow, coal will remain a primary fuel for
power generation, especially in China and India. Coal
is the most carbon-intensive of the fossil fuels, releasing
nearly twice as much carbon per Btu to the atmosphere
as natural gas does. Overall, throughout the world,
fossil fuels are expected to be the primary energy
source for electricity generation. The share of nuclear
generation is expected to decline, raising the need for
a substitute source of supply. Natural gas will grow in
relative importance, but it will still supply a smaller
share of total generation than either coal or renewables.
Where natural gas is chosen over coal for new generat-
ing capacity, greenhouse gas emissions will be reduced;
but where it replaces retiring nuclear capacity, emis-
sions will increase.
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Demand Growth

Over the past two decades, electricity consumption
throughout the world has grown by 3.4 percent per
year, as compared with 2-percent annual growth in
total end-use energy consumption (Figures 58 and 59).
Despite such strong growth, however, it is estimated
that 2 billion of the world’s 5.5 billion people still are
not connected to electric power grids [1]. As efforts are
made to reach unserved populations, and as electricity
continues to penetrate end-use energy markets, electric-
ity consumption worldwide is expected to grow at an
annual average rate of over 2.6 percent (Figure 57).
Stronger growth (2.8 percent per year) is expected from
1993 to 2000, largely due to strong economic growth in
OECD Europe and non-OECD Asia, as well as in-
creased electrification in developing regions. Somewhat
slower annual growth (2.5 percent) is projected for the
remainder of the forecast period.

Non-OECD countries constitute 80 percent of the
world’s population but consume less than 40 percent of
the overall world’s electricity output. On a per capita
basis, the divergence between the OECD and non-
OECD regions is significant (Figure 60): electricity
generation per capita in the OECD is sevenfold that in
the non-OECD. Average electricity generation per
person is highest in Canada and the United States, at

Figure 58. OECD Growth Trends, 1975-2015
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154 and 11.1 megawatthours, respectively, in 1993
(Table 20). Africa has the lowest generation per person,
at 0.4 megawatthours in 1993. Non-OECD Asia, where
per capita electricity use has doubled since 1980 and is
expected to continue to grow at an average annual rate
of 2.0 percent, still had the second-lowest level of per
capita consumption in 1993, at 0.5 megawatthours per
person.

The overall trends for energy and electricity con-
sumption are markedly different between developed
and developing countries (Figures 58 and 59). In the
OECD, growth in electricity demand is expected to
keep pace with economic growth through early 2000; in
non-OECD regions, overall electricity consumption
growth between 1975 and 2015 is expected to continue
to outpace economic growth. Between 1993 and 2015,
economic growth and electricity growth are projected
to average 2.5 and 2.0 percent per year in OECD areas,
as compared with projected annual growth rates of 4.3
and 3.5 percent, respectively, in non-OECD areas.
Although new uses for electricity are certain to appear
in the future throughout the world, the penetration of
electricity into energy markets overall is expected to
slow relative to increases in economic growth.

By 2015, non-OECD areas are expected to account for
almost half of the world’s consumption of electricity.

Figure 59. Non-OECD Growth Trends, 1975-2015
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Figure 60. Electricity Consumption per Capita
by Region, 1993
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Non-OECD Asia replaces the EE/FSU region as the
largest non-OECD consumer of electricity early in the
forecast horizon (Figure 61), as a result of the recent
downturn in the EE/FSU economies and the relatively
high economic growth rate projected for non-OECD
Asia. Electricity demand in non-OECD Asia is expected
to grow substantially from 1993 through 2015, at an
average annual rate of 5.3 percent, as the region’s GDP

growth averages 6 percent per year and its total elec-
tricity use in 2015 is projected to be 3,250 billion kilo-
watthours higher than it was in 1993.

In the OECD countries, moderate growth in electricity
demand is projected, averaging 2.0 percent per year
between 1993 and 2015. In the industrial sector, elec-
tricity demand grows more rapidly than demand for oil
and other fuels, primarily as a result of the growth of

Figure 61. Non-OECD Electricity Consumption
by Region, 1993-2015
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Table 20. Electricity Consumption per Capita by Region, 1980, 1993, and 2015

(Megawatthours per Person)

Region/Country 1980 1993 2015
OECD North America
UnitedStates ..............cciiiiiinn... 9.2 11.1 12.6
Canada ........covviviiii i 12.6 15.4 19.2
Mexico ....oovi i e e 0.9 ’ 1.2 25
OECD Pacific
Japan ... e 4.4 6.3 10.3
OECDEUrOpe .....vvviiii i i 4.0 5.0 7.8
EEFSU ... i e 4.0 4.0 5.1
Non-OECD Asia ..........c.cvvviininnnnnnn. 0.3 0.5 1.2
MddleEast ............ciiiiiiinnn.. 0.9 1.3 1.6
AfiCa . o e e 0.4 0.4 0.5
Central and South America .................. 0.9 1.3 1.7

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, World Energy Projection System (1996). Population: United Nations, World
Population Prospects: The 1994 Revision Annex Tables (New York, NY, 1994), Tables A.1 and A.2.
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light industry. Electricity is also the energy source
favored for many modern manufacturing processes. In
the residential and commercial sectors, as urban popu-
lations grow and living standards improve, the number
and variety of electrical appliances are expected to
increase, spurring electricity demand.

Although the United States remains the largest con-
sumer of electricity in the world, it has the lowest
projected growth rate among the OECD countries for
electricity demand in the JEO96 forecast—1.4 percent
per year between 1993 and 2015. Contributing to the
slow growth trend are the current market saturation of
many existing electrical appliances, expected improve-
ments in equipment efficiencies, and utility investments
in demand-side management programs. Mexico has the
highest projected growth rate for electricity demand, at
4.7 percent per year between 1993 and 2015. Economic
recovery is expected to be accompanied by 4.4-percent
annual GDP growth, and Mexico's electricity consump-
tion in 2015 is projected to be almost triple its 1993
level.

Primary Fuel Use

As detailed in the earlier chapters of this report, the
fuel mix for world electricity generation is expected to
change significantly over the forecast period (Figure 62
and Table 21). The natural gas share of total electricity
generation is projected to increase worldwide from 16
percent in 1993 to 21 percent in 2015, largely due to in-

Figure 62. World Electricity Consumption
by Fuel Type, 1993 and 2015
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creased utilization of natural gas in the OECD regions,
where its share doubles from 9 percent of total genera-
tion in 1993 to 18 percent in 2015. The natural gas share
declines slightly in non-OECD areas, from 25 to 24 per-
cent; however, the heavy reliance of FSU and Middle
East nations on natural gas for power generation keeps
the overall share of natural gas higher for the non-
OECD than for the OECD countries overall.

Coal remains the primary fuel for electricity generation
throughout the forecast, with a consistent share of 36
percent. Non-OECD Asia, which is projected to account
for almost one-third of total non-OECD electricity de-
mand in 2015, currently uses coal for about 60 percent
of its total power needs; and its reliance on coal is
expected to continue over the next two decades. Coal-
fired generation in the other Asia subgroup of non-
OECD countries, which includes a number of countries
in the Pacific Rim region with rapidly growing econo-
mies (notably, South Korea, Taiwan, Thailand, the
Philippines, and Indonesia), is expected to increase by
almost 5 percent per year over the next 20 years, push-
ing the coal-fired share of total generation for the other
Asia group from 28 percent in 1993 to 34 percent in
2015.

For all the fossil fuels (natural gas, coal, and oil), an
increasing share in the world’s total fuel use for elec-
tricity generation is projected—from 62 percent in 1993
to 66 percent in 2015. This is a reversal of the trend for
the two previous decades, when generation from fossil
fuels was losing share—decreasing from 71 to 62 per-
cent of total generation—as nuclear power penetrated
the market. As discussed in earlier chapters, the num-
ber of nuclear reactors retired over the forecast horizon
is expected to surpass the number of new units being
commissioned.

The renewable share of total electricity generation is
also expected to increase, from 21 percent in 1993 to 23
percent in 2015. Hydropower, the dominant renewable
source of energy for electricity production, is expected
to show substantial growth in non-OECD countries. The
regions primarily responsible for the continued penetra-
tion of hydropower are non-OECD Asia and Central
and South America.

OECD North America

Electricity is expected to be the fastest growing end-use
energy source in North America through 2015. Mexico
leads the growth in electricity demand in North Ameri-
ca at 4.7 percent per year, followed by Canada at 1.9
percent per year and the United States at 1.4 percent
per year.
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Table 21. World Energy Consumption for Electricity Generation by Region and Fuel, 1993-2015

(Quadrillion Btu)

History Projections

Region/Fuel 1993 1995 2000 2005 2010 2015

OECD ......cvvvvvvnenen 7441 77.3 84.3 91.2 97.8 103.4
L | 5.4 5.7 5.6 5.8 5.9 5.8
NaturalGas ............. 6.8 7.6 9.6 12.4 15.2 19.1
Coal.........cevvvinnn 26.9 27.3 29.3 314 33.0 34.2
Nuclear ................ 18.1 19.1 19.6 19.3 18.9 16.7
Renewables ............. 16.8 17.7 20.1 224 24.8 27.6
Non-OECD............... 58.4 61.7 72.0 829 95.5 109.0
L 1 P 7.7 7.5 8.9 10.6 12.0 13.2
NaturalGas ............. 14.3 14.5 17.0 19.3 224 26.0
Coal................... 21.2 23.5 27.3 32.1 37.1 43.0
Nuclear ................ 4.0 3.9 4.8 5.0 54 4.9
Renewables ............. 11.2 12.3 13.9 159 18.6 22.0
TotalWorld .............. 1325 139.0 156.3 174.2 193.4 2125
L | 13.1 13.1 14.5 16.3 18.0 19.0
NaturalGas ............. 21.2 22.1 26.6 318 376 45.1
Coal.........c..ovvn.. 48.1 50.7 56.6 63.5 - 70.1 77.2
Nuclear ................ 22.1 23.0 24.4 24.3 243 21.6
Renewables ............. 28.1 30.0 34.0 38.3 43.4 49.7

Note: OECD = Organization for Economic Cooperation and Development.
Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, World Energy Projection System (1996).

United States

Fossil fuels, which in 1994 accounted for 70 percent of
electricity generation in the United States, are projected
to account for 79 percent in 2015. Much of the increase
is in the use of natural gas, which currently fuels 14
percent of total generation but grows to 27 percent by
2015, supplanting nuclear energy as the Nation's
second-largest electricity source. Much of the increase
in the use of natural gas is due to the favorable effi-
ciencies of combined-cycle units and stable gas prices.
U.S. utility gas prices are expected to increase by only
1.4 percent annually over the next two decades. Coal
maintains a declining share of total generation, about 50
percent in 2015, compared to 52 percent in 1994. Long
construction times for coal-fired plants and 19 giga-
watts of coal-fired retirements contribute to the decline
in its share [2].

As a result of the increased use of fossil fuels, the U.S.
electric utility industry’s share of national carbon emis-
sions is projected to rise from 36 percent in 1994 to 38
percent in 2015. At the same time, as a result of the
Clean Air Act Amendments of 1990, U.S. electricity
producers will be required to reduce sulfur dioxide
emissions by 10 million tons from 1980 levels by 2010.

Utilities are complying with these goals by switching to
lower sulfur coal and retrofitting plants with scrubbers.
It is expected that almost 33 gigawatts of capacity will
eventually be retrofitted with scrubbers to achieve the
emissions reduction goal.

Both suppliers and consumers are grappling with on-
going changes in the structure of electricity markets in
the United States. In particular, the Energy Policy Act
of 1992 (EPACT) contains provisions with potentially
significant impacts on the development of nonutility
generators and the flow of electricity trade. EPACT
creates a class of generators, referred to as exempt
wholesale generators (EWGs), which can develop non-
rate-based generating systems and market the power
from them to utilities. EPACT also guarantees EWGs
greater access to utility transmission systems and, in
addition, allows them to participate in international
development projects (see box on page 78). A series of
rules have also been enacted promoting the formation
of regional transmission groups (RTGs), whose mission
is to coordinate and facilitate transmission planning and
operation for utilities and nonutilities. These provisions
will lead to an increase in nonutility generation and, to
some degree, a restructuring of the electricity industry.
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International Exempt Wholesale Generator Filings

The Energy Policy Act of 1992 (EPACT) substantially
reformed previous legislation, making it easier for
project developers to enter the U.S. domestic whole-
sale and international markets for electricity by
exempting them from previous constraints. The law
includes language that creates a nmew category of
power producers, called exempt wholesale generators
(EWGs). In short, EPACT allows U.S. utiliies and
project developers to build, own, and operate in-
dependent power projects in other countries without
undue regulatory restrictions.

To build power projects overseas, developers must file
with the Federal Energy Regulatory Commission
(FERQ), outlining the proposed ownership structure
of the facility and providing details on the terms of
power purchase agreements. In 1993, the first filing
year, more than 3.8 gigawatts of proposed generating
capacity was granted international EWG status under
EPACT {3].

The table at right summarizes the international EWG
filings granted in 1994, by the regions in which the
power plants are to be located. This list pertains only
to applications filed in 1994. It is presented to give the
reader a general picture of where U.S. developers are
investing in electric power generation internationally.
It is not a complete list of U.S. investments in the
global electric power industry.

Exempt Wholesale Generator Filings
for International Power Projects, 1994
Capacity
Region Status | (Megawatts)
OECD North America ...... Operating 412.1
Planned 358.6
Total 770.7
OECD Europe ........... Operating 797.0
Planned? 19.6
Total 816.6
OECD Pacific ............ Operating 1,911.7
: Planned 300.0
Total 2,211.7
Non-OECD Asia .......... Operating 1,432.0
Planned 3,898.0
Total 5,330.0
Central and South America .. Operating 1,873.3
Planned 903.5
Total 2,776.8
TotalOperating ............cc0use 6,426.1
TotalPlanned .........o00000uun. 5,479.7
8All projects in this category are in England and are
currently under construction.

Source: Editors of Utility Spotlight in Cooperation with
OnLocation, Inc., The EWG Reference Guide: Analysis,
Regulations and Filings, Exempt Wholesale Generator
and Foreign Utility Companies (McLean, VA, Spring
1995).

Experiments are already underway in some States to
restructure electricity markets. The California Public

Utility Commission (CPUC) has proposed implementa- .

tion of a State-wide wholesale power pool under the
control and operation of an independent transmission
system operator. The operator would ensure trans-
mission access to competing suppliers, derive genera-
tion costs through an auction, and reveal the actual
generation costs to consumers (real-time pricing). The
CPUC plan requires that power from qualifying facility
and other contracts, and from nuclear and hydroelectric
plants, be dispatched first without regard to their
marginal costs. “Competitive transition charges” will be
developed for some utility-owned assets that are not
competitive and require additional cost recovery from
ratepayers.

Electricity trade is expected to increase in the future
throughout the United States, as provisions in EPACT
allow for more open wholesale electricity markets. Elec-
tricity trade is already an important part of the U.S.
electric power industry. Wholesale electricity purchases
increased by 77 percent between 1986 and 1992, and

approximately one-half of all electricity generated
currently is purchased (or exchanged) in the wholesale
markets before being sold to ultimate consumers.

Canada

Canada has abundant hydroelectric resources. Water is
expected to remain the primary source of energy for
electricity generation through 2010, despite its decline
to a 57-percent share of total generation from a current
share of 63 percent. As in the United States, no nuclear
expansion is expected in Canada, resulting in a declin-
ing share for nuclear power, from 15 percent in 1992 to
14 percent in 2010. Generation from coal and natural
gas is expected to make up for the declining shares of
hydroelectricity and nuclear power. The share of coal-
fired generation increases from 16 percent in 1992 to 20
percent in 2010, with the largest increase in coal use
expected in Ontario, to make up for the declining nu-
clear share, and in the Atlantic provinces, which have
no access to natural gas supplies. The share of gas-fired
generation increases from 3 to 5 percent during the
same period, mainly because of the installation of short-
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leadtime generating capacity by utilities and the
expansion of independent power production, much of
which is already under contract. Because of the growth
in generation from fossil fuels, Canada’s carbon emis-
sions will continue to rise. Emissions of sulfur dioxide
are expected to decline substantially in Canada over the
next two decades, largely in response to legislated
limits [4].

The shape of the electric power industry is changing
throughout Canada. In some jurisdictions, consideration
is being given to unbundling electricity supply to its
three principal functions—generation, transmission, and
distribution. Utilities are facing increased competition
from nonutility generators, and some industrial and
municipal electricity purchasers are dissatisfied with
their “captive customer” status [5, p. 5-1]. Privatization
of North America’s largest power utility, Ontario
Hydro, is also being considered, excluding its nuclear
assets. Although no such action is likely in the near
future, Ontario Hydro is preparing for increased com-
petition by internally restructuring to create separate
business units for transmission, distribution, and gener-
ation, and by cutting costs.

The Canadian province of Alberta, which has three
major investor-owned utilities, recently passed an open-
access policy for wholesale power. A wholesale power
pool, operated by an appointed pool operator, will be
responsible for transmission planning and setting sys-
tem tariffs. Power plants will be moved out of the
utility’s ratebase after being fully depreciated. The
utilities in Alberta are also required to unbundle their
services for accounting purposes as of January 1, 1996.
Stranded costs are not a major issue in Alberta, since
most existing units will be competitive in the new en-
vironment.

Electricity trade is also expected to play a larger role in
Canada’s electricity market, and Canadian utilities are
beginning to engage in more regional planning. Previ-
ously, Canadian utilities engaged in trade predominant-
ly with U.S. utilities, but recent developments in the
United States have aroused interest in Canada for
enhanced interprovincial cooperation and trade in elec-
tricity. Some Canadian utilities are also actively
considering becoming members of U.S. regional trans-
mission groups, in which transmission-owning mem-
bers would provide others access to their networks [5,
p. 5-2]. Energy marketers on both sides of the
Canadian-U.S. border have also requested permission
to export power to foreign markets. In general, per-
mission has been granted, as long as the marketer can
obtain transmission access.

Mexico

In order to meet an expected increase in electric power
demand over the next decade, Mexico’s 10-year electric-
ity plan envisions that almost 15 gigawatts of new
generating capacity will be needed, in addition to the
efficiency measures that are being counted on to reduce
electricity demand by 5 gigawatts during the same peri-
od. The Comisién Federal de Electricidad (CFE) plans
to build 6.5 gigawatts, leaving 8.5 gigawatts to be
supplied by the private sector. The country’s cogenera-
tion capacity is also expected to increase by 4 to 5 giga-
watts by 2005.

Currently only 75 percent of the villages in Mexico are
electrified, and as many as 140,000 villages have no
access to electric power. Many of them are to be elec-
trified through photovoltaic, wind, and small hydro-
power projects supported by PRONASOL, a poverty
alleviation and rural development program. Mexico’s
geothermal capacity is also expected to grow by at least
40 percent from today’s 800 megawatts over the next 5
years. Overall, the share of renewable consumption is
expected to increase from about 26 percent to 39 per-
cent of the total electricity supply by 2015. Mexico’s
CEE also has developed plans to increase coal-fired
generating capacity fivefold by 2000 and to increase the
use of natural gas in the power sector, to substitute for
oil-fired generating capacity (Figure 63).

Figure 63. Electricity Consumption in Mexico
by Fuel Type, 1993-2015
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The Mexican electric power industry is also changing
the way it operates, by allowing private companies to
invest in the electricity sector. In 1992, the “Regulation
of Public Service of Electric Law” was passed, which
allows private companies to invest in power production
facilities and to import power as long as the power is

supplied as a private service to the private sector. Any

surplus power from private projects must be sold to the
CFE. Several independent power projects are already
planned as the result of the reforms, including Samala-
yuca II, a combined-cycle unit; Merida III, a gas conver-
sion project; and Carbon II, which faces difficulties
arising from environmental concerns about cross-border
air pollution impacts on areas in the United States.

OECD Europe

Electricity demand in OECD Europe is expected to in-
crease by more than 68 percent between 1993 and 2015,
at a rate of 2.4 percent per year, largely as a result of
continued economic growth in the region. Nevertheless,
the projected growth in demand is below the expected
rate of GDP growth, 2.6 percent per year, since many
electricity markets in Europe have reached saturation
and electricity intensity has already started to decline.
Gas-fired capacity is expected to supply a significant
portion of the increased demand, with an additional 93
gigawatts of gas-fired capacity expected by 2010, in-
cluding 71 gigawatts of combined-cycle capacity. An
additional 33 gigawatts of hydroelectric capacity is also
expected [6].

As in most regions, the electric utility industry in
OECD Europe is undergoing change in four key areas:
(1) privatization of state-owned assets; (2) regulation;
(3) restructuring of the industry; and (4) increased
competition. The European Union energy ministers are
also working on plans to create an internal electricity
market, but progress has been slow due to the politics
of “tampering” with state-owned monopolies. There has
also been division over whether there should be a com-
petitive market for distributors as well as for large
industrial consumers. France opposes opening competi-
tion to distributors; however, the comumnission has said
that distributors should be included to achieve benefits
of competition for smaller customers [7].

Norway and the United Kingdom have been the most
aggressive of the European countries in the intro-
duction of competition into electricity markets. Both
countries have unbundled generation, transmission, and
distribution activities, introduced competition into gen-
eration supply, and established electricity spot markets.
In 1995, the U.K. Office of Electricity Regulation further
removed limitations on the ownership of power plants

by allowing the regional electrical companies (RECs),
whose primary function is distribution, to pursue
unlimited generating projects, as long as their captive
markets are protected.

In Finland, electricity legislation took effect in June
1995, removing licensing requirements for power plant
construction, power sales to ultimate customers, and
imports and exports. Mandated transmission access and
unbundling of the accounting for various functional
activities were also required under the legislation. A
regulatory body will be established for oversight of the
transmission network. The Finnish Government also an-
nounced that it is considering privatization of the State-
owned utility, IVO [8].

Portugal recently separated its state-owned utility, Elec-
tricidade de Portugal (EdP), into three separate compa-
nies for the generation, transmission and distribution of
electricity. EdP will coordinate the overall system’s
operations. Initjally, generators will operate on the basis
of the terms of agreements with the transmission com-
pany. Later, independent power producers will be able
to sell directly to end users. A planning group will be
established to determine capacity needs.

Spain has also opened power markets to the private
sector, under legislation that allows independent power
producers to supply all of the 10 gigawatts of new
capacity needed by 2000, as well as 2 gigawatts of new
cogeneration capacity. The legislation allows independ-
ent power producers to build plants and sell power,
either to a central dispatching facility for use on the
Spanish grid or directly to end users under negotiated
tariffs. The legislation also separates the generation and
transmission functions and allows industrial customers
to choose power suppliers. New generating capacity
can be owned by any Spanish national or company or
by any member of the European Union (EU). For com-
panies outside the EU there are restrictions on the level
of equity that can be held [9].

On November 9, 1995, the Italian government passed
legislation to privatize Italy’s state-owned utility, Ente
Nazionale per I'Energia Elettrica (ENEL), which owns
more than 50 percent of the country’s generating capac-
ity. The remaining capacity is owned by municipal
utilities, other small companies, and industrial self
generators. Some of the municipal utilities are also
considering privatization. To facilitate privatization, the
government plans to split ENEL into at least two com-
panies—one for transmission and distribution and one
for generation. ENEL's 47.5 gigawatts of capacity will
most likely be divided into several companies before
privatization. The Italian government claims that ENEL
is worth about $18.7 billion [10].
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Turkey recently signed its first build-operate-transfer
(BOT) agreement'®—after 10 years of negotiation with
banks, contractors, and foreign governments—for the
Birecik hydroelectric project, which is to be built by an
international consortium of developers. Government
guarantees insure the project. The government approval
of this project is expected to result in accelerated
approval of other previously delayed BOT projects.
Turkey’s demand for electricity is expected to grow by
246 percent over the next 15 years as a result of rapid
economic growth, requiring an estimated 160 new gen-
erating stations [11]. Total investment in the electric
power industry in Turkey over the next 10 years is esti-
mated at $32 billion, two-thirds of which will be used
for new power plants and the remainder for distri-
bution and transmission systems [12]. Turkey is also
interconnecting with countries in the Middle East and
Africa, with trade agreements scheduled to be ap-
proved in 1996.

In addition to domestic changes in electricity markets
in Europe, increased coordination among nations is also
underway. For example, Germany imports hydroelectric
power from Scandinavian countries and exports ther-
mal capacity, resulting in better utilization of both
systems [12, pp. 7.15 and 8.15]. Finland has concrete
plans to trade with Sweden, and the creation of a broad
electricity market encompassing all of the Nordic coun-
tries (Finland, Norway, Sweden, and Denmark) is being
examined. The Nordic countries are served by the
NORDEL synchronized system, which has interconnec-
tions with the FSU system and undersea connections
through Jutland and Germany to the Western European
UCPTE system. The UCPTE system is a synchronized
network that includes most of the countries in Western
Europe.

There is already significant electricity trade within the
European community on the UCPTE system, which has
made France the largest international electricity trader
in the world. Gross exports from France have been in-
creasing by about 12 percent per year since 1985, as
France markets its surplus nuclear capacity. In 1992,
French exports totaled 61 billion kilowatthours, and
they are expected to reach 70 billion kilowatthours in
2000, based on the terms of existing contracts. After
2000, France expects to begin importing winter peak-
load power in exchange for baseload power exports.

OECD Pacific

Demand for electricity is expected to grow more rapid-
ly in the OECD Pacific region than in Europe and

North America, in association with the high rate of
economic growth anticipated for the region. Expected
changes in the fuel mix used for generation are similar
to those expected in other OECD countries, with
emphasis on natural gas and coal. In Japan, however,
coal-fired capacity will have an advantage over natural
gas, which must be imported as liquefied natural gas
from suppliers in Asia—in particular, Australia, Brunei,
and Indonesia. Japan’s use of coal as a fuel for elec-
tricity generation is projected almost to double by 2003.
Nuclear capacity additions are also expected in Japan,
which currently derives about 25 percent of its electric-
ity generation from nuclear power. Although no new
nuclear plants are anticipated outside of Japan, the
additions in Japan will lead to an increase in the use of
nuclear power for the OECD Pacific region as a whole.

In 1995, the New Zealand government issued a new
electricity policy designed to create a competitive
power market. The policy puts a limit on how much
new capacity the state-owned Electricity Corporation of
New Zealand (ECNZ) can build in the future, requiring
at least 1.5 gigawatts of new capacity to be built by the
private sector over the next few years. By January 1,
1996, ECNZ will be split into two companies, with
ECNZ retaining 4,360 megawatts of existing capacity
and an unnamed state-owned enterprise receiving 2,035
megawatts. The remaining 873 megawatts will be sold
either to local distribution companies or to international
buyers. Once the split is complete, ECNZ will not be
allowed to build capacity if its market share is greater
than 45 percent. The government has announced that it
is instituting the plan in order to redirect government
resources into “health, education, and debt reduction”
[13].

Eastern Europe/Former Soviet Union

The EE/FSU region is projected to experience relatively
slow growth in electricity demand over the forecast
horizon, 1.3 percent annually, largely due to reduced
economic growth rates and the slowdown of produc-
tion in the industrial sector, particularly in the former
Soviet Union. Economic recovery is anticipated for the
late 1990s, which would spur growth in electricity con-
sumption. More rapid increases are expected in Eastern
Europe before 2000, because market reforms have been
introduced more quickly there than in many of the FSU
countries.

Total EE/FSU electricity consumption is expected to
grow by less than 0.3 percent per year from 1993 to
2000, due to slow economic growth (0.6 percent per

Build-operate-transfer agreements allow developers to finance and build a project and operate it until its costs are recovered and a

profit is generated.
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year). After 2000, as the region’s economy recovers and
grows by 3.7 percent per year, electricity use is
projected to grow at an average annual rate of 1.8 per-
cent through 2015. The demand for electricity is ex-
pected to lag behind GDP growth, because economic
growth in the region is being driven by corrections of
past economic distortions brought about by the mis-
development of industry (i.e., centrally planned not
market-driven economies) rather than underdevelop-
ment as in other non-OECD countries [14. p. 17]. At the
same time, the demand for electricity is expected to
outpace population growth, resulting in increased con-
sumption per person. Per capita consumption is project-
ed to increase by 24 percent between 1993 and 2015,
after declining in the 1980s.

Little construction of new generating capacity is ex-
pected in the EE/FSU region in the near term, since
many countries currently have excess generating capa-
bility. It has been estimated that in some Central
European countries, generating capacity currently ex-
ceeds demand by 20 to 100 percent [15, p. 17]. This
period of surplus capacity is being used by some
nations to develop new legislative and regulatory
reforms, and some countries are undergoing a re-
structuring of the electric power industry similar to
those underway around the world. In 1990, Poland
began a major restructuring of its electric power
system, creating three independent sectors for genera-
tion, transmission and distribution. The Polish Power
Grid Company, which is fully owned by the state,
maintains the transmission system. Distribution, which
has the option to privatize in the near future, is
provided by 33 joint stock companies owned by the
state. Generation is provided by 32 independent gen-
* erating companies [15, p. 20].

Hungary is also privatizing its electricity supply sector
and is in the process of selling six electricity distri-
bution companies and seven fossil-fueled power plants.
The capacity for sale totals over 5 gigawatts and is
worth $2 billion. MVR, the State-owned utility, is di-
vesting all of its units except for the Paks nuclear
power plant, which supplies 45 percent of Hungary’s
power. MVR will also retain ownership of the national
transmission system and will be responsible for dis-
patching power from the units [16].

In the early 1990s, the Council of Mutual Economic
Assistance (CMEA) coordinated large quantities of
electricity flows between most of the EE/FSU countries
(except Albania). With the dissolution of the CMEA and
the Soviet bloc, electricity trade in the region is
undergoing change. Most eastern European countries

are determined to shift their trade toward the European
Union at the expense of their former trading partners in
the East. In 1992, the Czech Republic, Hungary, Poland,
and Slovakia created a new institution, Centrel, to
interconnect their electric power systems as a first step
toward full integration with Western Europe’s UCPTE
system. The members of Centrel have agreed to adapt
their standards to UCPTE requirements—an effort that
will require substantial investment and time [14,
pp- 15-16l.

Non-OECD Asia

The non-OECD Asia region—which includes China,
India, and Other Asia—is expected to experience the
largest growth in electricity consumption of any region
worldwide. Total electricity consumption is projected to
grow by 3,250 billion kilowatthours between 1993 and
2015, or by 5.3 percent per year, with China accounting
for more than half the growth. Growth in the region is
largely spurred by strong economic growth: GDP is
expected to grow by almost 6 percent annually over the
next two decades. China also leads the region in terms
of economic growth, at an annual average rate in excess
of 7.7 percent. Increased electrification throughout the
region is also anticipated, with per capita consumption
projected to increase by more than 50 percent between
1993 and 2015, after more than doubling between 1980
and 1993. Coal remains the fuel of choice to meet the
region’s rising demand for electricity (Figure 64).

Figure 64. Electricity Consumption in Non-OECD
Asia by Fuel Type, 1993-2015
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China

Strong projected growth in electricity demand in China
results from two factors. First is increased rural elec-
trification. Although nearly 90 percent of the rural
households in China had access to electric power at the
end of 1993, some 120 million people were still without
electric power [17]. The Chinese government plans to
increase electrification to 95 percent by 2000. Second,
the Chinese government is working to keep electric
power growth in line with economic growth. To date,
China’s industrialization programs have not invested
adequately in the electric power industry, resulting in
shortfalls. According to the World Bank, the proportion
of investment in the electric power industry in develop-
ing countries should be more than 2 percent of GDP.
China’s annual average ratio accounted for only 1.24
percent of GDP from 1980 to 1993. To make up for this
shortfall, as well as keep up with continued economic
growth, between 15 and 17 gigawatts of new capacity
will be needed between 1995 and 1997 and more than
20 gigawatts between 1998 and 2000 [18, p. 3].

In addition to building new generating capacity, China
is simultaneously expanding its power networks and
improving the efficiencies of existing power plants. In
the past, China advanced the construction of power
plants, overlooking the development of transmission
systems. As a result, many transmission facilities are
obsolete, there are substantial line losses in many of the
systems, and they are unable to meet growing demand
in many urban and rural areas.

The Chinese government has established four mecha-
nisms for meeting the nation’s growing electricity
demand. First, a new electricity tariff system is being
established, and various pricing mechanisms are being
investigated. Second, time-of-use pricing is being
promoted. Third, a “rolling exploitation mechanism” for
both hydropower and nuclear power is being estab-
lished" to provide financing for new projects (see box
on page 60, “China’s Nuclear Expansion”). Fourth, a
mechanism is being set up to enhance the utilization of
foreign funds in the electric power industry [18, p. 41.
In January 1993, the government announced that China
welcomes investors from foreign countries to develop
the electric power industry through joint ventures and
cooperative and solely funded arrangements. More than
10 large-scale projects are now being negotiated.

India

Electricity demand is expected to grow dramatically in
India, by 7.6 percent per year between 1993 and 2000
and 4.6 percent annually after 2000. In 1993 alone, $4.8
billion was invested in India’s electric power industry,
and the overall market over the next 10 years is expect-
ed to be almost $140 billion [19]. '

Until 1990, the electric power industry in India was
almost exclusively a public sector monopoly. The
development of independent power producers began in
1990 and is still underway. One of the outstanding
issues in this new environment is whether projects
should be awarded through a competitive bidding
system or through negotiations with a single company.
In general, the latter approach has been preferred. In
order to promote independent power producers, guar-
antees are offered by the Indian government. The
government has also set standards for all foreign
projects. For example, there is a maximum allowed
debt-to-equity ratio of 4 to 1, and the use of local
resources is limited to 40 percent of the total project
cost [20].

Other Non-OECD Asia

Electricity demand in other non-OECD Asia countries
is expected to more than double between 1993 and
2015. Strong growth of 6.3 percent annually is expected
between 1993 and 2000, slowing to 3.4 percent from
2000 to 2015. This subgroup includes a number of coun-
tries in the Pacific Rim with rapidly growing economies
and strong industrialization programs, notably, South
Korea, Taiwan, Thailand, the Philippines, and Indo-
nesia. Most of those countries have experienced tre-
mendous growth in electricity consumption, and their
governments generally have aggressive plans to con-
tinue the expansion of generating capacity. Some have
embraced reforms in their power sectors, allowing
privatization, deregulation and independent power pro-
ducer participation. The reforms are expected to result
in increased utilization of natural gas, the fuel favored
by many developers because of its expected low price
and the lower capital requirements for gas-fired tech-
nologies. Natural-gas-fired generation is expected to
grow by 5 percent per year, supplying almost 20 per-
cent of the region’s consumption by 2015. Nevertheless,
coal is expected to be the fuel of choice to meet the

1A “rolling exploitation mechanism” means that the income from the first plant does not need to be used for repayment of loans, but

can be used for continued development of other power projects.
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region’s growing electricity demand. Coal-fired genera-
tion is expected to increase by almost 5 percent per
year over the forecast horizon, supplying more than
one-third of the region’s electricity by 2015.

The Philippines has one of the most mature independ-
ent power markets in Asia and is continuing to reform
and revitalize its electric power industry. The
government-owned utility, the National Power Corpo-
ration (NPC), has actively pursued private sector
participation in the power generation market. In 1994,
growth in capacity additions by independent power
producers outpaced NPC additions for the second year
in a row. The NPC has put forth a decentralization plan
that would establish NPC Holdings, a government-
owned holding company with regional generation com-
panies. The NPC would be the sole broker of power in
the Philippines, whether generated by the NPC or by
an independent power producer. The goal is to have
NPC divest ‘itself of all generating capability, trans-
forming the company into an independent National
Transmission Company. In this role, the NPC would
provide open access to the Philippines wholesale
electricity market while performing power planning
and dispatching functions [21].

On September 3, 1994, the Taiwanese Ministry of
Economic Affairs (MoEA) issued operational guidelines
for opening that nation’s electric power industry to
independent power producers. The guidelines apply to
generating companies that use hydropower or fossil
fuels. Under the guidelines, total installed independent
power producer capability cannot exceed 20 percent of
the nation’s total capacity; however, MoEA may adjust
this share depending on actual needs. Also, power
generated by independent power producers, surplus to
on-site needs, must be sold to Taipower. The purchased
power price will also be no larger than Taipower’s
avoided cost for the same type of unit in a given year.
About 20 percent of the new capacity planned between
now and 2010 (about 7,260 megawatts) is expected to be
built by independent power producers. Under current
MOoEA rules, foreign investment is prohibited for elec-
tricity generation and distribution. Reform has been
suggested to move electricity generation and distribu-
tion from the prohibited to the restricted list for foreign
investment approval [22].

Middle East

The Middle East is expected to experience strong
growth in electricity demand prior to 2000, almost 6
percent annually, with demand growth tapering off to
2.5 percent after 2000. The growth in demand, particu-
larly before 2000, is spurred by moderate economic

growth (3.4 percent annually through 2015) and further
electrification and infrastructure improvements in some
areas. Saudi Arabia alone plans to invest $2.84 billion
over the next 6 years in various electric power projects
in the country. The projects will be partially funded by
an electricity consumption tax, which will be imposed
in January 1996. In January 1995, the government also
increased electricity rates by 63 percent for individuals
and companies that consume more than 2 megawatt-
hours per month [23]. The Middle East is the only non-
OECD region in which a major shift in the fuel mix for
power production is expected, with gas being substi-
tuted for oil in order to free up oil for export [24, p. 43].

Increased international cooperation and trade are also
planned among a number of nations in the Middle East
and in neighboring regions. Currently, five countries—
Egypt (Africa), Jordan, Iraq, Syria, and Turkey
(Europe)—are interconnecting their systems and dis-
cussing agreements for electricity transfers. Trade
agreements are expected to be approved by the five
countries in 1996. The first phase of the project is
expected to include the following electricity trades: 400
megawatts between Turkey-Syria and Syria-Iraq; 300
megawatts between Syria and Jordan; 400 megawatts
from Jordan to Egypt; and 300 megawatts from Egypt

" to Jordan. Transfers of up to 750 megawatts are ex-

pected in the next phase of the project between Turkey-
Iraq, Turkey-Syria, and Syria-Iraq [25].

Africa

Africa’s electricity market is projected to grow at an
average rate of 3.2 percent per year between 1993 and
2015, as electrification extends to many poor rural areas
and supply increases to serve electricity-starved indus-
tries in many African nations. Unlike many other re-
gions of the world, which are expected to show strong
growth in electricity demand before 2000, electricity
consumption is expected to grow more rapidly in Afri-
ca after 2000, at an average annual rate of 3.3 percent.

Africa is a diverse continent, with wide national dis-
parities in natural resources and levels of economic
development. In 1992, South Africa consumed just over
50 percent of Africa’s total electricity supply, North
Africa (which, for this discussion, consists of Morocco,
Algeria, Libya, Tunisia, and Egypt) just under 30 per-
cent, and sub-Saharan Africa (the remaining African
nations) 20 percent. In per capita terms, the contrast is
dramatic: South Africa consumed 4.2 megawatthours
per capita, North Africa 0.8 megawatthours per capita,
and sub-Saharan Africa 0.14 megawatthours per capita
[24, p. 210]. In comparison, the average consumption in
OECD countries is 6.6 megawatthours per person.

84 Energy Information Administration/ International Energy Outlook 1996



In order to meet increases in demand, African countries
are pursuing various strategies to bolster electricity
supplies. The Egyptian Ministry of Electricity and
Energy plans to undertake the country’s first build-
operate projects for the construction of three power
plants. The final contracts for the planned power devel-
opment schemes are expected to be signed in 1996 and
1997 [26]. In Ghana, the electric power industry is being
restructured, turning to the private sector to supply 200
to 300 megawatts of new capacity per year. Ghana is
giving private developers access to the national trans-
mission grid and the freedom to sell power to its “elec-
tricity starved” industrial sector [27].

In South Africa, an aggressive program is underway to
electrify an additional 1.75 million homes by 2000.
Currently, electrification in South Africa is highly
uneven, with many poor rural areas without electricity,
while richer urban areas are almost fully electrified.
Currently, only about 40 percent of the population has
access to electric power, and the government hopes to
increase the share to 72 percent by 2000. Lack of access
to electricity in South Africa is largely due to trans-
mission constraints rather than generating capacity
shortfalls. Eskom, the national electric company,
currently has surplus generating capability. It plans to
meet its development program goals by extending the
transmission system to areas currently not served. In
addition to improvements in the domestic transmission
system, South Africa is also expected to further develop
its international connections, in order to expand elec-
tricity trade with utilities in neighboring regions.
Eskom and utilities in neighboring countries have
agreed to the establishment of a Southern Africa Power
Pool, which would center around the utilization of coal-
fired plants in South Africa and hydroelectric facilities
in neighboring regions. By the end of 1995, the Bot-
swana Power Corporation, Zimbabwe Electricity Supply
Authority, Zambia Electricity Supply Corporation, and
South Africa’s Eskom were expected to be operating as
a power pool [28].

Central and South America

In the 1950s, only 30 percent of the population of
Central and South America was served by electricity.
The region experienced strong economic growth during
the 1960s and 1970s, which was matched by rapid
expansion of the electrical infrastructure. Today,
approximately 70 percent of the population has access
to electricity as a result of large investments in
generation, transmission, and distribution facilities in

the 1960s and 1970. Consumption per person has also
increased dramatically over the past dozen years, from
1.0 to 1.4 megawatthours—above the non-OECD aver-
age but still significantly below the OECD average of
6.6 megawatthours per capita in 1993.

Over the next two decades, electricity demand in
Central and South America is expected to grow steadily
at 2.6 percent annually. Demand is expected to increase
to accommodate an expected 2.2-percent annual popula-
tion growth rate, to expand the percentage of the popu-
lation served by electricity, and to keep pace with
economic growth. Increased demand will be met by
new generating capacity and by greater utilization of
existing capacity. There is currently surplus capacity in
some Central and South American countries where de-
mand growth has been lower than expected [24, p. 155].
For example, Venezuela currently has surplus capacity,
which it is selling—and is expected to continue to sell—
to Brazil and Colombia.

The electric power industry in Central and South
America is also undergoing significant change. The
overall economic climate, and the need of governments
to focus their limited resources on social infrastructures,
have led to a shortage of public financing for the
region’s capital-intensive electricity industry. Con-
currently, international lending institutions face severe
competition for their resources and are focusing their
emphasis on sectors that cannot find financing from the
private sector. There is also a general perception of
large inefficiencies in the region’s electricity production
and consumption, which is moving many governments
toward deregulation and privatization of electric power
industries.

Chile, Argentina, and Peru have followed the lead of
the United Kingdom in restructuring their power indus-
tries, including the separation of the industry’s
generation, transmission, and distribution activities. The
restructuring is being followed by strong efforts to
ensure competition and privatization. In Argentina, the
unbundling of the industry has entailed the sale of
state-owned assets and the formation of private compa-
nies, including 20 generation companies, 1 national and
5 regional transmission companies, and 6 private distri-
bution companies. In the second half of 1995, 7 giga-
watts of capacity were scheduled for privatization [29].

The Bolivian government, through its program to re-
structure and capitalize the electric power sector, also
plans to unbundle the electric power industry into its
three functional activities. In place of privatization,
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Bolivia is capitalizing its power sector.'? In essence,
investors are not paying to acquire the company but are
contributing capital in the constitution of a new
corporation. This approach is intended both to intro-
duce competition into the electric power industry and
to redistribute wealth through dividend returns to
Bolivian citizens [29].

Venezuela has taken steps toward privatizing its state-
owned companies, but the process has been delayed
several times. Electric power assets identified for
privatization include two utilities, Energia Electrica de
Venezuela and Ecenco, with combined capacity of 1.4
gigawatts, the 2-gigawatt Planta Centro thermoelectric
plants, and part of the Cadafe Centro plants. Venezuela
is offering its most financially troubled assets first.
Venezuela’s electric generating capacity totals 21 giga-
watts, of which 75 percent is hydroelectric, and addi-
tions of some 8 gigawatts of hydropower capacity are
planned over the next decade. This capacity expansion
provides opportunities for private investment in
Venezuela. During 1994, Venezuela secured a $500-mil-
lion loan from the Inter-American Development Bank
for development of the 2,160-megawatt Caruachi plant,
the third in a series of three large hydropower projects
on the Caroni River. Total cost of the Caruachi plant is
$2.1 billion. Another 2-gigawatt plant is planned
following construction of Caruachi. Investments in
transmission and distribution are also expected.

Brazil is also privatizing its electricity sector. The first
step toward privatization was taken in 1993, when
legislation was enacted to allow large electricity con-
sumers to build and operate their own generating facili-
-ties and sell any excess energy to a public utility. In
1995, Brazil passed two pieces of legislation as part of
its larger restructuring effort. On February 13, 1995, the
“Concession Law” was passed, which permits the pri-
vate sector to invest in certain public services, such as
the generation, transmission, and distribution of elec-
tricity—services that previously were under the domain
of the government. Public service concessions must be
granted through a public-bidding process, with the
criteria for accepting a bid based on the service fee and
payment offered by the bidder. On July 7, 1995, the
Independent Power Law was signed. Under this new
legislation, an independent power producer may sell
electricity to a variety of customers, including retail
customers connected to the national grid at transmis-
sion voltages of at least 69 kilovolts and with a
minimum load of at least 10 megawatts [30].
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Table A1. World Total Energy Consumption by Region, Reference Case, 1990-2015
(Quadrillion Btu)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 100.2 104.2 108.4 115.0 123.2 129.8 135.6
United States® .......... 84.4 87.3 90.6 95.1 100.4 104.7 108.0
Canada ............... 11.0 117 12.5 14.0 15.4 16.5 17.6
Mexico................ 4.9 5.1 5.3 6.0 7.4 8.6 9.9
OECD Europe ........... 62.0 62.6 64.7 69.6 73.7 775 81.5
OECD Pacific ........... 229 24.0 25.2 28.7 30.8 32.6 34.3
Japan ................ 18.1 19.0 19.9 23.0 24.9 26.2 27.6
OtherOECD ........... 4.8 5.0 5.2 5.7 6.0 6.3 6.7
Total OECD........... 185.1 190.7 198.2 213.2 227.7 239.8 251.4

Non-OECD
EEFSU ................ 75.3 60.9 58.3 63.6 68.7 74.0 79.7
Former Soviet Union . .. ... 58.7 47.3 441 48.0 51.6 55.5 59.6
Eastern Europe ......... 16.6 13.6 14.2 15.6 17.0 18.5 20.1
Non-OECD Asia ......... 51.6 60.3 67.3 85.8 105.4 126.6 150.8
China................. 27.0 31.6 35.0 43.9 54.2 66.7 81.8
India ................. 8.0 9.1 10.3 13.3 16.6 19.5 225
OtherAsia ............. 16.6 19.6 221 28.6 34.6 40.4 46.6
MiddleEast............. 11.3 12.2 12.9 14.7 16.5 18.1 19.9
Africa ...........c.0.n 10.5 10.3 10.5 11.7 13.1 14.5 16.0
Central and South America . 14.0 14.8 15.4 17.5 19.7 22.1 24.6
Total Non-OECD ....... 162.7 158.3 164.5 193.4 223.4 255.3 291.0
TotalWorld .............. 347.8 349.1 362.8 406.7 451.1 495.1 542.3

4ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Energy totals include net imports of coal coke and electricity generated from biomass in the United States. Totals may not
equal sum of components due to independent rounding. The electricity portion of the national fuel consumption values consists
of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total generation in the
exporting country.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
{Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996), Table A1; and World Energy Projection System (1996).
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Table A2. World Total Oil Consumption by Region, Reference Case, 1990-2015
(Million Barrels per Day)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD '

OECD North America ..... 20.4 20.7 215 22.8 24.2 253 26.2
United States® .......... 17.0 17.2 17.8 18.8 19.9 20.7 21.2
Canada ............... 1.7 1.7 1.8 1.9 1.9 2.0 2.1
Mexico.........oocu... 1.7 1.8 1.9 2.1 23 2.6 2.8

OECDEuUrope .....cc00u. 129 13.6 13.8 14.2 14.6 14.7 14.9

OECD Pacific ........... 6.2 6.5 7.0 7.7 8.1 8.4 8.7
Japan ................ 5.1 5.4 5.8 6.4 6.6 6.9 7.1
OtherOECD ........... 1.0 1.1 1.2 1.3 14 1.5 1.6

Total OECD........... 39.5 40.9 42.3 44.7 46.8 48.4 49.8
Non-OECD

EE/FSU ................ 10.0 7.0 5.8 6.2 7.3 8.3 9.3
Former Soviet Union ... ... 8.4 58 45 4.9 57 6.6 7.5
Eastern Europe ......... 1.6 1.2 1.3 1.4 1.5 1.7 1.9

Non-OECD Asia ......... 7.6 9.5 10.6 14.5 18.1 21.1 247
China................. 2.3 3.1 3.5 4.4 5.4 6.7 8.2
India ................. 1.2 1.3 14 1.9 2.4 2.8 3.3
OtherAsia ............. 42 5.1 5.7 8.1 10.3 117 13.2

MiddleEast ............. 3.5 3.5 3.7 4.2 4.7 5.3 5.9

Affica ................. 2.1 2.2 2.3 2.6 2.9 3.3 3.6

Central and South America . 34 3.7 3.8 4.5 4.9 5.2 5.6

Total Non-OECD ....... 26.7 25.8 26.3 32.1 37.9 43.2 49.1
TotalWorld .............. 66.2 66.7 68.5 76.8 84.7 - 91.6 98.9

ZIncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total
generation in the exporting country.

Sources: History: Energy Information Adminisiration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996), Table A21; and World Energy Projection System (1996).
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Table A3. World Total Natural Gas Consumption by Region, Reference Case, 1990-2015

(Trillion Cubic Feet)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 22.1 24.1 25.1 26.6 29.2 316 349
United States® .......... 18.7 20.3 21.3 22.3 241 26.0 28.7
Canada ............... 2.4 2.8 29 3.1 3.3 3.5 3.6
Mexico................ 0.9 1.0 0.9 1.2 1.9 21 2.6

OECD Europe ........... 10.2 11.6 12.9 15.6 18.4 21.2 24.3

OECD Pacific ........... 2.6 2.9 2.8 3.5 4.2 4.5 5.0
Japan ................ 1.9 2.0 1.9 2.6 3.3 3.5 3.9
OtherOECD ........... 0.8 0.8 0.9 0.9 1.0 1.0 1.1

Total OECD ........... 35.0 385 40.8 45.7 51.9 57.3 64.2
Non-OECD .

EEFSU ...cvvvvvnnnnnnsnn 28.1 254 25.3 295 323 35.6 39.7
Former Soviet Union .. .... 25.0 229 22.5 255 275 29.8 328
Eastern Europe ......... 3.1 25 2.8 4.0 4.8 5.9 7.0

Non-OECD Asia ......... 3.0 3.7 4.4 6.4 8.9 119 14.5
China.........c....... 0.5 0.6 0.8 1.3 1.9 25 3.0
India ................. 0.4 0.5 0.5 1.0 1.8 24 3.0
OtherAsia ............. 2.1 2.6 3.1 4.1 5.2 7.0 8.5

MiddleEast............. 3.6 4.3 4.5 5.2 5.7 6.1 6.5

Afrfica .......ciiivnnnns 1.4 1.5 15 1.7 2.0 2.4 2.8

Central and South America . 2.1 2.1 2.2 2.6 3.3 44 5.5

Total Non-OECD ....... 38.1 370 38.0 45.3 523 60.4 69.1
TotalWorld .............. 73.1 75.5 78.8 91.0 104.2 117.7 133.3

3ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total
generation in the exporting country. To convert cubic feet to cubic meters, divide each number in the table by 35.315.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January

1996), Table A13; and World Energy Projection System (1996).
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Table A4. World Total Coal Consumption by Region, Reference Case, 1990-2015
(Million Short Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 957 986 1,002 1,070 1,137 1,185 1,229
United States® .......... 895 926 937 990 1,046 1,082 1,120
Canada ............... 57 52 58 72 78 81 83
Mexico................ 5 7 7 9 13 22 26
OECD Europe ........... 917 704 719 757 788 809 832
OECD Pacific ........... 235 233 234 253 264 273 278
Japan ................ 130 128 126 142 150 157 160
OtherOECD ........... 105 105 108 111 114 116 117
Total OECD........... 2,110 1,922 1,954 2,081 2,189 2,266 2,339

Non-OECD
EEFSU .....cvvvvnnnnn. 1,375 1,016 1,026 1,008 1,006 968 926
Former Soviet Union . ..... 854 569 562 550 547 540 531
Eastern Europe ......... 521 447 464 458 460 428 394
Non-OECD Asia ......... 1,570 1,777 1,941 2,313 2,752 3,289 3,931
China................. 1,125 1,273 1,380 1,685 2,036 2,465 2,998
India ................. 259 298 335 400 483 560 619
OtherAsia ............. 187 206 225 228 233 263 315
MiddleEast ............. 7 8 10 10 12 13 13
Africa ........... 0. 157 157 156 166 174 183 193
Central and South America . 34 31 35 49 63 78 93
Total Non-OECD ....... 3,143 2,989 3,167 3,546 4,007 4,530 5,156
TotalWorld .............. 5,253 4,912 5,122 5,627 6,196 6,796 7,495

Zincludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Range values for OECD Europe and the four regional totals are not equal to the sum of the component countries or country
groups but consist of the base value adjusted by the quantity: the square root of the sum of the squared deviations of the
respective component countries or country groups from their base value. Other totals may not equal sum of components due to
independent rounding. The electricity portion of the national fuel consumption values consists of generation for domestic use
plus an adjustment for electricity trade based on a fuel's share of total generation in the exporting country.To convert short tons
to metric tons, divide each number in the table by 1.102.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996), Table A16; and World Energy Projection System (1996).
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Table A5. World Net Nuclear Energy Consumption by Region, Reference Case, 1990-2015
(Billion Kilowatthours)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America - 648 704 762 763 - 748 696 520
United States® .......... 577 610 658 664 649 610 434
Canada ............... 69 89 97 91 91 79 79
Mexico................ 2 5 7 7 7 7 7
OECDEurope ........... 703 774 783 813 786 768 722
OECD Pacific ........... 182 234 257 281 296 329 345
Japan ................ 182 234 257 281 296 329 345
Other OECD ........... 0 - 0 0 0 0 0 0
Total OECD........... 1,533 1,711 1,802 1,857 1,830 1,793 1,587

Non-OECD
EE/FSU ........c0vvn... 256 258 239 289 270 265 220
Former Soviet Union ... ... 201 205 194 234 212 206 161
Eastern Europe ......... 54 54 45 55 58 59 58
Non-OECD Asia ......... 88 95 110 143 172 213 216
China................. 0 2 13 13 20 31 32
India ................. 6 6 8 11 12 18 18
OtherAsia ............. 82 87 89 119 140 164 165
Middle East ............. 0 0 0 0 0 4 5
Africa ....ooovvinnnnn.. 8 7 9 9 9 9 9
Central and South America . 9 8 9 9 18 18 18
Total Non-OECD ....... 361 369 367 449 469 510 467
TotalWorld .............. 1,894 2,080 2,161 2,292 2,300 2,290 2,026

4Includes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total
generation in the exporting country.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January

1996), Table A8; and World Energy Projection System (1996).
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Table A6. World Consumption of Hydroelectricity and Other Renewable Energy by Region, Reference Case,
1990-2015 -
(Quadrillion Btu)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD
OECD North America ..... 9.6 10.3 11.0 12.2 13.6 15.2 17.0
United States® .......... 6.2 6.7 71 7.4 7.7 8.2 8.9
Canada ............... 3.0 3.3 3.7 4.5 54 - 6.2 6.9
Mexico........oovvun.. 0.4 0.3 0.3 0.3 0.5 0.8 1.1
OECDEurope ........... 4.6 5.1 5.3 5.8 6.3 6.9 7.6
OECD Pacific ........... 1.4 14 1.4 2.2 24 27 3.1
Japan ................ 0.9 1.0 1.0 1.6 1.9 2.0 2.3
OtherOECD ........... 0.4 0.4 0.5 0.5 0.6 0.7 0.8
Total OECD........... 15.6 16.8 17.7 20.1 224 248 27.6
Non-OECD
EEFSU .......cccemnnnn 2.8 29 29 2.9 3.3 3.9 4.6
Former Soviet Union . . .. .. 2.4 24 25 2.6 2.8 2.9 3.1
Eastern Europe ......... 0.4 0.4 0.5 0.3 0.5 1.0 1.5
Non-OECD Asia ......... 3.2 3.4 4.2 5.5 6.7 8.5 10.8
China................. 1.3 15 1.7 2.6 3.8 5.2 7.0
India ................. 0.7 0.7 0.9 1.2 1.3 1.4 1.7
OtherAsia ............. 11 1.2 1.6 1.6 1.6 1.8 21
MiddleEast ............. 0.1 0.2 0.2 0.3 0.4 0.5 0.5
Africa ................. 0.6 0.6 0.5 0.7 0.8 0.9 1.0
Central and South America . 3.9 4.2 44 4.5 4.7 4.9 5.0
Total Non-OECD ....... 10.6 11.2 12.3 13.9 15.9 18.6 22.0
TotalWorld .............. 26.3 28.1 30.0 34.0 38.3 43.4 49.7

8Includes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total
generation in the exporting country. ’

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(83)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996), Table A1; and World Energy Projection System (1996).
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Table A7. World Total Net Electricity Consumption by Region, Reference Case, 1990-2015
(Billion Kilowatthours)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ce 3,257 3,422 3,584 3,809 4,130 4,471 4,870
United States® .......... 2,713 2,862 2,975 3,136 3,362 3,605 3,889
Canada ............... 433 448 486 522 568 618 672
Mexico................ 112 112 123 151 200 249 309
OECD Europe ........... 2,116 2,196 2,374 2,708 3,022 3,343 3,680
OECD Pacific ........... 918 970 1,066 1,275 1,423 1,548 1,667
Japan ................ 738 781 841 1,010 1,122 1,212 1,297
Other OECD ........... 180 189 225 265 301 336 370
Total OECD........... 6,290 6,588 7,024 7,792 8,575 9,362 10,218

Non-OECD
EEFSU ................ 1,907 1,656 1,523 1,689 1,850 2,022 2,205
Former Soviet Union . .. ... 1,488 1,300 1,148 1,250 1,344 1,445 1,553
Eastern Europe ......... 418 357 375 439 506 577 653
Non-OECD Asia ......... 1,263 1,532 1,733 2,345 3,037 3,829 4,781
China................. 551 698 748 1,026 1,381 1,848 2,457
India ................. 257 293 354 489 647 800 962
OtherAsia ............. 455 540 631 830 1,010 1,181 1,363
MiddleEast ............. 190 196 245 293 339 381 426
Africa ................. 285 299 304 362 430 507 593
Central and South America . 448 490 527 608 690 776 863
Total Non-OECD ....... 4,092 4,173 4,330 5,297 6,347 7,515 8,869
TotalWorld .............. 10,382 10,761 11,355 13,090 14,922 16,877 19,087

3 ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Electricity consumption equals generation plus imports minus exports minus distribution losses.
Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995}, Table 6.2. Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,

January 1996), Table A8; and World Energy Projection System (1996).
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Table A8. World Total Carbon Emissions by Region, Reference Case, 1990-2015
(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD .

OECD North America ..... 1,560 1,604 1,653 1,758 1,883 1,983 2,084
United States® .......... 1,337 1,374 1,413 1,490 1,584 1,659 1733
Canada ............... 136 138 145 161 171 179 186
Mexico ...........ou... 87 92 95 107 128 146 165

OECDEurope ......cc... 1,023 982 1,014 1,083 1,146 1,201 1,262

OECD Pacific ........... 402 413 432 481 513 534 556
Japan ............ ... 310 319 333 375 401 417 435
Other OECD ........... 91 94 99 106 112 116 121

Total OECD........... 2,985 2,999 3,099 3,322 3,542 3,718 3,901
Non-OECD :

EEFSU ........ccceeenn 1,375 1,068 1,021 1,093 1,174 1,250 1,335
Former Soviet Union ...... 1,034 790 729 779 842 907 981
Eastern Europe ......... 341 278 292 314 333 344 354

Non-OECD Asia ......... 1,097 1,284 1,418 1,784 2,179 2,599 3,087
China................. 625 729 799 988 1,208 1,462 1,779
India ................. 167 193 216 272 340 400 456
OtherAsia ............. 305, 362 403 524 635 737 852

MiddleEast ............. 206 218 232 263 293 323 355

Africa ................. 212 204 210 231 254 . 279 305

Central and South America . 192 201 211 251 287 327 368

Total Non-OECD ....... 3,082 2,976 3,091 3,622 4,187 4,777 5,451
TotalWorld .............. 6,068 5,975 6,190 6,944 7,730 8,495 9,353

qncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
The U.S. numbers include carbon emissions attributable to renewable energy sources.

Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,
January 1996), Table A19; and World Energy Projection System (1996).
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Table A9. World Carbon Emissions from Oil Use by Region, Reference Case, 1990-2015
(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 722 724 750 . 798 850 891 922
United States? .......... 583 583 602 638 677 ‘705 721
Canada ............... 67 67 71 75 78 82 85
Mexico................ 71 75 78 86 95 105 116
OECDEurope ........... 537 566 573 591 605 612 620
OECD Pacific ........... 252 262 282 310 325 337 350
dJapan ................ 210 218 235 258 269 278 287
OtherOECD ........... 41 44 47 52 56 59 63
Total OECD........... 1,511 1,553 1,605 1,700 1,780 1,840 1,892

Non-OECD
EEFSU ..........c0vvt 427 300 248 268 311 356 400
Former Soviet Union . .. ... 355 248 195 209 246 284 320
Eastern Europe ......... 71 52 54 59 65 72 80
Non-OECD Asia ......... 326 406 454 619 774 902 1,053
China................. 98 132 149 189 232 284 348
India ................. 49 54 60 81 101 117 137
OtherAsia ............. 179 220 246 349 441 501 568
MiddleEast ............. 147 148 157 178 199 223 249
Africa ................. 88 91 98 111 123 136 151
Central and South America . 140 151 157 184 201 215 230
Total Non-OECD ....... 1,128 1,095 1,114 1,360 1,608 1,833 2,084
TotalWorld .............. 2,639 2,648 2,718 3,060 3,388 3,673 3,976

3ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DG,

January 1996), Table A19; and World Energy Projection System (1996).
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Table A10. World Carbon Emissions from Natural Gas Use by Region, Reference Case, 1990-2015
(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 323 352 367 389 427 462 510
United States® .......... 274 297 312 327 353 381 421
Canada ............... 36 41 42 45 48 51 53
Mexico........coeuun.. 13 14 13 17 27 30 36
OECDEuUrope ........... 145 165 184 223 264 305 352
OECD Pacific ........... 40 43 42 53 64 69 76
Japan ................ 28 31 29 39 49 53 60
OtherOECD ........... 12 12 13 14 15 16 16
Total OECD ........... 507 560 594 665 756 836 937

Non-OECD
EEFSU .........cnnan 387 350 350 409 448 495 554
Former Soviet Union ... ... 338 310 305 346 373 403 444
Eastern Europe ......... 49 39 44 63 75 92 109
Non-OECD Asia ......... 44 55 65 95 134 178 218
China................. 8 8 12 20 30 38 45
India ................. 6 7 8 14 26 35 46
OtherAsia ............. 31 39 46 61 78 104 127
MiddleEast ............. 55 66 69 79 87 93 99
Africa ................. 21 24 23 26 31 37 43
Central and South America . 32 32 34 39 50 67 85
Total Non-OECD ....... 540 526 541 648 751 870 998
TotalWorld .............. 1,047 1,086 1,135 1,312 1,507 1,706 1,936

3Includes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.

Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,
January 1996), Table A19; and World Energy Projection System (1996).
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Table A11. World Carbon Emissions from Coal Use by Region, Reference Case, 1990-2015
(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 516 528 536 571 606 630 652
United States® .......... 480 495 499 525 555 573 591
Canada ............... 33 30 33 41 44 46 47
Mexico................ 2 4 4 4 7 11 13
OECDEuUrope ....vvv0usvs 342 250 257 269 277 283 291
OECD Pacific ........... 110 108 108 118 123 128 130
Japan ................ 72 70 69 78 82 86 88
OtherOECD ........... 38 38 39 40 41 42 42
Total OECD ........... 967 886 900 958 1,006 1,041 1,073

Non-OECD
EEFSU ....iiivinnnnnnn 561 419 423 416 -415 399 381
Former Soviet Union ... ... 340 231 228 224 222 220 216
Eastern Europe ......... 221 187 195 192 193 179 165
Non-OECD Asia ......... 727 823 899 1,070 1,271 1,519 1,816
China................. 519 589 638 779 942 1,140 1,387
India ................. 112 132 148 177 213 247 273
OtherAsia ............. 95 103 112 114 116 131 157
MiddleEast ............. 4 5 6 6 7 7 7
Africa ................. 103 90 89 95 100 105 111
Central and South America . 19 18 20 28 36 44 53
Total Non-OECD ....... 1,415 1,354 1,436 1,614 1,828 2,074 2,369
TotalWorld .............. 2,382 2,240 2,337 2,571 2,835 3,116 3,442

Ancludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,

January 1996), Table A19; and World Energy Projection System (1996).
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Table A12. World Total Energy Consumption by Region, High Economic Growth Case, 1990-2015
(Quadrillion Btu)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 100.2 104.2 108.5 117.8 127.9 136.6 144.3
United States® .......... 84.4 87.3 90.8 974 104.3 110.2 115.0
Canada ............... 11.0 11.7 12.5 14.2 16.0 17.3 18.7
Mexico................ 4.9 5.1 5.3 6.1 7.7 9.0 10.6
OECDEurope ........... 62.0 62.6 64.7 70.5 75.5 80.2 85.2
QECD Pacific ........... 229 24.0 25.2 29.2 31.8 33.9 36.1
Japan ................ 18.1 18.0 19.9 23.5 25.7 27.4 29.1
OtherOECD ........... 4.8 5.0 5.2 5.7 6.1 6.5 7.0
Total OECD........... 185.1 190.7 198.4 217.5 235.2 250.7 265.6

Non-OECD
EEFSU ................ 75.3 60.9 58.3 68.8 78.9 90.0 102.5
Former Soviet Union ... ... 58.7 47.3 441 51.9 59.2 67.4 76.6
Eastern Europe ......... 16.6 13.6 14.2 16.9 19.6 22.6 25.9
Non-OECD Asia ......... 51.6 60.3 67.3 90.7 116.8 146.4 181.5
China................. 27.0 31.6 35.0 45.8 58.9 75.5 96.2
India ................. 8.0 9.1 10.3 14.3 18.9 234 28.2
OtherAsia ............. 16.6 19.6 22.1 . 307 39.0 47.5 57.2
MiddleEast ............. 11.3 12.2 12.9 15.5 18.3 20.9 239
Affica ................. 10.5 10.3 10.5 124 14.4 16.7 19.2
Central and South America . 14.0 14.8 15.4 18.4 21.8 25.5 29.5
Total Non-OECD ....... 162.7 158.3 164.5 205.8 250.1 299.4 356.6
TotalWorld .............. 347.8 349.1 362.9 423.2 485.4 550.1 622.2

ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Energy totals include net imports of coal coke and electricity generated from biomass in the United States. Totals may not
equal sum of components due to independent rounding. The electricity portion of the national fuel consumption values consists
of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total generation in the
exporting country.

Sources: History: Energy Information Administration (ElA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996), Table B1; and World Energy Projection System (1996).
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Table A13. World Total Oil Consumption by Region, High Economic Growth Case, 1990-2015
(Million Barrels per Day)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America cen 20.4 20.7 215 23.3 25.1 26.6 28.0
United States® .......... 17.0 17.2 17.8 19.2 20.7 21.8 22.7
Capada ............... 1.7 1.7 1.8 1.9 2.0 2.1 23
Mexico................ 1.7 1.8 1.9 2.2 24 2.7 3.0

OECD Europe ........... 12,9 13.6 13.8 14.4 14.9 15.3 15.6

OECD Pacific ........... 6.2 6.5 7.0 7.8 8.3 8.7 9.1
dJapan ................ 5.1 5.4 5.8 6.5 6.9 7.2 75
OtherOECD ........... 1.0 1.1 1.2 1.3 1.4 1.6 1.7

Total OECD........... 39.5 40.9 423 45.5 48.4 50.6 52.7
Non-OECD )

EEFFSU ................ 10.0 7.0 5.8 6.8 8.3 10.1 12.0
Former Soviet Union ... ... 8.4 5.8 4.5 5.3 6.6 8.0 9.6
Eastern Europe ......... 1.6 1.2 1.3 1.5 1.8 2.1 24

Non-OECD Asia ......... 7.6 9.5 10.6 15.4 20.2 24.6 30.0
China................. 23 3.1 35 4.6 5.9 7.6 9.6
India ................. 1.2 1.3 1.4 2.1 27 3.3 4.1
OtherAsia ............. 4.2 51 57 8.7 11.6 13.7 16.3

MiddleEast ............. 3.5 3.5 3.7 4.4 5.2 6.1 71

Africa .........cvnvnnn 2.1 2.2 23 2.8 3.3 3.8 4.4

Central and South America . 34 3.7 3.8 47 5.4 6.0 6.7

Total Non-OECD ....... 26.7 25.8 26.3 34.1 42.4 50.6 60.1
TotalWorld .............. 66.2 66.7 68.5 79.7 90.8 101.2 112.8

3Includes the 50 States and the District of Columbia. U.S. Territories are included in “Other QECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total
generation in the exporting country.

Sources: History: Energy Information Administration (EIA),

International Energy Annual 1993, DOE/EIA -0219(93)

(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washlngton DC, January

1996), Table B21; and World Energy Projection System (1996).
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Table A14. World Total Natural Gas Consumption by Region, High Economic Growth Case, 1990-2015
(Trillion Cubic Feet)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 221 241 25.1 277 31.1 34.0 37.1
United States® .......... 18.7 20.3 21.3 23.4 25.7 28.1 30.5
Canada ............... 2.4 2.8 29 3.1 3.4 3.6 3.8
Mexico................ 0.9 1.0 0.9 1.2 2.0 2.3 2.8
OECD Europe ........... 10.2 11.6 12.9 15.8 18.9 21.9 25.4
OECD Pacific ........... 2.6 29 2.8 3.6 4.4 4.7 5.2
Japan ................ 1.9 2.0 1.9 2.6 3.4 3.7 4.1
Other OECD . ... ....... 0.8 0.8 0.9 0.9 1.0 1.1 1.1
Total OECD........... 35.0 385 40.8 471 54.3 60.6 67.8

Non-OECD
EEFSU ..........cvnnen 28.1 25.4 25.3 31.9 37.1 43.3 511
Former Soviet Union .. .... 25.0 22.9 22.5 27.6 31.6 36.2 421
Eastern Europe ......... 3.1 2.5 2.8 4.3 5.5 7.1 9.0
Non-OECD Asia ......... 3.0 3.7 44 6.8 10.0 13.9 17.8
China................. 0.5 0.6 0.8 1.4 2.1 2.8 3.5
India ................. 0.4 0.5 0.5 1.0 2.0 2.8 3.8
OtherAsia ............. 2.1 2.6 3.1 4.4 5.9 8.3 10.5
MiddleEast ............. 3.6 4.3 4.5 5.4 6.3 7.0 7.8
Africa .........cciuuuns 1.4 1.5 15 1.8 2.2 2.8 3.4
Central and South America . 2.1 2.1 2.2 2.7 3.6 5.1 6.6
Total Non-OECD ....... 38.1 37.0 38.0 48.6 59.3 721 86.7
Total World ............ .. 73.1 75.5 78.8 95.7 113.7 1327 154.5

qncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total
generation in the exporting country. To convert cubic feet to cubic meters, divide each number in the table by 35.315.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996), Table B13; and World Energy Projection System (1996).
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Table A15. World Total Coal Consumption by Region, High Economic Growth Case, 1990-2015
(Million Short Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 957 986 1,002 1,086 1,163 1,218 1,281
United States® .......... 895 926 937 1,004 1,068 1,110 1,165
Canada ............... 57 52 58 73 81 85 88
Mexico................ 5 7 7 9 14 23 28
OECD Europe ........... 917 704 719 768 808 837 870
OECD Pacific ........... 235 233 234 257 271 283 292
dJapan ................ 130 128 126 145 155 164 169
OtherOECD ........... 105 105 108 112 117 119 122
Total OECD........... 2,110 1,922 1,954 2,111 2,241 2,338 2,443

Non-OECD
EEFFSU .......co00vuunn 1,375 1,016 1,026 1,089 1,156 1,179 1,192
Former Soviet Union . ..... 854 569 562 595 627 656 683
Eastern Europe ......... 521 447 464 495 529 522 509
Non-OECD Asia ......... 1,570 1,777 1,941 2,431 3,025 3,768 4,687
China................. 1,125 1,273 1,380 1,757 2,212 2,788 3,527
India ................. 259 298 335 429 551 670 774
OtherAsia ............. 187 206 225 245 262 310 386
MiddleEast ............. 7 8 10 11 13 14 16
Africa ..........ccvins 157 157 156 174 192 211 231
Central and South America . 34 31 35 51 69 90 112
Total Non-OECD ....... 3,143 2,989 3,167 3,757 4,456 5,262 6,238
TotalWorld .............. 5,253 4,912 5,122 5,868 6,698 7,601 8,681

4ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Range values for OECD Europe and the four regional totals are not equal to the sum of the component countries or country
groups but consist of the base value adjusted by the quantity: the square root of the sum of the squared deviations of the
respective component countries or country groups from their base value. Other totals may not equal sum of components due to
independent rounding. The electricity portion of the national fuel consumption values consists of generation for domestic use
plus an adjustment for electricity trade based on a fuel's share of total generation in the exporting country.To convert short tons
to metric tons, divide each number in the table by 1.102.

Sources: History: Energy Information Administration (ElA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996), Table B16; and World Energy Projection System (1996).
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Table A16. World Net Nuclear Energy Consumption by Region, High Economic Growth Case, 1990-2015
(Billion Kilowatthours)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 648 704 762 765 751 700 525
United States® .......... 577 610 658 664 649 610 434
Canada ............... 69 89 97 a3 95 82 83
Mexico.............o.. 2 5 7 8 8 8 8
OECDEuUrope .......vvn. 703 774 783 823 805 793 753
OECD Pacific ........... 182 234 257 286 306 343 364
Japan ................ 182 234 257 286 306 343 364
OtherOECD ........... 0 0 0 0 0 0 0
Total OECD........... 1,533 1,711 1,802 1,874 1,862 1,837 1,642

Non-OECD
EEFSU ................ 256 258 239 312 310 323 283
Former Soviet Union . ..... 201 205 194 253 244 250 207
Eastern Europe ......... 54 54 45 59 66 72 75
Non-OECD Asia ......... 88 95 109 152 192 248 262
China................. 0] 2 13 13 21 34 37
India ................. 6 6 8 12 14 22 23
OtherAsia ............. 82 87 89 127 157 193 203
MiddleEast ............. 0 0 0 0 0 0 0
Affica ................. 8 7 9 9 10 10 11
Central and South America . 9 8 0 16 20 24 27
Total Non-OECD ....... 361 369 358 489 532 605 582
TotalWorld .............. 1,894 2,080 2,159 2,364 2,394 2,442 2,225

3ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total
generation in the exporting country.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996), Table B8; and World Energy Projection System (1996).
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Table A17. World Consumption of Hydroelectricity and Other Renewable Energy by Region,

High Economic Growth Case, 1990-2015

(Quadrillion Btu)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 9.6 10.3 11.0 124 14.0 16.1 18.6
United States® . ......... 6.2 6.7 7.1 7.5 7.9 8.7 10.0
Canada ............... 3.0 3.3 3.7 45 5.6 6.5 7.4
Mexico................ 0.4 0.3 0.3 0.3 0.5 0.8 1.2
OECDEurope ........... 4.6 5.1 53 5.8 6.5 71 7.9
OECD Pacific ........... 14 14 1.4 2.2 25 2.8 3.2
dJapan ................ 0.9 1.0 1.0 1.7 1.9 2.1 24
Other OECD ........... 0.4 0.4 0.5 0.5 0.6 0.7 0.8
Total OECD ........... 15.6 16.8 17.7 20.4 23.0 26.1 29.7

Non-OECD
EE/FSU ................ 2.8 2.9 29 3.2 3.8 4.8 5.9
Former Soviet Union . . . ... 24 24 25 2.8 3.2 3.6 4.0
Eastern Europe ......... 0.4 04 0.5 0.3 0.6 1.2 2.0
Non-OECD Asia ......... 3.2 3.4 4.2 5.8 7.4 9.8 13.0
China................. 1.3 1.5 1.7 27 4.1 5.9 8.3
India ................. 0.7 0.7 0.9 1.3 1.5 1.7 2.1
OtherAsia ............. 1.1 1.2 1.6 1.8 1.9 2.2 2.6
MiddleEast ............. 0.1 0.2 0.2 0.3 04 0.5 0.7
Afrfica ..........ccceun. 0.6 0.6 0.5 0.7 0.9 1.0 1.2
Central and South America . 3.9 4.2 4.4 4.7 5.2 5.6 6.0
Total Non-OECD ....... 10.6 11.2 12.3 14.8 17.8 21.7 26.8
TotalWorld .............. 26.3 28.1 30.0 35.2 40.7 478 56.5

3ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel’s share of total
generation in the exporting country.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January

1896), Table B1; and World Energy Projection System (1998).
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Table A18. World Total Net Electricity Consumption by Region, High Economic Growth Case, 1990-2015
(Billion Kilowatthours)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015,
OECD

OECD North America ...-.. 3,257 3,422 3,584 3,905 4,308 4,738 5,238
United States® .......... 2,713 2,862 2,975 3,218 3,511 3,828 4,194
Canada ............... 433 448 486 533 589 648 714
Mexico................ 112 112 123 154 208 262 330
OECD Europe ........... 2,116 2,196 12,374 2,744 3,096 3,459 3,845
OECD Pacific ........... 918 970 1,066 1,298 1,466 1,612 1,754
Japan ................ 738 781 841 1,030 1,159 1,265 1,368
OtherOECD ........... 180 189 225 268 307 347 386
Total OECD ........... 6,290 6,588 7,024 7,947 8,871 9,808 10,837

Non-OECD
EE/FSU ........ccenvnn. 1,907 1,656 1,523 1,825 2,125 2,461 2,838
Former Soviet Union . ..... 1,488 1,300 1,148 1,351 1,543 1,756 1,996
Eastern Europe ......... 418 357 375 474 582 704 842
Non-OECD Asifa ......... 1,263 1,532 1,733 2,484 3,376 4,437 5,767
China................. 551 698 748 1,070 1,501 2,090 2,890
India ................. 257 293 354 525 737 957 1,203
OtherAsia ............. 455 540 631 889 1,138 1,390 1,674
MiddleEast ............. 190 196 245 308 376 439 511
Africa ........cccivuuns 285 299 304 - 381 475 584 712
Central and South America . 448 490 527 640 762 895 1,036
Total Non-OECD ....... 4,092 4,173 4,330 5,639 7,113 ' 8,816 10,864
TotalWorld .............. 10,382 10,761 11,355 13,586 15,983 18,624 21,700

3Includes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Electricity consumption equals generation plus imports minus exports minus distribution losses.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995), Table 6.2. Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,
January 1996), Table B8; and World Energy Projection System (1996).
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Table A19. World Total Carbon Emissions by Region, High Economic Growth Case, 1990-2015
(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ‘e 1,560 1,604 1,653 1,802 1,958 2,083 2,209
United States® .......... 1,337 1,374 1,413 1,529 1,648 1,742 1,835
Canada ............... 136 138 145 164 177 187 198
Mexico................ 87 92 95 109 133 154 176
OECDEurope .....c0unn. 1,023 982 1,014 1,098 1,175 1,243 1,319
OECD Pacific ........... 402 413 432 489 528 555 585
Japan ................ 310 319 333 382 414 435 458
OtherOECD ........... 91 94 99 107 114 120 126
Total OECD ........... 2,985 2,999 3,099 3,389 3,661 3,882 4,113

Non-OECD
EE/FSU .......covvvennn 1,375 1,068 1,021 1,181 1,349 1,521 1,718
Former Soviet Union . ... .. 1,034 790 729 842 966 1,102 1,260
Eastern Europe ......... 341 278 292 339 383 419 457
Non-OECD Asia ......... 1,097 1,284 1,418 1,884 2,411 2,999 3,710
China................. 625 729 799 1,031 1,307 1,654 2,093
India ................. 167 193 216 292 388 479 570
OtherAsia ............. 305 362 403 562 716 867 1,046
MiddleEast ............. 206 218 232 277 325 372 427
Africa ................. 212 204 210 244 281 322 367
Central and South America . 192 201 211 264 316 377 442
Total Non-OECD ....... 3,082 2,976 3,091 3,849 4,682 5,591 6,663
TotalWorld .............. 6,068 5,975 6,190 7,238 8,343 9,473 10,775

4Includes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.

The U.S. numbers include carbon emissions attributable to renewable energy sources.

Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,

January 1996), Table B19; and World Energy Projection System (1996).
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Table A20. World Carbon Emissions from Oil Use by Region, High Economic Growth Case, 1990-2015
(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 722 724 750 817 883 937 984
United States® .......... 583 583 602 653 704 741 769
Canada ............... 67 67 71 76 81 86 91
Mexico................ 71 75 78 88 99 110 124
OECDEurope ........... 537 566 573 599 620 634 648
OQECD Pacific ........... 252 262 282 315 335 351 368
Japan ................ 210 218 235 263 278 290 303
OtherOECD ........... 41 44 47 52 57 61 65
Total OECD........... 1,511 1,553 1,605 1,732 1,838 1,922 1,999

Non-OECD
EE/FSU ....civinvinnnnn 427 300 248 290 358 433 515
Former Soviet Union . ... .. 355 248 195 226 282 345 412
Eastern Europe ......... 71 ' 52 54 64 75 88 103
Non-OECD Asia ......... 326 406 454 658 864 1,051 1,278
China................. 98 132 149 197 252 321 409
India ................. 49 54 60 87 115 141 171
OtherAsia ............. 179 220 246 374 497 590 698
MiddleEast ............. 147 148 157 188 221 257 299
Africa .........ccuuunnn 88 91 98 116 136 157 182
Central and South America . 140 151 157 194 221 248 276
Total Non-OECD ....... 1,128 1,095 1,114 1,446 1,799 2,147 2,550
TotalWorld .............. 2,639 2,648 2,718 3,178 3,638 4,068 4,550

ZIncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Gooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.

Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,
January 1996), Table B19; and World Energy Projection System (1996).
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Table A21. World Carbon Emissions from Natural Gas Use by Region, High Economic Growth Case,

1990-2015
(Million Metric Tons)

History Projections
Region/Country 1990 1993 - 1995 2000 2005 2010 2015
OECD

OECD North America ..... 323 352 367 406 454 497 543
United States® .......... 274 297 312 343 377 412 447
Canada ............... 36 41 42 46 50 53 57
Mexico................ 13 14 13 17 28 32 39
OECDEuUrope ....cevvvve 145 165 184 226 271 316 368
OECD Pacific ........... 40 43 42 54 66 72 80
dJapan ................ 28 31 29 40 51 56 63
Other OECD ........... 12 12 13 14 15 16 17
Total OECD........... 507 560 594 686 792 884 990

Non-OECD
EE/FSU ................ 387 350 350 441 514 603 712
Former Soviet Union .. .... 338 310 305 374 428 490 571
Eastern Europe ......... 49 39 44 68 86 112 141
Non-OECD Asia ......... 44 55 65 102 150 208 266
China................. 8 8 12 21 32 43 53
India ................. 6 7 8 15 30 42 57
OtherAsia ............. 31 39 46 65 88 123 156
MiddleEast ............. 55 66 69 83 97 107 119
Africa ................. 21 24 23 27 35 43 52
Central and South America . 32 32 34 M 56 77 102
Total Non-OECD ....... 540 526 541 694 852 1,038 1,251
TotalWorld ......ccvvvuns 1,047 1,086 1,135 1,380 1,643 1,923 2,240

3ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”
Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,
January 1996), Table B19; and World Energy Projection System (19986).
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Table A22. World Carbon Emissions from Coal Use by Region, High Economic Growth Case, 1990-2015
(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 516 528 536 579 620 649 683
United States® .......... 480 495 499 533 567 589 619
Canada ............... 33 30 33 42 46 48 50
Mexico................ 2 4 4 4 7 12 14
OECDEurope .....ccc... 342 250 257 273 284 293 304
OECD Pacific ........... 110 108 108 120 127 133 137
Japan ................ 72 70 69 79 85 T 90 93
OtherOECD ........... 38 38 39 41 42 43 44
Total OECD ........... 967 886 900 972 1,031 1,076 1,124

Non-OECD
EE/FSU ................ 561 419 423 449 477 486 491
Former Soviet Union . ..... 340 231 228 242 255 267 278
Eastern Europe ......... 221 187 195 207 222 219 213
Non-OECD Asia ......... 727 823 899 1,124 1,397 1,740 2,165
China................. 519 589 638 813 1,023 1,290 1,631
India ................. 112 132 148 189 243 296 342
OtherAsia ............. 95 103 112 122 131 154 192
MiddleEast ............. 4 5 6 6 7 8 9
Africa ................. 103 90 89 100 110 121 133
Central and South America . 19 18 20 29 40 51 64
Total Non-OECD ....... 1,415 1,354 1,436 1,709 2,031 2,406 2,862
TotalWorld .............. 2,382 2,240 2,337 2,681 3,062 3,482 3,985

ZIncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.

Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,
January 1996), Table B19; and World Energy Projection System (1996).
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Table A23. World Total Energy Consumption by Region, Low Economic Growth Case, 1990-2015
(Quadrillion Btu)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 100.2 104.2 108.4 1124 118.4 123.0 127.0
United States® .......... 84.4 87.3 90.6 92.9 96.5 99.2 101.2
Canada ............... 11.0 11.7 125 13.7 14.9 15.8 16.6
Mexico................ 4.9 5.1 5.3 5.9 74 8.1 9.3
OECD Europe ........... 62.0 62.6 64.7 68.6 71.9 74.9 78.0
OECD Pacific ...ccvvvvvns 22.9 24.0 25.2 28.2 29.9 31.3 32.6
Japan ............... 18.1 19.0 19.9 22.6 241 25.1 26.2
OtherOECD ........... 4.8 5.0 5.2 5.6 5.9 6.2 6.4
Total OECD ........... 185.1 190.7 198.2 209.2 220.2 229.2 237.6

Non-OECD
EE/FSU ...........c00un 75.3 60.9 58.3 61.2 64.0 67.0 70.2
Former Soviet Union . ..... 58.7 47.3 441 46.2 48.1 50.3 525
Eastern Europe ......... 16.6 13.6 14.2 15.0 15.9 16.8 17.7
Non-OECD Asia ......... 51.6 60.3 67.3 79.4 91.0 102.5 114.6
China....... e 27.0 31.6 35.0 - 40.3 45.8 52.0 58.8
India ................. 8.0 9.1 10.3 12.4 14.5 16.3 18.0
OtherAsia ............. 16.6 19.6 22.1 26.7 30.7 34.2 378
MiddleEast ............. 11.3 12.2 12.9 14.0 14.9 15.7 16.6
Africa ........ccvneeuns 10.5 10.3 10.5 11.2 11.8 12.5 13.3
Central and South America . 14.0 14.8 15.4 16.6 17.9 19.2 20.4
Total Non-OECD ....... 162.7 158.3 164.5 182.3 199.6 216.9 235.1
TotalWorld .............. 347.8 349.1 362.8 3915 419.8 446.1 472.7

ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Energy totals include net imports of coal coke and electricity generated from biomass in the United States. Totals may not
equal sum of components due to independent rounding. The electricity portion of the national fuel consumption values consists
of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total generation in the
exporting country.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996), Table B1; and World Energy Projection System (1996).
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Table A24. World Total Oil Consumption by Region, Low Economic Growth Case, 1990-2015
(Million Barrels per Day)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 20.4 20.7 21.5 222 23.2 23.9 24.4
United States® .......... 17.0 17.2 17.8 18.3 19.1 19.5 19.8
Canada ............... 1.7 1.7 1.8 1.8 1.9 1.9 2.0
Mexico................ 1.7 1.8 1.9 2.1 2.2 24 27
OECDEurope ........... 12.9 13.6 13.8 14.1 14.2 14.3 14.3
OECD Pacific ........... 6.2 6.5 70 7.5 7.8 8.0 8.3
Japan ................ 5.1 54 5.8 6.2 6.4 6.6 6.7
Other OECD ........... 1.0 1.1 1.2 1.3 1.4 1.5 1.5
Total OECD........... 39.5 40.9 42.3 43.8 45.3 46.2 46.9

Non-OECD
EEFSU ...oviinnennnn.. 10.0 7.0 5.8 6.0 6.8 7.5 8.2
Former Soviet Union .. .... 8.4 5.8 4.5 4.7 5.3 6.0 6.6
Eastern Europe ......... 1.6 1.2 1.3 1.3 1.4 1.5 1.6
Non-OECD Asia ......... 7.6 9.5 10.6 13.5 15.8 17.4 19.3
China................. 23 3.1 35 4.1 4.6 5.2 5.9
India ................. 1.2 1.3 1.4 1.8 2.1 23 2.6
OtherAsia ............. 4.2 5.1 5.7 7.6 9.1 9.9 10.8
MiddleEast .. ........... 3.5 35 3.7 4.0 4.2 4.6 4.9
Africa ................. 2.1 2.2 23 25 2.7 2.8 3.0
Central and South America . 3.4 3.7 3.8 4.3 44 4.5 4.7
Total Non-OECD ....... 26.7 25.8 26.3 30.2 33.9 36.9 40.0
TotalWorld .............. 66.2 66.7 68.5 74.1 79.2 83.1 87.0

ZIncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equat sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total
generation in the exporting couniry.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(396) (Washington, DC, January
1896), Table B21; and World Energy Projection System (1996).
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Table A25. World Total Natural Gas Consumption by Region, Low Economic Growth Case, 1990-2015

(Trillion Cubic Feet)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 22.1 24.1 25.1 25.6 27.5 29.3 32.0
United States® .......... 18.7 20.3 21.3 215 22.6 24.0 26.2
Canada ............... 24 2.8 2.9 3.0 3.1 3.3 34
Mexico.......ovveunnnn 0.9 1.0 0.9 1.2 1.8 2.0 2.4
OECD Europe ........... 10.2 11.6 12.9 15.4 17.9 20.4 23.3
OECD Pacific ........... 2.6 29 2.8 3.4 4.1 4.4 4.7
Japan ................ 1.9 2.0 1.9 25 3.1 3.4 3.7
OtherOECD ........... 0.8 0.8 0.9 . 0.9 1.0 1.0 1.0
Total OECD........... 35.0 38.5 40.8 44.4 49.6 54.1 60.0

Non-OECD
EEFSU ...ciivvinnnnnen 28.1 25.4 25.3 28.4 30.1 32.3 35.0
Former Soviet Union ... ... 25.0 22.9 22.5 24.5 25.7 27.0 28.9
Eastern Europe ......... 3.1 25 2.8 3.8 4.4 5.3 6.1
Non-OECD Asia ......... 3.0 3.7 4.4 5.9 7.8 9.9 11.5
China................. 0.5 0.6 0.8 1.2 1.6 2.0 2.1
India ................. 0.4 0.5 0.5 0.9 15 2.0 24
OtherAsia ............. 2.1 2.6 3.1 3.8 4.6 5.9 6.9
MiddleEast . ............ 3.6 4.3 4.5 4.9 5.2 5.3 5.4
Africa ................. 14 15 1.5 1.6 1.8 2.1 2.4
Central and South America . 2.1 2.1 2.2 2.4 3.0 3.8 4.6
Total Non-OECD ....... 38.1 37.0 38.0 43.2 479 53.3 58.8
TotalWorld .............. 73.1 75.5 78.8 87.7 97.5 107.4 118.8

3Includes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total
generation in the exporting country. To convert cubic feet to cubic meters, divide each number in the table by 35.315.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January

1996), Table B13; and World Energy Projection System (1996).
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Table A26. World Total Coal Consumption by Region, Low Economic Growth Case, 1990-2015
(Million Short Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 957 986 1,002 1,053 1,106 1,142 1,165
United States® .......... 895 926 937 974 1,018 1,044 1,075
Canada ......... e 57 52 58 70 75 77 78
Mexico................ 5 7 7 8 13 21 24
OECD Europe ........... 917 704 719 747 768 781 796
OECD Pacific ........... 235 233 234 249 257 263 265
Japan ................ 130 128 126 139 145 151 152
OtherOECD ........... 105 105 108 110 112 112 113
Total OECD........... 2,110 1,922 1,954 2,049 2,131 2,185 2,226

Non-OECD
EE/FSU ................ 1,375 1,016 1,026 969 938 876 815
Former Soviet Union .. .... 854 569 562 529 510 489 468
Eastern Europe ......... 521 447 464 440 428 387 347
Non-OECD Asia ......... 1,570 1,777 1,941 2,132 2,350 2,612 2,906
China................. 1,125 1,273 1,380 1,547 1,721 1,922 2,157
India ................. 259 298 335 372 423 467 493
OtherAsia ............. 187 206 225 213 206 223 256
MiddleEast ............. 7 8 10 10 11 11 11
Africa ................. 157 157 156 157 158 159 160
Central and South America . 34 o3 35 46 57 67 78
Total Non-OECD ....... 3,143 2,989 3,167 3,315 3,514 3,725 3,970
Total World .............. 5,253 4,912 5,122 5,364 5,645 5,910 6,208

@Includes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Range values for OECD Europe and the four regional totals are not equal to the sum of the component countries or country
groups but consist of the base value adjusted by the quantity: the square root of the sum of the squared deviations of the
respective component countries or country groups from their base value. Other totals may not equal sum of components due to
independent rounding. The electricity portion of the national fuel consumption values consists of generation for domestic use
plus an adjustment for electricity trade based on a fuel’s share of total generation in the exporting country.To convert short tons
to metric tons, divide each number in the table by 1.102.

Sources: History: Energy Information Administration (ElA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1896), Table B16; and World Energy Projection System (1996).
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Table A27. World Net Nuclear Energy Consumption by Region, Low Economic Growth Case, 1990-2015

(Billion Kilowatthours)

History . Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 648 704 762 761 744 692 515
United States® .......... 577 610 658 664 649 610 434
Canada ............... 69 89 97 90 88 75 74
Mexico................ 2 5 7 7 7 7 7
OECD Europe ........... 703 774 783 803 769 743 692
OECD Pacific .......c00un 182 234 257 275 287 315 328
Japan ................ 182 234 257 275 287 315 328
OtherOECD ........... 0 0 0 0 0 0 0
Total OECD........... 1,533 1,711 1,802 1,839 1,799 1,750 1,534

Non-OECD
EEFFSU ..........0c0oes 256 258 239 277 252 240 193
Former Soviet Union ... ... 201 205 194 225 198 187 142
Eastern Europe ......... 54 54 45 53 54 53 51
Non-OECD Asia ......... 88 95 109 132 151 177 171
China.......... e 0 2 13 11 16 23 22
India ................. 6 6 8 10 11 15 14
OtherAsia ............. 82 87 89 111 124 139 134
MiddleEast ............. 0 0 0 0 0 0 0
Africa ........civvvunnn 8 7 9 8 8 8 7
Central and South America . 9 8 0 16 20 24 27
Total Non-OECD ....... 361 369 358 435 431 449 399
TotalWorld .....co00evvuns 1,894 2,080 2,159 2,274 2,230 2,199 1,933

Yncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”
Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total

generation in the exporting country.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January

1996), Table B8; and World Energy Projection System (1996).
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Table A28. World Consumption of Hydroelectricity and Other Renewable Energy by Region,
Low Economic Growth Case, 1990-2015
(Quadrillion Btu)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD
OECD North America ..... 9.6 10.3 110 12.1 13.4 14.9 16.5
United States® .......... 6.2 6.7 7.1 7.4 7.7 8.2 8.9
Canada ............... 3.0 3.3 3.7 4.4 5.2 5.9 6.5
Mexico................ 0.4 0.3 0.3 0.3 0.5 0.7 1.0
OECD Europe ........... 4.6 5.1 5.3 5.7 6.2 6.7 7.3
OECD Pacific ........... 14 14 1.4 2.1 2.4 2.6 2.9
Japan ................ 0.9 1.0 1.0 1.6 1.8 2.0 21
OtherOECD ........... 0.4 0.4 0.5 0.5 0.6 0.7 0.8
Total OECD ........... 15.6 16.8 17.7 19.9 219 24.2 26.7
Non-OECD
EE/FSU ................ 238 2.9 2.9 2.8 3.1 3.5 4.1
Former Soviet Union ...... 24 24 25 25 2.6 2.7 2.7
Eastern Europe ......... 0.4 0.4 0.5 0.3 0.5 0.9 1.3
Non-OECD Asia ......... 3.2 3.4 4.2 5.1 5.8 6.8 8.1
China................. 1.3 1.5 1.7 2.4 3.2 4.1 5.1
India .............:... 0.7 0.7 0.9 1.2 1.1 1.2 14
OtherAsia ............. 1.1 1.2 1.6 1.5 1.5 1.6 1.7
MiddleEast ............. 0.1 0.2 0.2 0.3 0.4 0.4 0.5
Africa ......vvivnnnn... 0.6 0.6 0.5 06 07 0.8 0.9
Central and South America . 3.9 42 4.4 4.3 4.2 42 4.2
Total Non-OECD ....... 10.6 11.2 12.3 13.1 14.2 15.7 17.7
TotalWorld .............. 26.3 28.1 30.0 33.0 36.2 39.9 44.4

3Includes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption
values consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total
generation in the exporting country.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC, January
1996), Table B1; and World Energy Projection System (1996).
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Table A29. World Total Net Electricity Consumption by Region, Low Economic Growth Case, 1990-2015

(Billion Kilowatthours)

History Projections

Region/Country 1990 1993 1995 2000 2005 2010 2015

OECD ’
OECD North America ..... 3,257 3,422 3,584 3,716 3,962 4,213 4,515
United States® .......... 2713 2862 2,975 3,057 3,221 3,388 3,593
Canada ............... 433 448 486 512 548 589 633
Mexico................ 112 . 112 123 148 193 236 289
OECDEurope ........... 2,116 2,196 2,374 2,673 2,949 3,231 3,522
OECD Pacific c.evvvuunnn 918 970 1,066 1,253 1,381 1,487 1,586
dapan ................ 738 781 841 990 1,087 1,161 1,230
Other OECD ........... 180 189 225 262 295 326 355
Total OECD........... 6,290 6,588 7,024 7,642 8,292 8,931 9,622

Non-OECD

EEFSU .. .cvvvvvnnnnnes 1,907 1,656 1,523 1,624 1,725 1,831 1,942
Former Soviet Union . .. ... 1,488 1,300 1,148 1,202 1,254 1,309 1,368
Eastern Europe ......... 418 357 375 422 471 522 574
Non-OECD Asia ......... 1,263 1,532 1,733 2,171 2,628 3,108 3,642
China................. 551 698 748 942 1,168 1,441 1,768
India ................. 257 293 354 455 566 667 767
OtherAsia ............. 455 540 631 773 894 1,001 1,108
MiddleEast ............. 190 196 245 278 306 330 354
Africa ........civuvnnen 285 299 304 344 389 " 439 493
Central and South America . 448 490 527 578 625 672 718
Total Non-OECD ....... 4,092 4,173 4,330 4,995 5,674 6,381 7,150
TotalWorld .............. 10,382 10,761 11,355 12,637 13,965 15,312 16,772

qIncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Electricity consumption equals generation plus imports minus exports minus distribution losses.
Sources: History: Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, DC, May 1995), Table 6.2. Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,

January 1996), Table B8; and World Energy Projection System (1996).
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Table A30. World Total Carbon Emissions by Region, Low Economic Growth Case, 1990-2015
(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 1,560 1,604 1,653 1,716 1,808 1,877 1,955
United States® .......... 1,337 1,374 1,413 1,453 1,520 1,568 1,625
Canada ............... 136 138 145 158 165 170 175
Mexico................ 87 92 95 105 123 138 154
OECD Europe ........... 1,023 982 1,014 1,069 1,118 1,160 1,207
OECD Pacific ........... 402 413 432 472 497 513 528
Japan ................ 310 319 333 367 388 400 412
Other OECD ........... 91 94 99 105 110 113 116
Total OECD ........... 2,985 2,999 3,099 3,257 3,424 3,550 3,690

Non-OECD
EEFSU ................ 1,375 1,068 1,021 1,050 1,095 1,132 1,175
Former Soviet Union .. .... 1,034 790 729 749 785 822 864
Eastern Europe ......... 341 278 292 302 310 310 311
Non-OECD Asia ......... 1,097 1,284 1,418 1,649 1,878 2,098 2,336
China................. 625 729 799 907 1,017 1,140 1,281
India ................. 167 193 216 253 298 333 363
OtherAsia ............. 305 362 403 488 563 624 693
MiddleEast ............. 206 218 232 250 265 279 296
Affica ................. . 212 204 210 220 230 241 254
Central and South America . 192 201 211 238 260 283 306
Total Non-OECD ....... 3,082 2,976 3,091 3,407 3,727 4,034 4,367
TotalWorld .............. 6,068 5,975 6,190 6,664 7,150 7,583 8,058

4Includes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
The U.S. numbers include carbon emissions attributable to renewable energy sources.

Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,
January 1996), Table B19; and World Energy Projection System (1996).
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Table A31. World Carbon Emissions from Qil Use by Region, Low Economic Growth Case, 1990-2015

(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 722 724 750 779 816 842 862
United States? PR 583 583 602 622 649 665 673
Canada ............... 67 67 71 73 75 78 80
Mexico................ 71 75 78 84 91 99 108
OECD Europe ........... 537 566 573 584 590 592 593
OECD Pacific .....cvve0ve 252 262 282 304 315 323 333
Japan ................ 210 218 235 253 261 266 272
Other OECD ........... 41 44 47 51 54 57 60
Total OECD ........... 1,511 1,553 1,605 1,667 1,722 1,757 1,787

Non-OECD
EEFSU ......ovevnnnnss 427 300 248 258 290 322 352
Former Soviet Union . ..... 355 248 195 201 230 257 282
Eastern Europe ......... 71 52 54 57 61 65 70
Non-OECD Asia ......... 326 406 454 574 675 744 821
China................. 98 132 149 173 196 221 250
India ................. 49 54 60 75 88 98 109
OtherAsia ............. 179 220 246 326 391 425 462
MiddleEast ............. 147 148 157 169 180 193 207
Afrfica .......ciivnvenns 88 91 98 105 111 118 126
Central and South America . 140 151 157 175 182 187 - 192
Total Non-OECD ....... 1,128 1,095 1,114 1,281 1,438 1,564 1,698
TotalWorld ........o00un 2,639 2,648 2,718 2,949 3,160 3,321 3,486

qncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,

January 1996), Table B19; and World Energy Projection System (1996).
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Table A32. World Carbon Emissions from Natural Gas Use by Region, Low Economic Growth Case,
1990-2015
(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 2010 2015
OECD

OECD North America ..... 323 352 367 375 402 428 467
United States® .......... 274 297 312 314 330 351 384
Canada ............... 36 41 42 44 46 49 50
Mexico................ 13 14 13 ' 16 26 28 34
OECDEuUrope ......c.... 145 165 184 220 258 295 336
OECD Pacific ........... 40 43 42 52 62 66 72
Japan ................ 28 i 31 29 38 48 51 56
Other OECD ........... 12 12 13 14 15 15 15
Total OECD ........... 507 560 594 647 722 789 876

Non-OECD
EEFSU ........c.cann. 387 350 350 393 4117 448 487
Former Soviet Union . ..... 338 310 305 333 348 366 391
Eastern Europe ......... 49 39 44 60 69 83 96
Non-OECD Asia ......... 44 55 65 89 117 148 172
China................. 8 8 12 18 25 30 32
India ................. 6 7 8 13 23 29 36
OtherAsia ............. 31 39 46 57 69 88 103
MiddleEast ............. 55 66 69 75 79 80 82
Africa ........... [ 21 24 23 24 28 32 36
Central and South America . 32 32 34 37 46 58 70
Total Non-OECD ....... 540 526 541 618 687 767 848
TotalWorld .............. 1,047 1,086 1,135 1,264 1,410 1,556 1,724

ZIncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.

Sources: History: Derived from Energy Information Administration (EIA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(96) (Washington, DC,
January 1996), Table B19; and World Energy Projection System (1996).
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Table A33. World Carbon Emissions from Coal Use by Region, Low Economic Growth Case, 1990-2015

(Million Metric Tons)

History Projections
Region/Country 1990 1993 1995 2000 2005 - 2010 2015
OECD
OECD North America ..... 516 528 536 562 590 607 625
United States?® .......... 480 495 499 517 540 552 568
Canada ............... 33 30 33 40 43 44 45
Mexico................ 2 4 4 4 7 11 12
OECD Europe ........... 342 250 257 265 270 274 278
OECD Pacific ........0ns 110 108 108 116 120 123 124
dJapan ................ 72 70 69 76 79 82 83
OtherOECD ........... 38 38 39 40 40 41 41
Total OECD........... 967 886 900 943 980 1,003 1,027
Non-OECD
EEFSU ................ 561 419 423 400 387 361 336
Former Soviet Union . ..... 340 231 228 215 207 199 190
Eastern Europe ......... 221 187 195 185 180 162 145
Non-OECD Asia ......... 727 823 899 986 1,086 1,206 1,343
China.........covev... 519 589 638 716 796 889 998
India ................. 112 132 148 164 187 206 218
OtherAsia ............. 95 103 112 106 103 111 127
MiddleEast............. 4 5 6 5 6 6 6
Africa ................. 103 90 89 0 90 91 92
Central and South America . 19 18 20 26 32 38 44
Total Non-OECD ....... 1,415 1,354 1,436 1,508 1,601 1,703 1,821
TotalWorld .............. 2,382 2,240 2,337 2,451 2,581 2,706 2,848

ncludes the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”
Notes: OECD = Organization for Economic Cooperation and Development. EE/FSU = Eastern Europe/Former Soviet Union.
Sources: History: Derived from Energy Information Administration (ElA), International Energy Annual 1993, DOE/EIA-
0219(93) (Washington, DC, May 1995). Projections: EIA, Annual Energy Outlook 1996, DOE/EIA-0383(86) (Washington, DC,

January 1996), Table B19; and World Energy Projection System (1996).
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Table A34. World Oil Production Capacity by Region and Country, Reference Case, 1990-2015
(Million Barrels per Day)

. History (Estimates) Projections
Region/Country 1990 1994 2000 2005 2010 2015
OPEC
Persian Gulf
ran ......... ... .. 3.2 3.9 4.3 5.2 55 6.0
raq .......covvviin... 2.2 0.6 4.4 5.7 6.7 7.2
Kuwait ................ 1.7 2.3 29 3.6 4.2 4.5
Qatar ................. 0.5 0.6 0.6 0.6 0.6 0.5
Saudi Arabia ........... 8.5 10.5 11.5 12.8 14.9 21.2
United Arab Emirates ..... 25 2.6 3.1 3.7 4.5 4.8
Total Persian Guif...... 18.6 20.5 26.8 31.6 36.4 44.2
Other OPEC
Algeria ................ 1.4 1.1 15 1.3 1.1 0.9,
Gabon ................ 0.3 0.4 0.3 0.3 0.3 0.2
Indonesia . ............. 1.5 1.6 1.4 1.1 1.0 0.9
Libya ..... e 1.6 1.6 1.8 2.1 2.3 2.4
Nigeria . ............... 1.8 2.2 24 2.6 2.7 2.7
Venezuela ............. 2.6 2.8 3.3 4.0 4.5 4.8
Total Other OPEC ...... 9.2 9.7 10.7 114 11.9 11.9
Total OPEC .............. 27.8 30.2 375 43.0 48.3 56.1
Non-OPEC
OECD
United States ........... 9.7 9.4 8.5 8.4 8.8 9.4
Canada ............... 2.0 23 2.6 25 2.4 2.3
Mexico................ 3.0 3.2 3.2 3.2 3.1 3.1
Australia .............. 0.7 0.6 0.6 0.6 0.5 0.5
NorthSea ............. 3.8 5.4 6.2 5.4 T 47 3.8
Other OECD ........... 0.8 0.9 0.8 0.7 0.7 0.6
Total OECD........... 20.0 21.8 21.9 20.8 20.2 19.6
Eurasia
China................. 2.8 29 3.1 3.1 3.0 3.0
Former Soviet Union ... ... 114 7.0 7.3 8.4 9.6 10.3
Eastern Europe ......... 0.3 0.3 0.3 0.2 0.2 0.2
Total Eurasia ......... 14.5 10.3 10.7 11.7 12.8 13.5
Other Non-OPEC ’
Central and South America . 2.4 2.8 3.9 4.0 3.9 3.7
MiddleEast ............ 1.3 1.8 2.3 2.2 2.1 2.0
Africa................. 1.9 2.0 2.4 2.4 2.3 2.2
Asia............ ... ... 1.7 1.9 2.6 27 25 2.3
Total Other Non-OPEC .. 7.4 8.5 111 114 10.8 10.1
Total Non-OPEC .......... 41.9 40.6 43.7 43.9 438 43.2
TotalWorld .............. 69.7 70.8 81.2 86.9 92.1 99.2

Notes: OPEC = Organization of Petroleum Exporting Countries. OECD = Organization for Economic Cooperation and
Development.

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency Information Division.
Projections: EIA, Office of Integrated Analysis and Forecasting, “DESTINY” International Energy Forecast Sofiware (Dallas,
TX: Petroconsultants, 1996).
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Table A35. World Oil Production Capacity by Region and Country, High Oil Price Case, 1990-2015
(Million Barrels per Day)

History (Estimates) Projections
Region/Country 1990 1994 2000 2005 2010 2015
OPEC
Persian Gulf
Fan .....covviinnn. 3.2 3.9 3.8 4.3 4.9 5.4
= o 22 0.6 4.0 45 5.8 6.5
Kuwait ................ 1.7 2.3 238 3.1 35 3.8
Qatar .......covvvnn.. 0.5 0.6 0.5 05 0.5 0.4
Saudi Arabia ........... 8.5 10.5 10.3 111 129 18.7
United Arab Emirates ..... 25 2.6 2.8 3.0 3.5 3.8
Total Persian Gulf...... 18.6 20.5 242 26.5 31.1 38.6
Other OPEC
Algeria ................ 1.4 1.1 1.3 1.0 0.7 0.5
Gabon ................ 0.3 0.4 0.3 0.2 0.2 0.1
Indonesia .............. 1.5 1.6 1.2 0.9 0.7 0.6
Libya ................. 1.6 1.6 1.6 1.7 1.6 1.8
Nigeria . ............... 1.8 2.2 2.2 2.3 24 23
Venezuela ............. 2.6 2.8 2.9 3.3 3.9 4.2
Total Other OPEC ...... 9.2 9.7 9.5 9.4 9.5 9.5
Total OPEC ........cccuun 27.8 30.2 33.7 35.9 40.6 48.1
Non-OPEC
OECD
United States ........... 9.7 9.4 9.4 10.0 10.7 11.2
Capada ............... 2.0 2.3 2.6 25 24 2.3
Mexico................ 3.0 3.2 3.3 3.3 3.2 3.1
Australia .............. 0.7 0.6 0.7 0.6 0.6 0.4
NorthSea ............. 3.8 5.4 6.2 5.6 4.8 . 44
OtherOECD ........... 0.8 0.9 0.8 0.7 0.6 0.5
Total OECD........... 20.0 21.8 22.8 227 22.3 21.7
Eurasia
China................. 2.8 29 3.2 3.2 3.1 3.1
Former Soviet Union . .. ... 11.4 7.0 7.4 8.7 9.9 10.6
Eastern Europe ......... 0.3 0.3 0.3 0.2 0.2 0.2
Total Eurasia ......... 145 ° 10.3 10.9 121 13.2 13.9
Other Non-OPEC
Central and South America . 2.4 2.8 3.9 41 4.0 3.8
MiddleEast ............ 1.3 1.8 2.3 23 2.1 2.0
Afiica................. 1.9 2.0 24 25 2.4 2.2
Asia.........civvinnn. 1.7 1.9 27 2.8 2.6 2.4
Total Other Non-OPEC .. 7.4 8.5 1.3 11.7 11.2 10.4
Total Non-OPEC .......... 41.9 40.6 45.0 46.5 46.7 459
TotalWorld .............. 69.7 70.8 78.7 824 87.3 94.0

Notes: OPEC = Organization of Petroleum Exporting Countries. OECD = Organization for Economic Cooperation and
Development. :

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency Information Division.
Projections: EIA, Office of Integrated Analysis and Forecasting, “DESTINY” International Energy Forecast Software (Dallas,
TX: Petroconsultants, 1996).
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Table A36. World Oil Production Capacity by Region and Country, Low Oil Price Case, 1990-2015
(Million Barrels per Day)

History (Estimates) Projections
Region/Country 1990 1994 2000 2005 2010 2015
OPEC '
Persian Gulf
ran ... ... ... ..... 3.2 3.9 47 54 6.3 6.7
raq ..., 2.2 0.6 4.9 6.4 7.6 8.0
Kuwait ................ 1.7 . 2.3 3.1 3.9 49 5.1
Qatar ................. 0.5 0.6 0.7 0.7 0.6 0.6
Saudi Arabia ........... 8.5 10.5 12.3 14.5 19.6 28.5
United Arab Emirates ..... 25 2.6 3.2 3.9 5.2 5.3
Total Persian Gulf...... 18.6 20.5 28.9 34.8 44.2 54.2
Other OPEC
Algeria . ............... 1.4 1.1 1.6 1.4 1.3 1.0
Gabon ................ 0.3 0.4 0.4 0.3 0.3 0.3
Indonesia .............. 1.5 1.6 15 1.3 1.2 11
Libya ........ ... .. 1.6 1.6 2.2 2.4 2.6 2.8
Nigeria . ............... 1.8 2.2 25 2.8 2.9 3.0
Venezuela ............. 2.6 2.8 3.7 45 4.9 5.6
Total Other OPEC ...... 9.2 9.7 11.9 12.7 13.2 13.8
Total OPEC .............. 27.8 30.2 40.8 475 57.4 68.0
Non-OPEC
OECD
United States ........... 9.7 9.4 7.9 7.1 7.0 7.0
Canada ............... 2.0 2.3 25 2.4 2.3 22
Mexico................ 3.0 3.2 3.2 3.1 3.0 2.9
Australia .............. 0.7 0.6 0.6 0.6 0.5 0.5
NorthSea ............. 3.8 54 6.1 5.4 4.6 3.7
Other OECD ........... 0.8 0.9 0.8 0.7 0.7 0.6
Total OECD ........... 20.0 21.8 21.0 19.3 18.1 17.0
Eurasia
China................. 2.8 2.9 3.1 3.0 2.9 29
Former Soviet Union ... ... 11.4 7.0 7.2 8.2 9.2 9.9
Eastern Europe ......... 0.3 0.3 0.3 0.2 0.2 0.2
Total Eurasia ......... 14.5 10.3 10.5 11.4 124 12.9
Other Non-OPEC
Central and South America . 2.4 2.8 3.8 3.9 3.7 3.6
Middle East ............ 1.3 1.8 22 2.2 2.0 1.9
Africa................. 1.9 2.0 2.3 2.4 22 24
Asia.................. 1.7 1.9 25 2.6 2.4 2.2
Total Other Non-OPEC .. 7.4 8.5 10.9 11.1 10.5 9.7
Total Non-OPEC .......... 419 40.6 425 41.8 40.9 39.6
TotalWorld .............. 69.7 70.8 83.3 89.3 98.3 107.6

Notes: OPEC = Organization of Petroleum Exporting Couniries. OECD = Organization for Economic Cooperation and
Development.

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency Information Division.
Projections: EIA, Office of Integrated Analysis and Forecasting, “DESTINY” International Energy Forecast Software (Dallas,
TX: Petroconsultants, 1996).
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Table A37. World Oil Production Capacity by Region and Country, High Non-OPEC Supply Case, 1990-2015
(Million Barrels per Day)

History (Estimates) Projections
Region/Country 1990 1994 2000 2005 2010 2015
OPEC
Persian Guif
Iran .......ccovvvinnn. 3.2 3.9 4.1 4.6 4.8 53
rag «ovvvvnvnennnnnn.. 2.2 0.6 4.2 5.0 5.8 6.4
Kuwait ................ 1.7 23 2.8 3.2 3.6 4.0
Qatar ................. 05 0.6 0.6 0.5 0.5 0.4
Saudi Arabia ........... 8.5 10.5 11.0 11.3 12.9 18.8
United Arab Emirates ..... 2.5 2.6 3.0 3.3 3.9 4.3
Total Persian Guif...... 18.6 20.5 25.7 27.9 315 39.2
Other OPEC
Algeria ................ 1.4 1.1 1.4 1.1 0.9 0.7
Gabon ................ 0.3 0.4 0.3 0.3 0.2 0.2
Indonesia . ............. 1.5 1.6 1.3 0.9 0.8 0.7
Libya ......oevvvvnn., 1.6 1.6 1.7 1.8 1.9 2.0
Nigeria ................ 1.8 2.2 2.2 2.2 2.2 2.2
Venezuela ............. 2.6 2.8 3.1 3.4 3.7 3.9
Total Other OPEC ...... 9.2 9.7 10.0 9.7 9.7 9.7
Total OPEC .............. 27.8 30.2 35.7 37.6 41.2 48.9
Non-OPEC
OECD
United States ........... 9.7 9.4 8.5 8.4 8.8 9.4
Canada ............... 2.0 2.3 2.6 2.6 2.7 2.6
MBXICO . v vveeeeeeeennn 3.0 3.2 35 3.8 4.0 3.9
Australia .............. 0.7 0.6 - 0.7 0.7 0.7 0.6
NorthSea ............. 3.8 5.4 6.5 6.4 6.1 6.0
OtherOECD ........... 0.8 0.9 0.8 0.8 . 0.8 0.7
Total OECD........... 20.0 218 227 22.8 23.1 23.2
Eurasia
China.......ccovvvvv 2.8 2.9 3.2 35 3.8 3.6
Former Soviet Union . . . ... 114 7.0 7.6 9.6 11.0 11.1
Eastern Europe ......... 0.3 0.3 0.3 0.3 0.3 0.3
Total Eurasia ......... 14.5 10.3 11.2 13.5 15.0 15,0
Other Non-OPEC
Central and South America . 2.4 2.8 3.9 4.4 44 4.2
MiddleEast ............ 1.3 1.8 2.3 2.5 24 2.4
Africa................. 1.9 2.0 2.4 2.7 2.8 2.6
Asia.......ocieninnnn 1.7 1.9 2.7 3.0 3.0 28
Total Other Non-OPEC .. 7.4 85 11.4 12.5 12.5 12.0
Total Non-OPEC .......... 41.9 40.6 45.3 48.8 50.6 50.2
TotalWorld .............. 69.7 70.8 81.0 86.4 91.8 99.1

Notes: OPEC = Organization of Petroleum Exporting Countries. OECD = Organization for Economic Cooperation and
Development.

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency Information Division.
Projections: EIA, Office of Integrated Analysis and Forecasting, “DESTINY” International Energy Forecast Software (Dallas,
TX: Petroconsultants, 1996).
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Table A38. World Oil Production by Region and Country, Reference Case, 1990-2015
(Million Barrels per Day)

History (Estimates) Projections
Region/Country 1990 1994 2000 2005 2010 2015
OPEC
PersianGulf ............. 15.9 18.2 23.4 29.8 35.8 43.7
OtherOPEC ............. 8.6 9.3 9.4 10.8 11.7 11.8
Total OPEC .............. 24.5 275 328 40.6 47.5 55.5
Non-OPEC
OECD
United States ........... 9.7 9.4 8.5 8.4 8.8 9.4
Canada ............... 2.0 23 2.6 25 2.4 2.3
Mexico................ 3.0 3.2 3.2 3.2 3.1 3.1
OECD Europe .......... 4.6 6.1 6.8 6.1 5.2 4.3
OtherOECD ........... 0.7 0.7 0.8 0.7 0.7 0.6
Total OECD ........... 20.0 217 219 20.8 20.2 19.6
Eurasia -
China................. 2.8 2.9 3.1 3.1 3.0 3.0
Former Soviet Union . ... .. 114 7.0 7.3 8.4 9.6 10.3
Eastern Europe ......... 0.3 0.3 0.3 0.2 0.2 0.2
Total Eurasia ......... 14.5 10.2 10.7 11.7 12.8 13.5
Other Non-OPEC
Central and South America . 24 2.8 3.9 4.0 3.9 3.7
PacificRim............. 1.7 1.9 2.1 2.3 22 2.1
Other ................. 3.3 3.8 5.1 5.1 4.8 4.3
Total Other Non-OPEC .. 7.4 8.5 11.1 11.4 10.8 10.1
Total Non-OPEC .......... 41.9 40.4 43.7 439 43.8 432 "
TotalWorld .............. 66.4 67.9 76.5 84.5 91.3 98.7
Persian Gulf Production
as a Percentage of
World Consumption ....... 26.0 291 33.5 38.0 414 46.2

Notes: OPEC = Organization of Petroleum Exporting Countries. OECD = Organization for Economic Cooperation and
Development. Production includes crude oil (including lease condensates), natural gas liquids, other hydrogen and
hydrocarbons for refinery feedstocks, refinery gains, alcohol, and liquids produced from coal and other sources. Totals may not
equal sum of components due to independent rounding.

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency Information Division.
Projections: EIA, Office of Integrated Analysis and Forecasting, “DESTINY” International Energy Forecast Software (Dallas,
TX: Petroconsultants, 1996).
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Table A39. World Oil Production by Region and Country, High Oil Price Case, 1990-2015
(Million Barrels per Day)

History (Estimates) Projections
Region/Country 1990 1994 2000 2005 2010 2015
OPEC
PersianGulf ............. 15.9 18.2 20.8 24.8 30.1 37.8
OtherOPEC ............. 8.6 9.3 8.2 8.8 9.2 9.3
Total OPEC ....covvvvunns 24.5 27.5 29.0 33.6 39.3 47.1
Non-OPEC
OECD
United States ........... 9.7 9.4 9.4 10.0 10.7 11.2
Canada ............... 2.0 2.3 2.6 25 24 2.3
Mexico................ 3.0 3.2 3.3 3.3 3.2 3.1
OECD Europe .......... 4.6 6.1 6.9 6.2 5.3 44
Other OECD ........... 0.7 0.7 0.8 0.7 0.7 0.6
Total OECD........... 20.0 21.7 22.8 22.7 223 21.7
Eurasia
China.....oovvvnueunnn 238 2.9 3.2 3.2 3.1 3.1
Former Soviet Union ... ... 11.4 7.0 7.4 8.7 9.9 10.6
Eastern Europe ......... 0.3 0.3 0.3 0.2 0.2 0.2
Total Eurasia ......... 14.5 10.2 10.9 121 13.2 13.9
Other Non-OPEC
Central and South America . 2.4 2.8 3.9 4.1 4.0 3.8
PacificRim............. 1.7 1.9 22 2.3 23 2.1
Other ........covvnvnn. 3.3 3.8 5.2 5.2 4.9 45
Total Other Non-OPEC .. 7.4 8.5 11.3 1.7 11.2 10.4
Total Non-OPEC .......... 41.9 404 45.0 46.5 46.7 45.9
TotalWorld .....cov0vvvnn 66.4 67.9 74.0 80.1 86.0 93.0
Persian Gulf Production
as a Percentage of
World Consumption ....... 26.0 29.1 31.1 339 375 43.1

Notes: OPEC = Organization of Petroleum Exporting Countries. OECD = Organization for Economic Cooperation and
Development. Production includes crude oil (including lease condensates), natural gas liquids, other hydrogen and
hydrocarbons for refinery feedstocks, refinery gains, alcohol, and liquids produced from coal and other sources. Totals may not
equal sum of components due to independent rounding.

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency Information Division.
Projections: EIA, Office of Integrated Analysis and Forecasting, “DESTINY” International Energy Forecast Software (Dallas,

TX: Petroconsultants, 1996).
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Table A40. World Oil Production by Region and Country, Low Oil Price Case, 1990-2015
(Million Barrels per Day)

History (Estimates) Projections
Region/Country 1990 1994 2000 2005 2010 2015
OPEC
PersianGulf ............. 15.9 18.2 25.8 34.3 43.4 53.5
OtherOPEC ............. 8.6 9.3 . 10.6 12.5 12.9 13.6
Total OPEC .............. 245 27.5 36.4 46.8 56.3 67.1
Non-OPEC
OECD
United States ........... 9.7 9.4 7.9 71 7.0 7.0
Canada ............... 2.0 2.3 25 2.4 23 22
Mexico................ 3.0 3.2 3.2 3.1 3.0 2.9
OECD Europe .......... 4.6 6.1 6.8 6.0 5.1 4.2
OtherOECD ........... 0.7 0.7 0.7 0.7 0.6 0.6
Total OECD ........... 20.0 21.7 21.0 19.3 18.1 17.0
Eurasia
China................. 2.8 2.9 3.1 3.0 2.9 2.9
Former Soviet Union .. .. .. 114 7.0 7.2 8.2 9.2 9.9
Eastern Europe ......... 0.3 0.3 0.3 0.2 0.2 0.2
Total Eurasia ......... 14.5 10.2 10.5 11.4 12.4 12.9
Other Non-OPEC
Central and South America . 24 2.8 3.8 3.9 3.7 3.6
PacificRim............. 1.7 1.9 2.1 2.2 2.1 2.0
Other ................. 3.3 3.8 5.0 5.0 4.6 4.2
Total Other Non-OPEC .. 7.4 8.5 10.9 111 105 9.7
Total Non-OPEC .......... 41.9 40.4 425 41.8 40.9 39.6
TotalWorld .............. 66.4 67.9 78.9 88.6 97.2 106.7
Persian Gulf Production
as a Percentage of
World Consumption ....... 26.0 291 35.2 41.2 46.5 51.8

Notes: OPEC = Organization of Petroleum Exporting Countries. OECD = Organization for Economic Cooperation and
Development. Production includes crude oil (including lease condensates), natural gas liquids, other hydrogen and
hydrocarbons for refinery feedstocks, refinery gains, alcohol, and liquids produced from coal and other sources. Totals may not
equal sum of components due to independent rounding.

Sources: History: Energy Information Administration (EIA), Energy Markets and Contingency Information Division.
Projections: EIA, Office of Integrated Analysis and Forecasting, “DESTINY” International Energy Forecast Software (Dallas,
TX: Petroconsultants, 19986).
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Table A41. World Oil Production by Region and Country, High Non-OPEC Supply Case, 1990-2015
(Million Barrels per Day)

History (Estimates)

Projections

Region/Country 1990 1994 2000 2005 2010 2015
OPEC ’
PersianGulf ............. 15.9 18.2 224 26.3 31.1 38.8
OtherOPEC ............. 8.6 9.3 8.8 9.3 9.5 9.6
Total OPEC .............. 24.5 275 31.2 35.6 40.6 48.4
Non-OPEC
OECD
United States ........... 9.7 9.4 8.5 8.4 8.8 9.4
Canada ............... 2.0 23 2.6 2.6 2.7 2.6
Mexico................ 3.0 3.2 3.5 3.8 4.0 3.9
OECD Europe .......... 4.6 6.1 7.3 7.4 6.8 6.5
Other OECD ........... 0.7 0.7 0.8 0.9 0.8 0.8
Total OECD........... 20.0 21.7 22.7 228 231 23.2
Eurasia
China.........coovo.... 2.8 29 3.2 3.5 3.8 3.6
Former Soviet Union . ... .. 11.4 7.0 7.6 9.6 11.0 11.1
Eastern Europe ......... 0.3 0.3 0.3 0.3 0.3 0.3
Total Eurasia ......... 14.5 10.2 11.2 13.5 15.0 15.0
Other Non-OPEC
Central and South America . 2.4 2.8 3.9 4.4 4.4 4.2
PacificRim............. 1.7 1.9 23 2.6 2.6 2.6
Other.........oovvun.. 3.3 3.8 5.3 5.6 55 53
Total Other Non-OPEC .. 7.4 8.5 11.4 12.5 125 12.0
Total Non-OPEC .......... 41.9 40.4 45.3 48.8 50.6 50.2
TotalWorld .............. 66.4 67.9 76.5 84.4 91.2 98.6
Persian Guif Production
as a Percentage of
World Consumption ....... 26.0 29.1 32.2 33.9 36.3 41.3

Notes: OPEC = Organization of Petroleum Exporting Countries. OECD = Organization for Economic Cooperation and
Development. Production includes crude oil (including lease condensates), natural gas liquids, other hydrogen and
hydrocarbons for refinery feedstocks, refinery gains, alcohol, and liquids produced from coal and other sources. Totals may not
equal sum of components due to independent rounding.

Sources: History: Energy Information Administration (E!A), Energy Markets and Contingency Information Division.
Projections: EIA, Office of Integrated Analysis and Forecasting, “DESTINY” International Energy Forecast Software (Dallas,

TX: Petroconsultants, 1996).
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Appendix B

World Energy Projection System

The projections of world energy consumption published
annually by the Energy Information Administration
(EIA) in the International Energy Outlook (IEO) are
derived from the World Energy Projection System
(WEPS). WEPS is an integrated set of personal-
computer-based spreadsheets containing data compila-
tions, assumption specifications, descriptive analysis
procedures, and projection models. The WEPS account-
ing framework incorporates projections from independ-
ently documented models and assumptions about the
future energy intensity of economic activity (ratios of
total energy consumption divided by gross domestic
product [GDP]) and about the rate of incremental
energy requirements met by natural gas, coal, and
renewable energy sources (hydroelectricity, geothermal,
solar, wind, biomass, and other renewable sources).

WEPS provides projections of total world primary
energy consumption, as well as projections of energy
consumption by primary energy type (oil, natural gas,
coal, nuclear, and hydroelectric and other renewable
resources), and projections of net electricity con-
sumption. Carbon emissions resulting from fossil fuel
use are derived from the energy consumption projec-
tions. All projections are computed in 5-year intervals
through the year 2015. For both historical series and
projection series, WEPS provides analytical computa-
tions of energy intensity and energy elasticity (the
percentage change in energy consumption per percent-
age change in GDP).

WEPS projections are provided for regions and selected
countries. Projections are made for 6 individual
countries, 4 of which—United States, Canada, Mexico,
and Japan—are members of the Organization for Eco-
nomic Cooperation and Development (OECD). In the
non-OECD, individual projections are made for China
and India. Beyond these individual countries, the rest
of the world is divided into regions. Regions in the
OECD include North America (Canada, Mexico, and
the United States), Europe, and Pacific (Japan and
Other OECD, which includes Australia, New Zealand,
and the U.S. Territories). Regions in the non-OECD
grouping include Eastern Europe (EE), the former
Soviet Union (FSU), non-OECD Asia (China, India, and

Other Asia), Middle East, Africa, and Central and South
America.

The process of creating the projections begins with the
calculation of a Reference Case total energy consump-
tion projection for each country or region for each 5-
year interval in the forecast period. The total energy
consumption projection for each forecast year is the
product of an assumed GDP growth rate, an assumed
energy elasticity, and the total energy consumption for
the prior forecast year. For the first year of the forecast,
the prior year consumption is based on historical data.
Subsequent calculations are based on the energy con-
sumption projections for the preceding years.

Projections of world oil supply are provided to WEPS
from EIA’s International Energy Module, which is a
submodule of the National Energy Modeling System
(NEMS). Projections of world nuclear energy con-
sumption are derived from nuclear power electricity
generation projections from EIA’s International Nuclear
Model (INM), PC Version (PC-INM). All U.S. projec-
tions are taken from EIA’s Annual Energy Outlook
(AEO).

A full description of the WEPS is provided in a model
documentation report: Energy Information Administra-
tion, World Energy Projection System Model Documenta-
tion, DOE/EIA-M050(92) (Washington, DC, June 1992).
The report presents a thorough description of each of
the spreadsheets associated with the WEPS, along with
descriptions of the methodologies and assumptions
used to produce the projections. It is available from the
National Energy Information Center (202/586-8800).

The WEPS is archived annually after publication of the
IEO. The IEO96 WEPS archive package will be available
for purchase from the National Technical Information
Service (703/487-4650) in summer 1996. The archive
package will allow users to replicate the projections that
appear in IEO96. It is coded in Lotus 1-2-3 for
Windows, Release 5.0, and can be executed on any
IBM-compatible personal computer in a Windows 3.1
environment. The package requires about 5 megabytes
of hard disk space and about 640 kilobytes of random
access memory (RAM).
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Introducing the Energy InfoDisc . ..

How much oil does the U.S. import from the Persian
Gulf?

i
How many U.S. households use personal computers? lnfODlsc

What's the long range outlook for nuclear power, and Vvelume 1, No.. 1996
how will it affect other fuels?

How are clean air requlations affecting emissions in
the electric power industry?

Find answers to all your energy questions with Energy InfoDisc,
the new CD-ROM providing the most comprehensive collection of
energy information and analysis tools available today. Energy
InfoDisc is a valuable resource for industry and government ana-
lysts, forecasters, journalists, and academic researchers - almost ElN o
anyone needing access to current or historical energy information.

One Step Ahead In the Electionic Retileval of Energy Data

The Energy InfoDisc comes with advanced search capability to
find the information you need in seconds - from over 180 of the . ; ’
most current periodicals and analytical publications of the Energy Microsoft Windows or Macintosh System 7 operating
Information Administration (EIA), the independent statistical and systems. Databases and applications can only be
analytical agency within the U.S. Department of Energy. With accessed using Microsoft Windows.

Energy InfoDisc, you also have instant access to EIA’s wide

range of national energy databases and special analysis applica-

tions. Don't be without this important resource; subscribe today.

NOTE: Documents can be accessed using either

STAT-USA Order Form
Yes, ent dor for the Energy InfoDisc CD-ROM: O rde your order
, enter my order for the Energy InfoDisc CD-ROM: It's easy!
Number of copies: To fax your orders (202) 482-2164
To phone your orders (202)482-1986
[lsingle issue (U.S., Canada, & Mexico): $45 For privacy protection, check the box below:
] Single issue outside the U.S., Canada & Mexico: $60 1 Do not make my name available to requesters.
DQuarterly subcription in the U.S., Canada, & Mexico: $100
[ Quarterly subscription outside the U.S., Canada Check method of payment:
& Mexico: $160
¥ [ avex Cloiscove _IMastercara [Cvisa
Contact or personal hame {please type or print) I:I:D:I (expiration date)
o EEEEEEEEENENNEEEEEEE
Thank you for your order!
Street address
Authorizing signature 2/96

Additional address

T ST 2P Code ] Check payable to STAT-USA
Mail to: U.S. Department of Commerce

Daytime phone STAT-USA, Room H-4885

Washington, DC 20230 ~

rax number







