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Preface

This report presents the current Energy Information
Administration (EIA) assessment of the long-term out-
look for international energy markets. The Interna-
tional Energy Outlook 1989 (IEO89) follows IEOS7.
Due to a change in the naming convention, there is no
IEO88. This report is provided, as are other EIA re-
ports, as a statistical service for use by managers and
international energy analysts and not as a government
energy plan. Current U.S. government policies and
foreign government policies are assumed to hold over
the projection interval, which extends to the year 2000.

This report emphasizes oil market developments, par-
ticularly future world oil prices and oil production po-
tential. This emphasis in no way minimizes the impor-
tance of other energy markets; moreover, the analysis
recognizes that the development of alternative energy
sources impacts directly on the world oil market. The
world oil price projections developed in this interna-
tional setting are, in turn, used as assumptions for anal-
yses of the U.S. domestic energy market provided in
EIA’s Annual Energy Outlook 1989. Since the U.S. en-
ergy market affects and is affected by the international
market, the methodology incorporates this interaction
to the extent possible. The domestic energy projections
shown in this report are the same as those contained
in the Annual Energy Outlook 1989. Sources providing
more detailed discussions on the U.S. domestic markets
are referenced throughout the report. Projections in
this report are also consistent with those published in
EIA's October 1988 Short-Term Energy Outlook.

The analysis of the international energy markets con-
siders world energy growth prospects and fuel substi-
tution possibilities. Requirements for oil are compared
to oil production potential, first by non-OPEC produc-
ers, leaving the remaining requirements to be supplied
by OPEC. The oil pricing behavior of OPEC assumed
in this report is based on historical relationships be-
tween price changes and the use of available oil pro-
duction capacity. As oil prices change, substitution to
or away from oil is allowed to take place.

Within the analytic framework are several major as-
sumptions that, in large part, determine the resulting

projections. Much professional judgment, based on re-
cent trends, reviews of many country reports, and pro-
jections made by other energy forecasters, went into
the development of forecast assumptions and into the
projected overall energy balances. The major assump-
tions made include estimates of the annual rates of
change in country ratios of total energy consumption
to economic activity, oil production capacities, and the
rate of incremental energy requirements met by alter-
natives to oil. The projections call for fairly smooth
patterns of growth and changes in underlying param-
eters between now and the year 2000. However, since
1973, the world energy market has been characterized
by major swings in most market indicators. The uncer-
tainty of the projections is conveyed by the projection
ranges. Point estimates are deemphasized.

Projections for the United States are from the Annual
Energy Outlook 1989 and were prepared with a set of
spreadsheet models of the U.S. energy economy. Pro-
Jections of foreign oil production and consumption and
prices of world oil were prepared using the Oil Market
Simulation (OMS) model. Projections of foreign nu-
clear power consumption are based on capacity figures
contained in Energy Information Administration,
Commercial Nuclear Power 1988: Prospects for the United
States and the World, DOE/EIA-0438(88) (Washing-
ton, DC, 1988). Inquiries concerning the availability
and documentation of these models should be directed

to EIA’s National Energy Information Center
(202/586-8800).

Projections of foreign gross domestic product (GDP)
are from Wharton Econometric Forecasting Associ-
ates, Wharton World Economic Model, July 1988 and
World Economic Outlook (Philadelphia, PA, October
1988). Assumptions about total energy requirements
of projected economic growth and about marginal
changes in the makeup of that total (fuel shares) are
used to complete the projections presented in this re-
port. These assumptions are made after considering
energy forecasts submitted annually to the Interna-
tional Energy Agency by member countries and other
international energy forecasts produced by various
public and private organizations.
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Executive Summary

Instability was the prime characteristic of the oil mar-
ket in 1988 as OPEC's internal problems led to over-
production by many members and, as a result, a rapid
decrease in price.! This is the second time in 2 years
that prices have shown extreme variation and may be
an indicator of the state of the oil market for the next
several years. The forecasts contained in this volume
illustrate a range of rather smoothly changing oil prices
over the next several years before reductions in excess
production capacity allow modest price increases near
the end of the 1990's (Figure ES1). Currently, excess
capacity in the market economies is estimated at about
10 million barrels per day.? These forecasts are not
meant to convey the impression that the world oil mar-
ket will be stable but rather to indicate a likely range
of prices over the foreseeable future. Within this range
no one price level is more likely than another. It is
clear, given recent history, that prices could well vary
considerably within this range on a year to year basis.
However, some fundamental market realities are likely
to prevail. First, the longer prices remain at the low
end of the range--everything else equal--the more likely
they would tend to be higher later in the projection
period. Conversely, higher prices in the near future
could moderate price increases in later years. Second,
it is likely that oil prices and economic growth will
continue to be the driving factors behind changes in
all energy markets as other fuels attempt to compete
with oil.

In the petroleum market, prices are projected to remain
below $20 per barrel in real terms until the mid 1990’s
when reductions in excess capacity allow moderate
price increases. In the low price case, prices remain
below $22 through 2000. As stated earlier, prices could
easily vary within the range presented for any partic-
ular year. At present, there is no way to determine
how this variation will take place. To date, OPEC has
not exhibited the type of restraint necessary to stabilize
prices. Until this restraint is applied consistently, price
variation will likely be the norm. These price projec-
tions are based on the assumption of a moderate in-
crease in oil demand in the market economies between
1987 and 1995 of about 5 million barrels per day and
little increase after that as oil prices increase. Non-
OPEC production is expected to increase between

1987 and 1990 before declining moderately in response
to the present low prices.

Near-Term Price Determination--The
Continued Influence of OPEC

The stability of world oil prices has long been depen-
dent on the management of excess production capacity.
In the early 1970's, excess production capacity that
had previously existed in the United States diminished,
and the capability to control the market shifted to
OPEC, which increased its share of the world oil mar-
ket to well over 60 percent in the mid- 1970's (Figure
ES2). The oil price shocks of the 1970’s and the result-
ing decreases in demand and increases in non-OPEC
supplies caused OPEC'’s share of the market to drop
to about 38 percent by 1985. Currently at about 42
percent, OPEC’s market share is expected to rise to
about 53 percent by 2000.

In 1986, Saudi Arabia, which attempted to regulate
prices by acting as the “swing producer” within OPEC,
responded to continued overproduction by some mem-
bers by increasing its own production. As a result,
prices plunged below $10 per barrel briefly for some
types of crude oil. Again in late 1988, overproduction
by some members led Saudi Arabia to increase its pro-
duction, and prices again fell dramatically. As long as
OPEC as a whole, or any dominant producer within
OPEC, is unwilling to adjust production to stabilize
prices while excess production capacity exists, it is
likely that wide variations in prices will continue.

OPEC has had a difficult time controlling output be-
cause it is composed of countries with widely divergent
social and economic problems and interests. It is this
diversity of social, political, and economic situations
that makes it difficult to establish and hold to a pro-
duction policy. For example, some countries such as
Saudi Arabia have extensive oil reserves that will last
well into the next century (Figure ES3). Given this
fact, Saudi Arabia desires to maintain production and
prices in a manner that will guarantee a market for its
oil over the long run. Other countries with smaller

'The members of the Organization of Petroleum Exporting Countries (OPEC) include Algeria, Ecuador, Gabon, Indonesia, Iran, Iraq,
Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, United Arab Emirates, and Venezuela.

2The “market economies” are defined as all countries other than the centrally planned economies of Eastern Europe, the Soviet Union,
China, Cuba, Kampuchea, North Korea, Laos, Mongolia, Vietnam, and Yugoslavia.
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Figure ES1. World Oil Prices, 1970-2000
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Note: All prices are the cost of imported crude oil to U.S. refiners.
Sources: History: Energy Information Administration, Annual Energy Review 1987

(1988). Projections: Table 1 of this report.

reserves, such as Algeria, Libya, and Indonesia, are
more interested in receiving higher prices in the near
term.

Low prices over the past few years have resulted in
only moderate increases in demand, mainly in the
United States and in the developing countries. On the
supply side, however, non-OPEC production has con-
tinued to increase even though the rate of increase is
slowing. One reason why demand and supply have not
responded more strongly to lower prices is that gov-
ernments have changed policies to counteract some of
the impacts of the fall in prices. For example, some
non-OPEC producing countries decreased taxes on
producers to maintain domestic profitability. In Eu-
rope, taxes on petroleum products have increased as
crude oil prices have fallen. Therefore, in the near
term, world oil prices should continue to be volatile
and low, as the diverse OPEC countries struggle with
internal production management problems and with
continued competition from non-OPEC sources.

Mid-Term Price Determination and the
Role of Technology

In the longer term, more fundamental market forces
should again help to determine oil prices, as excess
world production capacity is diminished. These eco-

nomic forces are those which determine the supply
and demand for oil and, therefore, are dependent on
such factors as economic growth, technological change
in both the production and consumption of energy,
and the size of the resource base.

Improvements in the technology of finding, develop-
ing, and producing oil reserves have long played an
important role in bringing additional oil supplies to
market. This explains in part how oil reserves in the
market economies grew from 550 billion barrels to 810
billion barrels between 1978 and 1988--even though
they produced 155 billion barrels of crude oil during
this period. Figure ES3 includes oil reserves for the
market economies and the centrally planned econo-
mies. It is likely that future technological change will
also play a critical role in determining the supply of
oil and therefore the price. Should improvements in
technology lower the cost of finding and developing
oil reserves, especially in smaller fields, oil prices will
likely remain lower than would otherwise be the case.
Oil prices will also be influenced by the cost of devel-
oping natural gas resources. Should natural gas turn
out to be relatively inexpensive to develop and distrib-
ute, there will be additional competition to keep oil
prices relatively low.

Technology also has an important role in determining
energy use per unit of output. Figure ES4 shows trends

viii Energy Information Administration/International Energy Outlook 1989




Figure ES2. OPEC Oil Production as a Percentage of Oil Demand
in the Market Economies, 1973-2000
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Figure ES3. World Oil Reserves of Major Producers, 1987
(Billion Barrels)
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Figure ES4. Energy Consumption/GDP Ratio: Base Case, 1970-2000
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in energy use per dollar of real domestic product
(GDP) in major consuming regions over the last 17
years. With the exception of the developing countries,
which have had rising energy consumption per real
gross domestic product in recent decades, the main
consuming regions have become increasingly energy
efficient. This, the broadest measure of energy con-
servation, is projected to improve for all regions for
the remainder of this century.

Growing Importance of Other Energy
Sources

Past oil price hikes and prospects of higher prices in
the future are expected to encourage continued substi-
tution of alternative energy sources for oil. Though oil
will continue to be the single most important source
of energy in the market economies over the next 12
years, its consumption is expected to grow at a much
slower rate than that of natural gas, coal, nuclear, and
hydroelectric power.

Increased economic activity projected for the market
economies results in increased use of all energy sources
(Tables ES1 and ES2). Economic growth and energy

consumption are expected to grow at a faster rate in
the developing countries as a group than in the indus-
trialized countries of the Organization for Economic
Cooperation and Development (OECD).? Energy con-
sumption is expected to grow as certain countries build
their industrial sectors and as countries build their elec-
tricity and transportation networks. The rate of growth
in energy consumption in the group of developing
countries could be twice that in the OECD countries
between now and the year 2000.

Natural gas is projected to be the fastest growing en-
ergy source in the market economies through 2000.
Natural gas supplies are estimated to be relatively abun-
dant worldwide. Countries are planning to use natural
gas to reduce dependence on oil and to reduce the
environmental problems associated with other fossil
fuels, such as coal. Despite these problems, coal con-
sumption is expected to grow, primarily to help meet
increasing demands for electricity. Hydro and nuclear
power will also be used to meet these demands. How-
ever, all three of these energy sources have environ-
mental costs associated with their use. The approaches
and technologies used to address these costs will influ-
ence the extent to which these resources are developed
in the future.

3The OECD members are: Australia, Austria, Belgium, Canada, Denmark, Finland, France, West Germany, Greece, Iceland, Ireland, Italy,
Japan, Luxembourg, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the

United States.
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Table ES1. Summary of Assumptions and Projections for Market

Economies
History Projections
Assumptions/Projections
1986 ’ 1987 1990 | 1995 2000
Assumptions
Economic Growth Rates*
{percent per year) 28 3.1 2.5-3.3 2.6-3.4 25-3.3
OPEC Oil Production Capacity®
(million barrels per day) 28.9 28.4 29-32 31-35 31-36
Projections
Oil Prices® (1988 dollars per barrel) $14.85 $18.65 $13-18 $17-24 $22-35
Oil Production® (million barrels per day)
Non-OPEC 26.6 27.0 27-28 24-26 22-24
OPEC 19.7 19.5 20-22 24-29 26-34
Energy Consumption®
Qil (million barrels per day) 48.0 48.9 50-53 51-57 51-60
Gas (trillion cubic feet) 37.0 39.3 43-45 49-54 57-64
Coal {million short tons) 2,190 2,270 2,400-2,450 2,650-2,750 2,850-3,050
Nuclear (terawatthours) 1,306 1,405 1,564-1,628 1,703-1,804 1,811-1,970
Other! (quadrillion Btu) 17.3 17.6 18-20 20-23 21-25
Totai Primary Energy? (quadrillion Btu) 211 218 232-237 250-263 264-284

* The 1990, 1995, and 2000 projections represent average annual rates of growth from 1987 to 1990, 1987 to 1995, and from 1987 to 2000, respec-
tively.
b Production capacity is defined as maximum sustainable production adjusted to reflect current operable capacity in some countries.
¢ Qil prices are defined as the U.S. refiner acquisition cost of imported oil.
9 Includes crude oil, lease condensate, natural gas liquids, other liquids, and refinery gain.
© Consumption amounts for 1987 are preliminary.
! Includes hydroelectric, geothermal, and other energy sources.
9 Average conversion factors used to compute British thermal units (Btu) are (1) Qil--5.6 Million Btu/barrel, (2) Gas--1,020 Btu/cubic foot, and (3) Coal-
20 million Btu/short ton, (4) Nuclear—10.7 Million Btu/terawatthour.
OPEC=0rganization of Petroleum Exporting Countries.
Note: Market economics include all countries except those with centrally planned economies: Eastern Europe, the Soviet Union, China, Cuba, Kam-
puchea, North Korea, Laos, Mongolia, Vietnam, and Yugoslavia.
Sources: History: Energy Information Administration, Monthly Energy Review, DOE/EIA-0035(88/08), Intemational Energy Annual 1987, DOE/EIA-
0219(87), and Short-Term Energy Outlook, DOE/EIA-0202(88/4Q) (1988); Wharton Econometric Forecasting Associates, Wortd Economic Outlook, (Octo-
ber 1988). Projections: Tables 1, 4, 7, 8, 10, 11, 12, and 13 of this report; Energy Information Administration, Office of Energy Markets and End Use,

Table ES2. Annual Growth Rates of Real Gross Domestic Product (GDP)
Base Case 1970-2000

(Percent)
Average Annual GDP Growth Rates
Country/Region
1970-1980 [ 1980-1985 1986-1990 1990-2000
United States® ........ccoceevvvcvrerrcrenennns 27 2.7 3.2 2.5
Canada 4.6 28 3.2 3.0
Japan 4.6 3.9 4.0 3.1
OECD EUIOPE .....ccccovmriressresessensnsenaens 3.0 1.5 27 2.4
Total OECD 3.1 23 3.0 26
Developing Countries ... 54 1.3 2.9 4.0
Total Market Economias ...........c.ceeweee 3.6 2.1 3.0 29

2 Projected growth rates are of Gross National Product (GNP).
OECD = Organization for Economic Cooperation and Development.
Note: Aggregate growth rates are calculated from aggregate real gross domestic product in 1980 dollars at 1980 exchange rates.
Sources: History: Wharton Econometric Forecasting Associates, World Economic Service Historical Data, April 1988 (1968). Projections: Energy
Information Administration, Annual Energy Outlook 1989, DOE/EIA-0383(89) (1989); and Wharton Econometric Forecasting Associates, Wharton World Eco-
nomic Model, July 1988 and World Economic Outlook (October 1988).
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1. World Oil Prices

The price outlook for the near term is for continued
high volatility as the market reacts to developments in
the Organization of Petroleum Exporting Countries’
(OPEC) search for a new strategy. World oil prices
are expected to range from $12 to $17 per barrel in
1989.¢ While prices are expected to increase gradually
over the longer term, they are not expected to reach
the levels they reached just 8 years ago of $48 (in 1988
dollars) for the foreseeable future. They are projected
to increase to the $22-to-$35 range by 2000, again in
1988 constant dollars (Table 1).

Near-Term Influences

World oil markets were volatile in 1988 as oil prices
dropped sharply from $16 per barrel in January to $12
per barrel in November. Internal dissension between
the various OPEC factions led to overproduction in

Table 1. World Oil Prices, 1979-2000
(1988 Dollars per Barrel)

1988. In late August, it appeared that OPEC was be-
ginning to move toward an agreement on production
quotas that could have led to firmer prices in late 1988
and throughout 1989. Developments during Septem-
ber, however, rapidly halted any movement toward
agreement and, instead, demonstrated that OPEC was
becoming even more split by internal dissension.

The inability of OPEC to negotiate quotas for Iran
and Iraq in the wake of the cease-fire in their 8-year
war, higher quota demands by the United Arab
Emirates, quota violations by several countries, and
attempts by Saudi Arabia to force a quota agreement
by opening its taps resulted in the world oil markets
being flooded with oil. Disagreements abounded over
such issues as the appropriate quotas for member coun-
tries, the inclusion of condensates and Neutral Zone
production in future agreements, and the more basic
and divisive question of what OPEC wants as its pri-
mary goal. Does it want to produce freely and let the
market determine price, or does it want to set a refer-

Price Case--1988 Dollars per Barrel

Year
Low I Middle High
1979 - $33.33 -
1980 - 47.81 -
1981 - 47.65 -
1982 - 40.56 -
1983 - 34.13 -
1984 - 32.38 -
1985 - 20.40 -
1986 - 14.85 -
1987 - 18.65 -
1988 - 14.70 -
1989 $12.40 14.40 $17.10
1890 12.80 15.00 18.00
1991 13.40 15.50 19.10
1992 13.80 15.80 20.20
1993 ' 14.80 17.10 21.20
1994 15.80 18.90 22.80
1995 16.70 20.60 24.40
1996 17.70 22.50 26.50
1997 18.70 24.30 28.60
1998 19.50 26.00 30.80
1999 20.40 27.10 32.90
2000 21.70 28.00 35.00

Note: Prices represent the U.S. refiner acquisition cost of imported crude oil.
Sources: History: Energy Information Administration, Monthly Energy Review, DOE/EIA-0035(88/08) (1988). Projections: Energy Information Ad-

ministration, Office of Energy Markets and End Use.

4The world oil price is defined as the average cost of imported crude oil to U.S. refiners.
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ence price and then adjust production to attain that
price?

Agreement on a new, more realistic strategy reached
in November 1988 should contribute to higher prices
than would otherwise be the case. However, the cur-
rent high inventory levels that resulted from the over-
production limit the extent to which any OPEC strat-
egies would result in significantly higher prices in the
very near future.

Longer Term Trends

The market forces of supply and demand will be the
principal determinants of world oil prices over the
longer term. The expected increase in Iraqi export ca-
pacity in late 1989 and early 1990 and increases in over-
all non-OPEC supplies that are expected to continue
through the early 1990’s will also exert downward
pressure on world oil prices over the next few years
by maintaining a surplus in world oil production ca-
pacity.

It is expected that this situation will change by the
mid-1990's as non-OPEC production declines and
world oil demand increases. When this happens, world
oil markets should tighten, with the result that world
dependence on OPEC will increase and prices will rise
again. Non-OPEC supplies are expected to drop as ma-
ture oil producing regions such as the United Kingdom
sector of the North Sea and the United States (both
the North Slope and the lower 48 States) drop in pro-
duction faster than new supplies are added and as low
prices discourage exploration and development of new
supplies. Demand will increase as world economies
expand and respond to the earlier low prices (Table
ES1).

While oil prices in any given year could lie outside this
band of uncertainty, it is believed that price fluctuations
outside this band are not sustainable. Prices above this
band of uncertainty would discourage demand, encour-
age the higher cost non-OPEC production, and lead
to increased excess oil production capacity in the
OPEC countries, with the result that prices would fall.
Prices below this band would have the opposite effect.
Given these market pressures, prospects for prices to
be sustained outside this band are considered unlikely.

The price outlook given here is not a prediction of
what oil prices will actually be, but an indicator of the
trends that prices will follow in accordance with mar-
ket forces. As the past decade has shown, movements
in world oil prices can be very unpredictable. Changes
in market conditions and policy decisions have resulted
in wide price swings. Given the political and economic
uncertainties that exist in the world, the price outlook
could change.

The future of OPEC and the strategies it might pursue
are a major source of uncertainty. While OPEC is lim-
ited by market forces in its ability to influence prices,
OPEC actions are still able to keep prices higher than
they otherwise might be. OPEC has survived internal
dissension and low prices before, and it will probably
continue to survive; the strategies it will pursue and
their effectiveness are, of course, unpredictable.

Another source of uncertainty is the amount of pro-
duction from non-OPEC sources. It is believed that
new supplies will be forthcoming from regions such
as Norway, Mexico, North and South Yemen, and Co-
Iombia that will offset, to a large extent, future declines
elsewhere in regions like the United States and the
United Kingdom. However, the extent to which these
future supplies are forthcoming is unknown. Such sup-
plies have been forthcoming at higher levels than first
expected, and continued discovery and development
of new fields could keep prices down longer than ex-
pected. Unconventional supplies other than heavy oils
and enhanced oil recovery are not expected to be a
major factor because the price range projected for the
next decade is too low to encourage their development
unless dramatic unforeseen breakthroughs occur.

The demand response to lower prices could also
change. It is believed that conservation will continue
even with lower prices. However, the rate at which
this will occur is uncertain, as is the rate of economic
growth and the rate at which alternate fuels such as
natural gas will substitute for oil in the face of weak
oil prices.

Government policies to reduce oil demand increase
uncertainty further. Already, many countries such as
those in Western Europe and Japan have increased oil
taxes that discourage demand, and many have actively
promoted nuclear power to replace oil. In addition, it
is possible that governments’ increasing environmental
concerns could act to reduce the consumption of fossil
fuels. Political uncertainty will invariably lead to un-
certainty over oil prices.

International Qil Market
Considerations

Oil is one of the world’s most actively traded commod-
ities. Oil prices and oil markets are, therefore, greatly
influenced by world economic and financial trends.
Oil refining and distribution operations must respond
to changes in the mix of products demanded by oil
consumers and in the locations of final consumption.
Finally, oil products must be marketed at prices com-
petitive with the prices of available substitutes.

The medium of exchange for world oil trade is the
U.S. dollar. Consequently, as the exchange rates of
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Figure 1. Real Cost of Crude Oil in Major Industrial Countries
Based on National Currencies, 1978-1988
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Note: The world oil price is converted to national currency using exchange rates.
Inflation rates determine real prices.

Sources: Energy Information Administration, Monthly Energy Review, July 1988
(1988). Data Resources, Inc., U.S. Central, Europe, and Japan data bases.

other currencies vary against the dollar so will the cost
of crude oil measured in the domestic currency units
of those countries. The cost of crude oil measured in
domestic currency units was falling in many countries
even before the 1986 oil price collapse because of the
declining value of the U.S. dollar (Figure 1). The value
of the U.S. dollar had peaked in March 1985. The sub-
sequent depreciation of the U.S. dollar had, by Decem-
ber 1985, reduced the domestic currency cost of crude
oil to West Germany, France, and Japan by 22 to 26
percent, while the cost declined by only 2 percent in
the United States. The oil price plunge during 1986
narrowed, then reversed, the difference between the
cost of crude oil to the United States and other major
world economies. The combination of the drop in oil
prices and the weak dollar pushed the domestic cur-
rency costs of crude oil to their lowest levels in the
third quarter of 1986. These declines brought a reduc-
tion in crude oil costs of between 73 to 74 percent
(measured from March 1985) for West Germany,
France, and Japan. Not all of the reduction in the cost
of crude oil was passed on to the consumer, especially
outside of the United States, as governments raised
taxes and refiners/suppliers increased margins. The
cost of crude to the United States declined by 56 per-
cent during the same time period.

Market-linked crude oil pricing contributed to the dra-
matic fall in world oil prices in 1986. An estimated 60

percent of globally traded oil was priced in some
market-sensitive manner during 1986. In early 1987,
oil prices strengthened due to a partial return to official
crude oil pricing and production quotas by OPEC. Qil
prices peaked at $19 per barrel in the third quarter
1987. However, OPEC production discipline faltered
in the second half of 1987 and the use of market-linked
crude oil pricing resumed a predominant role. Through
most of 1988 weak crude oil prices have plagued
OPEC. During the second quarter 1988, the cost of
crude oil in domestic currencies for France, West Ger-
many, and Japan declined to near the lows reached in
1986, and the United States was 13 percent above its
1986 low. Recently, severe over-quota production by
OPEC has created oil market conditions similar to
those preceding the crude oil price collapse of 1986.
OPEC is attempting to establish workable production
quotas to prevent further crude oil price weakness, an
indication that OPEC members recognize that control
of oil supply is the best way to strengthen crude oil
prices and raise oil revenues.

Depreciation of the U.S. dollar in international finan-
cial markets has compounded the impact of lower
world oil prices on the oil exporting nations. As the
U.S. dollar depreciates, it lessens the purchasing power
of dollar-denominated oil revenues received by oil ex-
porters and, when combined with the sharply lower
revenue intake from lower crude oil prices, reduces
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the ability of oil-exporting debtor nations to service
their debt and purchase imports. A comparison of
OPEC oil revenues in 1986 with those received in 1982
dramatically illustrates how large the drop in oil rev-
enues has been. Despite producing approximately the
same amount of oil in both years, OPEC revenues
(measured in 1988 dollars) fell by almost two-thirds.
In the long run, OPEC revenues should increase as the
demand for OPEC oil and world oil prices both in-
crease. OPEC revenues are projected to increase grad-
ually in the base case, but they are not expected to
return to 1982 levels (measured in 1988 dollars) until
the late 1990's.

To maintain market position and improve oil revenues,
OPEC member nations and other oil exporting nations,
as well as international oil companies, continuously re-
structure their operations. The ability of participants
in the oil industry to maintain market share is contin-
gent on their ability to adapt their structure to the
changing oil market environment. The market struc-
ture of the oil industry is constantly evolving in re-
sponse to the competition from substitutes, the chang-
ing patterns of oil consumption, and the impact of gov-
ermnment policies. Further, as the international oil in-
dustry has matured, internal competition between par-
ticipants for market share and profits has required con-
tinuous restructuring to increase or maintain market
position.

OPEC member nations now own oOr are partners in
downstream refining/marketing operations world-
wide, with production levels over 2 million barrels per
day. This vertical integration by oil-producing nations
should slow from the pace of the past few years. Coun-
tries seeking future downstream acquisitions face a
shortage of cash and increasing difficulties in finding
suitable candidates. Oil-producing countries are reeval-
uating the benefits of downstream moves. Producers
question whether or not downstream operations can
provide the revenue security desired or make balancing
supply to demand easier. Competition for downstream
markets could weaken crude oil prices and lessen the
ability of OPEC countries to meet production quotas.
At the same time, low world oil prices will, no doubt,
continue to encourage the traditionally integrated ma-
jor oil companies to assess the profitability of each
phase of their operations. Oil companies, faced with
declining revenues and shrinking profit margins, have
retrenched through selloffs of less profitable operations
and/or through consolidations of operations to reduce
expenses. The net result of these actions by oil produc-
ing nations and major oil companies will probably be
a reduction in the number of refineries and more effi-
cient marketing outlets.

Economic Growth and Energy
Intensity

The energy intensity of economic activity (defined as
the ratio of energy consumption to GDP) declined
markedly in the market economies after the oil price
shocks of the early 1970’s and is projected to continue
to decline throughout the 1990's (Figure ES4). The
rate of improvement in the industrial countries of the
OECD is likely to decline in the 1990's, however, be-
cause relatively low energy prices provide less incen-
tive for investments in energy conservation and effi-
ciency.

The makeup of economic activity in the industrial
countries is expected to continue recent trends, moving
away from more energy-intensive manufacturing to-
wards less energy-intensive services and high technol-
ogy. Innovations in heavy manufacturing are also ex-
pected to reduce energy intensity. Additionally, a sig-
nificant amount of traditional heavy manufacturing,
such as steel manufacturing, has moved and is likely
to continue to move to newly industrialized countries.

Many developing countries will find it difficult to im-
prove upon the energy intensity of economic activity.
Economic growth in many developing countries is de-
pendent on energy-intensive natural resource develop-
ment. Desired growth in motor transportation and in
electrification would also encourage increased energy
consumption in the developing world.

It will also be difficult for many developing countries
to reduce the oil intensity of economic activity over
the projection period. Much of the potential for fuel
substitution is in the electric utility sector, where nu-
clear, hydro, and other fossil fuels are feasible substi-
tutes for oil. However, these energy activities require
large start-up capital expenditures, and foreign inves-
tors are likely to be more cautious in the future than
in the past, given low energy prices and given the large
foreign debt carried by many countries--particularly
in Latin America.

In the OECD countries, the oil intensity of economic
activity should continue to decline at a faster rate than
that of total energy. These countries are continuing
efforts to increase energy diversity and security,
though these efforts have diminished somewhat re-
cently, given surplus energy supplies and low oil prices
worldwide.
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2. Oil Production Potential

The prospects for future oil supply depend largely on
the size and location of the reserves and resource base.
In recent years, the development of oil reserves in non-
OPEC countries has allowed their production to move
ahead of the oil supply from OPEC. However, relative
to OPEC, non-OPEC production prospects are more
limited because of lower production capacity, reserve
levels, and rates at which new oil is being found. Mid-
dle East OPEC countries dominate both the reserves
and spare production capacity within OPEC.

World Oil Resources

The projected future availability of crude oil is based
primarily on current estimates of proved reserves and
a continuation of present trends in exploration activity
and the expansion of production capacity. Estimates
of the world's oil reserves and resources are made by
engineers and geologists using various techniques for
determining the likely amount of recoverable oil in an
oil reservoir. Reserves in this report refer to “proved
reserves” or oil that geological and engineering data
demonstrate with reasonable certainty to be recover-
able in future years from known reservoirs under ex-
isting economic and operating conditions. Resources
refer to total resources, that is, identified reserves and
undiscovered recoverable resources--oil that is not yet
discovered but is thought to exist in a geologic setting
that is favorable for oil extraction. Estimates of oil re-
serves and resources are presented in Table 2.

Because reserves and resources are based on estimation
and judgment, it is important to recognize that there
may be significant year-to-year shifts in the opinion of
experts as to reserves and resources in a reservoir or
country. Nevertheless, certain general statements can
be made that are indicative of the future sources of
petroleum supply.

e Recent evidence indicates that oil reserves in the
market economies are in excess of 720 billion bar-
rels and may exceed 800 billion barrels (Table 2).
The probability range (95 percent to 5 percent)
of total resources including identified reserves
and undiscovered recoverable resources is about
880 billion barrels to 1,330 billion barrels (U.S.
Geological Survey).

¢ Crude oil reserves (as published in the Oil and
Gas Journal and World Oil) increased between
1980 and 1987 despite real price declines and an
average crude oil production level (including
lease condensate) of between 40 and 41 million
barrels per day, or about 120 billion barrels over
the period.

e More than 60 to 70 percent, depending on the
source, of the market economies’ oil reserves are
in the Middle East (virtually all in the Persian or
Arabian Gulf). Countries in OPEC account for
about 4 of every 5 barrels of total reserves.

¢ Five countries--Canada, Mexico, Norway, the
United Kingdom, and the United States--hold the
vast majority of non-OPEC oil reserves and re-
sources in the market economies.

The search for oil in the market economies peaked in
1981. Exploratory activity is the initial step in finding
additional reserves. There were over 6,200 active rigs
in the market economies in December 1981--about
4,500 of these were in the United States. By the end of
June 1988, there were about 2,100 active rigs in the
market economies and about 900 in the United States.
Thus, the decline of 3,600 active rigs in the United
States accounted for almost 90 percent of the overall
drop in active rigs. The number of crews involved in
seismic exploration is also an important indicator of
petroleum exploration activity. According to the So-
ciety of Exploration Geophysicists, there were about
1,260 active seismic crews in the market economies
and about 740 active crews in the United States at the
peak in September 1981. Since then, the number of
seismic crews in the market economies declined to 415
crews in September 1988. The United States accounted
for about 180 of the total. Thus, the decline of 560
seismic crews in the United States accounted for about
two-thirds of the decline in the number of active crews.

These various trends suggest a base of oil for produc-
tion that is sufficient today but is being depleted. Ge-
ographically, most of that base is in a few
regions--North America (including Mexico), the North
Sea, the Middle East, and four other OPEC countries
outside of the Middle East. OPEC continues to hold
the preponderance of reserves and resources; and there
are no indications that this is likely to change.
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Table 2. Crude Oil Reserves and Resources in the Market Economies
(Billion Barrels)

Crude Oil Reserves* Total Resources?

Region/Selected Countries Oil and Gas Journal World Oil FESAP us. Ge‘;'/ﬂgjgg') Survey
(12/31/87) (12/31/87) (Various Dates) (
NOrth AMETICA ......ccvecreereerennerescrrenoncess 80.7 84.3 NA 139.1-280.5
Canada 6.8 4.8 NA 15.3-62.6
Mexico 48.6 54.1 27.2 (12/81) 45.0-105.0
United States ........cccvceenvvcnrinnanes 25.3 25.3 € 30.9 (12/87) 70.4-118.4
Central & South America ............ccoueene 65.7 66.9 NA 74.6-135.6
Ecuador 1.6 1.6 1.2 (12/82) 3.1-8.5
Venezuela 56.3 56.8 18.5 (12/78) 53.7-81.7
Waestern Europe 224 20.1 NA 45.1-78.1
United Kingdom . 5.2 5.2 12.6 (12/81) 19.0-23.2
Other North Sea .... 163 13.5 7.0 (12/81) 17.7-40.7
Other Western Europe 1.9 1.5 NA 5.2-14.2
Middle East 564.7 470.6 419.2 482.9-619.9
Iran 92,9 35.6 62.5 (12/81) 71.1-95.1
Iraq 100.0 100.0 34.5 (12/81) 65.7-130.7
Kuwait 9 94.5 98.1 95.7 (12/81) 80.8-88.3
Qatar 3.2 3.5 7.1 (12/81) 2.0-7.0
Saudi Arabia 9 169.6 170.0 173.2 (12/81) 193.1-239.6
United Arab Emirates .... 98.1 56.2 43.0 (12/81) 48.7-58.7
Africa 55.2 54.2 NA 88.5-158.5
Algeria 8.5 4.9 10.4 (12/81) 11.8-16.3
Egypt 43 47 2.4 (12/81) 57-16.7
Gabon 0.6 1.0 NA 5.0-7.0
Libya 21.0 22.6 21.0 (12/81) 29.9-40.9
Nigeria 16.0 15.8 12.6 (12/75) 23.2-37.2
Other AffICA .......cceveereromerenercrsererersens 48 5.2 NA 12.1-36.1
Far East/Oceania 19.4 20.9 NA 41.2-94.2
Australia/New Zealand 1.9 2.4 NA 4.3-12.5
Indonesia 8.4 8.5 9.5 (12/82) 13.6-26.6
Total OPEC 670.7 574.5 NA 602-838
Total Market Economies ...................... 808.1 717.0 NA 880-1330

* Reserves include proved reserves and indicated additional reserves in this table. Some foreign countries have a less restrictive definition than EIA of
proved reserves that are reported to and published by the various trade journals. Resource data include, in addition to reserves, undiscovered recoverable
resources and unproven reserves that are inferred or indicated by engineering or geologic evidence.

b includes a probability range from 95 percent to 5 percent of identified reserves and undiscovered resources.

¢ Energy Information Administration figure published separately (see Sources). This figure includes 27.3 billion barrels of proved reserves and 3.7 billion
barrels of indicated additional reserves.

4 |ncludes 50 percent of the Neutral Zone.

NA =Not Available.

OPEC = Organization of Petroleum Exporting Countries.

FESAP =Foreign Energy Supply Assessment Program.

Sources: Oil: Off and Gas Journal 82, 53 (December 28, 1987); World O, 207, 2 (August 1988); Energy Information Administration, Foreign Energy
Supply Assessment Program Series regional reports, selected issues, and U.S. Crude Oil, Natural Gas and Natural Gas Liquids Reserves, DOE/EIA-
0216(86) (1987). All resources: U.S. Department of the Interior, Geological Survey,World Resources of Crude Oll, Natural Gas, Natural Bitumen, and
Shale Oif (Assessment as of 1/1/85 in Paper delivered at 12th World Petroleum Congress in 1987).

Historical Oil Production
Trends

Overall oil production (including natural gas liquids,
other liquids, and refinery gain) in the market econo-
mies was about 46.5 million barrels per day in 1987.
This was about 6.3 million barrels per day less than
the historical peak in 1979 and about 2.8 million barrels
per day less than the average production levels in 1973
when Arab oil supplies were cut off to Israel, the Neth-
erlands, and the United States in an international oil
embargo. Table 3 shows the trends in world oil supply
from 1973 to 1987.

There have been significant changes in the origin and
composition of oil supplies between 1973 and 1987.
During this time, OPEC experienced a significant loss
of market share. In 1973, OPEC accounted for over 3
out of every 5 barrels of oil produced in the market
economies. In 1987, OPEC provided only about 2 out
of every 5 barrels of oil production. Iran and Saudi
Arabia each had major declines. In the meantime, oil
resources were developed outside OPEC, and non-
OPEC oil production increased from 17.9 million bar-
rels per day in 1973 to almost 27.0 million barrels per
day in 1987. Production in the United States declined
slightly over the period. The key increases occurred
in countries that had not been among the major oil
producers in the early 1970’s--Egypt, Mexico, Norway,
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Table 3. Oil Supply in the Market Economies, 1973-1987
(Million Barrels per Day)

Market Economies
" Persian Gulf
Year U.S. Production Ny
Production | opEG Production|  HomorEC | Net CPE Exports|  Total Supply
1973 11.4 20.9 31.4 17.9 0.8 50.0
1974 11.0 21.5 31.1 17.3 0.9 49.4
1975 10.5 19.2 27.6 17.2 11 46.0
1976 10.3 21.8 31.3 17.4 1.2 49.8
1977 10.4 22.1 31.9 18.6 0.9 51.4
1978 10.8 21.1 30.5 19.8 10 51.3
1979 10.7 21.6 31.7 21.0 1.1 53.9
1980 10.8 18.5 27.8 21.8 1.2 50.8
1981 10.7 15.9 23.8 22.4 1.5 47.6
1982 10.8 12.8 20.1 23.4 1.7 45.2
1983 10.8 11.7 18.8 24.4 1.8 45.0
1984 111 114 18.8 259 2.1 46.8
1985 11.2 10.3 175 26.8 2.0 46.3
1986 10.9 12.4 19.7 26.6 2.2 48.5
1987 10.6 12.6 19.5 27.0 2.3 48.8

CPE=Centrally Planned Economies.

OPEC=0rganization of Petroleum Exporting Countries.

Notes: Supply includes production of crude oil (including lease condensate), natural gas liquids, other hydrogen and hydrocarbons for refinery
feedstock, refinery gains, alcohol, and liquids produced from coal and other sources. Persian (Arabian) Gulf includes Babrain, Iran, Iraq, Kuwait, Qatar,
Saudi Arabia, and the United Arab Emirates. Totals may not equal sum of components because of independent rounding.

Sources: Energy Information Administration, /nternational Energy Annual 1987, DOE/EIA-0219(87) (1988); Monthly Energy Review, DOE/EIA-
0035(88/05); and Petroleum Supply Monthly, DOE/EIA-0109(88/06) (1988).

and the United Kingdom. Other developing countries
such as Brazil, India, and Malaysia also had important
production increases. Thus, there has been a general
dispersion of important sources of supply that has ad-
versely affected market domination by OPEC. Also,
the threat of oil supply cutoffs and the rapid rise of oil
prices in the 1970's encouraged the development of
liquid fuels (including alcohol fuels) from coal and
from biomass materials. South Africa and Brazil have
made significant progress in developing these fuels.

Concerns about the adequacy of short-term supplies
of oil have been minimized by the dispersion of oil
production sources, the existence of excess production
capacity (particularly in OPEC), the persistent need
for revenues in many producing countries, and the
slow growth in o0il consumption. These factors indicate
that oil supplies are likely to remain plentiful over the
near term.

Financial and Investment
Trends

Tracing the financial, investment, and operating per-
formance of U.S. companies included in the Energy
Information Administration’s (EIA) Financial Report-
ing System (FRS) helps to describe and interpret the
changing balance of market forces in the oil and gas

industry.> Worldwide petroleum investment by the
FRS companies declined in 1987 by 12 percent. The
decline was due entirely to reductions in the United
States. Investment abroad rose by nearly 30 percent,
for the most part because of increased upstream com-
mitments. Much of the increase reflects acquisitions of
proved properties in Canada and Australia. However,
even excluding such purchases, exploration and devel-
opment expenditures abroad rose about 4 percent while
they declined 20 percent in the United States.

The FRS companies’ foreign petroleum capital expen-
ditures totaled $9.9 billion in 1987, exceeding the pre-
vious high levels attained in 1985. Most of the expen-
ditures were for upstream operations, and the largest
companies accounted for most of the increase. These
same companies dominate the FRS companies’
refining/marketing activity abroad.

Generally, the FRS companies’ foreign operations
have had a higher rate of return than in the United
States. In 1986, for the first time, total foreign profits
exceeded those gained from U.S. petroleum operations.
The price collapse of 1986 provided extraordinary op-
portunities for profits from refining, marketing, and
trading while depressing returns from upstream oper-
ations. The oil price recovery in 1987 reversed this
process, and foreign refinery operations were the most
adversely affected, so that in 1987 overall domestic
profits again exceeded those gained abroad. Nonethe-
less, overall rates of return relative to net fixed assets
are greater in areas outside the United States. Upstream

5The information presented in this section is from Energy Information Administration, Performance Profiles of Major Energy Producers 1987,

DOE/EIA-0206(87) (Washington, DC, January 1989), Chapter 6.
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Figure 2. Petroleum Rates of Return for FRS Companies,
Domestic and Foreign, 1977-1987
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Source: Energy Information Administration, Performance Profiles
of Major Energy Producers 1987 (January 1989), Chapter 6.

profit rates contributed most to this difference. Al-
though these rates have declined by almost 50 percent
since 1985, upstream profitability abroad was more
than double that attained within the United States in
1987 (Figure 2).

The FRS companies’ foreign oil production declined
slightly in 1987, reversing a steady upward trend evi-
dent since 1980. The decline occurred despite higher
oil prices and even while foreign non-OPEC produc-
tion rose. Noneconomic factors explain the decline.
Government mandated withdrawal from Libya in late
1986 and an earthquake in Ecuador in 1987 caused a
net reduction in the FRS companies’ oil production
from Africa and South America. Elsewhere, the FRS
companies registered production gains generally in line
with the industry as a whole.

In recent years, natural gas production has assumed
increasing significance in the FRS companies’ foreign
operations. In 1987, production gains equaled 11 per-
cent and totaled 2.8 trillion cubic feet, 25 percent
higher than in 1981. Generally, gas production gains
are outpacing those of oil in most areas of the world.
Over the past decade, substantial investments in infra-

structure for pipeline delivery and natural gas liquids
production have been put in place.

Efforts to control production costs to compensate for
lower selling prices have met with considerable success
in recent years. In 1987, lifting costs averaged $4.71
per barrel in foreign areas, compared with $4.60 in the
United States.® As recently as 1985, lifting costs
equaled nearly $7.00 per barrel in the United States
and $6.50 abroad. They were even higher in earlier
years, primarily because of higher taxes. As oil prices
began to deteriorate after 1981, production taxes
tended to decline. In the United States, since produc-
tion taxes are approximately proportional to prices,
they declined with the fall in oil prices. In other areas,
governments tended to make administrative adjust-
ments to try to compensate for declining profits from
ongoing operations.

Severe downward pressure on prices in 1986 finally
reversed an upward trend in direct lifting costs, which
exclude taxes. This reversal was accomplished through
the shutdown of higher cost facilities (such as stripper
wells and some tertiary operations in the United States)
and through wage and material cost reductions and
improved management of producing facilities.

SWhen compared to selling prices in excess of $10 per barrel, oil production tends to be price insensitive in the short run. In the long run,
these costs plus exploration and development costs must be recovered if new production is to be found and made available for use.
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Lifting costs differ widely across regions. Generally,
direct lifting costs are highest in the United States,
Canada, and the North Sea. In other areas where direct
lifting costs tend to be lowest, taxes tend to be highest.
Thus, producing areas in Africa, the Middle East, and
other parts of the Eastern Hemisphere, which have the
lowest direct lifting costs, have total lifting costs in
excess of the United States, Canada, and Europe, be-
cause of taxes.

The FRS companies committed $9.2 billion for foreign
exploration and development in 1987. Of that amount,
$1.6 billion was for proved properties. The balance of
$7.6 billion resulted in direct new exploratory and de-
velopment efforts, including the completion of 1,617
wells. Although new spending rose by 3 percent be-
tween 1986 and 1987, the number of well completions
fell by 8 percent, compared with a 4-percent gain for
industry as a whole.

In general, exploration and development efforts yielded
improved results as reserve holdings for both oil and
gas rose. For the third year in a row, finding costs
moved downward. However, differences between re-
gions remain large. The most recent data indicate that
finding costs in Canada and areas in South America
were at the bottom of the scale, half the average for
the United States; African areas were at the top of the
scale, nearly twice the U.S. average. Outside of the
United States and Canada, results can change dramat-
ically because relatively few wells (in aggregate) have
been drilled and those that are successful tend to yield
substantial additions.

The FRS companies’ foreign refining/marketing finan-
cial results were adversely affected by the narrowing
spread between crude oil and refined product prices
in 1987. After near record earnings of $2.9 billion in
1986, the FRS companies’ foreign refining/marketing
income fell by 67 percent to $1.0 billion in 1987. The
fall in income was entirely attributable to the almost
$2.0 billion fall for the top four companies. The re-
maining FRS companies increased their foreign
refining/marketing net income.

The FRS companies outside of the top four have sub-
stantially less foreign refining capacity on average
(100,000 barrels per day) than do the top four compa-
nies (1 million barrels per day). Further, the refinery
utilization rate for the smaller companies is substan-
tially greater than for the larger ones. The refinery
utilization rate of the top four improved from 67.2 per-
cent in 1986 to 72.2 percent in 1987. Even though the
utilization rate of the smaller companies fell 4 percent-
age points to 90.8 in 1987, this remained 18 percentage
points above the top four companies.

While the foreign distillation capacity of the FRS com-
panies remained about constant from 1986 to 1987,
their share of foreign capacity continued to slip as a
small amount of additional capacity became available
in 1987. In 1974, the FRS companies’ share of foreign

refining capacity was 22.5 percent. Their share fell to
only 12.0 percent in 1986 and 11.7 percent in 1987.

Substantial investments continue to be made in foreign
refining/marketing to upgrade refineries. The capital
expenditures for foreign refining/marketing operations
by the FRS companies increased by 14 percent to $2.4
billion in 1987. In the past, foreign refineries were less
sophisticated than U.S. refineries because the product
slate was less oriented toward gasoline production.
However, increased gasoline yields have provided the
route to growth and more favorable price-cost margins
in both U.S. and foreign refining. Accordingly, the
share of gasoline in the FRS companies’ foreign refined
product slate increased from 22 percent in 1981 to 29
percent in 1987. An additional stimulus to refinery in-
vestment abroad has been the institution of more rig-
orous environmental standards. In Western Europe,
increasingly stringent lead and sulfur content regula-
tions have required upgrading investments to produce
the lower lead products. Western European refiners
also will be required to produce a lead-free premium
gasoline by 1989. These requirements necessitate in-
creased unleaded and octane-enhancing capacity, as
well as increased heavy, sour capacity particularly for
desulfurization.

Future Oil Production
Potential

World oil supplies in 1988 were characterized by
above-quota production among the OPEC countries
and increased production among the non-OPEC coun-
tries, resulting in reduced and unstable world oil prices.
Prospects for future oil supplies depend largely on the
size and location of oil reserves. In recent years, the
development of oil reserves in non-OPEC countries
has allowed their production to move ahead of that
from OPEC. However, relative to OPEC, non-OPEC
production prospects are more limited because of
lower production capacity and reserve levels. Middle
East OPEC countries, in particular, have excess pro-
duction capacity, and their ability to control produc-
tion and to maintain stable world oil prices will be
very important in determining future prospects for
non-OPEC oil producers.

For example, since the cease-fire between Iran and
Iraq, there has been wide speculation as to the post-war
oil production behavior of these two countries. One
argument was that the cease-fire would bring both par-
ties to the negotiating table and that OPEC would be
able to reach a firm agreement on production quotas.
As a result, so went the arguement, prices for crude
oil would stabilize. A second argument suggested that
the need to reconstruct war-torn economies would be
the top priority of these two countries and that they
would increase oil exports to gain the revenue to meet
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Table 4. OIll Production Capacity, 1988-2000
(Million Barrels per Day)

. Projection Ranges
Country/Region Es:ug\eaeted
1990 1995 2000

United States 10.6 9.8-10.2 8.4-9.4 7.8-9.1
Canada 20 1.9-2.1 1.6-1.8 1.4-1.6
Mexico 29 2.9-3.1 3.1-3.4 3.1-3.5
North Sea 3.9 4.0-4.3 3.4-3.9 29-3.4
Other Non-OPEC 8.1 8.4-9.2 7.4-8.5 6.0-7.2

Total Non-OPEC 27.5 27.2-28.6 24.3-26.6 21.6-24.3
Algeria 1.2 0.9-1.1 0.9-1.1 0.7-0.9
Ecuador 0.3 0.2-0.3 0.2-0.3 0.2-0.3
Gabon 0.2 0.2-0.3 0.2-0.3 0.1-0.2
Indonesia 1.5 1.4-1.5 1.2-1.4 1.0-1.2
Iran 3.0 3.0-4.0 3.5-4.5 3.5-4.5
Iraq 2.7 3.5-4.5 4.0-5.0 4.5-5.5
Kuwait® 25 2.8-3.0 3.0-3.5 3.0-38
Libya 1.6 1.5-1.7 1.3-1.7 1.3-1.7
Nigeria 1.7 1.5-1.7 1.2-16 1.1-15
Qatar 0.6 0.5-0.6 0.4-0.6 0.3-0.5
Saudi Arabia® 8.5 8.0-9.5 9.0-10.5 9.5-11.0
United Arab Emirates 20 2.0-2.2 2.2-2.6 2.5-3.0
Venezuela 2.4 2.4-26 25-29 2.5-3.0

Total OPEC 28.2 28.6-32.3 30.6-35.0 31.3-36.0
Net CPE Exports 24 2.2-27 1.4-2.4 1.0-2.0
Total Market Economies 58.1 58.8-62.7 57.7-62.7 55.4-60.9

* Includes 50 percent of Neutral Zone Capacity.

CPE =Centrally Planned Economies.

OPEC=0Organization of Petroleum Exporting Countries.

Notes: Capacity is defined as maximum sustainable production capacity adjusted to reflect current operable capacity in selected countries.
The range of U.S. production capacity is derived from production estimates from the Annual Energy Outiook 1989 plus surge production estimates
of about 100,000 barrels per day. Production includes crude oil, natural gas liquids, refinery gains, hydrogen, and other hydrocarbons. All uncer-
tainty ranges are derived independently and do not necessarily equal totals.

Source: Energy Information Administration, Office of Energy Markets and End Use.

this objective. Be this as it may, neither Iraq nor Iran,
after joining OPEC's quota system, seem to have en-
countered serious problems in filling their production
quotas. Especially Iran’s ability to step up production
by half a million barrels per day between January and
December of 1988 came as a surprise to many analysts.

Crude oil production capacity in the market economies
is projected to range between 58.8 and 62.7 million
barrels per day in 1990, 57.7 and 62.7 million barrels
per day in 1995, and 55.4 and 60.9 million barrels per
day in 2000 (Table 4). World crude oil production ca-
pacities are projected to trend upward from the esti-
mated 1988 level and to continue upward through the
early 1990’s. Projected production capacity trends for
non-OPEC countries are mixed through the early
1990's and steadily decline in the late 1990's. Production
capacities for the OPEC countries trend upward both
at the lower and upper end of the projection range.
OPEC market share would be expected to increase
along with production capacity. A comparison of the
projected oil production capacity with projected oil
consumption in the market economies indicates that
excess capacity will prevail well into the 1990's (Figure
3). The magnitude of the excess would decline over
time.

The near-term increase in production potential in the
non-OPEC countries comes mainly from the North
Sea and the “Other Non-OPEC” group. Despite the
collapse of the world oil price in 1986, production from
“Other Non-OPEC” countries has been on the rise.
This continuing increase in production reflects a fun-
damental difference in production economics between
this group and the rest of non-OPEC countries, such
as the United States and Canada. In general, direct
lifting costs in the United Sates and Canada are much
higher than among “Other Non-OPEC” countries, due
to the age, size, and geographical location of the Ca-
nadian and U.S. oil fields.

Some of the non-OPEC oil currently being produced
was discovered in the early 1980's when the price of
crude oil was still very high. The development of these
new discoveries required not only the drilling of oil-
producing wells but also the infrastructure needed for
distribution. For example, oil was discovered in North
Yemen in 1984, but there was no significant production
of oil until late 1987 and 1988. In this case, production
of oil lagged behind discovery by about 3 years. The
development of proved reserves discovered in the
early 1980's should allow the non-OPEC countries to
increase production through the early 1990's, but this
increase in production is projected to peak in 1993 or
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Figure 3. Uncertainty Range of World Oil Production Capacity,
Consumption, and Excess Production Capacity, 1980-2000
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1994 and to decline thereafter, as most of the existing
proved reserves are developed and the discoveries can
not replace the production of crude oil, due to low
world oil prices and consequently low exploration ac-
tivities.

Current and projected low world oil prices should im-
pact more on exploration drilling activities than on de-
velopment drilling activities, since there is less uncer-
tainty concerning the cost of developing proved oil
reserves and the rate of return on investments. As long
as the economics of development permit, new produc-
tion will be put on line from proved reserves. The
situation is quite different for exploration drilling ac-
tivities, however, because the uncertainties and risks
involved are much higher than they are in development
drilling.

The increased importance of OPEC oil projected for
post 1995 is based on production made possible by
huge proved reserves. Proved reserves in OPEC have
been reported as high as 670 billion barrels (Table 2).
In contrast, proved reserves in the non-OPEC market
economies have been reported at about 140 billion bar-
rels. OPEC's vast proved reserves could easily be trans-
lated into increased production capacity, given the
market's readiness to absorb additional crude oil sup-
plies. Increased production in a proved oil field can be

achieved by simply drilling more producing oil wells,
usually at relatively low cost.

Several factors could influence production-capacity
trends among and relative market shares between non-
OPEC and OPEC countries. The first factor is the
price of crude oil. Non-OPEC oil producers are very
sensitive to oil prices. An extended decrease in the
price of oil is likely to induce a decrease in oil produc-
tion; an extended increase in the price of oil will likely
stimulate non-OPEC oil production and even delay
the inevitable decline in non-OPEC production by
raising non-OPEC oil production capacity. The gen-
eral concensus is that non-OPEC oil producers are
price takers, not price makers.

In contrast, there is an estimated excess in production
capacity of about 8 to 9 million barrels per day for
OPEC oil producers. Clearly, this excess creates a
trade-off situation for OPEC between market share
and oil price; an increase in oil production could expand
market share but would likely drive down the price.
In the late 1970’s and the 1980’s, OPEC raised the price
of crude oil at the expense of market share; but very
high prices encouraged non-OPEC production, and
eventually OPEC not only lost market share but also
received a lower price as well. Market stability should
continue to be sensitive to the actions OPEC members
take in pursuing their short and longer term goals. It
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is assumed in this report that OPEC pursues actions
that result in a relatively stable price path.

The second factor that can affect production capacity
is total resources: the sum of proved reserves and un-
discovered resources. Proved reserves can be put into
production by drilling more producing wells. Undis-
covered recoverable resources could be translated into
production capacity if the price of crude oil is high
enough to warrant a reasonable return on risky oil ex-
ploration activities. In 1987, total resources in the mar-
ket economies were estimated to be in the range of 880
to 1,330 billion barrels. Total resources for OPEC
were estimated in the range of 602 to 838 billion barrels
(Table 2). The wide range of total resources reflects a
distinct possibility that non-OPEC production capacity
could also swing widely, depending on the projected
price profile and assumed OPEC pricing behavior. Es-
timated production capacity for each country is based
on the mean value of estimated undiscovered recover-
able resources, and the allowed range is a 15-percent
deviation from the mean value.

In addition to crude oil prices and estimated undiscov-
ered recoverable resources, the cost of secondary pro-
duction and enhanced oil recovery could also play an
important role in changing the reserve-to-production
(R/P) ratio and future oil production capacity. Histor-
ical R/P ratios are good indicators for the potential
increase in production capacities. These ratios show
the development intensity of proved reserves (Table
5). The estimated 1987 R/P ratios for the United States,
Canada, and United Kingdom are all less than 15; the
R/P ratios for Norway and Mexico are greater than
25. In contrast, the calculated R/P ratios for all the
OPEC countries are greater than 15 and most of the
R/P ratios in the OPEC group are greater than 30.
The R/P ratio for Saudi Arabia exceeds 100 and that
for Kuwait exceeds 200 (Figure 4). Given oil produc-
tion technology, additional oil production from coun-
tries like the United States, Canada, and the United
Kingdom could come from more active exploration
drilling activities, but would likely require a very high
oil price to support the more intensive drilling and en-
hanced oil production processes.

Mezxico, Norway, and North Yemen are the only major
non-OPEC countries that can continue to expand their
production capacity in the 1990’s and affect the world
oil supply. Mexico, which has large proved reserves,
a high R/P ratio, and large undiscovered recoverable
resources could easily expand its oil production capac-
ity to a much higher level, provided the price of crude
oil is high enough to stimulate production. Norway
has much smaller proved reserves than Mexico. How-
ever, its production capacity could be increased with
relative ease because of its good-sized undiscovered
recoverable resources and a high R/P ratio. North
Yemen is a new player in the oil market. Its production

in 1988 is expected to reach 180,000 barrels per day.
The trend for North Yemen is upward until 1995.

In contrast to non-OPEC oil producers, most OPEC

producers have relatively large proved reserves and
high R/P ratios. Among OPEC oil producers, Iran,
Iraq, Kuwait, Saudi Arabia, the United Arab Emirates,
and, to a lesser extent, Venezuela have significant
amounts of proved reserves and high R/P ratios. Ku-
wait, Saudi Arabia, the United Arab Emirates, and
Iraq are expected to have a more dominant role in the
second part of the 1990's. This is due to their large
proved reserves and slower rate of production, which
keep their production capacity at a higher level. Fol-
lowing the current production trend and the projected
price profile, it is expected that the market share of
OPEC oil producers will continue to increase (Figures
ES2 and 5), and the impact of OPEC in the world oil
market could be dominant again in the late 1990's.

Worldwide Trends in Refinery
Capacity

World refining capacity is projected to grow in both
crude distillation units and conversion units in the next
few years to keep up with growing demand. World
refining capacity in 1988, published in the December
1987 Oil and Gas Journal, showed an increase from the
1987 level. This trend is consistent with growing world
oil demand and is expected to continue with the growth
in world oil demand.

The trend of world oil refining capacity is upward
again after a steady decline beginning in 1981. This
new trend reflects a number of changes in the world
oil market. First, world oil demand is not only growing
again, but the composition of the demand is continuing
to shift from a heavier product slate to a lighter product
slate. Second, to meet the growing and changing de-
mand, both the world refining capacity and refinery
configuration have been enhanced. As a result of the
changing demand and changing refinery configuration,
refinery output, which is characterized by joint-
product effects, should affect product trade patterns in
the near future.

World oil demand started declining in 1979 when the
Iranian revolution caused a steep rise in crude oil
prices. Refining capacities, which reflect the ability of
the refining industry to meet the demand for refined
products, also underwent a transition following the de-
cline in demand. Adjustments of refining capacities
lag, however, because of the delay between the plan-
ning of and the actual completion of new capacities
and the shutdown of existing refining facilities.
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Table 5. Crude Oil Production, Proved Reserves, and Reserve-to-Production
Ratios in the Market Economies, 1987

. Production Proved Reserves . .
Countries (million barrels per day) (billion barrels) Reserve/Production Ratio
United States 8.349 25.27 8.3
Saudi Arabia 4.186 166.98 109.3
Mexico 2.540 48.61 52.4
United Kingdom 2.476 5.20 5.8
Iran 2.426 92.85 104.9
Iraq 2.079 100.00 131.8
Venezuela 1.761 56.30 88.1
United Arab EMIrates ...........ocoeeeernenniencrsrnnanens 1.541 92.20 164.0
Canada 1.533 6.83 12.2
Kuwait 1.361 91.92 185.0
Nigeria 1.340 15.98 32.7
Indonesia 1.311 8.40 17.6
Norway 1.015 14.80 40.0
Algeria 0.985 8.50 23.6
Libya 0.972 21.00 59.2
Egypt 0.898 4.30 13.1
India 0.612 4.25 19.0
Brazil 0.566 2.34 11.3
Oman 0.564 4.01 19.5
Australia 0.550 1.69 8.4
Malaysia 0.497 2.90 16.0
Argentina 0.428 2.27 14.5
Colombia 0.385 1.59 1.3
Angola/Cabinda 0.360 1.16 8.7
Qatar 0.304 3.15 28.4
Syria 0.232 1.75 20.7
Cameroon 0.172 0.52 8.3
Ecuador 0.172 1.62 25.8
Peru 0.164 0.51 8.5
Trinidad & Tobago 0.160 0.57 9.7
Gabon 0.156 0.65 1.3
Brunei 0.140 1.42 27.8
Congo 0.118 0.72 16.8
Tunisia 0.103 1.80 48.1
Denmark 0.094 0.44 12.9
Netherlands 0.087 0.20 6.1
Germany, West 0.075 0.32 115
France 0.063 0.21 9.2
Italy 0.058 0.74 347
Turkey 0.051 0.38 20.3
Pakistan 0.043 0.10 6.1
Bahrain 0.043 0.14 9.1
Thailand 0.033 0.10 8.2
Spain 0.033 0.04 3.2
Zaire 0.031 0.11 9.8
New Zealand 0.029 0.16 15.14
Chile 0.029 0.29 27.9
Burma 0.025 0.06 6.5
Greece 0.025 0.02 24
Austria 0.022 0.1 13.1
Bolivia 0.018 0.16 23.5
Ivory Coast 0.018 0.12 18.6
Yemen, North 0.018 0.55 85.6
Japan 0.013 0.06 12.3
Benin 0.008 0.10 34.2
Phillipines 0.006 0.02 7.6
Guatemala 0.004 0.04 271
Jordan 0.004 0.01 8.2
Yemen, South 0.003 0.00 0.0
Taiwan 0.002 0.01 6.4
Barbados 0.002 0.00 5.0
Suriname 0.002 0.03 37.0
Israel 0.001 0.01 27.4

Note: The R/P ratio equals the quantity (reserves times 1000) divided by the quantity (production times 365).
Sources: History: Energy Information Administration, /nfernational Energy Annual 1987, DOE/EIA-0219(87) (1988); and Oif and Gas Journal, Decem-

ber 28, 1987.
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Figure 4. Oil Production and Proved Reserves in the Market Economies, 1987
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Figure 5. Oil Production in the Market Economies: Base Case, 1970-2000
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Declining world oil demand reversed in 1984, and the
collapse of world oil prices in 1986 stimulated oil de-
mand further. This increase in demand finally caught
up with world refining capacity and changed near-term
prospects for the refining industry. A general rule is
that for refineries to be profitable, the utilization rate
must be around 85 percent. In 1987, world oil con-
sumption exceeded 85 percent of crude capacity. This
relationship indicates that world refining capacity has
reached a stage that is more compatible with world
demand for oil. In the near future, crude oil distillation
capacity is expected to grow as oil demand grows.

Several noticeable changes have been observed in the
refining industry since 1981. Most significantly, capac-
ities of downstream conversion units such as catalytic-
cracking and thermal-cracking units have been increas-
ing, while crude oil distillation capacity has been stead-
ily decreasing.’

Both catalytic-cracking and thermal-cracking units are
aimed at converting the bottom of the barrel to lighter
and more valuable products such as gasoline and dis-
tillates. The deviation between the trend of the crude
distillation capacity and capacities of downstream units

reflects a fundamental change in the composition of
demand for refined products and the economics of pe-
troleum refining. For example, market economy output
levels for gasoline, jet fuel, and distillate declined in
1981 from the 1980 level, but started to increase in
1982, despite the fact that total output continued to
decline in 1982 and 1983. The output share of gasoline
and distillate continued to increase through 1987.

The shift of product share from residual fuel to more
valuable gasoline and distillate has dictated trends in
refinery configurations. Capacity of crude distillation
units declined steadily from 1981 through 1986.
Catalytic-cracking capacity increased from 1981
through 1984, declined in 1985 and 1986, but increased
again in 1987. Thermal-cracking capacity showed a
steady increase from 1981 through 1987. These changes
in the configuration of refining capacities reflect a fun-
damental change in the operation of refineries to meet
both product demand and changes in product specifi-
cations.

Recent policy developments in the United States and
Europe will also have profound effects on refinery
configurations in the near future. The lead phasedown

THistorical data on the refining industry are presented in Energy Information Administration, International Energy Annual, DOE/EIA-0219,

selected issues (Washington, DC).
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program in the United States has increased the need
to produce gasoline blending components capable of
raising octane numbers. The phasedown program will
continue to result in added downstream capacity such
as alkylation units, reforming units, and isomerization
units.

A proposed U.S. regulation on reid vapor pressure
would decrease the demand for butane as a gasoline
blending component. Since butane is a good source of
octane, a reduction in the use of butane would raise
the burden on refiners to increase the production of
other gasoline-blending components in order to raise
the octane number. At the same time, the release of
butane as a gasoline component would likely lower its
market value and, consequently, affect refiners’ profit
margins. Industry adjustments to regulations on reid
vapor pressure are expected to include options such as
use of higher octane catalysts in the fluid catalytic
cracker, increased reforming severity, and the use of
high octane blending stock such as methyl tertiary
butyl ether (MTBE).

In Europe, the conversion of military jet fuel from
naphtha type to kerosene type will raise the demand
for kerosene but decrease the demand for naphtha.
The change will also reduce military demand for gas-
oline. The switch of naphtha from military use to com-
mercial use would increase feedstocks for use as pet-
rochemicals or for use in reformers to augment the
supply of higher octane blending components for gas-
oline. In a period of high demand for petrochemical
products, this shift of jet fuel usage is welcomed. How-
ever, the increase in worldwide petrochemical produc-
tion capacity in recent years and the prospect that nat-
ural gas may compete with naphtha in the petrochem-
ical industry could diminish the benefits of this change
to European refiners. All these changes will influence
the economics of refinery operations and the develop-
ment of refinery configurations.

In addition to the changes in world refinery configu-
rations, there will likely be changes in the distribution
of world refining capacity as well. After the 1979 oil
price shock, world oil demand experienced a significant
downturn. The reduction in oil consumption, however,
came mainly from the OECD countries. Demand for
oil actually rose in the developing countries. The in-
crease in oil demand in the developing countries was
very steep in the OPEC nations themselves, but the
non-OPEC developing countries experienced demand
increases as well. It is expected that the increase in
demand for oil in developing countries will play an
important role in determining the distribution of addi-
tional world refining capacity.

Refinery output itself should affect future product
trade significantly because of the joint-product effect
of the refinery process. For example, the 1984 coal
strike in the United Kingdom increased demand for
heating oil, but the result was not only increased pro-
duction of fuel oil but also of gasoline and other light

products as well. Excess supplies of these refined by-
products were then sold in international markets and
affected both product prices and trade flows.

Petroleum Supply
Vulnerability

The growing concentration of remaining oil reserves
and production in the Middle East (especially in the
Persian Gulf) during the forecast period is not only
likely to exert upward pressure on oil prices, but also
could increase the potential for a serious disruption in
oil supplies. Figure 6 illustrates what effects a closure
of the Strait of Hormuz occurring in 1995 could have
on world oil prices. This hypothetical disruption, al-
though considered to be highly unlikely, could result
in a net loss of about 10 million barrels per day, even
after allowing for the use of excess production capacity
and a surge in exports via alternative pipeline routes
out of the Persian Guif region. The hypothetical dis-
ruption begins on January 1, 1995, and lasts for 6
months. This example assumes that the United States
responds to the disruption by drawing down the Stra-
tegic Petroleum Reserve at maximum rates at the same
time that other countries in the market economies draw
down their own government-controlled stocks. Figure
6 shows that a hypothetical net disruption of 10 million
barrels per day could increase oil prices by $10 to $33
per barrel, depending upon what is assumed about
commercial inventory behavior and the responsiveness
of demand to price increases (that is, elasticity of de-
mand). The wide range of uncertainty reflects the sub-
stantially different ways in which the market may re-
spond to a disruption in oil supplies. If suppliers and
end-users draw down commercial inventories in an ef-
fort to fill the supply gap, while consumers reduce en-
ergy use in response to higher prices, the economic
effects of the disruption would be dampened and prices
would tend toward the lower end of the range. Con-
versely, if consumption remains close to predisruption
levels while commercial inventories are built up in an-
ticipation of future price increases (caused by uncer-
tainty over the disruption’s duration or magnitude),
the economic effects of the disruption would be inten-
sified and prices would tend toward the higher end of
the range.

The aftermath of such a supply disruption is also highly
uncertain. When oil supplies are restored (assumed in
this example to occur in the third quarter of 1995),
world oil prices could actually fall below base-case
levels. A cyclical pattern of price changes might then
develop as a result of the continuing effects on oil de-
mand in the post-disruption period, caused by past
high prices and reduced economic activity. The actual
price levels described in this analysis are of less interest
than this erratic pattern of price movements and its
potential adverse effects on the world economy.
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Figure 6. Range of World Oil Prices with Hypothetical Disruption in Supply, 1980-2000
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3. Oil Consumption Trends

Oil consumption in the market economies has acceler-
ated since the major oil price decline in 1986 (Table 6)
and is projected to continue growing between now
and the year 2000, with slower growth occurring in
the mid and late 1990’s when oil prices begin to rise
(Figure 7). Lower world oil prices, as projected for
the late 1980's and early 1990’s, would encourage in-
creased oil consumption. Projected increases in eco-
nomic activity worldwide would also be a major factor
encouraging increased oil consumption.

As with economic activity, oil consumption is pro-
jected to grow the most in the developing countries,
especially OPEC, with a joint annual growth rate from
1987 to 2000 between 1.0 percent and 2.4 percent (Ta-
ble 7). The annual growth rate for the OECD countries
over this period is projected to be from zero to 1.2
percent. Lower growth rates in oil consumption for
the OECD countries reflect lower projected rates of
economic growth, shifts towards less energy-intensive
economic activities, and greater ability to shift away
from oil for energy-security purposes. A projected
tightening of world oil markets in the late 1990's, as
non-OPEC oil supplies begin to decline, is accompa-
nied by increasing world oil prices and decreasing
rates of growth in oil consumption during the late
1990's.

Oil Consumption in the OECD
Countries

Oil consumption in the OECD countries declined
markedly after the first oil price shock of 1973-74, but
then began to increase again, reaching a peak in 1979
(Table 6). The second oil price shock in 1979-80 caused
oil consumption in the OECD countries to tumble
once again, reaching a low in 1983. Oil consumption
has grown subsequently, increasing markedly in 1986
and 1987 after the oil price collapse of 1986. Interest-
ingly, oil consumption in the non-OECD countries has
increased steadily over this entire period (Table 6),
demonstrating less flexibility in reducing total energy
requirements and in shifting away from oil when prices
rise. As a result of these different consumption patterns,
the OECD countries now account for about 3 of every
4 barrels of oil consumed in the market economies,
down from about 4 of every 5 barrels consumed in
1973. The United States has accounted for roughly
one-third of all oil consumed in the market economies
since 1973.

Table 6. Oil Consumption in the Market Economies, 1973-1987

(Million Barrels per Day)

Year United States® | Other OECO | Total OECD | Non-OECD | Totl Market

Economies
1973 17.3 223 39.6 7.4 47.0
1974 16.7 215 38.1 7.7 45.8
1975 16.3 203 366 8.0 4456
1976 17,5 214 389 8.6 475
1977 18.4 219 40.4 9.1 495
1978 18.8 220 409 9.8 50.7
1979 18.5 23.1 416 10.6 522
1980 17.1 215 38.6 111 497
1981 16.1 202 363 15 478
1982 15.3 19.2 345 1.8 463
1983 15.2 186 338 12,0 458
1984 15.7 18.8 345 123 4658
1985 15.7 18.4 34.1 12.4 465
1986 16.3 18.8 35.1 12.8 48.0
1987 16.7 191 358 13.1 489

s Geographic coverage is the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.”

OECD = Organization for Economic Cooperation and Development.

Note: Totals may not equal sum of components because of independent rounding.
Sources: Energy Information Administration, /nternational Energy Annual 1987, DOE/EIA-0219(87) (1988); Monthly Energy Review,
DOE/EIA-0035(88/05); and Petroleum Supply Monthly, DOE/EIA-0109(88/06) (1988).
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Figure 7. Oil Consumption in the Market Economies: Base Case, 1970-2000
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Table 7. Oil Consumption in the Market Economies, 1986-2000
(Million Barrels per Day)
History Projections
Country/Region 1987 1990 2000
1986 Actual | p Lot e
ry Base Range Base Range Base Range
United States® ..............commrrruvesnnnrionns 16.3 16.7 17.4 17.0-17.8 17.8 17.3-18.5 18.6 17.8-19.5
Canada 1.5 1.6 1.7 1718 18 1.7-1.9 1.8 1.6-2.0
Japan 44 45 47 4548 49 4552 47 4253
OECD Europe .... 12.0 12.2 12.6 12.1-13.0 13.2 12.2-14.1 12.4 11.1-14.1
United Kingdom ... 1.6 16 1.7 1.7-1.8 1.7 1.5-1.8 16 1.4-18
France 1.8 1.8 1.9 1.8:1.9 20 1.9.2.2 19 1.7-2.2
West Germany ...........ereennecrenns 2.5 24 2.6 25-27 2.8 2.6-3.0 2.7 2.4-3.0
ltaly 1.7 1.8 1.8 1.7-1.8 1.9 1.7-2.0 1.8 1.6-2.0
Netherlands 0.7 0.7 0.7 0.7-0.7 0.7 0.6-0.7 0.7 0.6-0.7
Other EUrope ..........c.vcrecmeenereenecees 3.7 3.8 3.9 3.8-4.0 4.1 3.8-44 3.9 3.5-4.4
Other OECD 0.9 0.9 1.0 0.9-1.0 1.0 1.0-1.0 11 1.1-1.1
Total OECD 35.1 35.8 37.4 36.4-38.2 38.7 36.6-40.7 38.5 35.7-42.0
OPEC 36 37 38 3.7-3.9 4.1 3.9-4.3 45 4.1-4.9
Other Developing Countries ................ 9.2 9.4 10.2 10.0-10.6 1.3 10.7-12.0 1.8 10.9-12.9
Total Market ECOnomies ..................... 48.0 48.9 51.4 50.1-52.6 54.1 61.1-57.0 54.9 50.7-59.7

* Geographic coverage is the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.” United States 1987 amount is ac-

tual.

OECD=0rganization for Economic Cooperation and Development.
OPEC=0rganization of Petroleum Exporting Countries.
Notes: All uncertainty ranges are derived independently and do not necessarily equal totals. Totals may not equal sum of components because of

independent rounding.

Sources: History: Energy Information Administration, International Energy Annual 1987, DOE/EIA-0219(87) (1988);

DOE/EIA-0035(88/08) (1988). Projections: Energy Information Administration, Office of Energy Markets and End Use.
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Muchof the recent growth in oil consumption has been
in the transportation sector. Thus, policies addressing
automobile fuel efficiency could play an important role
in determining future oil consumption or oil conserva-
tion among the OECD countries.

Prospects for oil consumption in the motor vehicle
transportation sector will also be influenced by policies
that address environmental concerns. For example, the
European Community is currently attempting to fash-
ion emission standards that would apply equally to all
member countries. Agreement on such standards has
been difficult, however, as certain countries consider
proposed measures insufficient while others consider
them discriminatory. The latter countries, particularly
France, argue that the standards would effectively
limit future exports of their products to prospective
markets. Though environmental restrictions would not
necessarily reduce the total amount of oil consumed,
they would probably have some effect. Restrictions
would definitely influence refinery yields, however,
continuing recent trends towards lighter products, in-
cluding lead-free gasoline.

In the industrial and electric utility sectors, environ-
mental and security concerns should continue to en-
courage reduced use of oil. For example, natural gas
produces less sulfur dioxide and less carbon dioxide
than oil or coal. Similarly, nuclear power lacks associ-
ated problems of air pollution, though there continues
to be concern over waste management and plant safety
associated with the use of this energy source. Switching
away from oil to natural gas and nuclear power not
only addresses air-pollution questions but also serves
to diversify the fuel mix used in manufacturing and
electricity generation. The use of these alternatives to
oil, plus the use of coal, is sought to increase energy
security through diversification of energy supplies.

Oil Consumption in the
Developing Countries

Much of the increase in oil consumption in the market
economies between 1987 and 2000 is projected to occur

in the developing countries. Developing countries that
import oil have little capability to shift their depen-
dence from oil to other fuels. As a general rule, devel-
oping countries that have the lowest income have the
highest percentage of oil imports, relative to their level
of exports. Projects such as nuclear power plants and
natural gas pipelines require large up-front investments.
Still, other countries will be able to exploit indigenous
energy resources, including oil.

Oil consumption in developing countries as a group is
projected to increase between 1.0 and 2.4 percent per
year between 1987 and 2000. The longer term trend of
increasing oil consumption in the group of developing
countries should result in part from their relatively
rapid rate of economic growth, particularly among the
newly industrialized countries of Asia.

In the near term, oil consumption is likely to be en-
couraged by low world oil prices. The distribution of
oil consumption among the developing countries
should continue to be concentrated among a few coun-
tries. Currently, five countries--Mexico, Brazil, India,
South Korea, and Egypt--account for about half of all
oil consumed among the group of “Other Developing
Countries” (Table 7).

Uncertainty concerning economic growth and, there-
fore, oil demand in the developing countries arises
from the Third World debt that, according to the
World Bank, has grown persistently through much of
the 1980's to a level above $1 trillion. Brazil and Mex-
ico, the largest consumers of oil and the largest debtor
nations among the developing countries, each have
debts over $100 billion. Though debtor nations have
sought agreements for debt reduction and debt relief,
and commercial banks have increased loan loss reserves
and sought other financial approaches to reduce Third
World loan exposure, a comprehensive solution to the
debt problem has not yet been formulated by the fi-
nancial community. The resultant uncertainty could
influence international economic and energy activity
for some time into the future.
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4. World Energy Consumption

As with oil, low prices and abundant supplies should
encourage increased consumption of all major energy
sources, particularly in the late 1980's and early 1990’s.
Between 1987 and 2000, total primary energy consump-
tion in the market economies is projected to grow at
an average rate of 1.5 to 2.1 percent per year. Oil
should continue to be the most important single source
of energy over this period, but its relative importance
to total consumption is projected to decline steadily,
from about 46 percent of the total in 1987 to a range
of between 39 and 43 percent by 2000. In 1980, the
share of oil in total energy consumption was just over
50 percent, thus its relative importance has already de-
clined significantly. The other fossil fuels, natural gas
and coal, are projected to increase in relative impor-
tance between 1987 and 2000, as is nuclear power. Pro-
jections of total primary energy by energy source are
presented in Table 8 and Figure 8.

The relative decline in 0il consumption is due in large
part to changes that have occurred in the structure of
the electricity supply industry since the oil crisis of
1973. Between 1973 and 1986, consumption of oil for
electricity generation among the member countries of
the International Energy Agency (IEA) was cut in

haif, even while consumption of electricity was rising
by 40 percent.® Nuclear power and coal were the ma-
Jjor substitutes for oil. With lower oil prices since 1986,
oil consumption by electric power systems has in-
creased in certain countries, but this trend is not con-
sidered to be a permanent reversal. Projections of en-
ergy use by electric utilities for the OECD and selected
OECD countries are presented in Appendix B.

Regional Energy
Consumption Patterns

Energy consumption in the market economies is esti-
mated to have increased by about 3 percent in 1987,
continuing an upward trend in energy consumption
among the market economies that started in 1983. Over
one fourth of the increase in energy consumption in
1987 was due to increased oil consumption, as lower
oil prices continued to encourage the consumption of
this fuel. Oil consumption in the market economies in-
creased by about 3 percent in 1986 and about 2 percent

Table 8. Total Energy Consumption in the Market Economies by Type,

1986-2000
(Quadrillion Btu)
History Projections
Energy Source 1986 1987 1995 2000
Actual Preliminary Base Range Base Range Base Range

QOil 98 100 105 102-107 110 104-116 112 103-122
Gas 38 40 44 44-46 52 51-56 60 58-66
Coal 44 45 48 48-49 53 53-55 58 57-61
Nuclear 14 15 17 17-18 19 19-20 20 20-22
Other 17 18 20 18-20 22 20-23 23 21-25
Total Primary ENergy ........coceeoeeescnnnee 211 218 234 232-237 256 250-263 274 264-284

Notes: Energy totals exclude fuel wood and all noncommercial fuel sources. All uncertainty ranges are derived independently and do not necessarily
add to totals. Totals may not equal sum of components because of independent rounding. Average conversion factors for the Market Economies for
1986-2000 are the following: (1) Oil--5.6 Million Btu/barrel, (2) Gas--1,020 Btu/cubic foot, and (3) Nuclear--10.7 Million Btu/terawatthour.

Sources: History: Energy Information Administration, /nternational Energy Annual 1987, DOE/EIA-0219(87); and Monthly Energy Review, DOE/EIA-
0035(88/08) (1988). Projections: Energy Information Administration, Office of Energy Markets and End Use.

8France, Finland, and Iceland are members of the OECD but not the IEA. Data for the electricity supply industry are presented in
International Energy Agency, Energy Policies and Programmes of IEA Countries, 1987 Review, (Paris, France, 1988).
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Figure 8. Total Energy Consumption in the Market Economies by Type:

Base Case, 1970-2000
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Sources: History: United Nations, 1979 Yearbook of World Energy Statistics (1981);
and Energy Information Administration, International Energy Annual and
International Petroleum Annual, selected issues. Projections: Table 8 of this report.

in 1987. However, the fastest growing energy source
in 1987 continued to be nuclear power, increasing by
about 7 percent. Nuclear power is estimated to have
increased markedly again in 1988. Total energy con-
sumption is also estimated to have increased again in
1988.

Most of the 1987 growth in total energy consumption
occurred in the OECD countries, with the United
States accounting for about 45 percent of the OECD
growth. The developing countries, including OPEC,
accounted for about one-sixth of the 1987 increase in
total energy consumption in the market economies.

Differences in the prospects for economic growth
among the market-economy regions as well as differ-
ences in basic economic structure will influence energy
consumption prospects among these regions. Starting
at a lower base, economic activity and energy con-
sumption should grow most rapidly in the group of
developing countries over the projection period (Table
9 and Figure 9). Growth in motor transportation and
in electrification in many developing countries should
contribute to higher growth in energy consumption
relative to the OECD countries. However, a major
question concerning the prospects of economic growth
in certain key developing countries arises from their
foreign debt situation. Solutions to and, therefore, im-
pacts on international financial markets and on eco-

nomic systems of the foreign debt problem currently
remain undetermined.

Given widely differing energy resources, energy
growth patterns among the OECD countries will also
differ. With few indigenous energy resources of its
own, Japan must import much of the energy required
to meet its needs. To reduce this lack, Japan is expected
to expand nuclear production substantially between
now and the year 2000. Japan will also seek to decrease
its energy vulnerability by diversifying, to the largest
extent possible, its sources for expanding natural gas
imports.

Like Japan, many of the OECD countries in Europe
are also expected to increase natural gas imports. Nat-
ural gas is desired not only because it serves to diversify
energy requirements but also because of its clean-
burning characteristics, a property that has grown in
importance as environmental concerns have grown.
Growing natural gas imports to Europe, and elsewhere,
from the Middle East and from the Soviet Union could
have an important influence on future energy trade
patterns and prices and, therefore, on the economic
prospects in the importing countries as well as in the
exporting countries.

France, like Japan, is promoting its nuclear industry
to help make up for the lack of indigenous energy re-
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Table 9. Total Energy Consumption in the Market Economies, 1986-2000

(Quadrillion Btu)

History Projections
Country/Region 1986 1987 1980 1985 2000
Actual Preliminary Base Range Base Range Base Range
United States? ........ccimeniiunenn 74.2 76.8 81.6 80.7-82.5 85.8 84.3-87.3 90.6 88.6-92.9
Canada 9.7 9.8 10.6 10.5-10.7 11.8 11.5-121 12,5 12.0-13.0
Japan 15.8 16.3 17.9 17.7-18.2 19.7 19.2-20.2 20.7 19.9-21.4
OECD Europe ...... 55.7 57.5 61.3 60.6-62.0 66.0 64.3-67.7 68.5 66.2-70.7
United Kingdom .... 9.1 9.3 9.8 9.7-9.9 10.5 10.3-10.7 10.8 10.5-11.1
France 8.4 8.8 9.5 9.4-9.6 10.4 10.1-10.7 10.9 10.5-11.4
Wast Germany ..., 12.2 123 12.8 12.8-13.0 13.6 13.4-13.9 13.9 13.6-14.3
Italy 6.2 6.3 6.9 6.8-6.9 7.5 7.3-7.7 7.8 7.5-8.0
Nethertands 3.1 3.1 3.2 3.2-3.3 3.4 3.3-3.5 3.5 3.4-3.6
Other Europe 16.7 17.7 19.0 18.7-19.2 20.6 20.0-21.2 21.6 20.9-22.4
Other OECD 4.2 5.0 5.4 5.3-5.4 5.8 5.6-6.0 6.0 5.8-6.2
Total OECD 159.6 165.4 176.8 174.7-178.8 189.1 184.9-193.3 198.3 192.6-204.1
OPEC 12.7 12.9 13.9 13.7-141 16.4 15.8-17.0 18.8 17.8-19.8
Other Developing Countries .............. 38.3 39.2 43.5 42.7-44.2 50.9 49.0-52.8 57.0 53.9-60.0
Total Market Economies ..........cccceunne 211 218 234 232-237 256 250-263 274 264-284

a Geographic coverage is the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.” United States 1987 amount is ac-

tual.

OECD=0Organization for Economic Cooperation and Development.
OPEC=0rganization of Petroleum Exporting Countries.

Notes: All uncertainty ranges are derived independently and do not necessarily equal totals. Totals may not equal sum of components because of

independent rounding.

Sources: History: Energy information Administration, /nternational Energy Annual 1987, DOE/EIA-0219(87) (1988); and Monthly Energy Review,
DOE/EIA-0035(88/08) (1988). Projections: Energy Information Administration, Office of Energy Markets and End Use.
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sources. Most of the consumption of nuclear energy
has occurred and is expected to continue to occur
among the OECD countries, such as France, Japan,
and the United States. However, prospects for nuclear
power vary considerably among the other OECD
countries, primarily because of different policies re-
garding environmental objectives. Interestingly, nu-
clear power production in the Soviet Union was up
substantially in 1987, reversing the decline in 1986 fol-
lowing Chernobyl (Table C6). The Soviets could be
encouraging nuclear power for domestic use in order
to have more oil and natural gas to export and obtain
needed foreign exchange.

The OECD countries also differ in terms of the energy
intensity of their economies. For example, the ratio of
total primary energy requirements (TPER) to gross
domestic product (GDP) was about twice as great in
the United States in 1987 as it was in Japan.® Countries
with highly energy-intensive economies could, con-
ceivably, conserve the most energy in the future. Can-
ada is the most energy-intensive country as measured
by the TPER/GDP ratio, but the IEA points out that
the Canadian ratio is artificially high because of the
relatively large share of total energy requirements pro-
vided by hydro and nuclear power and because of the
method used to calculate the energy equivalents of
these two sources. The substitution of hydro and nu-
clear power for oil that has occurred in Canada accen-
tuates this measurement problem.

Among the members of the IEA, Turkey, Portugal,
Greece, and Spain used the least amount of energy in
1987 on a per-capita basis. The TPER/Per Capita ratio
in the United States was somewhat over seven times
as great as that in Turkey. Portugal and Turkey also
had the highest Oil/GDP ratios among the IEA coun-
tries. These countries have had difficulty shifting away
from oil. With lower oil prices, incentives to shift
away from oil have been reduced further in these and
other countries, as the benefits from fuel substitution
and oil conservation become less certain.

Energy Consumption by
Economic Sector

Projections of energy consumption by fuel and by ma-
jor economic sector for the OECD countries are pre-
sented in Appendix B. Increased consumption of elec-
tricity accounts for much of the increased consumption
of energy in the residential/commercial and industrial
sectors. In the OECD taken as a whole, the relative

importance of oil as a fuel to produce increased amounts
of electric power should continue to decline over the
projection period while that of natural gas and coal
should rise. As is the case currently, about one-half of
all oil consumed in the OECD countries is projected
to occur in the transportation sector. Fuel-efficiency
gains should help limit oil consumption growth in this
sector.

Prospects for Coal

Total coal consumption in the market economies is
projected to grow at a rate of between 1.8 and 2.3
percent per year between 1987 and 2000 (Table 10 and
Figure 10). Its share of total energy consumption is
projected to remain at about 21 to 22 percent over the
projection period.'® The demand for coal by electric
utilities is expected to grow as the desire for electrifi-
cation and for supply-diversification grows. Since
Western Europe and Asia, excluding China, have min-
imal reserves that are economical to mine, international
trade in coal is expected to increase. The traditional
exporters of coal, including the United States, Austra-
lia, South Africa, and Poland, are expected to face in-
creased competition from new suppliers, including
China, Colombia, and Venezuela. Abundant supplies
of coal worldwide should help to keep prices down
over the projection period.!!

As with other energy prices, coal prices are expected
to remain depressed for several years. Such a situation
could discourage the investments needed to ensure fu-
ture supplies. Even today, the current level of coal
prices is cause for concern among mining operators
and developers who made investment decisions in the
early 1980's, when energy prices were high.

Low prices have also contributed to a major restruc-
turing of the coal industry in Europe, where countries
are attempting to reduce high-cost production opera-
tions. In Europe and Japan, governments must reduce
inefficient operations and yet limit the regional eco-
nomic impact of mine closures. Measures to protect
indigenous coal operations could act to reduce the
growth in coal trade somewhat.

Exports by the United States, just under 80 million
short tons in 1987, are expected to remain relatively
flat over the projection period. In 1988, however, coal
exports traveling through the St. Lawrence Seaway
are expected to be the highest in 6 years. Contributing
to increased 1988 demands for U.S. coal were a lower
value of the dollar, competitive ocean-freight rates

STPER/GDP, TPER/Per Capita, and Oil/GDP ratios for the period 1973 through 1987 are presented in International Energy Agency,
Energy Policies and Programmes of 1EA Countries, 1987 Review (Paris, France, 1988).
10A11 fuel shares are derived by converting amounts in Tables 10, 11, 12, and 13 to quadrillion Btu and comparing them with the amounts

in Table 9.

Nnternational coal trade is explored in detail in Annual Prospects for World Coal Trade 1988 , DOE/EIA-0363(88) (Washington, DC, 1988).

26 Energy Iinformation Administration/International Energy Outlook 1989




Table 10. Coal Consumption in the Market Economies, 1986-2000
{Quadrillion Btu)

History Projections
Country/Region 1986 1987 1980 1995 20TOO
Actual Prefiminary Base Range Base Range Base j Range
United States? .........cccerirnrenrmnerns 17.3 18.0 19.1 19.1-19.1 21.0 20.9-21.0 22.5 22.3-22.5
Canada 1.0 1.0 1.1 1.0- 1.1 1.2 1.2-1.3 1.5 14-1.6
Japan 28 28 3.1 3.0- 31 3.2 3.1- 34 3.3 3.2-35
OECD Europe .... 11.5 11.9 124 12.3-12,6 13.4 13.1-14.0 14.6 14.2.15.3
United Kingdom . 27 27 29 29-29 3.2 3.1-3.3 3.3 3.2-34
France 08 0.9 0.9 0.9-09 0.9 0.9- 0.8 0.9 0.9-0.9
West GOrmany .........ovneene 3.8 3.7 3.8 3.8-39 3.9 3.8-4.0 4.1 3.9-42
Italy 0.6 0.7 0.7 0.7-0.8 0.9 0.8-1.0 1.1 0.9-1.2
Netherlands 0.3 0.3 0.3 0.3-0.3 0.3 0.3- 0.4 0.4 0.4- 0.4
Other EUrope ......c.ccccevuvenresencrserererens 3.3 3.6 3.8 3.7-3.9 4.2 4.1- 46 4.9 4.7-54
Other OECD 1.3 1.4 1.5 14-1.5 1.6 1.6- 1.7 1.7 1.6-1.7
Total OECD 33.8 35.1 371 37.0-37.5 40.4 40.1-41.5 43.5 43.1-45.1
OPEC 0.2 0.2 0.2 0.2-0.2 0.3 0.3-0.3 0.4 0.3- 0.4
Other Developing Countries ................ 9.8 10.1 11.0 10.8-11.2 12.8 12.4-13.3 14.4 13.8-15.4
Total Market Economies ...............c...... 438 45.4 48.2 48.0-48.9 63.4 62.9-55.2 58.3 57.3-61.1

* Geographic coverage is the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.” United States 1987 amount is ac-

tual.
OECD=0rganization for Economic Cooperation and Development.
OPEC=0Organization of Petroleum Exporting Countries.

Notes: All uncentainty ranges are derived independently and do not necessarily equal totals. Totals may not equal sum of components because of

independent rounding.

Sources: History: Energy Information Administration, /nternational Energy Annual 1987, DOE/EIA-0219(87) (1988); and Monthly Energy Review,

DOE/EIA-0035(88/08) (1988).Projections: Energy Information Administration, Office of Energy Markets and End Use.

Figure 10. Coal Consumption in the Market Economies, 1987 and 2000
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worldwide, lower coal supplies from Australia caused
by industry disputes last summer, sanctions against
South African coal, and production problems and ris-
ing production costs in Poland.

Increased consumption of coal is expected to come
mainly from demand for steam coal rather than for
metallurgical coal, which is used for steel production.
Slower growth in the demand for metallurgical coal is
expected as substitutes for steel increase and as steel
production technology improves.

Growth in the consumption of steam coal is expected
to accompany growth in the consumption of electric-
ity. In 1985, electric utilities consumed about 70 percent
of all coal in the OECD countries (Appendix B). This
share is projected to increase to about 77 percent by
the year 2000. OECD coal consumption in the indus-
trial sector, which accounted for 26 percent of the total
in 1985, is projected to account for about 19 percent
of the total by 2000. Britain, given the current situation
of abundant and inexpensive oil, recently terminated a
program to encourage conversion of industrial boilers
to coal.

Environmental concerns about sulphur dioxide and
carbon dioxide emissions could constrain the growth
of coal consumption. There is strong opposition to the
construction of new coal-fired power stations in Italy,
for example. Sulphur dioxide is a contributor to acid
rain. Carbon dioxide is said to be contributing to the
greenhouse effect, the consequences of which would
be a general warming trend of the earth’s atmosphere.
These emission concerns do not arise with respect to
nuclear power, though this energy source raises other
environmental concerns. Emissions from natural gas
are also far less than those from coal. Thus, natural gas
and nuclear power could capture markets potentially
open to coal, particularly in the generation of electric
power.

Prospects for Natural Gas

World natural gas reserves in many regions of the
world have increased beyond the expectations of en-
ergy industry and government analysts. Proven world
natural gas reserves have risen from about 45 percent
of the level of proven oil reserves in 1970 to about 98
percent of those reserves in 1986.'? The viability of
natural gas as a dominant source of world energy de-
mand may soon no longer be a question of adequate
supply, but rather the political and economic viability
of its transport capability to distant regions and shores.
The primary factors influencing future natural gas con-
sumption are: natural gas prices relative to other fuels,
capital investments in gas distribution systems, the con-

tinued development of more competitive markets, en-
vironmental pressure for a cleaner fuel and more effi-
cient fuel use, and overall economic growth.

Natural gas consumption in the market economies is
forecasted to increase from an estimated 39.3 trillion
cubic feet in 1987 to a range of 56.8 to 64.0 trillion
cubic feet by the year 2000 (Table 11 and Figure 11).
Natural gas accounted for about 18 percent of total
energy consumption in 1987.

In the United States, the bulk of the expected increase
in natural gas demand is in the electric utility sector,
spurred by the growth of low-capital-cost combined-
cycle units and increased utilization of existing gas-fired
plants. The recent unprecedented growth of nonutility
electric generation, the largest share of which is fueled
by industrial gas-fired cogeneration units, may spur
gas demand as well. Environmental regulations regard-
ing emission levels may also reduce coal and oil use in
favor of natural gas in many areas. By the early 1990’s
existing EPA regulations, for instance, will require bus
manufacturers to produce vehicle engines that run on
fuels with lower emission levels than diesel fuel, en-
couraging the commercial use of natural gas and
methanol vehicles. By 1990, natural gas demand is ex-
pected to range from 17.9 to 18.2 trillion cubic feet,
reaching 20.2 to 20.6 trillion cubic feet by 2000.

Canada has an expanding domestic market for natural
gas, and is a major producer and net exporter. Expected
increases in consumption of natural gas may be attrib-
uted to economic growth combined with extension of
the nationwide grid system to more remote residential
and commercial customers and the development of dis-
tribution networks for industrial users. Canada has also
made significant inroads into the structural network of
U.S. gas markets, both with increased transmission ac-
cess and competition in U.S. markets.

Japan, the largest importer of liquefied natural gas
(LNG), produces only a minuscule amount of natural
gas domestically. Japan's relatively high projected rate
of growth in natural gas consumption throughout the
forecast period is due mainly to continued economic
growth and a preference for imported LNG over im-
ported crude oil for environmental reasons. Although
Japan will inevitably remain import-dependent, its re-
liance on a diversity of suppliers is designed to minimize
the risk of supply interruptions and shortages.

The European natural gas market is projected to grow
from 16.1 percent of total primary energy demand in
1987 to 19.4 in 2000, cutting into the oil market share
through its price competitiveness, and matching the
market share of coal because of a probable constraint
in coal use to meet environmental concerns. By 2000,
natural gas demand in Europe is expected to reach

12[nternational Gas Union, “World Gas Supply and Demand 1986-2020,” 17th World Gas Conference, Washington, DC, June 5-9, 1988,
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Table 11. Natural Gas Consumption in the Market Economies,

1986-2000
(Trillion Cubic Feet)
History Projections
Country/Region 1986 1987 1?95 7 7 i 20700
Actual Preliminary Base Range Base Range Base ] Range
United States® ..........coceuvuviversnnusierirens 16.2 171 17.9 17.8-18.2 18.9 18.7-19.1 20.3 20.2-20.6
Canada 20 2.0 2.1 2.1-2.2 26 2529 3.0 2.8-3.3
Japan 1.5 1.6 25 2.5-2.9 3.1 2.9-3.7 3.6 3.2-45
OECD Europe .. 8.6 9.1 9.6 9.4-10.0 11.0 10.5-12.1 13.3 12.5-14.8
United Kingdom 20 2.2 2.6 26-27 3.1 3.0-3.3 3.4 3.3-3.7
France 11 1.1 0.8 0.7-1.0 0.8 0.5-1.2 1.2 0.8-1.8
West GOrmany ... 2.0 21 2.0 1.9-2.1 2.2 2.0-25 26 2.3-3.0
Italy 13 1.4 14 1.4-1.5 1.6 1.5-1.8 1.9 1.7-22
Netherlands 1.4 1.4 1.4 1.4-15 1.6 1.6-1.7 1.8 1.7-1.9
Other Europe 0.9 0.9 1.3 1.3-1.5 1.7 1.6-2.1 23 2.1-2.8
Other OECD 0.6 0.7 0.7 0.7-0.8 0.9 0.8-0.9 0.9 0.9-1.0
Total OECD 29.0 30.5 32.9 32.5-34.0 36.5 35.4-38.7 411 39.6-44.2
OPEC 4.3 4.7 5.3 5.3-5.3 6.9 6.7-6.9 8.2 7.8-8.2
Other Developing Countries ................ 3.7 4.2 5.4 5257 7.9 7.4-8.8 10.3 9.5-11.7
Total Market Economies ..............c.e.s 37.0 39.3 43.6 43.0-45.0 561.3 49.4-54.4 59.6 56.8-64.0

* Geographic coverage is the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.” United States 1987 amount is ac-

tual.
OECD=0rganization for Economic Cooperation and Development.
OPEC=0Organization of Petroleum Exporting Countries.

Notes: All uncertainty ranges are derived independently and do not necessarily equal totals. Totals may not equal sum of components because of

independent rounding.

Sources: History: Energy Information Administration, Interational Energy Annual 1987, DOE/EIA-0219(87) (1988); and Monthly Energy Review,
DOE/EIA-0035(88/08) (1988).Projections: Energy Information Administration, Office of Energy Markets and End Use.

about 13.3 trillon cubic feet, up from 9.1 trillion cubic
feet in 1987.

The future increase in European natural gas demand
and its competitive penetration of other fuel markets
will be determined by the ability of interconnecting
gas transmission companies and their suppliers to es-
tablish flexible market-responsive contracts, particu-
larly with their industrial and electric utility customers.
Flexible contracts will provide suppliers access to new
demand markets, while providing buyers access to a
more diverse source of competitively priced natural
gas from both European and foreign supplies. The up-
coming 1992 completion of the European Economic
Community accord on commodity trading may pres-
sure major European natural gas pipelines to establish
more flexible transmission access.

Recent trends, however, already indicate the growth
and increased competitiveness of natural gas in Euro-
pean energy markets. Natural gas contracts, on the
whole, are no longer pegged to crude oil prices as they
once were. Negotiations between Dutch electric util-
ities and Norwegian suppliers, for instance, have re-
sulted in gas import contracts indexed to coal prices.
Political considerations aside, increasing French gas

import prices indirectly compete with the price of sur-
plus domestic nuclear power generation."’The devel-
opment of more fuel-efficient generation technologies
utilizing gas may also enable gas to compete with coal
for new generating capacity. The outlook for natural
gas consumption in Western Europe varies from coun-
try to country within the region:

¢ In the United Kingdom, widespread installation
of natural gas central heating systems, the avail-
ability of secure supply from domestic reserves
and nearby European exporters, and economic
growth could encourage increases in consump-
tion. The privatization of British Gas, the state-
owned fully integrated gas company, and new
regulatory mandates for increased interfuel com-
petition may improve natural gas competition in
England’s energy markets. Of notable importance
to the new regulatory setting will be the devel-
opment of more flexible direct sale arrangements
among competing gas suppliers and their indus-
trial customers, and the opening of authorized gas
supplies.

* In France, start-up of new nuclear power plants,
coupled with the availability of relatively low-
priced oil, could reduce natural gas consumption
throughout the forecast period. However, low oil

DEstrada, Bergesen, Moe and Sydnes, Fridtjof Nansen Institute, Natural Gas in Europe: Markets, Organization and Politics (Pinter Publishers,

London, 1988), p. 125.
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Figure 11. Natural Gas Consumption in the Market Economies, 1987 and 2000
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Sources: History: Energy Information Administration, Jnternational Energy Annual 1987
(1988); and Monthly Energy Review, July 1988 (1988). Projections: Table 11 of this report.

prices and a continued surplus of nuclear power
may serve as a disincentive to new nuclear power
construction, which may in turn result in in-
creased gas use. Natural gas imports are state con-
trolled and tied directly to the country’s trade
balance. Therefore, increased gas imports are of-
ten negotiated in association with increased indus-
trial exports.

¢ West Germany is not only Europe's biggest im-

porter of natural gas, it also provides transmission
links for almost 90 percent of European gas im-
ports, particularly from Norway and the Soviet
Union. While Germany itself has significant gas
reserves, by the early 1990's Soviet gas import
sales are expected to increase to over one-third of
its total gas demand. Soviet imports have already
increased from about 18 percent of German gas
demand in 1980 to about 26 percent in 1986."
The share of total energy supplied by natural gas
is expected to increase from 14.5 percent in 1987
to about 18.7 percent in 2000.

e Natural gas consumption in Italy is expected to

increase more than previously forecasted, prima-
rily in response to public pressure to halt the coun-
try’s development of nuclear power and curtail
its development of coal-fired generation in order

to meet environmental air quality concerns. With
only about 20 percent of its energy supply coming
from indigenous sources, Italy has traditionally
received gas from a diverse group of suppliers as
a hedge against overdependence on any one
source. Italy is expected to increase gas consump-
tion from about 21 percent of its total energy de-
mand in 1987 to about 25 percent in 2000.

e The Netherlands, with a mature market and ade-
quate domestic reserves, is expected to maintain
its consumption at close to the 1987 level through
1990 and to increase modestly thereafter. Envi-
ronmentalists’ pressure to improve air quality stan-
dards may enhance the growth of natural gas de-
mand with the development of gas-fired combined
cycle plants. The Netherlands is currently the
fourth largest gas producer in the world and the
second biggest exporter.

® Elsewhere in Europe, natural gas consumption is
expected to grow rapidly as the result of improved
gas transmission access throughout Europe and
the increasing trend to restrict coal-fired electric
generation because of environmental concerns.

14Energy Information Administration, International Energy Annual, 1986 DOE/EIA-0219(86) (Washington, D.C., 1987).
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Western European natural gas demand requirements
are currently supplied by indigenous production (about
50 percent), intra-OECD trade (about 25 percent), and
non-OECD trade (about 25 percent). Non-OECD gas
trade is expected to meet an ever-increasing percentage
of European gas demand. According to present con-
tract arrangements, it should meet over 33 percent of
OECD European gas demand by 1990, up from about
14 percent of gas demand in 1980. The European gas
supply “bubble ” is even greater than that of the United
States. The major European suppliers, including the
Soviet Union, Algeria, and Norway, each have enough
gas reserves to meet European gas demand well into
the next century. Western European gas reserves can
meet European gas production (R/P ratio) for approx-
imately 42 years.!s Deliveries from Norway’s Troll
and Sleipner fields are scheduled to begin in the 1990's
under an agreement among a European consortium
that includes West Germany, France, Belgium, and the
Netherlands. As natural gas demand increases, the in-
cremental requirements are likely to be met by supplies
outside the OECD. Nevertheless, Western Europe is
expected to maintain its indigenous production and
intra-OECD trade at no less than two-thirds of the
region’s supply requirements.

Soviet energy planners have focused great attention
on their gas industry, both to meet domestic demand
and as a source of foreign exchange revenues through
its export to Western Europe. By 1990, natural gas
demand is expected to represent about 40 percent of
total energy demand, according to Soviet energy plan-
ners. While the Siberian oil industry is accounted for
by one major “supergiant” field, natural gas is dispersed
among six major fields in northwestern Siberia. A weak
oil export market resulting from a depressed interna-
tional oil market serves as an incentive for the Soviets
to increase their gas exports. The Soviet's plans are to
continue to increase their long-term gas production
growth past 2000.'¢ Due to European natural gas im-
port ceilings restricting the level of dependence on any
one foreign importer, future increases in competitively
priced Soviet gas supplies may be tied to increases by
other gas suppliers to Europe, and in particular the
growth of Norwegian gas sales.

Rapid growth in natural gas demand is also forecasted
to occur in OPEC and other developing countries.
Short-term growth in OPEC demand could be tem-
pered, however, by lower oil prices that limit revenues
available for natural gas infrastructure investments. In
the longer run, however, OPEC is expected to accel-
erate domestic use of natural gas both to reduce flaring
of associated gas during oil production and to reduce
domestic consumption of oil to make more crude oil
available for export. Gas demand is expected to in-

crease in South Asian markets as the result of increased
LNG exports, principally from Indonesia.

Developing countries that currently import oil are ex-
pected to increase consumption of natural gas supplied
from domestic production or nearby exporters as they
strive to reduce dependence on imported oil. The ex-
tent to which these new markets develop will depend
largely on the availability of financing from govern-
ment revenues, and private and international organiza-
tion investments.

Prospects for Nuclear and
Other Energy Sources

The outlook for the consumption of energy derived
from nuclear power remains less optimistic than before
the Chernobyl reactor accident of April 1986. The fu-
ture of nuclear power development continues to be
undermined by post-Chernobyl public anxieties over
nuclear power plant safety and nuclear waste disposal
problems, as well as by financial difficulties in devel-
oping countries. The prospects for renewable energy
sources, including hydroelectric, geothermal, and
other renewables, continue to be hampered by low oil
prices, relatively slow growth in energy demand, and
erratic government support. On the other hand, many
countries will continue to look towards development
of renewable resources as a means of reducing their
reliance on potentially vulnerable oil imports.

The consumption of energy derived from nuclear and
“other” commercial sources by the market economies
is projected to increase from an estimated level of 33
quadrillion Btu in 1987 to between 41 and 47 quadrillion
Btu in 2000, or at an average annual growth rate of
between 1.7 and 2.8 percent (Table 8). As a result, the
share of total energy contributed by these sources is
projected to increase from about 15 percent in 1987 to
about 16 percent in 2000, with nuclear and “other”
sources contributing in roughly equal proportions.

Consumption of nuclear power by the market econo-
mies is projected to increase from an estimated level
of 1405.2 terawatthours (TWh) in 1987 to between
1811 and 1970 TWh in 2000, or at an average annual
growth rate of between 2.0 percent and 2.6 percent
(Table 12 and Figure 12). The growth of consumption
is expected to be slower after 1995 than in the 8 pre-
ceding years, however, reflecting the drop in the
growth rate of nuclear generating capacity. Thus, from
1987 through 1995, nuclear power consumption is pro-
jected to grow from 2.4 percent to 3.2 percent annually,

I5Masters, Attanasi, Dietzman, Meyer, Mitchell and Root, World Resources of Crude Oil, Natural Gas, Natural Bitumen, and Shale Oil, 12th

World Petroleum Congress Conference Report.

1630nathan P. Stern, Royal Institute of International Affairs, International Gas Trade in Europe: The Role of the Soviet Union, 1988 IAEE

Conference Report, Houston, Texas, p. 332.
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but only 1.2 percent to 1.8 percent annually from 1995
through 2000. Nuclear power, which was estimated
to account for less than 7 percent of total energy con-
sumption in 1987, is projected to account for about 7.4
percent in 2000.

Table 12 has been adjusted to reflect the fact that
France is currently estimated to be exporting roughly
32 net TWh of nuclear-generated electricity to other
European nations and is projected to be exporting be-
tween 41 and 52 net TWh of nuclear-generated elec-
tricity by 2000. Estimates of nuclear exports from
France have been excluded from their nuclear con-
sumption in Table 12 and Figure 13 and have been
included in the consumption figures for traditional
French customers, including the United Kingdom,
West Germany, Italy, the Netherlands, and three coun-
tries (Belgium, Spain and Switzerland) in the “Other
Europe” region. Thus, the projections of nuclear con-
sumption for these countries do not necessarily reflect
the trends in their domestic nuclear power programs.

The prospects for nuclear power have continued to
suffer because of heightened public apprehension and
political opposition in the wake of the Chernobyl ac-
cident. The negative repercussions of this accident con-
tinue to affect nuclear power development adversely,
particularly in countries of the OECD Europe region.

e The prospects for nuclear power in Italy were
severely damaged by the Chernobyl accident. At

present, Italy does not produce any nuclear
power, with its two existing plants shut down for
technical reasons, and with a 5-year moratorium
in place on the construction of any new plants.
Italy’s national energy plan for the year 2000 calls
for phasing out nuclear power completely, and
turning instead to increased use of natural gas and
coal, as well as to energy conservation.

® In Sweden, current plans call for a complete
phaseout of nuclear power by the year 2009, be-
ginning with the shutdown of two reactors (at
Barseback and Ringhals) in 1995 and 1996. Swe-
den plans to replace this lost power by building
additional gas, oil, or coal-fired plants.

® Nuclear power has suffered a setback in West
Germany for two main reasons: adverse reaction
to the Chernobyl accident and fallout from the
Transnuclear Nukem bribery and corruption
scandal. For the first time, anti-nuclear move-
ments have formed within the Christian Demo-
cratic Union (CDU) and the Christian Socialist
Union of Bavaria (CSU).

¢ In Belgium, after years of debate on the issue, the
center-left government announced in December
that it would not proceed with plans to build the
country’s eighth nuclear power plant. It decided
instead that it was cheaper and safer to rely on
traditional fuel sources, such as natural gas and
coal, for the country’s future energy needs.

Table 12. Nuclear Energy Consumption in the Market Economies,

(Terawatthours)
History Projections
Country/Region 1986 1987 1990 1995 2000
N {
Actual Preliminary Base Range Base ‘ Range Base Range
_ _ 1 A —_—————
United States? ... 414 455 535 535-535 562 562-562 576 576-576
CANATA ....ooeveeerreiierrie s 64 69 98 91-98 106 106-106 106 106-117
Japan 157 177 180 151-180 224 204-238 284 255-310
OECD Europe 599 616 699 695-713 762 728-787 787 758-840
United Kingdom .. 61 62 72 71-73 70 70-77 76 69-78
France 217 223 273 273-276 320 320-323 347 347-369
West Germany 114 126 146 146-147 149 125-150 151 131-162
121V 15 12 14 12-15 14 14-21 10 10-27
Netherlands . 6 5 6 6-6 6 6-6 6 6-6
Other Europe .. 188 189 189 188-197 203 194-210 198 196-198
Other OECD 0 0 0 0-0 0 0-0 0 0-0
Total OECD 1,234 1,318 1,512 1,472-1,527 1,654 1,600-1,693 1,753 1,695-1,842
0 0 0 0-0 0 0-0 0 0-0
72 88 101 92-101 108 103-111 127 117127
Total Market Economies ..........ccc.ooveeee 1,306 1,405 1,614 1,564-1,628 1,761 1,703-1,804 1,880 1,811-1,970

» Geographic coverage is the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.” United States 1987 amount is ac-

tual.

OECD =Organization for Economic Cooperation and Development.

OPEC =0Organization of Petroleum Exporting Countries.

Notes: All uncertainty ranges are derived independently and do not necessarily equal totals. Totals may not equal sum of components because of

independent rounding.

Sources: History: Energy Information Administration, /nternational Energy Annual 1987, DOE/EIA-0219(87) (1988); and Monthly Energy Review,
DOE/EIA-0035(88/08) (1988), with adjustments for estimated French nuclear exports. Projections: Energy Information Administration, Office of Energy

Markets and End Use.
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® The Swiss nuclear program remains stalemated.
The Swiss Nationalrat voted in late September to
abandon the Kaiseraugst nuclear plant project,
but to maintain nuclear power as an option for
Switzerland'’s future energy needs.

¢ Plans for a fifth Finnish nuclear plant remain on
hold, as they have been since the Chernobyl ac-
cident.

Countries that currently have the most optimistic pros-
pects for nuclear power are France and Japan in the
OECD and South Korea in the group of developing
countries. In each of these countries, the nuclear power
program is the result of a strong government commit-
ment to nuclear power, a lack of indigenous energy
resources, and the selection of a standard nuclear plant
design. There is, however, growing public opposition
to nuclear power even in these three countries, related
mainly to concerns over safety in France and Japan
and to concerns over future excess capacity in France
and South Korea. In Japan, although overall public
support for nuclear power remains solid, anti-nuclear
sentiment has been increasing since Chernobyl. Citizen
campaigns against nuclear power have become more
frequent, more widespread, and much more noticeable
than before the accident, perhaps complicating Japan's
plans to add 25,000 megawatts-electric (MWe) of
power over the next 12 years.

The consumption of energy derived from hydroelec-
tric, geothermal, and other renewable sources by the
market economies is projected to grow at an average
annual rate of between 1.3 and 2.8 percent between
1987 and the year 2000 (Table 13). Their share of total
energy consumption, which was estimated to account
for about 8 percent of total energy consumption in
1987, is projected not to be significantly different in
2000.

The developing countries, consisting of both the group
of “Other Developing Countries” and the member na-
tions of OPEC, are expected to account for between
40 and 50 percent of the projected increase in the con-
sumption of energy derived from hydroelectric,
geothermal, and other renewable sources by the market
economies between 1987 and 2000. Hydroelectric
power in particular is a potentially vast resource in
many developing countries, but its development is lim-
ited by financial and environmental problems. The de-
veloping countries are also expected to increase their
use of geothermal, biomass, and waste power, as they
attempt to maximize their usage of indigenous energy
resources. In 1986, the last year for which complete
data are available, the consumption of geothermal en-
ergy by the developing countries (specifically the Phil-
ippines, Mexico, El Salvador, Kenya, Nicaragua, and
Indonesia) was over 7.8 TWh, an increase of 7.3 TWh
from the level of 1975, and basically unchanged from
1985.

Figure 12. Nuclear Energy Consumption in the Market Economies, 1987 and 2000
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Table 13. Other Energy Consumption in the Market Economies,

(Quadriliion Btu)
History Projections
Country/Region 1986 1987 1995 2000
Actual Preliminary Base Range Base Range Base Range

United States® 3.6 3.3 3.8 3.8-3.8 4.0 4.0-4.0 4.2 4.2-42
Canada ... 28 28 2.9 2.8-29 3.1 2.8-3.3 3.3 2.9-3.6
Japan 0.9 0.9 1.0 0.9-1.1 1.2 1.1-1.3 1.3 1.2-1.4
QECD EUIOp8 .vvveveeesersirmessees 4.4 4.8 5.7 5.2-5.9 6.1 5.4-6.4 6.4 54-6.9
United Kingdom 0.1 0.1 0.1 0.1-0.1 0.1 0.1-0.1 0.1 0.1-0.1
France .....ccoee. 0.7 0.7 0.8 0.7-0.8 0.9 0.7-0.9 0.9 0.7-0.9
West Germany .. 0.2 0.2 0.2 0.2-0.2 0.2 0.2-0.3 0.3 0.3-0.3
taly ..coeennees 0.5 0.5 0.7 0.5-0.9 0.7 0.5-1.0 0.8 0.5-1.0
Netherlands ... 0.0 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Other EUrope .........o.eeeveursernne 2.9 3.3 3.9 3.8-3.9 4.2 3.9-43 4.4 3.8-4.8
Other OECD .....ocovieviniineninnens 0.4 0.4 0.5 0.3-0.6 0.5 0.4-0.7 0.6 0.4-07
Total OECD .....covevirieninnnnnnnns 121 123 13.9 13.1-14.3 15.0 13.7-15.8 15.8 14.0-16.8
0.4 0.4 0.5 0.4-0.6 0.7 0.4-0.9 0.8 0.6-1.0

Other Developing Cou 47 4.8 5.2 4.9-54 6.0 5.5-6.3 6.7 6.2-7.4
Total Market Economies ......... 17.3 17.6 19.6 18.3-20.4 21.7 19.5-22.9 23.3 20.8-25.2

= Geographic coverage is the 50 States and the District of Columbia. U.S. Territories are included in “Other OECD.” United States 1987 amount is ac-

tual.
OECD=Organization for Economic Cooperation and Development.
OPEC = Organization of Petroleum Exporting Countries.

Notes: Other energy sources include hydroelectric, geothermal, wood, waste, wind, wave, photovoltaic, and solar sources connected to electric utility
distribution systems. U.S. consumption includes imports of electricity. Ail uncertainty ranges are derived independently and do not necessarily equal totals.

Totals may not equal sum of components because of independent rounding.

Sources: History: Energy information Administration, International Energy Annual 1987, DOE/EIA-0219(87); and Monthly Energy Review, DOE/EIA-
0035(88/08) (1988); Projections: Energy Information Administration, Office of Energy Markets and End Use.

Countries in the “Other Europe” category are expected
to account for between 16 percent and 20 percent of
the projected increase in the consumption of renewable
energy sources by the market economies between 1987
and 2000. Much of this increase will be in the consump-
tion of hydroelectric power, but European countries
are also looking into the development of other renew-
able energy resources, such as wind, solar, and biomass.
In countries like Sweden, Switzerland, and Italy, a
large part of the motivation for this search for alternate
fuel sources stems from the need to replace part of lost
nuclear capacity with other energy sources. Italy has
undertaken to increase the percentage share of hydro-
electric, solar, and geothermal energy sources; Swit-

zerland is considering the increased use of geothermal,
solar, and biomass; and Sweden has begun experiment-
ing with wind power turbines and investing in waste
power. Other countries are increasing their use of solar
(Spain, West Germany, and Greece), wind (Denmark
and the Netherlands), and geothermal (Italy).

Japan, which also has limited reserves of oil, natural
gas, and coal, is projected to increase its consumption
of energy from renewable sources by between 33 and
56 percent from 1987 to 2000. Japan already has an
impressive record in the development of its geothermal
potential, having increased its consumption from about
0.4 TWh in 1975 to over 1.5 TWh in 1986.
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Figure 13. Nuclear Energy Consumption in OECD Europe, 1987 and 2000
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5. Comparison of International Energy Projections

Forecasts of energy supply and demand from alterna-
tive forecasters may differ for many reasons. Much of
the variation can be attributed to differences in under-
lying assumptions concerning future world oil prices,
economic growth rates, demand elasticities, and other
key determinants of supply and demand. Differences
in analytical approaches and forecasting model struc-
tures also result in different sets of projections, although
the implications of these types of differences are more
difficult to detect and quantify. Additional deviations
may arise from differences in definitions, in conversion
factors, and in the timing of the analysis.

The projections presented in this International Energy
Outlook reflect EIA’s current understanding of the
world energy market and changes that are likely to
evolve in the future. These projections have been up-
dated from those published last year in the International
Energy Outlook, based on a downward revision to

world oil price forecasts and other changes that have
occurred in the interim. This chapter presents a com-
parison of the EIA base case given in this report with
the International Energy Outlook base case published
last year and with other widely used energy forecasts.

As indicated in Table 14, energy consumption in the
market economies in 1995 is projected to be somewhat
higher in the current forecast than compared to last
year. Oil consumption is also higher than previously
forecasted and remains higher through the year 2000.
As a result, OPEC production in 2000 is about 1.2
million barrels a day greater than previously forecasted
while non-OPEC production is reduced by about
100,000 barrels a day.

The energy projections for the market economies pre-
sented in Table 15 are generally consistent with the
EIA base-case projections. All the projections reflect

Table 14. Comparison of EIA Energy and Oil Projections for
the Market Economies: Base Case, 1995

Projections for 1995

Energy Source/Region S
Last Year I EIA-89
Energy Consumption (quadrillion Btu)
United States* 85.0 85.8
Japan 18.7 19.7
OECD Europe 64.9 66.0
Other Countries 82.3 84.9
Total 250.9 256.4
Petroleum Consumption (million barreis per day)
United States* 17.7 17.8
Japan 4.5 4.9
OECD Europe 12.7 13.2
Other Countries 17.9 18.2
Total 52.8 54.1
Stock Change and Discrepancy -0.3 -0.3
Petroleum Supply {million barrels per day)
OPEC 26.1 26.9
United States 8.8 8.6
Other Non-OPEC 16.2 16.4
Total Production 51.1 51.9
Net Imports from CPE 14 19
Total Available Supply 52.5 53.8

* Geographic coverage is the 50 States and the District of Columbia. U.S. Territories are included in “Other Countries.”

CPE=Centrally Planned Economies.
OECD=0rganization for Economic Cooperation and Development.
OPEC=0rganization of Petroleum Exporting Countries.

Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, /nternational Energy Outlook 1987, DOE/EIA-0484(87) (1988).
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respective “base case” assumptions. Changes in these In all cases, oil consumption is projected to grow, but

assumptions would alter the projections, as is the case not as fast as total energy consumption. In turn, total

with the EIA projected ranges of uncertainty. energy consumption is not expected to grow as fast as
gross domestic product. Thus, all projections assume
that the energy efficiency of economic activity will
continue to improve over the projection period.

Table 15. Comparison of Energy Projections for the Market Economies,

1990, 1995, and 2000
(Million Barrels per Day of Oil Equivalent)

Consumption Growth Rate?® Petroleum Production
Projection Gross
Energy Oil Energy Qil Domestic OPEC Other
Product
1986 EIA Estimate .........cocovvvemiiiciinicieiiinnnes 103.3 48.0 NA NA NA 19.7 26.6
1990 Projections
EIA International Energy Outlook 1989 ......... 114.8 51.4 +2.7 +1.8 +3.0 21.0 276
DOE Long Range Energy Projections ........... 108.8 49.8 +1.7 +1.1 +34 22.7 25.9
Ashland (December 1988) ....... . NA 50.8 NA +1.7 +2.4 22.3 26.3
CONOCO (December 1988)° . 1124 51.3 +2.2 +1.9 NA 19.9 23.4
DRI Winter 1988-1989 NA 51.0 NA 1.5 +3.3 22.2 25.7
1995 Projections
EIA International Energy Outlook 1989 ........ 125.8 54.1 +1.8 +1.0 +3.1 26.9 25.0
DOE Long Range Energy Projections .. . 117.6 52.0 +1.6 +0.9 +2.7 27.3 241
Ashiand (December 1988) .... NA 52.0 NA +0.5 +20 23-24 26-27
CONQCO (December 1988)2 124.0 55.4 +2.0 +1.5 NA 241 229
DRI Winter 1988-1989 NA 54.5 NA +1.3 +3.4 27.5 24.7
2000 Projections
EIA international Energy Outlook 1989 . 134.4 54.9 +1.3 +0.3 +2.7 29.0 24.2
DOE Long Range Energy Projections .. .. 127.2 54.1 +1.6 +0.8 +27 31.0 22.9
Ashland (December 1988) ........ . NA 52.5 NA +0.2 +2.5 24-27 24-27
CONOCO (December 1988)° . 136.7 59.8 +2.0 +1.5 NA 28.2 22.2
DRI Winter 1988-1989 ..........c.cccevuun . . NA 57.4 NA +1.0 +3.5 31.6 24.5

2 For the 1990 projections, these are the growth rates from 1986 to 1990; for the 1995 projections, from 1990 to 1995; and, for the 2000 projections,
from 1995 to 2000. Estimates where available are taken from source or computed using source base year estimate.
b Excludes refinery processing gain of approximately 1.0 and natural gas liquids of 4.0-5.0 million barrels per day (including OPEC).
NA =Not available.
OPEC=0rganization of Petroleum Exporting Countries.
Note: Except where noted, production includes crude oil, natural gas liquids, other liquids, and refinery gains.
Sources: Energy Information Administration: /nternational Energy Outlook 1989, DOE/EIA-0484(89) (1989). Department of Energy: Long Range En-
ergy Projections to 2010, Office of Policy, Planning and Analysis (1988). Ashland: The Outlook for Oil and Natural Gas Markets {(1988). CONOQOCO:
“World Energy Outiook Through 2000” (unpublished). Data Resources, Inc.: /nternational Energy Bulletin {1988).
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Appendix A

International Petroleum Balance

Table A1. Oil Consumption and Production in the Market Economies: Base Case,

1979-2000
(Million Barrels per Day)

History Projections
Supply and Disposition Prelim-
1979 | 1980 | 1981 1982 | 1983 | 1984 | 1985 | 1986 | 1987 inary | 1989 | 1990 | 1995 | 2000
1988
Consumption

United States® .........ccceveeerrennnnens 18.5 171 16.1 15.3 15.2 157 15.7 16.3 16.7 17.0 17.2 17.4 17.8 18.6
Canada 1.9 1.9 1.8 1.6 14 1.5 1.5 1.5 1.6 1.6 1.7 1.7 18 1.8
Japan 55 5.0 48 4.6 4.4 4.6 44 4.4 4.5 47 46 47 49 4.7
OECD Ewrope 14.7 13.6 125 121 11.8 1.7 11.6 12.0 12.2 12.2 124 12.6 13.2 124
Other OECD> .. 1.1 1.1 1.1 1.0 1.0 1.0 1.0 0.9 0.9 1.0 1.0 1.0 1.0 1.1
Total OECD ... 41.6 38.6 36.3 345 338 345 34.1 35.1 35.8 36.5 36.9 374 38.7 38.5

OPEC we 27 28 81 33 35 35 36 36 37 927 38 98 a1 op

Other Countries 79 8.2 8.4 8.5 8.5 8.8 8.8 9.2 94 9.6 9.9 10.2 11.3 1.8
Total Consumption 52,2 49.7 478 463 458 46.8 46.5 48.0 48.9 49.8 50.5 51.4 54.1 54.9
Production

United States® ...........ccccoervvvernnnes X 10.8 10.7 108 10.8 14 11.2 10.9 10.6 10.5 10.3 10.0 8.6 8.5
Canada . 1.8 1.6 1.6 1.7 1.8 1.8 1.8 1.9 20 20 1.9 1.7 1.6
OECD EUrope .......ccoooevemveveerenrenens . 28 29 33 37 41 43 44 4.5 45 46 4.8 43 4.1
OPEC 278 238 20.1 18.8 18.8 17.5 19.7 19.5 210 207 21.0 26.9 29.0
Other Countries 6.4 71 7.7 8.2 8.9 9.5 9.5 9.8 10.1 10.4 10.9 104 10.0
Total Production .... 496 462 43.5 432 447 444 463 46.5 48.2 480 48.7 51.9 53.1
Net CPE EXPOrtS ........cccceccenacnrenes 11 1.2 15 1.7 1.8 21 20 2.2 23 2.4 2.3 2.4 1.9 1.5

Stock Withdrawals
and Discrepancies ................. -1.6 -14 0.2 1.2 08 0.0 0.2 -0.6 0.1 -0.7 0.2 0.3 0.3 0.3

* Geographic coverage is the 50 States and the District of Columbia.
b Includes Australia, New Zealand, and the U.S. Territories.

CPE=Centrally Planned Economies.
OECD=0Organization for Economic Cooperation and Devefopment.
OPEC=Organization of Petroleum Exporting

Countries.
Notes: Production inciudes crude oil, natural gas liquids, refinery gains, hydrogen, and other hydrocarbons. Totals may not equal sum of components

because of independent rounding.

Sources: History: Energy Information Administration, /nfemational Energy Annual 1987, DOE/EIA-0219(87) and Monthly Energy Review, DOE/EIA-
0035(88/05) (1988); Organization for Economic Cooperation and Development/International Energy Agency, Quarterly OV Statistics Fourth Quarter 1987
(Paris, France, 1988); Petroleum Economics Limited, Quarterly Supply/Demand Outiook (London, England, 1988) Projections: Energy Information Admin-
istration, Office of Energy Markets and End Use.
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Appendix B

OECD Members Energy Demand by Sector

Table B1. Consumption by Major Fuels and End-Use Sectors:

United States
(Quadrillion Btu)

1990 2000
Sector and Fuel 1985
Base I Range Base Range Base Range
Industrial
Petroleum 7.7 8.5 8.2-8.8 8.7 8.5-9.0 9.2 8.9-9.6
Natural Gas 71 7.5 7.5-7.7 7.6 7.4-7.8 75 7.2-78
Coal 2.8 2.7 2.7-28 27 2.7-2.8 2.8 2.8-2.8
Electricity 9.5 10.4 10.4-10.5 12.2 12.1-12.3 14.2 14.1-14.4
Total 271 29.2 28.7-29.7 31.2 30.6-31.8 33.6 32.8-34.6
Transportation
Petroleum 19.6 21.9 21.5-22.1 22.0 21.4-22.5 22.6 21.8-23.4
Natural Gas 0.5 0.5 0.5- 0.5 0.5 0.5-0.6 0.6 0.6-0.6
Coal 0.0 0.0 0.0- 0.0 0.0 0.0-0.0 0.0 0.0-0.0
Electricity 0.0 0.0 0.0- 0.0 0.1 0.1-0.1 0.1 0.1-0.1
Total 20.1 22.4 22.1-22.7 225 22.0-23.1 23.2 22.4-241
Residential/Commercial
Petroleum 26 2.7 2.7-28 2.6 2.5-2.6 24 24-25
Natural Gas 7.1 7.5 7575 7.4 7.3-75 7.2 7.1-7.4
Coal 0.2 0.2 0.2-0.2 0.2 0.2-0.2 0.1 0.1-0.1
Electricity 16.9 19.6 19.5-19.6 22.0 21.8-22.1 23.9 23.8-24.1
Total 26.8 29.9 29.8-30.1 32.1 31.8-32.4 33.7 33.3-34.2
Electric Utilities
Petroleum 11 1.3 1.2-1.5 2.0 1.7-24 25 2.0-3.1
Natural Gas 3.2 3.0 3.0-3.0 4.0 3.8-4.1 5.7 5.4-6.0
Coal 145 16.2 16.2-16.3 18.1 18.1-18.1 19.5 19.4.19.6
Nuclear/Other® 7.7 9.5 9.5-9.5 10.0 10.0-10.0 104 10.4-10.4
Total 26,5 30.0 29.8-30.2 34.1 33.9-34.3 38.1 37.8-38.5
Primary Energy Consumption
Petroleum 30.9 34.4 33.6-35.1 35.2 34.0-36.6 36.8 35.1-38.7
Natural Gas 17.8 18.5 18.4-18.7 19.5 19.2-19.6 20.9 20.8-21.2
Coal 17.5 19.1 19.1-198.1 21.0 20.9-21.0 22.5 22.3-22.5
Nuclear/Other® 7.7 9.6 9.6-9.6 10.1 10.1-10.1 10.4 10.4-10.4
Total 73.9 81.6 80.7-82.5 85.8 84.3-87.3 90.6 88.6-92.9

* Includes hydroelectric, geothermal, and other renewables.

Notes: Geographic coverage is the 50 States and the District of Columbia. All uncertainty ranges are derived independently and do not necessarily
equal totals. Totals may not equal sum of components because of independent rounding.

Sources: History: Energy Information Administration, Monthly Energy Review, DOE/EIA-0035(88-08) (1988).
ministration, Office of Energy Markets and End Use.

Projections: Energy information Ad-
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Table B2. Consumption by Major Fuels and End-Use Sectors: Canada
(Quadrillion Btu)

. 1990 1995 2000
Sector and Fuel Es:ggte
Base Range Base l Range Base ‘ Range
Industrial
Petroleum 1.0 1.1 1.0-1.1 1.1 1.0-1.2 1.2 1.0-1.3
Natural Gas .. 1.1 1.1 1.1-1.2 1.2 1.1-1.3 1.2 1.2-1.4
[T Rr— 0.3 0.2 0.2-0.2 0.2 0.2-0.2 0.2 0.2-0.2
Electricity . . 2.1 24 2.3-25 2.8 2.6-3.0 3.0 2.7-3.3
TOUA 1o 45 48 4.8-4.9 54 5.2-55 57 5.3-5.8
Transportation
Petroleum ... R 1.5 1.8 1.8-1.9 1.9 1.7-2.0 1.9 1.6-2.1
Natural Gas ... 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Coal .......... . . 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Etectricity 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Total 1.5 1.8 1.8-1.9 1.9 1.9-2.0 1.9 1.8-2.1
Residential/Commercial
Petroleum 0.4 0.4 0.4-04 0.5 0.5-0.5 0.5 0.4-0.5
Natural Gas 0.9 0.8 0.8-0.9 1.0 0.9-1.1 1.0 1.0-1.2
Coal ........... 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Electricity 2.2 2.6 2526 3.1 2.8-32 3.4 3.1-3.8
Total 3.5 3.9 3.9-3.9 4.5 4.4-4.6 5.0 4.7-5.1
Electric Utilities
Petroleum ............ R [+ 0.1 0.1-0.1 0.1 0.1-0.1 0.1 0.1-0.1
Natural Gas 0.1 0.1 0.1-0.1 0.5 0.4-0.5 0.6 0.6-0.7
0.8 0.9 0.8-0.9 1.0 1.0-11 1.4 1.2-1.4
3.3 4.0 3.9-4.0 44 4.0-45 4.5 4.1-5.0
................... 4.3 5.1 5.0-5.1 5.9 5.8-6.1 6.7 6.3-6.8
Primary Energy Consumption
Petroleum .......... 3.0 3.4 3.3-35 3.6 3.3-39 3.6 3.2-4.0
Natural Gas 2.1 2.1 21-2.2 2.7 2528 3.0 2.8-3.3
Coal .o 1.1 1.1 1.0-1.1 1.2 1.2-1.3 1.5 1.4-1.6
Nuclear/Other® . .3 4.0 3.9-4.0 4.4 4.0-45 45 4.1-5.0
Total ..... 9.5 10.6 10.5-10.7 11.8 11.5-121 125 12.0-13.0

a Includes hydroelectric, geothermal, and other renewables.
Notes: All uncertainty ranges are derived independently and do not necessarily equal totals. Totals may not equal sum of components because of

independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use.
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Table B3. Consumption by Major Fuels and End-Use Sectors: Japan
(Quadrillion Btu)

. 1990 1995 2000
Sector and Fuel Es1t|9n;gte
Base l Range Base | Range Base Range
Industrial
Petroleum 3.9 3.6 3.5-3.7 3.7 3.4-40 3.6 3.2-4.1
Natural Gas 0.1 0.4 0.4-0.5 0.7 0.7-0.8 0.9 0.9-1.2
Coal 21 1.4 1.4-1.5 1.1 1.0-1.1 0.5 0.5-0.5
Electricity 38 4.5 3.9-48 5.2 4.7-55 5.9 5.4-6.5
Total 9.9 9.9 9.8-10.1 107 10.4-10.9 10.9 10.6-11.3
Transportation
Petroleum 23 29 2.8-3.0 3.0 2.8-3.2 29 2.5-3.2
Natural Gas 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Coal 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Electricity 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Total 23 29 2.8-3.0 3.0 3.0-3.2 2.9 2.7-3.2
Residential/Commercial
Petroleum 0.9 1.5 1.5-1.6 17 1.5-1.8 1.7 1.5-1.9
Natural Gas 0.3 0.4 0.4-05 0.4 0.4-0.6 0.4 0.4-0.5
Coal 0.0 0.5 0.5-0.5 0.7 0.7-0.7 1.2 1.1-1.2
Electricity 2.3 27 23-29 3.1 2.8-3.3 3.6 3.3-3.9
Total 3.6 51 5.1-5.2 6.0 5.8-6.2 6.9 6.6-7.1
Electric Utilities
Petroleum 1.7 1.5 1.4-1.5 1.4 1.3-1.5 1.3 1.2-1.5
Natural Gas 1.1 1.7 1.7-2.0 1.9 1.9-2.5 2.2 2.1-3.0
Coal 0.9 1.2 1.2-1.2 14 1.4-1.5 1.7 1.6-1.8
Nugclear/Other® 25 29 2.5-3.1 3.6 3.3-3.8 4.3 3.9-4.7
Total 6.1 7.2 7.1-7.3 8.4 8.2-8.6 9.5 9.2-9.9
Primary Energy Consumption
Petroleum 8.9 9.5 9.2-9.7 9.8 9.0-10.5 9.5 8.4-10.7
Natural Gas 1.5 25 25-3.0 3.1 3.0-4.0 3.6 3.4-4.7
Coal 3.0 3.1 3.0-3.1 3.2 3.1-34 3.3 3.2-35
Nuclear/Other® 25 2.9 2.5-3.1 3.6 3.3-38 4.3 3.9-47
Total 15.8 17.9 17.7-18.2 19.7 19.2-20.2 20.7 19.9-21.4

s Includes hydroelectric, geothermal, and other renewables.
Notes: All uncertainty ranges are derived independently and do not necessarily equal totals. Totals may not equal sum of components because of

independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use.
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Table B4. Consumption by Major Fuels and End-Use Sectors:

OECD Europe
(Quadrillion Btu)

. 1980 1995 2000
Sector and Fuel Eitlgrggte
Base Range Base 1 Range Base Range
Industrial
Petroleum ........... 8.6 8.0 7.8-8.3 8.6 7.9-9.1 7.9 7.0-8.9
Natural Gas ......... 38 4.1 3.9-4.2 43 4.0-4.7 48 4453
Coal ...... 3.7 48 4.6-4.8 46 4.2-46 42 3.8-4.2
Electricity 7.8 9.0 8.8.9.4 10.2 9.7-10.9 11.3 10.5-12.5
Total .o 23.9 26.0 25.5-26.2 27.7 26.8-28.2 28.2 27.0-28.9
Transportation
Petroleum ..o 9.0 109 10.6-11.2 11.3 10.4-12.1 10.8 9.6-12.1
Naturai Gas .. e ettt senenenens 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Coal ..o . 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Electricity ..... ereteres sttt rerat st senasaenen 0.6 0.7 0.7-0.7 0.7 0.7-0.8 08 0.8-0.9
Total .... . . . 9.6 11.6 11.4-11.7 12.1 11.7-12.3 116 11.2-12.1
Residential/Commercial
PEtrolQUM ..o 4.6 5.0 4.9-5.2 53 4.9-56 5.3 4.7-5.9
Natural Gas ...... N . . 3.7 3.9 3.7-3.9 43 4.0-4.6 5.4 5.1-6.0
Coal w et s 0.9 1.2 1.2-1.2 1.2 1.1-1.2 0.8 0.7-0.8
(S — 11.8 13.8 13.5-14.4 15.7 14.9-16.8 17.4 16.2-19.2
Total 211 23.9 23.6-24.1 26.4 25.8-27.1 28.9 28.0-29.9
Electric Utilities
Petroleum . 1.8 21 2.1-2.2 21 2.0-23 1.9 1.7-2.2
Natural Gas ............. 1.1 1.8 1.8-1.9 26 2528 3.2 3.0-3.6
Coal ......... w 6.9 6.4 6.4-6.7 7.7 7.7-8.3 9.6 9.6-10.4
Nuclear/Other® .. 10.6 13.2 12.6-13.5 14.3 13.2-14.8 14.8 13.4-158
Total 20.2 23.5 23.2-23.8 26.7 26.0-27.3 29.5 28.5-30.4
Primary Energy Consumption
Petroleum . 24.0 26.1 25.3-26.9 27.3 25.2-29.2 25.8 23.1-29.1
Natural Gas ... 8.6 9.6 9.4-10.0 11.0 10.5-12.2 13.3 12.5-14.8
Coal oo 11.5 12.4 12.3-12.6 13.4 13.1-14.0 14.6 14.2-15.3
Nuclear/Other® . 105 13.2 12.6-13.5 143 13.2-14.8 14.8 13.4-15.8
Total coveeereeeeeiienn rrerern e . 54.6 61.3 60.6-62.0 66.0 64.3-67.7 68.5 66.2-70.7

a Includes hydroelectric, geothermal, and other renewables.
OECD=0rganization for Economic Cooperation and Development.

Notes: All uncertainty ranges are derived independently and do not necessarily equal totals. Totals may not equal sum of components because of

independent rounding.

Source: Energy Information Administration, Office of Energy Markets and End Use.
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Table BS. Consumption by Major Fuels and End-Use Sectors:

Other OECD
(Quadrillion Btu)
. 1990 1995 2000
Sector and Fuel Es;tggte - -
Base Range Base Range Base Range
Industrial
Petroleum 04 0.7 0.6-0.7 0.6 0.6-0.6 0.6 0.6-0.6
Natural Gas 0.6 0.7 0.7-0.9 0.8 0.9-1.0 0.9 0.9-1.0
Coal 0.2 0.4 0.4-0.5 0.4 0.4-0.5 0.4 0.4-0.4
Electricity 0.7 0.8 0.5-1.0 0.9 0.7-1.2 0.9 0.6-1.1
Total 1.8 2.6 2.6-2.8 29 2.8-3.0 29 2.7-29
Transportation
Petroleum 1.3 1.7 1.6-1.7 1.9 1.7-1.9 1.8 1.9-2.0
Natural Gas 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Coal 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Electricity 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Total 1.3 1.7 1.6-1.7 1.9 1.7-1.9 1.9 1.9-2.0
Residential/Commercial
Petroleum 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Natural Gas 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Coal 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Electricity 0.9 1.0 0.6-1.3 1.2 0915 1.3 0.9-1.6
Total 0.9 1.0 1.0-1.3 1.2 1.1-1.5 1.3 1.2-1.6
Electric Utilities
Petroleum 0.3 0.3 0.3-0.3 0.3 0.3-0.3 0.3 0.3-0.3
Natural Gas 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Coal 0.9 1.0 1.0-1.0 1.2 1112 1.4 1.2-14
Nuclear/Other® 04 0.5 0.3-0.6 0.5 0.4-0.7 0.6 0.4-0.7
Total 1.6 1.8 1.8-1.8 2.1 2.0-2.1 2.3 2.1-2.3
Primary Energy Consumption
Petroleum 1.8 27 2.5-2.7 2.8 2.6-28 2.9 28-2.9
Natural Gas 0.6 0.7 0.7-0.8 0.9 0.9-0.9 0.9 0.9-1.0
Coal 1.1 1.5 1.41.5 1.6 1.6-1.7 1.7 1.6-1.7
Nuclear/Othere 0.4 0.5 0.3-0.6 0.5 0.4-0.7 0.6 0.4-0.7
Total 4.0 5.4 5.3-5.4 5.8 5.6-6.0 6.0 5.8-6.2

* Includes hydroelectric, geothermal, and other renewables.
OECD=0rganization for Economic Cooperation and Development.

Notes: “Other OECD” includes Australia, New Zealand, and the U.S. Territories. All uncertain
sarily equal totals. Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Office of Energy Markets and End Use.
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Table B6. Consumption by Major Fuels and End-Use Sectors:

Total OECD
(Quadrillion Btu)
. 1990 1995 200
Sector and Fuel Estimate °
1985
Base Range Base | Range Base Range
Industrial
Petroleum ... 21.6 21.6 21.1-22.5 22.7 21.3-24.0 225 20.7-24.4
Natural Gas 12.7 13.9 13.7-14.4 14.6 14.1-15.7 15.3 14.5-16.7
Coal ... 9.0 9.6 9.4-9.6 9.0 8.6-9.1 8.1 7.7-8.1
Electricity ... 23.9 27.2 25.9-28.2 31.3 29.8-32.8 354 33.3-37.2
Total ........ 67.2 726 71.6-73.6 77.6 75.8-79.5 81.3 78.4-83.5
Transportation
Petroleum ... [T 33.7 39.3 38.3-39.9 40.1 38.1-41.7 40.0 37.6-42.8
NEIUPAE GAS .ovooorererrresresseseranesssssesessscrioeseseneen 0.5 0.5 0.5-05 0.5 0.5-0.6 0.6 0.6-0.6
Coal ..o 0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
Electricity ... 0.6 0.7 0.7-0.8 08 0.8-0.8 0.9 0.8-1.0
Total ...... 34.9 40.5 39.8-40.8 41.4 40.2-42.3 414 39.9-42.8
Residential/Commercial
PEUTOIBUM +..vevonvseeeeeaeessvesessssssssssesesssnessssseresecnas 8.5 9.7 9.4-10.0 10.0 9.4-10.6 9.9 9.0-10.9
Natural Gas ... . e 12.0 125 12.4-128 131 12.6-13.8 14.1 13.5-15.1
Coal et e 1.1 1.8 1.8-1.8 2.0 1.9-2.1 2.1 2.0-2.2
Electricity ......... " 34.2 39.8 38.5-40.9 45.0 43.3-46.9 496 47.3-52.6
Total .......... " [P 55.9 63.8 63.3-64.4 70.2 68.9-71.5 75.7 73.8-77.6
Electric Utilities
Petroleum ...... 4.9 5.3 5.0-5.6 5.9 5.7-6.7 6.1 5.3-7.2
Natural Gas ...... 5.4 6.6 6.6-7.0 8.0 8.8-9.5 11.7 11.7-12.7
Coal 24.0 257 25.7-26.0 29.4 29.4-30.1 33.6 33.0-34.4
Nuclear/Other® 24.5 30.1 28.7-30.7 32.8 30.9-33.9 34.6 32.2-36.6
Total .. 58.8 67.6 67.0-68.2 771 75.8-78.4 86.1 83.9-87.9
Primary Energy Consumption
Petroleum ... 68.7 76.1 73.9-78.0 78.7 74.2-83.0 78.4 72.6-85.4
Natural Gas ... 30.6 334 33.2-34.7 37.1 36.1-39.5 41.7 40.4-45.1
€0l it 34.1 371 37.0-37.5 40.4 40.1-41.5 435 43.1-45.1
Nuclear/Othere . 245 30.2 28.8-30.7 32.9 30.9-33.9 34.7 32.2-36.6
TOtal cvvrerecrncrercseneaines 157.9 176.8 174.7-178.8 189.1 184.9-193.3 198.3 192.6-204.1

a |ncludes hydroelectric, geothermal, and other renewables.

OECD =0Organization for Economic Cooperation and Development.
Notes: All uncertainty ranges are derived independently and do not necessarily equal totals. Totals may not equal sum of components because of

independent rounding.

Source: Energy Information Administration, Office of Energy Markets and End Use.
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Table C1. World Crude Oil Production, 1977-1987
(Thousand Barrels per Day)

Region
Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987°
NORTH AMERICA
CaANBAE .ovivereecrereneeisrisirire s 1,321 1,316 1,500 1,435 1,285 1,271 1,356 1,438 1,471 1,474 1,533
Mexico 981 1,209 1,461 1,936 2,313 2,748 2,689 2,780 2,745 2,435 2,540
United States .. 8,245 8,707 8,552 8,597 8,572 8,649 8,688 8,879 8,971 8,680 8,349
Total ... 10,547 11,232 11,513 11,968 12,170 12,668 12,733 13,097 13,187 12,589 12,422
CENTRAL AND SOUTH AMERICA
Argenting ......eeerrnrrmncrecssnisnianns 431 453 473 491 496 491 491 478 460 434 428
Brazil . 161 160 166 182 213 260 339 475 564 572 566
Colombia ... 138 131 124 126 125 141 152 168 176 305 385
Ecuador . . 183 202 214 204 211 211 237 258 281 293 172
Peru ........... . 102 151 195 195 193 195 171 184 190 178 164
Trinidad and Tobago 230 232 215 211 240 180 160 170 175 168 160
Venezuela .... 2,238 2,165 2,356 2,168 2,102 1,895 1,801 1,798 1,677 1,787 1,751
Other ... 63 57 59 70 76 84 81 81 79 76 76
Total .o 3,546 3,550 3,802 3,647 3,656 3,457 3,432 3,612 3,602 3,813 3,702
WESTERN EUROPE
Denmark 9 10 8 6 15 35 45 46 58 76 94
Germany, West .. 108 101 95 92 89 84 81 79 81 80 75
taly .occovevervnns 22 30 35 38 37 35 45 45 45 49 58
Netherlands . 28 28 27 25 27 38 53 61 76 93 87
Norway .. 280 356 403 528 501 520 614 697 788 870 1,015
Spain ..... 16 16 23 33 25 30 58 46 44 38 33
United Kingdom . . 768 1,082 1,568 1,622 1,811 2,065 2,291 2,480 2,530 2,539 2,476
Yugoslavia ...... . 79 83 85 86 86 87 83 80 86 84 84
..... 109 111 111 100 113 131 128 125 138 153 160
1,419 1,817 2,355 2,530 2,704 3,025 3,398 3,659 3,846 3,982 4,082
EASTERN EUROPE AND U.S.S.R
AIDAMA ..veevreeriisrenrseennns 43 44 44 44 44 64 75 55 55 55 55
ROMANIA c.veveeirsiriieiinisinrencne 303 284 255 238 241 242 240 237 220 221 215
U.SS.R. . 10,485 10,950 11,187 11,460 11,552 11,615 11,684 11,576 11,250 11,540 11,690
Other . . 54 57 53 51 51 52 50 51 50 51 54
TOR&I ..ocvcveenemiccr s 10,886 11,335 11,540 11,793 11,888 11,973 12,049 11,919 11,575 11,867 12,014
MIDDLE EAST
Iran ... 5,663 5,242 3,168 1,662 1,380 2,214 2,440 2,174 2,250 2,035 2,426
Iraq ... . 2,348 2,563 3,477 2,514 1,000 1,012 1,005 1,209 1,433 1,690 2,079
Kuwait ...... . 1,969 2,131 2,500 1,656 1,125 823 1,064 1,157 1,023 1,419 1,361
Oman ... 341 315 295 282 319 324 375 414 498 560 564
Qatar ... 445 487 508 472 405 330 295 394 301 308 304
9,245 8,301 9,532 9,900 9,815 6,483 5,086 4,663 3,388 4,870 4,186
188 170 166 164 166 160 167 170 178 194 232
1,999 1,831 1,831 1,709 1,474 1,250 1,149 1,146 1,193 1,330 1,541
58 70 80 83 82 45 43 42 43 56 76
22,255 21,108 21,557 18,442 15766 12,641 11,624 11,369 10,307 12,462 12,769
AFRICA
Algeria 1,152 1,231 1,224 1,106 1,002 987 968 1,014 1,037 945 985
Angola .. 194 131 147 150 130 122 177 208 231 282 360
Cameroon ... 0 13 34 58 87 109 114 135 185 177 172
Congo ... " 33 33 57 65 83 89 87 121 120 119 118
3017, -] QPO 415 485 525 595 598 670 727 822 887 813 898
Gabon . 222 209 203 175 151 156 157 157 172 166 156
Libya . 2,063 1,983 2,092 1,787 1,140 1,150 1,105 1,087 1,059 1,034 972
NIGEMB ..covovrvnrinrrireseeirensinsisssseras 2,085 1,897 2,302 2,055 1,433 1,295 1,241 1,388 1,495 1,484 1,340
Tunisia . . 95 100 100 110 118 120 120 120 114 111 103
Other 24 19 22 24 30 35 55 69 71 61 55
Total .... 6,284 6,100 6,706 6,125 4,772 4,733 4,751 5,121 5,371 5,192 5,159
FAR EAST AND OCEANIA
Australia 431 432 441 380 394 370 416 492 575 520 550
Brunei . 210 205 234 235 163 154 162 160 153 166 140
China ....... 1,874 2,082 2,122 2,114 2,012 2,045 2,120 2,296 2,505 2,620 2,690
India . 199 226 245 182 325 390 480 519 620 630 612
Indonesia ... 1,686 1,635 1,591 1,577 1,605 1,339 1,343 1,412 1,325 1,390 1,311
Malaysia ..... 184 217 283 283 264 306 365 440 440 504 497
Other .oeeeceeireesrreneee 68 62 88 77 59 83 94 107 140 154 148
Total ..o 4,652 4,860 5,004 4,848 4,822 4,687 4,980 5,426 5,758 5,984 5,948
WORLD TOTAL ... 59,589 60,003 62477 59,353 55778 53,184 52,967 54,203 53,646 55,889 56,096
* Preliminary.

Notes: Crude oil includes lease condensate. Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, /nterna.

tional Energy Annual 1987, DOE/EIA-0219(87) (1988).
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Table C2. World Natural Gas Plant Liquids Production, 1977-1987
(Thousand Barrels per Day)

Region .
Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
NORTH AMERICA
Canada 290 281 331 331 330 318 309 336 337 328 367
Mexico 105 115 150 193 241 255 265 257 271 352 340
United States .. 1,618 1,567 1,584 1,573 1,609 1,550 1,559 1,630 1,609 1,551 1,595
Total 2,013 1,963 2,065 2,097 2,180 2,123 2,133 2,223 2,217 2,231 2,302
CENTRAL AND SOUTH AMERICA
ArgeNtiNg .......cociemserersensessesannnnies " 13 13 13 12 12 8 15 20 31 31
Bolivia 5 5 5 5 4 6 6 6 6 5 6
Brazil 6 5 5 6 7 8 1 15 17 20 25
Chile 12 12 12 12 10 10 10 11 11 10 10
COIOMDIA ....ooverererencnrrmeisirnisinsenes 6 5 5 6 6 6 4 4 4 5 8
Cuba 1 1 1 1 1 1 1 1 2 2 2
Peru 2 2 2 3 4 4 1 1 1 1 1
Trinidad and Tobago 2 2 2 5 5 3 3 3 3 3 3
Venezuela 78 61 69 60 55 60 57 57 63 97 95
Other *) 2 2 2 2 2 2 2 2 2 2
Total 123 108 116 13 106 112 103 115 129 176 183
WESTERN EUROPE
Austria 1 1 1 1 1 1 1 1 1 1 1
France 26 26 26 26 27 20 20 20 17 14 12
Greece 0 0 0 0 0 1 2 2 2 2 2
Italy 1 1 1 1 1 1 1 1 1 1 1
Netherlands ............cvviviniineninns 7 7 7 6 6 7 9 9 1 1" 11
Norway 20 35 40 40 31 33 38 36 41 53 55
United Kingdom ... 0 40 45 45 50 78 11 136 145 152 162
Yugoslavia *) 1 1 2 2 2 4 4 4 4 4
Other 0 0 0 0 0 0 0 0 0 8 11
Total 85 11 121 121 118 143 186 209 222 246 259
EASTERN EUROPE AND US.S.R
Hungary 11 15 19 20 20 21 21 22 25 25 27
Poland ") 1 1 1 1 1 1 1 1 1 1
Romania 11 1 11 14 14 14 15 15 15 15 15
USSR. ... 353 410 467 531 598 612 618 625 685 795 825
Other (") () ) () ) ) () ) ) ) )
Total 375 437 497 566 633 647 655 663 726 836 868
MIDDLE EAST
Bahrain 0 0 0 8 8 8 9 9 6 8 9
Iran 40 45 10 9 9 9 8 10 10 15 20
Iraq 5 5 10 8 5 5 5 5 10 10 10
Kuwait 55 75 95 95 60 40 55 67 54 75 70
Qatar 5 5 10 10 24 30 25 28 30 22 25
Saudi Arabia 215 250 303 369 433 430 330 355 316 304 345
United Arab Emirates ... 15 30 30 35 60 90 120 130 160 185 145
Other 1 1 1 2 2 2 2 3 4 4 4
Total 336 411 459 536 601 614 554 807 590 623 628
AFRICA
Algeria 19 25 30 36 49 58 56 105 120 120 90
Egypt 12 17 17 17 17 20 25 25 27 24 25
Libya 40 40 40 40 35 40 30 37 26 30 30
Total 71 82 87 93 101 118 1M1 167 173 174 145
FAR EAST AND OCEANIA
Australia 55 60 60 60 60 52 52 54 65 60 65
Brunei 30 30 35 35 25 25 25 15 15 15 15
INAONESIA ....ovrreecrerrnirenicreenees 10 30 40 70 95 80 94 75 44 30 30
Malaysia 0 0 0 [ 0 0 0 10 10 9 11
Pakistan ") (*) () ) *) 1 1 1 1 1 1
New Zealand .........cccooervrnevineevens ™ ™) ") 1 1 1 2 2 3 3 3
Other 3 3 3 3 7 10 12 16 23 25 25
Total 98 124 139 169 188 169 188 173 161 143 150
WORLD TOTAL® ...t 3,102 3,235 3,484 3,695 3,927 3,926 3,928 4,158 4,218 4,429 4,535
* Preliminary.

® Does not include China for which data are unavailable.
(*)Denotes less than one-half the unit of measure.
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, /nternational Energy Annual 1987, DOE/EIA-0219(87) (1988).
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Table C3. World Dry Natural Gas Production, 1977-1987

(Trillion Cubic Feet)

Region .
Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
NORTH AMERICA
Canada 2.59 2.47 2.66 2.65 2.47 2.45 2.52 2.61 2.98 _2.77 2.90
Mexico ....... 54 .67 .81 1.01 1.08 1.1 1.10 1.04 .95 .92 .93
United States .. 19.16 19.12 19.66 19.40 19.18 17.76 16.03 17.39 16.38 15.99 16.34
Total ................ 22.29 22.27 23.13 23.06 22.68 21.32 19.65 21.04 20.31 19.69 20.17
CENTRAL AND SOUTH AMERICA
Argentina .28 .28 .26 .28 .35 .40 .44 .49 .50 .55 .54
Bolivia .... .07 .06 07 .08 .08 .08 .08 .09 .09 .09 .09
Brazil .... . .04 .04 .03 .04 .04 .05 .06 .07 .09 .09 10
Colombia .......ccceonrerene 11 A3 A2 .10 RA A1 10 14 14 14 14
Trinidad and Tobago .08 10 12 .08 .08 10 13 19 .22 15 14
Venezuela .... . .39 40 .46 .49 .52 .60 .58 .61 62 67 .70
Oher e 1 .20 .28 .23 14 10 .10 10 .10 .08 .58
Total 1.07 1.21 1.33 1.30 1.31 1.43 1.49 1.71 1.76 1.78 2.30
WESTERN EUROPE
France ......ooovomvevssrvererenens .26 .23 .24 .27 .22 .23 .24 .22 19 15 13
Germany, West .68 72 73 .67 .68 .59 .61 .66 .61 .54 62
Italy ...coeveenee .48 48 .46 .42 49 .51 .46 49 .50 .56 .58
Netherlands . 2.93 2.50 2.72 3.38 3.15 2.67 2.58 2.65 2.73 2.57 2.66
Norway ............ .09 .39 .76 .88 .89 .90 .86 .93 .94 .96 1.04
United Kingdom . 1.38 1.30 1.31 1.23 1.22 1.36 1.40 1.42 1.52 1.60 1.68
Yugoslavia ... .07 .07 07 .06 .07 .06 .06 .07 .08 .09 10
Other .....co..e. . A2 .07 11 1 RA 13 13 15 19 .20 .53
TOtal ..o 6.01 5.77 6.39 7.02 6.83 6.44 6.34 6.59 6.75 6.67 7.34
EASTERN EUROPE AND U.S.S.R
Germany, East ... . .30 .30 .23 .30 .35 .29 .39 44 .46 .40 42
Hungary ... .23 .26 .23 .21 .21 .23 .23 .24 .26 .25 .26
Poland ...... .26 .28 .26 .22 .22 18 19 22 22 .20 .20
Romania ....... 1.20 1.07 1.20 1.20 1.24 1.35 1.40 1.34 1.27 1.34 1.32
U.S.S.R. 12.22 13.14 14.36 15.37 16.43 17.68 18.93 20.74 22.71 24.19 25.67
Other . .04 .05 .04 .03 .04 .04 .04 .04 .04 .04 .05
Total 14.25 15.10 16.32 17.34 18.49 19.79 21.18 23.02 24.96 26.44 27.92
MIDDLE EAST
Bahrain .08 .08 .10 10 A2 13 14 13 .16 18 .21
Iran .. .55 .50 .54 .25 .21 .25 31 .48 .60 54 56
Kuwait ...... 13 18 .22 14 17 13 A2 14 14 A7 A7
Qatar .....cooeeee .06 .05 15 .18 .16 19 A7 .21 19 19 19
Saudi Arabia ... .28 .33 41 37 .69 .20 19 .62 72 .89 .94
United Arab Emirates .. 19 a7 .19 .20 .23 .20 .27 34 48 54 60
Other .......... .06 .07 .08 .08 12 A3 .05 .08 .08 13 .21
Total ............ 1.35 1.38 1.70 1.33 1.70 1.23 1.26 2.00 2.38 2.63 2.89
AFRICA
Algeria .21 .66 .55 4 77 .94 1.31 1.36 1.36 1.33 1.48
EQYPL oovevereermriremsmssimsisnsesscsrerenes .03 04 .04 .03 .05 .09 R 14 A7 .20 21
LiDY& oot 14 18 18 18 A1 12 14 16 18 .20 18
Nigeria .. . .02 .02 .05 .04 .08 .05 .08 .10 RE 12 13
Other . .02 .02 .03 .03 .03 .03 .04 .04 .03 .03 13
TOtAl ..o 42 92 .84 .69 1.04 1.24 1.69 1.80 1.86 1.88 2.13
FAR EAST AND OCEANIA
Australia .24 .26 .28 .32 .38 .38 39 .40 .45 .48 .50
Bangladesh . .03 .04 .05 .05 .06 .06 .07 .09 10 1 13
Brunei ... .29 .30 .29 .32 .34 32 .33 .30 .29 .29 .30
China 41 50 51 .50 .45 .38 .43 44 .46 .48 .49
India ...... .04 .06 .04 .05 .06 .09 1 A1 13 18 .29
Indonesia .20 .20 .39 .63 .66 .67 .78 1.06 1.28 1.18 1.29
Japan ... 10 .09 .04 .03 .04 .07 .07 .08 .09 .07 .08
Malaysia .. .03 .04 .01 .04 .04 .06 A5 .32 44 .53 .53
New Zealand .. .05 .05 .05 .04 .05 .09 .09 .09 RR 14 14
Pakistan .......... 18 19 .23 .29 32 .35 .34 .35 .36 .39 41
Thailand ...... .00 .00 .00 .00 .04 .05 .06 .07 13 A A5
Other ... 16 al! 12 1 14 14 15 16 18 .18 .18
1.73 1.84 2.01 2.38 2,57 2.67 2.96 3.50 3.98 4.16 4.51
47.14 48.50 51.73 53.11 54.62 54.12 54.57 59.66 62.00 63.25 67.28

* Preliminary.

Notes: Totals may not equal sum o

not reported.

Source: Energy Information Administration, International
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Table C4. World Coal Production, 1977-1987
(Million Short Tons)

Region .
Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
NORTH AMERICA
Canada 32 34 37 40 44 47 50 63 67 64 67
Mexico 7 7 8 8 8 8 10 10 9 9 9
United States .........c..oocvnnevcerenns 697 670 781 830 824 838 782 896 884 890 917
Total 736 M 826 878 876 894 841 969 960 964 993
CENTRAL AND SOUTH AMERICA
Brazil 4 4 8 9 6 7 7 8 9 8 8
Chile 1 1 1 1 1 1 1 1 2 2 2
Colombia ......occorvenevrmrinscnsecannses 4 4 5 6 6 7 6 8 11 12 13
Other 1 1 1 1 1 1 1 1 1 1 1
Total 10 10 16 16 14 16 16 18 21 23 24
WESTERN EUROPE
Austria 3 3 3 3 3 4 3 3 3 3 3
Belgium 8 7 7 7 7 7 7 7 8 6 4
France 27 26 23 23 24 22 22 21 19 18 16
Goermany, West ... 229 228 239 239 241 247 236 233 231 222 211
Greece 26 25 26 26 30 30 33 35 40 42 47
ltaly 2 2 2 2 2 2 2 2 2 2 2
Norway 1 ) ) ) ) ) 1 ) 1 ) (")
Spain 19 22 24 32 38 43 44 44 44 42 45
Turkey 13 15 22 18 19 24 32 38 43 51 52
United Kingdom ... 135 136 135 141 138 137 127 55 104 119 115
Yugoslavia ...... 43 44 48 52 58 60 65 72 75 77 83
Other (‘) ) ") ) *) 1 (*) (*) (*) (") *)
Total 506 509 529 543 561 577 571 510 570 584 577
EASTERN EUROPE AND U.S.S.R
Albania 1 1 1 2 2 2 2 2 2 3 3
Bulgaria 28 28 31 33 32 35 36 36 34 35 39
Czechoslovakia 134 136 137 136 137 139 140 143 140 139 138
Germany, East 280 279 282 285 294 304 309 327 344 343 342
Hungary 28 28 28 28 29 29 28 28 27 25 25
Poland 250 258 264 254 219 250 258 267 275 286 293
Romania 30 32 36 39 41 42 39 49 51 52 52
U.S.S.R. 796 798 792 790 776 792 789 785 798 825 830
Total 1,546 1,560 1,571 1,566 1,529 1,593 1,601 1,635 1,871 1,709 1,723
MIDDLE EAST
Iran 1 1 1 1 1 1 1 1 1 1 1
Total 1 1 1 1 1 1 1 1 1 1 1
AFRICA
Morocco 1 1 1 1 1 1 1 1 1 1 1
Mozambique ) (‘) ) ) 1 1 1 ) (*) *) )
South Africa 94 100 114 127 144 151 161 179 192 195 194
Zambia 1 1 1 1 ) (W) ™) 1 1 1 1
Zimbabwe ..........cceverimnicrenesenienenn 3 3 4 4 3 3 4 3 3 4 4
Other 1 1 1 ™ 1 1 1 1 1 " 1
Total 100 106 121 133 149 157 167 184 198 201 201
FAR EAST AND OCEANIA
AUSHTANA .....cooerrenerarcmencsissescrensenns i 114 119 116 130 140 146 153 186 187 206
China 606 681 698 684 683 734 788 870 937 959 1,014
India 115 116 118 125 142 148 158 168 173 188 203
INAONESIA ....oorveeerrceresesarermerersnasess ") ") *) (W] (") (W] 1 1 2 3 3
Japan 20 21 19 20 20 19 19 18 18 18 15
Korea, North 45 45 48 50 50 52 50 51 53 54 54
Korea, South 19 20 20 21 22 20 21 23 26 28 28
Mongolia ...... 4 4 4 5 5 8 6 6 7 7 7
New Zealand 3 2 2 2 2 2 2 3 3 3 2
Pakistan 1 1 1 2 2 2 2 2 2 2 3
Philippines ... *) ") ") *) *) 1 1 1 1 1 1
Thailand ") ") 1 2 2 2 2 3 6 6 8
Vietnam 6 8 6 ] 7 6 7 6 6 6 6
Other 3 3 3 3 3 4 3 3 3 2 2
Total 934 1,014 1,042 1,036 1,068 1,138 1,205 1,307 1,422 1,463 1,552
WORLD TOTAL ......covvrmrirnirnnnne 3,634 3,911 4,105 4,173 4,198 4,375 4,402 4,623 4,844 4,944 5,071

* Preliminary.

(*)Denotes less than one-half the unit of measure.
Notes: Coal includes anthracite, subanthracite, bituminous, subbituminous, lignite, and brown coal.

components because of independent rounding.

Source: Energy Information Administration, /nternational Energy Annual 1987, DOE/EIA-0219(87) (1988).
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Table C5. World Net Hydroelectric Power Production, 1977-1987
(Billion Kilowatthours)

Region N
Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
NORTH AMERICA
Canada ..o 220.3 234.0 243.0 251.0 263.2 255.3 263.4 283.4 300.7 307.7 313.2
MEXiICO ...ccrerinent 1941 16.2 17.9 16.9 246 229 20.7 23.6 26.2 275 28.0
United States 223.6 283.5 283.1 279.2 263.8 312.4 335.3 3243 2843 294.0 252.9
Total v .. 4629 533.7 544.0 547.1 551.6 590.6 619.4 631.3 611.3 629.1 594.0
CENTRAL AND SOUTH AMERICA
Argentma . 57 7.7 10.5 15.0 14.5 17.4 18.2 19.7 20.4 20.8 21.0
Brazil . 93.5 102.7 115.1 127.4 129.5 139.7 150.0 164.9 176.6 180.8 185.0
Chile ....... 6.4 6.8 6.9 7.3 7.5 8.4 8.8 9.2 10.3 11.2 11.2
Colombia ............. 10.5 121 13.2 145 17.5 184 194 191 19.3 19.5 19.6
Peru 6.0 6.1 6.5 7.5 71 8.3 8.0 8.5 9.2 9.9 10.0
Uruguay 1.6 1.6 1.3 23 3.8 50 7.1 7.0 6.4 7.2 7.5
Venezuela ..... 11.8 12.0 13.3 14.5 14.9 158 17.5 19.5 20.5 211 215
Other ...... 7.5 9.0 10.0 119 11.0 111 12.2 14.3 16.1 17.2 17.6
Total 143.0 158.0 176.8 199.6 205.9 2241 2413 262.2 278.8 287.7 293.4

WESTERN EUROPE

Austria 24.6 24.6 27.8 28.8 30.5 30.6 30.3 29.2 31.3 31.5 32.0
Finland 12.0 9.6 10.7 10.0 13.4 13.0 13.4 13.2 12.0 121 134
France .. 761 68.5 67.0 69.2 72.7 71.0 70.7 67.4 63.7 64.0 716
Germany, West ... 17.3 18.2 18.2 20.6 19.8 19.3 18.6 18.2 17.4 18.3 20.3
Iceland ............. 2.5 2.6 2.8 3.0 3.1 3.4 3.6 3.7 37 3.8 3.9
ltaly ..... . " 52.5 47.1 47.9 48.5 453 43.8 43.9 44.9 44.0 44.0 41.9
Norway ...... 71.5 80.1 88.1 83.0 92.1 92.0 105.0 105.3 101.8 95.8 102.8
Portugal 9.9 10.6 11.6 8.0 5.1 6.8 7.9 9.7 10.6 8.4 9.1
Spain ..... 40.3 411 46.9 30.5 22.7 27.8 28.6 331 32.8 26.9 27.7
Sweden 52.8 57.0 60.3 58.7 59.6 56.0 63.7 67.4 70.3 60.1 70.3
Switzerland 36.3 32.5 323 33.5 36.1 37.0 36.0 30.9 31.7 33.6 35.0
Turkey ........... 8.5 9.3 10.2 11.2 12.5 14.0 11.2 13.3 1.9 1.8 18.5
United Kingdom .. 5.2 6.2 5.4 5.1 5.4 5.6 6.4 6.0 6.8 7.0 6.0
Yugoslavia ... 24.1 249 26.3 27.9 251 23.3 21.6 24.9 23.2 26.5 27.0
Other .. 3.7 4.8 5.8 57 6.3 6.3 5.2 5.8 59 6.7 6.3
Total 437.4 436.3 461.3 443.8 449.6 449.0 466.3 472.8 467.1 450.5 485.8

EASTERN EUROPE AND U.S.S.R

Czechoslovakia 43 4.0 a1 4.7 4.2 37 3.8 3.2 43 4.0 4.0
Poland ....... 2.4 2.4 2.4 3.2 3.0 26 33 33 3.9 37 36
9.3 105 11.2 125 12.6 11.7 9.9 1.2 11.8 12.0 12.0

1455 168.0 170.3 182.0 184.9 1729 178.6 200.8 212.4 2136 215.0

6.5 6.1 6.6 7.3 7.6 71 8.3 8.4 7.4 7.6 7.8

168.0 191.0 194.7 209.8 212.2 198.1 204.0 226.9 239.7 240.8 242.4

4.0 4.0 4.0 3.0 6.2 6.4 6.1 6.3 6.3 6.1 6.2
31 3.5 3.9 4.1 4.2 4.2 39 4.0 4.0 3.7 38
7.1 7.5 7.8 741 10.3 10.6 10.1 10.3 10.3 9.8 10.0
8.9 9.2 9.4 9.5 10.1 10.3 104 104 105 10.5 10.5
4.0 4.1 4.2 43 4.1 4.4 44 44 45 4.5 45
8.5 7.8 8.7 8.8 9.7 10.0 10.0 9.8 10.1 10.1 10.1
35 3.8 35 4.0 4.1 36 37 3.5 31 3.2 3.2
22.3 23.8 30.3 349 24.4 231 221 18.4 19.8 19.8 20.0
47.3 48.7 56.0 61.5 52.4 51.4 50.6 46.5 48.0 48.0 48.3

FAR EAST AND OCEANIA
Australia 13.6 145 16.0 16.9 147 14.4 128 13.4 14.9 14.5 13.7
China ..c.occvveveene . 471 44.2 49.6 57.6 64.9 737 85.5 85.9 91.5 99.0 100.0
India ...... . 37.6 46.7 45.1 46.1 49.1 47.9 49.5 53.4 50.5 53.2 53.5
JaApaN ... . 75.5 73.9 84.2 91.2 89.7 83.2 87.1 727 87.1 857 86.0
Korea, North ........coeiiinierecnns 17.3 19.3 203 223 228 248 25.7 26.7 27.7 28.7 29.7
Korea, SOUth .....coeveennvinananiens 1.4 1.8 23 2.0 2.7 20 27 24 3.6 4.0 5.3
New Zealand .......ccooevrceeniianns 14.4 16.1 15.3 16.2 19.3 17.9 19.4 20.0 19.9 216 22.0
Pakistan ....... . 54 5.8 8.3 8.6 9.0 9.4 1.3 12.7 121 13.7 14.0
Philippines 2.2 28 28 35 37 4.2 4.0 7.3 55 6.0 6.0
Thailand 32 2.1 3.2 3.7 2.9 38 3.6 4.0 3.7 55 55
OhET ..o stererenenins 11.8 13.8 144 133 14.9 15.2 19.3 22.4 26.0 27.8 279
Total ... 229.7 2409 261.5 281.3 293.6 296.5 3209 320.9 3425 359.7 363.6
WORLD TOTAL ..o 1,4953 16162 1,702.2 1,750.2 1,775.6 1,820.2 1,912.5 1,970.9 1,997.7 2,0256 2,037.5

* Preliminary.

Notes: Totals may not equal sum of components because of independent rounding. World net hydroelectric power production includes

industrial and utility production of hydroelectric power.
Source: Energy Information Administration, International Energy Annual 1967, DOE/EIA-0219(87) (1988).
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Table C6. World Net Nuclear Electric Power Production, 1977-1987

(Billion Kilowatthours)
Reglon
Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987*

NORTH AMERICA

Canada 236 28.0 31.6 34.1 35.9 34.4 43.9 46.8 54,2 63.9 69.2
United States ........cevciiirrvnenn 250.9 276.4 255.2 251.1 272.7 282.8 293.7 327.6 383.7 414.0 455.3
Total 274.5 304.4 286.8 285.2 308.6 317.1 337.6 3744 437.9 477.9 524.5
CENTRAL AND SOUTH AMERICA

Argenting ..., 1.6 28 26 2.2 2.7 1.8 3.2 4.3 5.5 5.4 6.1
Brazil .0 .0 .0 .0 .0 A 2 2.0 3.2 B 9
Total 1.6 28 2.6 2.2 2.7 1.8 34 6.3 8.7 5.6 7.1
WESTERN EUROPE

Belgium 1.3 11.9 10.8 119 12.2 14.8 22.8 26.3 328 36.7 30.8
Finland 2.5 3.1 6.3 6.6 13.7 15.7 16.6 17.6 17.8 17.8 18.4
France 17.0 29.0 37.9 58.2 100.0 103.4 137.0 181.6 212.8 241.5 252.2
Germany, West ... 34.0 34.1 401 41.5 50.7 60.2 61.5 88.0 119.4 111.5 124.0
ltaly 3.2 4.2 25 21 2.6 6.5 5.5 6.5 6.7 8.2 2
NOtherlands ...........cccouerrmnmeenes 35 3.8 3.3 4.0 3.5 3.7 3.4 3.6 3.7 4.0 3.4
Spain 6.2 7.3 6.4 4.9 9.0 8.3 10.2 21.8 26.6 35.6 39.2
Sweden 18.9 22.6 20.0 25.4 35.8 36.8 38.5 48.7 55.7 66.5 63.9
Switzerland 7.7 7.9 11.3 13.6 14.4 14.2 14.8 15.5 21.3 21.3 21.8
United Kingdom . 36.2 34.8 36.6 35.3 36.9 41.9 47.5 51.4 56.7 56.1 53.4
Yugoslavia 0 0 .0 .0 3 2.4 3.7 4.2 38 3.8 4.3
Total ... 140.5 158.8 175.1 203.5 279.0 308.1 3614 465.4 557.3 603.1 620.5
EASTERN EUROPE AND U.S.S.R

Bulgaria 5.6 5.6 5.9 5.9 8.7 10.2 1.7 121 12.5 115 12.3
Czechoslovakia A A 1.8 4.3 4.5 55 5.8 6.9 11.2 16.9 20.9
Germany, East 4.9 6.3 9.3 11.3 113 10.3 11.6 11.2 121 10.4 11.4
Hungary 0 0 0 0 .0 .0 2.3 24 6.2 7.0 10.4
U.S.SR. 323 42,5 52.1 69.3 64.6 76.0 104.3 134.9 159.0 153.0 160.0
Total 429 54.5 69.1 90.7 89.0 102.1 135.8 167.5 200.9 198.8 215.1
MIDDLE EAST .......ccoonvmeirinenens 0 0 0 .0 .0 .0 .0 .0 .0 .0 0
AFRICA

South Africa 0 .0 0 0 0 .0 0 4.0 5.5 8.9 6.3
Total 0 0 0 .0 .0 .0 .0 4.0 5.5 8.9 8.3
FAR EAST AND OCEANIA

India 26 2.2 3.0 2.7 2.9 20 2.7 3.9 4.3 49 5.2
Japan 26.7 50.5 58.9 78.7 79.3 99.3 103.6 120.8 144.4 156.6 176.9
Korea, SOUth ....covrmevvereninnnne A 2.2 3.0 3.3 28 36 8.5 1.2 15.9 26.9 37.3
Pakistan 3 2 " A 2 1 2 3 2 5 3
Taiwan A 25 6.0 7.8 10.1 12.4 18.0 2341 27.3 25.6 31.5
Total 20.8 57.6 71.0 92.6 95.3 117.4 133.1 159.3 192.2 214.4 251.2
WORLD TOTAL 489.4 578.0 804.5 674.2 774.8 846.6 971.2 1,176.9 1,402.5 1,508.6 1,624.6
* Preliminary.

(*)Denotes less than 50 million kilowatthours.

Notes: Figures are reported for net generation as opposed to gross. Net figures exclude the energy consumed by the generating

plants. Totals may not equal sum of components because of independent rounding.

Source: Energy information Administration, /nternational Energy Annual 1987, DOE/EIA-0219(87) (1988).

Energy Information Administration/International Energy Outlook 1989

59




Take advantage of the  Documents produces a ~ Hundreds of books on a free copy of this

wealth of knowledge catalog that tells you agriculture, business, catalog, write—
available from your about new and popular  children, energy, health, Free Catalog
Government. The books sold by the history, space, and PO, Box 37000
Superintendent of Government. much, much more. For  waspington. DC 20013-7000

557 TR
o D
PN\ TN
&\ YN
R

l==

/\\.
N SN AN
‘ \/”/ 5 ~> \ { _\/ \{\‘
\\/ < A <\:3
\/ § s\ \\ o
NAEAE 3 &7
@ A VS & A
’.A - ~ >~ }—\{; : 0 \
~ N —I NS N
5 TR S Z
L‘\/f < S \s ™~
o7 SN B
2 ~

—

— e — ——
/77

e e s T e

-

—— 0 —— o ——

T —— e P i e W P prm —
//
WWMMW‘WW“"%-
e e e e . s oy s o~ it P T s Gl NN e
crtdd

/5
\
P R

N
e e —

e————.



Energy Information Administration
U.S. Department of Energy
Forrestal Building, EI-231
Washington, DC 20585

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300

Return Postage Guaranteed

THIRD-CLASS MAIL
POSTAGE & FEES PAID
U.S. DEPT. OF ENERGY

PERMIT NO. G-20




