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Introduction

In the area of energy resource management, more uncertainties have developed in
the last five years than in the previous twenty, In Figure 1, the posted price (real
and current) of world crude oil is shown from 1960 through 1978. After a long period
of relative stability, this price rose from $2.59 per barrel to $11.65 per barrel in
one year (1973). A strong cartel (OPEC) developed that now asserts control over a
large fraction of petroleum traded in international markets. This development has
substantially affected the price outlook for other fuels as well. International
energy markets and other segments of world economies have been changing rapidly in
the past five years in a still emerging response to the formation of the cartel,

A common perception of the future(l’zls that there will be increasing disparity
between growing demand and dwindling non-OPEC supplies and ever rising energy prices.
In this view, the United States and other major industrial nations are confronted
with the likelihood of a growing need for oil imports and greater dependence on
foreign supplies, The resulting political and economic problems impel government
and business planners to consider alternative responses.

In a recently completed two-year study of world energy supply and demand at SRI
International, a somewhat different picture of the likely developments in future
world energy balances has been obtained.

Summary

The principal conclusion of our analysis of world energy supply and demand is
that there are adequate opportunities for increasing conventional supplies of hydro-
carbon resources on a worldwide basis, diversifying the sources of supply, and sub-
stituting among fuels to allow an orderly development of alternatives through the
remainder of this century and for some time into the next without large price in-
creases. This conclusion is based on the following series of observations and
estimates:

s The conventional techniques used to make estimates of resource availability
in terms of a single number representing reserves are not adequate infor-
mation to determine future supply/demand balances. Resource availability
should be discussed in terms of recovery costs and market prices.

¢ There is no long-term condition of imbalance in supply and demand where
""gaps" occur. In the absence of artificial price controliing regulations,
prices respond well in advance of this impending situation to prevent just
such a possibility.

¢ International energy supply and demand price elasticities have been broadly
underestimated.

Current estimates of proven oil reserves do not accurately reflect the long-
range impact of higher petroleum prices, Higher oil prices are encouraging
exploration and the application of advanced recovery techniques so that
future additions to proven reserves will be greater than they would have
been at lower oil prices.
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¢ The opportunities for fuel substitution are greater than has generally been
recognized.

® There will be an expansion of the class of major oil exporting nations to
include some new members in the next few years (Mexico, the United Kingdom,
Norway, China, etc.). The disparity of national interests will cause
highly varied responses to changing supply/demand situations in the world
markets. Those who join OPEC will increase the diversity of cartel member-
ship and the complexity of production allocation and pricing decisions to
be settled.

This view of world energy availability has not been the consensus. As men-
tioned earlier, many other analyses anticipate serious supply/demand imbalances in
the 1980s. These different viewpoints arise principally from certain features of
the present analysis described below that are not usually considered in this kind
of study, These features do not eliminate the substantial uncertainties inherent
in this kind of analysis from unanticipated political, social, or technological
developments (e.g., wars, embargoes, a major depression, or a breakthrough in
photovoltaic cell economics, etc.), but they do provide a powerful tool for evalu-
ating the potential sensitivity of the results to these changes.

The Analytical Structure

It has been customary for energy analysts to hypothesize a "scenario" price or
set of prices for some reference energy source, usually Middle East oil, and then
try to determine how the demand for oil will grow and what supplies will be produced
at this price. In that approach, demand is growing exponentially and supplies are
relatively static. It is not surprising then that at some point demand exceeds the
supply, creating an "energy gap."

The procedure outlined above simplifies the analysis by ignoring the feedback
among energy supply, demand, and prices, and the effects of prices on interfuel sub-
stitution. That approach is not complete, however, because it ignores the dynamics
of energy pricing through time.

Energy prices respond not only to the instantaneous supply/demand balance but
also to producers' and consumers' perception of the future. If a producer perceives
that his resource is growing scarce because of depletion of the reserves, he will
demand higher prices now for incremental production. How much he can raise his
price depends upon a variety of time dependent variables including:

® The rate at which the resource is being depleted now and what rate might
be expected in the future

®* That producer's potential loss of market share to other producers of the
same resource or to competing substitutes or to declining demand

¢ The impact that higher prices would have on the stimulation of new tech-
nology to replace future demand for the product

e The individual producer's preference for present income versus deferred,
perhaps higher, income at some future time.

Therefore, at any given time in energy markets, a variety of individual deci-
sions are being made by producers and consumers that rebalances the supply/demand
equations.

The quantitative analysis here has centered around the development of a world
energy modeﬁﬂ built in two parts and called ENDEM and FUELCOM, respectively.
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ENDEM (Energy Demand Model) is a representation of our analysis of energy demand de~
velopment on a regional basis for 15 different end-use categories (steelmaking,
chemicals, residential/commercial space heat, transportation, etc.) as a function of
assumptions about macroeconomic variables such as population, GNP per capita, and
trade balances, FUELCOM (Interfuel Competition Model) represents our analysis of
the competition among different fuels {oil, coal, gas, nuclear, hydro, and others)
for each of the end-use markets in each region. FUELCOM calculates market clearing
prices for each fuel in each region based upon obtaining supply/demand balances at
each point in the energy network from resource production, through conversion and
transportation links, to end-use consumption in each of the demand markets used by
ENDEM.,

The approach used in this study to integrate the demand and supply work is an
iterative process. At first a tentative economic projection (GNP growth rates,
trade flows, industrial production, consumption) is used to calculate tentative
energy demand projections by end-use category for each region (at the highest level
of regional aggregation) in ENDEM., These projections are used in FUELCOM to obtain
an overall energy demand/supply balance at a market clearing price for each fuel in
each region over the entire time horizon. This tentative energy balance is compared
by the analyst with the assumptions on energy prices and trade flows implicit in
ENDEM. If they are consistent and reasonable in the judgment of the analyst, a con-
verged solution is assumed. If they are not consistent, a somewhat revised economic
outlook is made to take into account the new information on energy prices and trade
flows, and the process is repeated until a converged solution is obtained. When
this process is completed at the first level of regional disaggregation and a satis-
factory convergence obtained, a further regional disaggregation is begun using the
larger reglon results as constraints on the more detailed analysis.

The principal outputs of the energy model are projections of the regional mar~
ket clearing prices for fuels over time, associated production quantities, flows
through transmission links, capacities of conversion processes, and demands for
distributed fuels. Clearly, the projections can be sensitive to the inputs to the
model. By varying the key model inputs and assumptions over reasonable ranges of
uncertainty, the sensitivity of the projections to these inputs are determined.

Resul ts--Demand
—_—— o

Long-range projections of world energy demand have been changing substantially
in recent years. Today's estimate for total primary %23rgy demand for the year 2000
is more than 20 percent lower than earlier estimates. For example, Exxon's recent
estimate of world energy demand for the non-Communist world in 1985 of 125 million
barrels of oil equivalent per day is down 24 percent from estimates of 165 million
barrels of oil equivalent per day made in 1973 for the same region. These differ-
ences are related to changing views of the future growth of regional macroeconomic
indicators such as GDP and population, as well as to changes in the relationship of
energy consumption to these variables and to price. The quadrupling of world oil
prices since 1973 (shown in Figure 1) has had an important impact on all of these
estimates. Even if demand often appears to be somewhat inelastic to price changes in
the short term, long-term effects of the increases shown in Figure 1 are making big
changes in year 2000 projections.

The regional variation in anticipated primary energy consumption obtained in
this analysis is shown in Table 1. Although OECD nations still account for nearly
half of world energy consumption in year 2000, in general, developing nations will
show higher growth rates of energy consumption than developed nations because they
are starting from much lower absolute values, have higher population growth rates,
less room for improvements in the efficiency of consumption, and are expected to make
considerable effort to 'marrow the gap'" in GDP per capita.
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The changing relationship anticipated between energy and GDP is most dramatic
in the United States. 1In 1970, a barrel of oil equivalent energy was used to gen-
erate about $140 in gross domestic product (in constant 1978 dollars). By the year
2000, it is expected that the same amount of energy will generate about $191 in GDP
or a 37 percent increase in economic efficiency in energy use. These efficiency
improvements are achieved despite the fact that electricity consumption is expected
to grow faster than total energy, and average electric power efficiencies are lower
than for the direct consumption of fuels. Such changes are occurring worldwide,
although not so dramatically in nations that have historically not had access to
the same agbundance of relatively low-cost energy as the United States.

Table 1

PRIMARY ENERGY CONSUMPTION *
(Millions of Barrels of 0il Equivalent per Day )

1960 1970 1980 2000

United States 20,7 31.7 38.9 58.6
Canada 1.8 3.0 4,5 7.3
Western Europe 12.5 22.0 27.3 46.3
Japan 1.8 5.6 8.8 17.9
Mexico/South America 2.2 4.2 7.5 20.9
Africa 1.0 1.8 3.4 7.6
Middle East 0.7 1.4 3.3 10.5
Centrally Planned Economies 18.2 27.1 42.9 87.5
Remainder 2.2 4.6 7.6 19.1

Total 61.1 101.4 144.2 275.7

* For most of this paper, the units of energy demand will be expressed
in oil equivalent barrels to evaluate how changes in forecasts or
assumptions can affect world oil trade--oil being the "swing fuel" in
international energy forecasting.

The results of the FUELCOM interfuel competition analysis corresponding to the
ENDEM regional energy demand of Table 1 is shown in the highly aggregated curves of
Figure 2., There are no dramatic surprises shown in this figure. World demand for
all forms of primary energy is expected to continue to grow to the end of the century
but at considerably lower rates than for the most recent 25-year historical period.
The average historical growth for 1950 to 1975 was about 5 percent, whereas for the
forecast period the analysis indicates world average demand growth of about 3.4 per-

cent.

0il, coal, natural gas, and nuclear energy are all expected to play major roles
in supplying the increased energy consumption, while hydroelectric energy supplies
will become increasingly important in some of the less developed areas.

Worldwide, nuclear power generation growth rates, although still considerable,
will be substantially lower than most projections of the recent past because of pre-
viously unanticipated political, social, and economic problems. Gas consumption, on
the other hand, will probably grow more rapidly than expected.

Primary Resource Economics

One of the most difficult and important considerations in analyzing energy sup-
ply and demand balances is to quantify the long-term economics of primary resource
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production. In the classical economic sense, a long-term dynamic supply curve that
specifies a price-volume relationship across a 50-year time horizon or longer is re-
quired for each resource. The key issues that must be considered with regard to
primary resources are: depletion, reserves, lease cost, production, development,
exploration, technological change such as enhanced oil recovery or advanced mining
techniques, and wellhead or mine-mouth price.

The main shortcoming of most published resource estimates is that price is not
explicitly included; only quantity if considered. Differences among estimates can
thus be due to differences among assumptions and definitions as well as to differ-
ences of opinion or uncertainty about the resource base itself. To analyze strategic
energy decisions and to estimate resource availability, considering resource volume
estimates alone is not sufficient; joint price-volume relationships for each resource
must be estimated and made explicit.

Resource supplies represented in FUELCOM on a regional basis are crude oil,
natural gas, coal, nuclear fuel, hydroelectricity, oil shale, and tar sands in
specific regions. Each of these is described in each resource basin by a different
supply curve giving the marginal cost of incremental production of that resource as
a function of total cumulative production in that basin. Probable in-place resoutzces,
past discovery and development histories, and expected future finds are defined in
the analysis. In estimating the costs of reserves, price-dependent costs such as
lease bonus payments, royalties, and production taxes are distinguished from ordinary
exploration, development, and production costs.

Specifically excluded from the marginal cost is economic rent (lease bonus pay-
ment and additional profits above the 15 percent return on investment). The marginal
cost of a resource is the minimum acceptable price at which the supplier would be
willing to develop and sell that resource. Economic rent, reflected in a price higher
than the minimum acceptable price, is computed by FUELCOM as a function of the prices
of other energy sources and the dynamic characterist%cg of the market. For OPEC pro-
ducers, a specific cartel pricing algorithm 1s used. 3

FUELCOM uses regional marginal cost estimates including 26 oil resource curves,
26 gas resource curves, 22 coal curves, and 13 miscellaneous resource curves, in-
cluding estimates of the costs of hydropower, nuclear fuel, shale oil, and tar sands
in different regions. As an example of this type of curve, Figure 3 illustrates the
marginal cost curves for world cumulative supplies of crude oil, natural gas, and
coal. These world total curves are much too aggregated for use in FUELCOM, but are
valuable to illustrate several important points. s shown, coal is available in
vast quantities at low recovery cost. Recently, the estimated in-place coal re-
source base of the world was increased over 18 percent above the 1974 estimates at
the 1978 World Energy Conference. Similar modifications in estimates of traditional
supplies of o0il and gas are being made showing increases in production potential
from old and new areas, e.g., Mexico, China, Canada, the North Sea, etc.

From the results shown in the curves of Figure 2, the cumulative world consump-
tion of oil anticipated from 1975 to 2000 is 700 billion barrels. For natural gas
and coal, the cumulative consumption is 340 and 460 billion barrels of oil equiva-
lent, respectively., Although there is not sufficient information in the curves of
Figure 3 to calculate a year 2000 market clearing price for each resource, it is
apparent that world supplies of these resources are by no means exhausted at the
end of the cencury. 1In fact, there is considerable uncertainty as to whether the
market prices of conventional supplies will even reach the levels required to make
sources of synthetic hydrocarbons commercially competitive by that time. Superim-
posed on the marginal cost resource curves of Figure 3 are the minimum cost estimates

found in the literature(0) for synthetic crudes from coal, synthetic natural gas

(SNG), and oil from shale. The early 1978 posted price of OPEC marker crude oil is
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also shown for comparison. In this economic environment, because of price competi-
tion from conventional supplies, it is not likely that any unconventional supplies
of energy will become commercially available on a global scale before the end of
the century. However, in specific locations, shale oil, heavy oils, and synthetic
fuels from coal may contribute a measurable fraction of regional energy supplies.

As an example of evolving trade patterms, Figure 4 shows how petroleum produc-
tion patterns have changed since 1950 and are expected to change in the future. 1In
1950 there were four significant production areas in the world--North America, Cen-
tral and South America, the Middle East, and the Soviet Union. By the end of the
century, according to this analysis, there will be several more. The Middle East,
of course, remains a major supplier of oil to the world, although its share of
world markets will be smaller in the future. An important result of this analysis
is the growing role of producers that are not presently in OPEC-~Mexico, the United
Kingdom, Norway, China, and several nations in Africa and Asia. Each is faced with
the need to develop supplies and to market them to provide capital for economic
development, In addition, considerable development of coal and nuclear resources
displaces oil and gas from utility and industrial markets. Since OPEC must continue
to function as the marginal supplier of petroleum to maintain control over interna-
tional oil prices, all of these development impact strongly upon cartel production
growth rates and together suggest that--for a time--the organization will find it-
self in the passive position of attempting to preserve its gains. Future growth
in world demand for oil will very likely be significantly slower than the pace that
was seen in the years prior to 1974, Non-OPEC oil production will continue to grow,
probably at a rate higher than many observers expect. If the organization is to
continue to set and maintain the world price of oil, it must also support the price
for all producers of 0il moving in international trade. Many of the newer oil ex-
porters such as Norway, the United Kingdom, and China are not likely to become part
of OPEC because of their history, politics, or because--for one reason or another--
they do not view membership in the cartel as in their best interests. A special
problem for the cartel is that non-OPEC producers can take advantage of the cartel
price without assuming any of the burdens associated with withholding production to
support prevailing price levels., As mentioned previously, it is expected that those
who do join OPEC will increase the diversity of cartel membership and the complexity
of production allocation and pricing decisions to be settled., The combination of
these factors is likely to place pressure on OPEC's market share and--at least over
the near temm--continue to reduce the ability and willingness of cartel members to
make higher real pricés stick.

% The author is now at the Electric Power Research Institute.

17



REFERENCES

Energy Supply-Demand Integrations to the Year 2000, Workshop on Alternative
Energy Strategies, The MIT Press, Cambridge, Mass. and London, England (1977).

The International Energy Situation: Outlook to 1985, CIA, No. ER 77-10240 U
(April 1977).

A more complete discussion of the SRI World Energy Model as well as references
to other documentation may be found in the following paper: J. B. Kopelman

and N. L. Weaver, "Energy Modeling as a Tool for Planning," Long Range Planning,
II (February 1978).

World Energy Conference, Executive Summary, '"World Energy Demand to 2020"
(August 15, 1977).

World Energy Resources, published for the World Energy Conference by IPC
Science and Technology Press, p. 209 (1977).

Fuel and Energy Price Forecasts, Volume 2, Electric Power Research Institute
(EPRI) Report EA-433 (February 1977).

18




uondwnsuon) ABiaug PUOA

0002 0661 0861

0461

‘2 aInbi4

211}08|80IpAH

1 0

0oL

00¢c

00e

ooy

(spenb) pueweq ABiau3 Arewld

11O 40 S82Ud D340 '} anbi4

1961

0961

61 8.6l 9261 vi6lL cl6l \ﬁ\

Ies|onN —1 005
$301d JuUBun)
BYlo _
—1009 J
00Z
L i o M e o e ./kl.p’l»tl’.)/ R e PN e e — =

o]}

1

vi

{aureg Jad siejjog 'S'N

19



T ——————— e T TN T T e e — e e T N

uoIONPOId WNSBI0JI8d PUOM 't @4nbBig G/61 Ul S92IN0SaY UOQIES0JPAH PLIOM  “E 84nbig
0002 0661 0861 0261 096} 0561 (308 uotjia) se3In0saY B|qEIeNcORY
_ _ _ (0] 8 6 8 L 9 S 14 € 4 1 0
1T T T T 1 2°
180D
BOlAWY YHON — 01 o ——
-— 0l
8dlid !0 PHOM uaun)y
eouBWwy YInog —] 0e Hoorys ———f ——f———
3 [e1ua)
| ONS
2doing uIs)Sap 3pnIouAg |B0D
0t s
9] — 0E
a
eoujy -
o
oy g
o -— Oy
o
3
Y
0s g — o5
c
2
183 9|PPIN g
09 o ]
9 09
3
®
2 3:5)
0L eInje -— 04
o N
apniD
— 08 — o8
BISY pauue|d
Alenuad g yssSN
-1 06 -— 06
?\
[o[0]8 0oL

20

{(308/s:e1100 8261) A1ar0oaY 40 1500 [BUIBIEN



