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: This report was prepared as an account

; of work sponsored by an agency of the {fnited
States Government. Neither the United

- States nor any agency thereof, nor any of

their smployees, makes any warranty, exprassed

1 or implied, or assumes any legal liability

: or responsibility for any thirxd partyv's use

; or the results of such use of any information,

! apparatus, product or process disclesed in

i this report, or represents that its use by
such third par+tvy wouléd not infringe orivately
owned rights.
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PREFACE

The Engineering Societies Coﬁmission ©on Energy, Inc., (ESCQOE}, is a
non-profit” corporation established in 1976 by the five Founder Engi=
neering Scocieties to provide independent and objective technical and
engineering economic assessments for the federal government. Pursuant
to this goal, ESCOE has prepared a primer for technically-oriented
government and business officials who seek fo become more informed
about synthetic fuels.

This present report examines the federal government's experience in
synfuels, the market'potential of synfuels, the U.5. energy resources
base, and the numerous technologies availakle. Technologies and en-
ergy resources are reviewed and compared to provide the facts needed
to understand existing energy-related problems.

This introductory manual is an overview of synfuel technologies, and
markets. It is not meant to be the sole source of informaticn on
which multi-billion dollar investment decisions for specific synfuel
plants would be based. ' '

This report'was published originally in August 1280, bearing control
number FE=-2468-82. The report has heen revised to incorporate appro—
priate corrections and clarifications, and it bears a new control num-
ber, FE-2468-82A. The intent behind these revisions is £o present the
hest technical and programmatic information awvailable as of the orig-
inal publication date. It is beyond the scope of this report to re-
flect new public policies or to include datz based on new information
obtainable after Augqust 1980.

The original report included certain information about the ralative
costs of selected synfuels technologies, Economics are especially
sensitive to recent events and updated information, and it would pos-
sibly be misleading to restate the original cost data in this reporet.
I+ was felt that the griginal cost data needed major wvpdating and re-
concilation due to differences in project scope, basic assumptions,
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~, and costing methodologies. ESCOE believes that reliable economic
comparisons reguire timely data and a recognition of any major
differences in scope or methodolqu. Therefore, ESCOE, in a
separate task, is undertaking an updated commercial scale economic
comparison of selected synfuel processes, on a normalized basis.
The results of this task will be published as a separate ESCOE report.
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SUMMARY

During 1980, major Ifederal govermnment actions were undertaken to ini- ;
tiate a large domestic synfuels industry. It was especially important b
that the 96th Congress enacted, and President Carter signed the Energy

i ECh AR 1-.:‘!.:’,“—,..;—.-' oy

-3 Security Act of 1980.
% ) : .
This Act defines "synfuel” as any gas, liguid, solid, or combinatiion
E: of these, which can be used as a substitute for petroleum or natural f
%i gas produced by chemical or physical transformation of: i
% i) coal including lignite and peat f
% ii)  shale
éi iii) tar sands, including certain heavy oil resources %
éf iv) water, as a source of hydrogen only through :
& electrolysis. i
i) Mixtures of coal with combustible liguids including petroleum are in- E
3 cluded in the definition of a synfuel. Fuels from biemass sources :

are not included. 5

Yoy IED

The Act establishes a national goal of achieving a synthetic fuel pro-
duction capability from domestic resources egquivalent to at least
500,000 barrels per éay of crude oil by 1887, and of at least
2,000,000 barrels per day of c¢rude oil by 1992, The newly-created
U.s8. synthetic Puels Corporation is given the authority to provide
finaneial assistance to achieve this goal. |

LR Ign\.:_vd»,— e
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Meats

This report is a comprehensive review and comparison of the various
combinations of domestic energy resources and emerging technologies

| that have the potential to significantly displace foreign oil, either
" directly or indirectly, with synthetic fuels by 1992. The domestic

‘ energy resources ceonsist of ceal, oil shale, tar sands, and heawvy oil.
The technologies encompass gasification, liguefaction, pyrolysis, en-
hanced oil recovery, and special techniques. Petroleum is not a syn-
fuel s¢o this resource is not covered in comprebensive detail in this
report. Heavy oils and ¢oal-o0il mixtures are covered because of their
treatnent as synfuels by the Energy Security Act.
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~ ENERGY IN THE FUTURE

One cannot be optimistic concerning domestic petrsleum production in
the year 1990 and beyond. Some energy experte predict a small increase
in production over the next decade, while others expect a decline.
However, no one is predicting that the number of new discoveries will
triple to match current production, or a five~fold increase in pro-
ducticn to match consumption. No conceivable level of effort will
enable domestic resources to replace foreign oil and meet the nation's
total need for petroleum in the future.

In addition to the continuing shortfall in domestic petroleum produc-
tion, the nation's economic plight is exacerbated by the tremendous
drain of U.S. dollars going for foreign oil. Domestic substitutes

to meet the country's energy requirements are needed,

An aggressive program to develop and produce synfuels can help meet
this need. Use of synfuels can reduce oil imports, as well a5 replace
pétroleum and natural gas in the future as these natural resources
diminish and appreach exhaustion.

MARKETS

Success for the U.S. synfuel program is keyed to the market penetra-
tion of synfuel products that displace foreign ¢il. However, the pro-
duction and sale of synfuel products may not always displace foreign
0il. For example, the use of synthetic boiler fuel for an existing
oil-fired pewer plant that would otherwise convert to domestic coal
wonld not displace foreign ©il nor would the use of synthetic natural
gas in a pipeline system that does not expand its sales beyond avail-
able domestic natural gas productibn.

The guestion for individual synthetiec. fuels in the U.S5. ernergy system
is not can the fuel displace foreign oil but will it? The U.S. energy

system is complex — the answer is not simple.

The U.S. energy market at the consumer level depends heavily — criti-
cally in the transportation sector — on liguid or gaseous fuels. In

vi
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1278, gasoline, used mainly for private passenger auvtomobiles, con-
stituted 47% of all petroleum products, with heating oil, at 21%, in
second place. Gascline, jet fuel, Xerosene, and heating oil, together

camonly referred to as transportation fuels constituted slightly more

than 75% of all petroleum products in 1978.

"DOMESTIC ENERGY RESCURCES

The report contains an examination of thase U.S. energy rescurces —
Primarily fossil energy resources — best suited for synthetic fuels.
For comparative purposes, some other £orms of energy are also briefly
examined. The table summarizes avallable U.S. fossil energy re-
sources. Clearly coal and oil shale are the major U.S. fossil energy
resources available to displace foreign oil.

0il shale is a hard rock which contains a minor fraction of an organic
material called kerogen. There are significant formaticns containing
0il shale in Colorado-Utah-Wyoming, Michigan and the Tennessee-Ken-
tucky areas. The richest deposits in the U.S. are in the Green River
Formation in Colorado-Utah-Wyoming. The amount of oil inlplace in

the form of U.S. oil shale has been estimated at perhaps 26 trillion
barrels. The amount of this o0il which is recoverable with realistic
economic constraints is far less but cannot be stated with anv accu-
racy since there is no real commercizl shale production experience.

Coal-bearing strata underlie approximately 133% of the land area of
the United States. The thickness of coal-bearing strata varies con-
siderably. Although coal is found in 37 of the 50 states, only 26
have significant production.

The composition of coal varies considefably from region tc region and
within any given field. The wide variations in coal composition re-
cquire that scme coal conversion processes be designed for a partic-
alar coal. The very large coal copversion plants needed to displace
foreign 0il econorically will require extensive site specific design.

vii
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U.S5. Energy Supply
(Billion barrels oil equivalent) (Ref. 32, 98)

Estimated Proven
Resgurces Reserves

Crude 0Oil 5G - 370 28
Natural Gas 56 - 210 36

Unceonventional Gas
-~ Coal seams 70 —_
~ Tight sands —_— 33
~ Devonian shale -_— 2.9
- Geopressured brine 570 - 17,000 -

Tar Sands 26 - 37 2.5

Heavy 0Oil ' 55 1.8
Coal 4,500 - 17,000 1,200

Peat 29 = 250
Shale ©il 26,000 418
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CONVERSTON TECHNOLOGIES
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The report also briefly reviews the technologies by which abundant
U.S. sources of fossil energy, primarily oil shale and coal, can be
converted to liquid and gaseous fuels. Fundamental concépts inherent
in all anticipated synfuels plants are discussed and the basic tech-
niques for producing synfuels are qualitatively described — pyrolyv-
sls, gasification, direct and indirect licuefaction.

CRE S,

Synfuels technologies involve many operations already established
commercially. Typical steps are grinding, drying, mixing, preheate
ing, reacting, ash separation, flashing, hydrotreating, distillation,
and storimg. 1In addition to these steps in the main processing se=~
quence, there are auxiliary operations such as hydrogen generation,
removal of sulfur and nitrogen compounds, wastewater processing, and
elactric power production. In most synfuel processes, there are only
one Oor two processing staps which are difficult to accomplish with
known technology. These difficul: steps dominate R&D activities for
that synfuel technoleogy. However, the remaining steps for the rou-
tine operations dominate the costs.
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COMPARISONS

Although costs for synfuels are frequently estimated, conclusions are
elusive. TUnproven technologies, changing inflation rates, and dra~
matic uncertainties in primary energy prices preclude definitive cost
estimates for new synfuels.

A process cost estimate reflects many assumptions about parameters
such as site conditions, project scope, feedstock characteristics,
by-product values, technolegical status, inflation rates, and finan-
cial parameters. Different assumptions made by different engineering
teams mean that the resulting estimates can vary significantly — even
for the same process. Misleading conclusions may occur when different
estimates are compared without an understanding of the assumptions
upon which they are based. '

A meaningful cost for a new plant and process reguires extensive en-
gineering study. Many of the costs which have been published are

latey

based on rule-—of-thumb estimating. Very few high guality cost studies
have been published. 2Additiocnally, there is a variation in the qual-
ity factor involved with the people. Some companies insist on higher
quality design standards for their manufacturing plants. Some compa-
nies are more or less conservative in the use of contingency factors
for cost estimating.

As a separate task, ESCOE is undertaking a comparative analysis of the

commercial-scale economics of selected svnfuels processes, This anal-
veis focuses upon those coal gasification and ligquefaction processes
that are receiving financial support under DOE Fossil Energy Demon=
stratien Program. DOE's support is helping to ensure the public
availability of detailed technical anéd economic studies. ESCOE is
reviewing these studies with regard to the uniformity of project
scopes and the comparable handling of major capital and operating
costs elements. ESCOE is using a common set of financizl parameters
+o recompute the economic performance of each process gver its useful
1ifetime. The results of this task will be published as a separate
ESCOE report, in a form to facilitate economic comparisons. _
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It must alsc be recognized that a lower cost per gallon or per Btu
does not mean a particular synfuel is hest. Some fuel forms are more
valuable and thus command a higher price in the market-place. For
example, gasocline is more wvaluable and costs more than boiler fuel.
Most synfuel costs are capital intensive which makes the plant cost
estimate a very important input for any level of economic study. In
addition, teo verify completeness and accuracy for the capital esti-
mate, it must be determined whether costs such as start-up, interest
during construction, and royalties or license fees are being capital-
ized or expensed. Any comparison between competing technologies must
be bazed on consistent financial treatment.

The smergence of a svnthetic fuels industry has been accompanied by
many comprehensive assessments of health and environmental impacts.
The commen message of these assessments and statements is encouraging.
The envirommental effects of synthetic fuels plants are sufficiently
well understood so that the nation can move prudently to initiate a2
synthetice fuels industry. The preponderance of expert opinion is
that the envirommental impacts have been adequately identified and
that methods are available to meet the nécessary standards of envi-
ronmental performance. )

synthetic fuels projects are subject to a large body of laws and
regulations promulgated to protect human health and the environment.
They cover the major concerns: clean alir, clean water, solid wastes
management, toxic substances control, worker protection, mining, land

-policy, arnd the list goes on. There is no significant area in which

the impacts of synthetic fuels plants would go unregulated. The ex-
istence of so many different laws and regulations creates uncertain-
tims as to the time anéd steps required to satisfy the various admin-
istrative reguirements. The uncertainty is compounded because envi-
ronmental regulations are continually evolving and expanding.

Market needs w’ll dictate the generic processes which best suit na-
tional requirements. A healthy ¥uture U.S. synfuels industry will
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likely make some use Of most af the available synfuel technologies.
Prices of svnfuels will be directly affected by environmental fac-
tors. Choices of synfuels will be dictated by market price.
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1.0 INTRODUCTION

Debate has raged since 1973 as to the causes of, and the scluticn to
the international energy problem. Following yvears of uncertainty, some
major elements of the U.S. Tresponse are emerging -— conservation, fos-
s5il energy, and renewable energy.

While we must continue to significantly improve the efficiency of en-
. ergy use {i.e., conservation) it is alsoc r=cognized that we must at-
tack the excessive oil importation problem directly by significantly
increasing the use of our abundant indigenous fossil enerqgy resocurces.

President Carter proposed — and the ninety-sixth Congress approved -—
the initiation of a new synfuels industry during the 1980's. However,
to create this new synfuels industry, many govermment and private or-

ganizations must be created, expanded, or redirected. The keystone is
the U.S. Synthetic Fuels Corporation, established by the Energy Secur=-

ity Act of 1980, which has the responsibility to judiciously use tax-

payers money to seed this new industry.

The Energy Security Act set goals of 500,000 barrels of oil eguivalent
per day by 1987 and 2,000,000 by 1992, The U.S. energy resource base
of coal and o0il shale is sufficient to suppert an even muchk larger
synfuels industry and the conversion technology is available.

This report is a comprehensive review and comparison of the wvarious
combinations of domestic energy resources and emerging technologies
that have the potential to significantly displace foreign oil, either
directly or indirectly, with synthetic fuels by 1992. The domestic
energy resources consist of cocal, 0il shale, tar sands, and heavy oili.
The tachnologies encompass gasification, indirect ligquefaction, direct
liquefaction, pvrolysis, enhanced oil recovery, and coal-oil mixtures.
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2.0 ENERGY FUTURE ' ~,

2.1 EISTORICAL PERSPECTIVE

In the course of developing a technological society, man has made three
major changes in the energy base. In 1850, wood supplied nearly all

of the U.S5. energy needs. By 1900, coal was the dominant energy source,
wheraas by 1950 petroleum moved into the forefront. Not only is pe-
troleum the largest source of U.S. energy today, but nearly one~half

of it is now imported.

The change from wood to coal was forced by growing shortages of wocd
supplies close to the important markets, but the conversion to oil

and gas resulted from the superiority of these fuels over all compet-
itors. The convenience in handling, storage, and use, combined with
the low cost of oil and gas, resulted in the adoption of a very energy-
intensive way of life and a rapid growth in total energy consumpticn.
Figure 2.1 shows both the growth of U.S. energy since 1850 and the
shift from wood to coal to petroleum and natural gas.

We are now faced with another conversion away from petroleum and nat-
nral gas which will be far more difficult to manage than those of the
past. Three factors make the problem more difficult:

® we are now using more energy than ever before and have
a tremendous investment in the capital goods asscciated
with the extraction, processing, distribution and con-
sumption of oil and gas,

¢ past transformations have been to an energy form both
hetter and less expensive than the one being replaced,
whereas the coming transformation will be to forms that
are initially less adaptable and convenient and may well
be more expensive, and

& environmental and health aspects of future energy tech-
nologies, as well as public's increased perception of
these factors, must be reseclved in an economic and so-
cially acceptable manner.

The only candidates in sight as potential replacements for petrolsaum
and natural gas are nuclear energy, selar energy in all its forms,

oil shale and a return to coal. For the long-~term, to the end of the _-
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next century and beyvond, only nueclear energy, through the breeder or
fusion, and solar energy in all its forms will remain as relatively
inexhaustable energy sources.
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Figure 2.1: U.S. Energy Consumption Patterns, 1850-1979 (Ref-152)

Even with an all-out effort it will be a long time before nuclear and
solar energy can satisfy a major share of the nation's energy needs.
Thus, coal and oil shale must pick up the major load as we reduce our
dependence on foreign oil in the vears ahead. Fortunately, coal was
bypassed, rather than exhausted, and large resources still exist.
Eowever, even the immense U.S. o0il shale and coal resources will prob-
ably be facing depletion within another several hundred years, a very
short time in human history. Clearly then, even as we prepare to meet
much of our immediate needs by the use of coal and synfuels, we must
continue to hasten the day when nuclear and solay energy can begin to
carry an appreciable and growing share of the load.
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Early in the course of the development of the technological society,
man began to experiment with and use synthetic fuels and related pro-
ducts. Wood and other biomass materials, as well as animal products,
were the source cof turpentine, alcohols, sealants, adhesives and sim~
ilar sclar—derived products. The first major synfuel industry, the
preduction of gas from coal for lighting, developed in England early
in the 19th century. By-products of coal pyrolysis such as coke, tar
and pitch found wide wse in industry and commerce. By the middle of
the 19th century, coal oil began to replace whale oil as a liguid

fuel for lighting and other uses. Both were displaced by kerosene
after the diséovery of petroleum in Pennsylvania around 1840. A small
shale 0il industry also developed in several countries at about the
same time. More recently, the Bergius process for the destructive
hydrogenation of coal to produce motor and aviation fuels was developed
in Germany before World War I. By World War II., The Bergius process,
the Fischer-Tropsch indirect ligquefaction process, and pyrolysis were
producing synthetic gasolines and diesel fuels for the German war ef-
fort.

The current U.S5. synfuels effort is directed toward accelerating the
development of an industry capable of producing the large guantities
of fuel needed to reduce our dependence on imported oil.

2.2 PETROLEUM AND NATURAL GAS RESQURCES

To assess future supplies of ligquid and gaseous fossil fuels we must
consicder both the total known and presumed resources, and their rela-
tive rates of discovery, production, and consumption. Figure 2.2,
plotted from American Petroleum Institute (API} data, ﬁrovides the
historical basis for a look ahead at liguid fuel supplies for the
coming decade.

Figure 2.2 shows U.S5. production, consumption, and new discoveries
since 1947. Before 1950, production and consumption were essentially
egual at approximately 2 bkillion barrels per yeaf, while new discov=
eries averaged about 3 billion per year; hence, reserves were increas-—
ing. After 1850, consumption rose rapidly and the gap between pro-~
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duction and consumption, filled by increasingly expensive imports, has
become very large. The trend line of new discoveries has been falling
£or three decades and the rate of decline increased in the 1270's in
spite of an increase in drilling rate from approximately 26,000 wells
in 1971 to 4B,000 in 1978. Clearly, this increase in drilling has
not prevented a contirued drop in the rate of finding new oil.

The curve of new discoveries also shows the remarkahle nature of the
discovery at Prudhoe Bay on Alaska's North Slope. This field, discov-
ered in 1968, is the largest ever found on the North American Contin-
ent, vet at current rates of consumption it holds only l¥% years supply

of petroleum.

Domestic produétion peaked in 1970 and has been declining since then,
due to the low rate of discovery. A slight upturn in 1978 resulted
from the bkeginning of £low through the Alaskan pipeline. With this
line now essentially up to capacity and supplying over 15% of domes-
tic production, the decline will undoubtedly continue.

It is clear that a continuation of the trends shown in Figure 2.2 to
the year 1990 would produce a catastropic situation. Since future
production depends on future discovery rates, only a substantial
change in the latter can alter the future.

what is the probability that & major increase in the discovery rate
can be brought about? Although there are many conflicting opinions
concerning this guestion, the weight of evidence seems to indicate
that it is small indeed. Root and Dxew,{3) energy analysis with the
U.S. Geological Survey, studied the patterns of petroleum discovery
rates and summarized their f£indings in two general statements: "First,
most of the oil and gas discovered in a region is contained in a few
"large fields; and second, most of the large fields are discovered
early in the exploration of a region.” In the U.S., for example,
over 20,000 oil fields have been discovered; however, the 275 largest
contain over 30% of the toital proven reserves, and most of these were

/) discovered by 1950, when the high rate of discovery in the U.S5. ended.
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Figure 2.2: HISTORICAL PETROLEUM DATA {Ref. 24, 68)

BILLION BBLS OF OIL PER YEAR

A low rate of discovery has now persisted for the approximately 300,000

axploratory holes drilled since 1951,

In order to assess the significance of new field discoveries or poten-
tial fielids, their capacity should be compared with the annual U.S.
consumption of nearly 7 billion barrels. Thus, the recent announce-
ment that seismic studies have indicated the possibility of finding

up to 7 billion barrels of oil in the MNavarin Basin (lying in 1500

to 2000 feet of water about 300 miles north of the Aleutian Islands
and 400 miles west of the Alaskan coast) must be put in the context

of the 10 to 15 years that would be reguired to explore the £ield and

- bring it into production (if it does indeed comtain oil) ané the fact
" that it may held only a one-year supply. Similarly, the entire At~

lantic offshore area, on which so many hopes have been pinned, has
been estimated to hold up to 4 billion barrels, about a seven-months
supply.

In view of this history, it is difficult to be optimistic concerning
domestic petroleum producticn in the year 1890 and bevond. Thera are
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estimates which predict 2 small increase in production over the next
decade and others which expect a decline. None, however, is predic-
ting a tripling of new discoveries to match current proeduction, or a
five—foléd inecrease to match consumption. It seems clear, therefore,
that no conceivable level of effort will permit domestic resources to
replace foreign coil and meet the nation's total need for petroleum
over the coming years. Assuming continued high and rising world oil
prices, expanded exploration and drilling, increased production of
heavy oils, and enhanced recovery from existing fields, it may be
possible to arrest the decline in domestic production during the next
decade. By 1990, however, even the Prudhoe Bay field is expected to
peak and begin to drop in output, and it will probably not be possi-

.ble to delay the inevitable decline in U.S. production.

The situation with respect to natural gas differs substantially from
that for oil since the U.S. is not dependent on imports in a major

wav. A sighificant portion of the new gas discoveries are the by-
product of oil exploration. There are also unconventicnal gas sources
that have been roughly defined but not verified or developed. In ad-
dition, increased incentives to produce and increased costs of consump-
tion will result as natural gas prices climb due to deregulation.

There have alsc been legal restrictions placed on the industrial use

of natural gas in recent years.

The uncertainty regarding both U.S. oil and gas resources, and future
rates of discovery with accelerated exploration and drilling, makes
predictions of future supplies difficult and possibly subject to large
errors. It would, however, be extremely dangercus to pin the econcmic
health and military security of the nation on the expectation that a
field the equivalent of Prudhoe Bay would be found every one or two

years.

2.3 PROJECTIONS OF ENERGY USE

The drastic changes in the energy picture since 1974 have made old
projections of future energy use obsolete, and the accuracy of new
projections open to serious gquestion. Eowever, some of the fundamen-
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tal trends of future energy demand are reasonably well understood.

The serious overestimations of future requirements, which were being
made prior to the 1972 embarge, are illustrated by a report of the
National Petroleum Council.(4) This repcort, typiczl of most projec-
tions published in 1$71, predicted a total domestic energy consump-
tion of 83 ¢uad* in 1975, whereas the actual consumption in 1975 was
71 gquad. The report also projected total consumption of 103 quad in
1980 (versus an actual in 1979 of 78 gquad), and 125 gquad in 1985.

More recent predictions, which take intoc account the changed situation

since 1974, cover a wide range, depending on estimates of future eco-
nomic growth, future energy prices, and how much effort the govern--
ment and the people put into energy conservation.

in 1975, the Energy Research and Development Administration estimated
demand in the year 2000 at between 122 and 165 quad.(s) whereas a
1976 study by the Institute of Energy Analysis of the Oak Ridge Asso-~
ciated Universitiests) indicated a consumption between 101 and 1286
guad in 2000. The Second National Energy Plan [NEP II}(7) of the De-
partment of Enercgy, issued in 1979, gave estimates of total U.S. con-
sumption-of 117 to 123 quad in 2000 based on assumptions of high to
low world oil prices.

In 1979, the Demand and Conservation Panel of the National Academies

of Science and Engineering Committee on Nuclear and Alternative Energy

Systems {CONAPS) evaluated a range of scenarios from very aggressive
conservation policies and energy cost increasing by a factor of four

in real dollars to business as usual and energy prices increasing only

at the inflation rate., Based on these assumptions, CONAES concluded
that the 2010 U.S. consumption could be ag low as 63 guad or as high
as 137 quad.(a)

* quad = quadrillion Btu = 10°°

barrels oil/day.

Btu. One guad/vear = 0.5 million

A

RRETS

-

bt

Aol e A

et ey et

e L A = g A o

SRy Ry

A B

N

i



. & recent ESCOE study

3) analyzed U.S. eneréy consunpticon in 1978 and

projected the energy production f£flow and use patterns in 1920 based

_on expected U.S5. energy resources, the National Energy Act of 1978,

the new energy initiatives announced by President Carter on July 15,
1979, and the energy growth projections in NEP II. Although changes

in the law and in federal initiatives will undoubtedly occur to meet
new conditions as they arise, the projections baseé on current laws

and directives are plausible. Increasing prices and other market
forges could easily denigrate these forecasts. Table 2.1 shows the
primary energy sources for the U.S. energy system in 1978 and as pro-
jected for 19%0. Table 2.2 shows energy used by consumers in 1978

and as projected for 1990. Here the term "consumers” includes residen-
tial, commercial, trangportation and industry users but excludes energy
used by the energy industry to produce, transform and transport energy
+o the consumers. The 31.6 guad difference between the 98.7 gquad of
primary énergy projected to be supplied and the 67.1 guad prejected

to be used by consumers in 1990 would be absorbed by the enercy in-—
dustry — mostly in electric power generation, but some in synthetic
fuel production.

'Table 2.1: U.S. Energy Sources Table 2.2: U.S. Energy Uses
(gquad) {(Ref. 9) {quad)} {Ref. %)
1978 1990 1878 1590
Coal 14.2 .0 Cozl .7 6.1
Nartural Gas Katural Cas 13.1 18.0
Domescic 18.9 20.0
Import 0.9 0.%
Petroleum Liquid Fuels 31.8 20.3
Domestic 21.0 21.8
Iwport - 17.80 9.5
Nucloar 3.0 8.5 Electricicy 6.6 10.1
Eydropower 1.2 1.2
Solar/Ocher 1.1 2.8 Solar/Orcher 1.0 2.6
Totals 77.2 98.7 Torals 56.2 &67.1

According to the study{?) for which the results are shown in Table
2.1 for 1990, 0.8 guad of the petroleum would be synfuel from oil

shale and 5.7 quad of the coal would be used to produce another 3.2
guad of synfuels. However, of the 34.0 quad of primary energy from
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coal, 65% would be used as boiler fuel to produce electricity, 18%
would be for direct industrial use, and 17% for synfuels.

It is clear that estimates of future U.S. energy consumption cover a
very wide range. An encouraging aspect of these studies is the indi~
cation that conservation will play a major role in permitting con-
tinued economic growth without large increases in energy consumption.
The degree of conservation will be influenced by energy prices. Given
a2 free market, energy price increases will usually foster decreased
demand leading to conservation of the product. The interrelationship

between the impact of prime changes upon supply and demand is called
"elasticity." '

Economists have long observed that changes in price motivate people
to adjust the amounts of products and services they buy and can sell.
Economists have found it useful to measure the rate at which these
adjustments take place by using the concept of "elasticity.® An
elasticity coefficient is the ratio of two percentage changes. For
example, 1f the price of a product changes by 10% and people adjust
their purchases by 13, the product is said to have an elasticity of 0.1.

The key reason that people are often able to adjust to changing prices
— and therefore display elastic behavior — stems from the several
choices that most people have. Consumers are offered a wide variety
of products and services. When the price of one of these rises rela-
tive to the others, it becomes less attractive than before. The ten—
dency of the consumer is to reduce the amount bought of the product

or service that has become more expensive and to increase the purchases
of other praoducts and services that have not ineraased in price. DPro-
ducers, for their part, usually can choose among several ways of making
a product or service. Therefore, if an input becomes more expensive
than before, producers can use less of that input and more of other
inputs and still make the product or service.

Even in those cases where people must achieve a particular objective,
they usually can choose among several different ways of reaching that
ocbjective. The choice that pecple make among these alternatives is

10



heavily influenced by the relative cost of each. For example, although
paonle "must get to work" it does not mean that they will buv a con-
stant amount of gasoline regardless of its price. People ¢can reduce
the amount of gascline they buy and still get t¢ work by driving a
more fuel-efficient car or by reducing their driving speed. They can
lessen their demand for gaszoline by forming car pools or taking public
transportation. Over the long-term, they can make decisions affect-
ing housing or employment by considering the distance between home

and work.

It is not easy to predict energy elasticities in the absence of actual
data on how consumers modify their behavior in response to increased
fuel prices. Siarveys which ask hypothetical "what if" guestions
about how consumers would adjust their patterns of energy consumption
in the face of higher prices are often misleading. On the one hand,
prior to a price increase, individuals may not have thought much
about their options for reducing energy consumption. They may believe
that they have little choice but to continue energy consumption at a -
constant level. ©On the other hand, the suagestion of significant
price increases may be perceived as threatening and may evoke heatad
emotions rather than a deliberative.-rational answer.

Thus elasticity values are best determined by observing how actunal
consumption changes when price changes occcur within a certain range.
Blasticity coefficients are reliable within the range in which they
have been observed. Significant extrapolations of elasticity values
to much different price ranges are, at best, uncertain.

The decades of the 50's and the 60's were periods of relatively stable
energy prices, measured in econstant dollars. This stability., although
guite desirable for consumers, was a disadvantage to energy econnmishs
and forecasters. It precluded opportunities to make reliable measure-
ments of energy elasticities. Furthermore, stability contributed to

a planning enviromment in which energy supply and consumption fore-
casts were made, under the implicit assumptions of constant prices

or essentially zero elasticity.
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Prior to the 1973 oil embarge, forecasters predicted very large in-
creases in future energy demand. Because energy supply at pre-1973
prices could not keep up with demand, there were large hypothetical
"gaps" between supply and demand. ZInergy planners and economists

knew that such gaps would not actualiy occur in an unrestrained mar-
kKet, and that the market c¢learing price would rise to balance supply

and demand. Nonetheless, in the absence of reliable elasticity data.

economists could not agree about the market clearing price or the
level of energy at that price.

After 1973, energy prices have behaved in a complex fashion. There
have been periods of rapid escalations and periods of stability.
Witness the Lehavior of the refiner acquisition cost ¢f crude oil,
as reportad by the Energy Information administration. {(#9)
cost per barrel was constant in 1977 and 1978 at $14.53 and $14.57,

respectively. It rose rapidly thereafter to $21.67 in 1979 and $33.89

in 1980. Petroleum consumption responded appropriately: first, by

riging from 37.1 guad in 1977 to 38.0 quad in 1978; and then, dropping
back to 37.1 guad in 1979 and 34.2 guad in 1980. Such behavior while

reflecting multiple economic factors does provide important insightis
into the relationships between energy price and consumption.

Energy forecasting models have grown much more sophisticated and use
elasticity coefficients. Forecasts made today predict much lower
levels of future energy consumption than the forecasts of a decade
ago. Often, modern energy forecasts give a range of future erergy
requirements to reflect different assumptions about energy costs.

The concept of demand elasticity can be illustrated

fuels. Using motor gasolire as an example, 2 short term (over the
next 12 months) price increase of 10% itranslates into a demand
reduction of 1.6%.(10C) on this basis, over the longer term, a 10%
increase in price can result in demand reductions of 4.2%, 4.9%, znd
4.8%, respectively for the years 1985, 1990 and 1985. These longex

term figures apply to the transportation sector and include aviaticn
fuel.(101)
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