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To Richard, Stuart, John, 
Julie, Nelson, and Justin 

and others of their generation 
with the hope that the word "crisis" 

will never again be applicable to energy matters 



PREFACE 

Because economics has attempted to address the important issues of 
its day, it has the reputation of being an exciting field of study. In 
Adam Smith's time, the question was whether economic self-interest 
could provide the basis for a viable and progressive economic and po
litical system. In the early ninteenth century, as Ricardo and others 
attempted to understand the benefits and problems raised by the rap
idly expanding trade among nations, the field of international econom
ics was first systematically formulated. As a field of study, macroeco
nomics originated only in the 1930s, as Keynes and others attempted 
to understand the Great Depression. The Arab Oil Embargo of October 
1973 emphasized the importance of energy to the operations of an in
dustrialized economy. Since then, the proliferation of economic re
search in the area has signaled the emergence of energy economics as 
a specialty field within the domain of economics. 

Until the appearance of the first edition of this book, numerous 
books and articles had been written concerning various analytical and 
policy aspects of the energy "crisis." Most of this discussion centered 
around questions of social and political policy. Very little systematic 
attention was given to the economic analysis of the policy problems 
presented by the changing role of energy in modern economies. The 
established techniques of microeconomics had not been intensively 
applied to the analysis of energy resources as scarce inputs to produc
tion processes. While several edited monographs appeared composed 
of selected articles on economic aspects of energy issues, there was no 
single textbook providing a unified analysis of energy economics and 
energy policy. This book was written to fill that gap. Since the appear
ance of the first edition of this text in 1980, we have witnessed a pro
liferation of edited conference proceedings, technical monographs, and 
books. The study of energy economics has become a legitimate spe
cialty in economics, occupying the interests of many of the profes
sion's most gifted researchers and policy analysts. Precisely because of 
these developments, a need exists for the comprehensive overview of-

XI 



fered in the second edition of this book. Again, our emphasis is on 
policy. We believe that policy analysts will find this a particularly use
ful book. The application of a microanalytic approach to complex pol
icy problems offers the prospect of markedly improving policy deci
sions. 

Since 1973, the number of courses in energy economics has grown 
at a rapid rate. Our goal is to facilitate that growth by significantly 
reducing the cost of preparing and offering such a course by providing 
the microeconomic constructs, factual material, institutional descrip
tions, and discussion questions in a self-contained book. Our hope is 
that anyone who enjoys teaching microeconomic theory will be quite 
comfortable with the text. Student response to the first edition has 
been most encouraging. 

Energy Economics and Policy will serve as a text for an undergrad
uate course in energy economics that presumes as a prerequisite a 
course in the principles of economics. In addition to the introduction 
and conclusion, this book contains eight chapters. Two of these chap
ters (Chapters 2 and 3) form the theoretical backbone of the book and 
are concerned with the microeconomic analysis of the allocation of 
depletable energy resources. Each of the other six chapters (Chapters 
4 through 9) is addressed to a particular major energy policy issue: 
OPEC, the environment, conservation, national security, price regula
tion, and the economic potential of new energy sources. The analysis 
in Chapters 2 and 3 should be presented in class at some length. While 
accessible to students who have had only a single principles of eco
nomics course, these chapters can be more readily comprehended by 
students who have also had intermediate microeconomics. This book 
could also be used as a unifying text to accompany other more spe
cialized readings in a graduate course in energy economics, in which 
case it would be logical to give relatively less stress to the materials 
in Chapters 2 and 3. Finally, for courses that may be taught to stu
dents with an interest in energy policy but with little background in 
economics, it is possible to bypass Chapters 2 and 3. Most of the anal
ysis and virtually all of the policy issues can be grasped even by stu
dents who lack a mastery over the theoretical material in Chapters 2 
and 3. 

The second edition represents a thorough revision, with virtually all 
chapters undergoing substantial changes. In addition to the updating 
of factual material since 1979, considerable effort was made to sim
plify and better unify the text. Chapter 3 on dynamic resource alloca
tion has been greatly simplified with a new emphasis on price paths 
over time and the role of expectations in determining them. Results of 
Chapter 3 involving backstop fuels are now integrated with the discus
sion of new technologies in Chapter 9. New topics in the second edi
tion include prorationing regulation and the failure of voluntary uniti-
zation, the Windfall Profit Tax, natural gas deregulation, a new model 
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of OPEC behavior, the Strategic Petrolum Reserve and optimal rules 
for its use, and an emphasis on long-term environmental issues such 
as carbon dioxide build-up and acid rain. 

It is perhaps the duty of those who deal extensively with policy 
analysis to clarify their own policy orientations. We share the profes
sional biases of most economists, who are in favor of efficiency and are 
opposed to waste. Our stance is thus in favor of competition and 
against monopoly. This professional bias, while by no means unusual, 
may at times make our analysis seem a bit one-sided. For example, as 
economists we find nothing whatsoever to approve of when we exam
ine OPEC's record of unparalleled success in exploiting its oil export 
monopoly power between 1973 and 1983. On the other hand, we find 
much that is competitive in appraising the performance of energy in
dustries in the last two decades, particularly in contrast with OPEC 
behavior. And in appraising the performance of governmental policy
makers we, unfortunately, find more to criticize then to praise, since 
public policy, even on economic matters, tends to be guided largely 
by criteria other than those of economic efficiency. 

Professional judgments need not be identical with personal views. 
As human beings we do not necessarily subscribe exclusively to the 
rather narrow organizational goals pursued by private companies. We 
are not necessarily condemning OPEC for seizing upon the historically 
unequalled opportunities afforded it in the early 1970s to strive after 
a broad range of political as well as economic goals. Neither are we 
condemning governmental policymakers for being understandably re
sponsive to the desires of the numerous noneconomists among their 
constituencies. To do any of these things would betray a lack of bal
anced judgment. 

Nevertheless, the primary purpose of this book is to instruct stu
dents in the economic aspects of energy issues, and we would be ne
glecting our duty if we failed to point out the ways in which certain 
policies or practices followed by energy companies, by OPEC, or by 
importing governments may act counter to the goal of economic effi
ciency. Economists must insist upon placing policy issues in a cost-
benefit framework, and it is regrettably true that the actions taken by 
those who make decisions on economic matters may impose unneces
sary costs upon society if those actions are not guided by the criterion 
of efficiency. What is most important is that the decision maker act so 
as to minimize the economic cost of achieving the goals that he or she 
is empowered to pursue. 

We wish to thank a number of people who have offered comments 
and suggestions. We are particularly indebted to Morris A. Adelman of 
the Massachusetts Institute of Technology, Stephen L. McDonald and 
Allen Jacobs of the University of Texas, W. Michael Hanemann and 
David J. Teece of the University of California at Berkeley, Duane Chap
man of Cornell University, F. Gerard Adams of the University of Penn-
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sylvania, Douglas Greenly of Moorhead State University, Jane Hall of 
California State University at Fullerton, David P. Manuel of the Uni
versity of Southwest Louisiana, Clifton Jones of the University of Rich
mond, Joy Dunkerly of Resources for the Future, and John Boatwright 
of the Exxon Corporation for useful comments on particular parts of 
the manuscript. The authors retain sole responsibility for all views 
expressed, all conclusions reached, and of course for all errors which 
may be present. 

x j v PREFACE 



THE DIMENSIONS OF THE ENERGY Ί 
PROBLEM 

To those who have lived through it, the energy crisis of the 1970s is 
like a bad dream—something to be forgotten and relegated to the past. 
People have a natural tendency to discard unpleasant experiences, as
suming conveniently (1) that they were isolated events, which (2) re
sulted from forces beyond one's control and (3) are therefore best for
gotten. After all, if the experience is truly a unique event beyond one's 
control, its likelihood of being repeated is negligible and there is con
sequently nothing to be learned from it that might apply to the future. 
To most Americans, the energy crisis of the 1970s meant a variety of 
things: gasoline lines, lowered thermostats, sharply higher fuel bills, 
unprecedented inflation rates, high unemployment levels, and the fear 
that greater catastrophes lay ahead. Of these effects, perhaps the 
worst was the fear of even worse future catastrophes as a widespread 
feeling permeated society that the industrialized nations of the world 
were powerless before the whims of the leaders of small kingdoms in 
the Middle East. Should such leaders elect to sever the umbilical cord 
tying the oil fields to the industrialized nations, we might well freeze 
in the dark, as the great western industrial machines slowed to a halt. 

Although thoughts of such possibilities are unpleasant, is the energy 
crisis best forgotten as a bad dream? The theme of this book is that 
the energy crisis of the 1970s was neither an isolated event nor beyond 
the control of astute policy makers. Simply stated: the energy crisis 
can reoccur, but through well formulated policy, it can be largely 
avoided or at least attenuated. There is much to be learned from the 
events precipitating the energy crisis of the 1970s and the often mis
guided policies that were hastily concocted. The policy emphasis was 
on expediency, dealing in a piecemeal fashion with the symptoms 
rather than the cause of the disease. The result was a set of policies 
that were inconsistent and that frequently, when combined with other 
policies, had an effect opposite to their intended purpose. Even though 
the Energy Crisis of the 1970s is now history, important policy choices 
remain that will shape the energy future of the twenty-first century. 

What do we wish to accomplish in this survey of the dimensions of 
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the energy problem? This chapter begins by sketching in the role of 
energy in economic development, noting the sequence of the three en
ergy eras to date: wood, coal, and petroleum. The next section devel
ops a brief summary of past and present world patterns of energy con
sumption, illustrating the evolution of energy sources from wood 
through coal and petroleum fuels. A third section traces the pattern of 
past and present energy supply networks, highlighting the transition 
of industrial economies from domestic to imported fuels and the 
changing importance of various geographic regions in the supply of 
energy resources. Subsequently, we examine the long term price 
trends and their effects on macroeconomic activity. Exactly what is 
the energy problem we face in the last part of the twentieth century? 
The energy problem is examined from three currently popular per
spectives: (1) The real energy crisis is yet to come, as the energy crisis 
of the 1970s was only a preview; (2) the energy crisis is a thing of the 
past, having disappeared along with monopoly power of OPEC; or (3) 
the energy problem is one of supply uncertainty and how best to adapt 
to highly uncertain future prices and fuel availability. 

ENERGY: ITS ROLE IN 
ECONOMIC DEVELOPMENT 
Humanity has employed a variety of energy sources in its continuing 
pursuit of greater comfort, enhanced security from want, and the sat
isfaction of wants through increasingly elaborate artifacts. Animals 
were eventually domesticated, and human muscular efforts, at first 
applied to hunting and scavenging, were later channeled into cultiva
tion and artisanship. Captives and the disfavored could be converted 
into an energy source through the institutions of servanthood and 
slavery. But inanimate energy sources proved more productive in an 
increasing variety of applications. Wood, while always important as a 
fuel for heating and illumination, became for some time the most im
portant industrial fuel source. Wind power had long been the source 
of energy for sea transportation, supplementing the efforts of rowers. 
Water was also an important source of mechanical energy even before 
industrialization, with grain mills and other energy users being lo
cated at waterfalls or dams along major rivers, using the kinetic en
ergy of falling water to turn waterwheels and associated machinery. 

History reveals three primary energy eras: wood, coal, and petro
leum fuels. There was no sharp discontinuity between adjacent eras. 
The use of wood as a fuel for space heating can be traced back to 
prehistoric times, but its employment as a fuel for manufacturing or 
industrial purposes probably dates back less than 50,000 years, when 
artisans in Asia Minor and northern Europe used heat energy from 
wood in the preparation of weapons and ornaments. Coal began to be 
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employed on a large scale in Europe only after the elimination of for
est cover from areas of intensive fuel use. Coal was first mined on a 
large scale in the British Isles in the period of Queen Elizabeth I 
(1558-1603) replacing the diminishing forests as a fuel source. The use 
of coal spread gradually across Europe and slowly into Asia, and the 
coastal areas of the Far East and the Southern Hemisphere were also 
affected by the availability of exported coal. 

By the 1780s, the Industrial Revolution began a new age in which 
energy was intensively used to produce artifacts. Coal, which at first 
had supplemented wood supplies, now came to supplant them as de
mands for steam power increased rapidly in the industrializing areas. 
By the mid-1850s, England had no choice but to rely upon coal almost 
exclusively for steam power, or face the prospect of converting all of 
its remaining forests into ashes and cinders. Coal's higher heating 
value per unit of weight and volume greatly reduced energy transpor
tation costs, helping it to gain market acceptance. 

Wood and coal, coupled with the development of steam generation 
technology, enabled a massive substitution of human labor by inani
mate labor. A distinguishing feature of the Industrial Revolution com
pared to previous times was the unprecedented increase in output per 
worker. With the substitution of steam power for physical labor, out
put was no longer constrained by the size of the labor force. 

When crude oil was first marketed on a large scale in the 1860s, it 
did not immediately begin to crowd coal out of the market. Instead, 
petroleum began by creating new markets for itself. The lubricants 
derived from petroleum were uniquely suitable to the needs of high
speed machinery, and many advances in mechanical engineering 
would have been impossible without the improved lubricants derived 
from crude oil. Kerosene did replace whale oil as an illuminant, and 
none too soon from the standpoint of preserving whales from extinc
tion. Eventually oil began to compete more effectively with coal when 
its value as a boiler fuel was recognized and its costs became compet
itive with those of coal. However, it was not until the development of 
the internal combustion engine that crude oil displaced coal, in the 
first part of the twentieth century. Natural gas began to compete with 
crude oil as a source of nation-wide energy supplies in the 1930s when 
the technology of long-distance low-cost gas pipelines was developed. 
For a number of years gas consumption grew more rapidly than that 
of oil, and gas displaced oil in some markets because of its superior 
convenience, cleanliness, and economy. At present oil and gas still ac
count for about three fourths of the energy consumed in the United 
States, and similarly high percentages in other developed countries. 

These three energy eras played vital roles in economic development, 
suggesting that the next energy era will also have pronounced effects 
on the magnitude and type of economic development. As an economy 
develops, it demands more energy in more convenient forms, available 
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on a wider geographic basis. In general, the more rapid the rate of 
economic growth, the more rapid the replacement of solid fuels by 
fluid fuels. 

In earlier years petroleum products made considerable contribu
tions to economic growth in indirect as well as direct ways. Kerosene, 
as an illuminating oil, satisfied a great preexisting demand for a rea
sonably priced source of light for industrial uses, for public lighting in 
urbanized areas, and for home lighting, which permitted more wide
spread literacy and self-education. With the advent of electric lighting 
in the 1880s, the market for kerosene illuminants began to decline and 
more of this market was captured by coal-fired central power stations. 

Perhaps no two inventions transformed society more fundamentally 
than electric power circuitry and the internal combustion engine. Au
tomobiles gave the entire population an enhanced mobility, and this 
mobility in turn made for an increasing flexibility in the location of 
industry and of the population itself, increasing the efficiency of geo
graphic resource allocation. On the farm, the internal combustion en
gine made it possible for fewer farm workers to turn out more food
stuffs. Farm trucks and tractors rapidly replaced livestock as sources 
of motive power, enhancing agricultural productivity. 

Electrification in turn spurred the development of new industrial 
processes which greatly enhanced labor productivity. But such ad
vances were even more evident in the home, with the advent of the 
electric refrigerator, stove, dishwasher, radio, and many other home 
appliances. 

Before turning to examine the historical data for these three energy 
eras, let us pause to consider what common denominator should be 
used to measure energy. The most common solution proposed by sci
entists and engineers is that energy should be measured by the heat 
content of the fuel, or the amount of heat energy the fuel could provide 
if all of its inherent heat content were to be converted into thermal 
energy. The unit most commonly used in economic applications is the 
British thermal unit (Btu), which is the amount of energy necessary to 
raise the temperature of one pound of water by one degree Fahrenheit. 
The Btu content of a fuel is thus related to its heat of combustion. One 
barrel of crude oil has an energy content of about 5.8 million Btu; 
1000 cubic feet of natural gas contains only 1.035 million Btu. Thus 
one barrel of oil is equivalent in Btu terms to about 5600 cubic feet of 
natural gas. This ratio is not unacceptable as a means of comparison, 
but it has some shortcomings. 

First, the ratio might seem to imply that if the heat content ratio is 
5.6 to 1, then the price ratio should be 5.6 to 1. But fuels are valued 
for other attributes than Btu content alone. The form of the fuel (solid, 
liquid, or gaseous) is quite important in most applications. So also are 
the costs of using the fuel, including expenditures on boilers and other 
facilities, the cost of fuel preparation, storage expenses, safety precau-
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Key Energy Conversion Relationships 

Energy Source 

Electricity 
Natural Gas 
Coal 
Crude Oil 
Wood 
Uranium-235 

Unit 

Kilowatt hour (kwh) 
Cubic foot (cf) 
Ton 
Barrel (b) or 42 gallons 
Cord 
Gram 

Btu Equivalents 

3412 Btu/kwh 
1026 Btu/cf 
22.14 MMBtu 
5.5 MMBtu/b 
22.5 MMBtu cord 
75,000 MMBtu/gram 

Where MM = millions, k = thousands. 
SOURCE: D. Chapman, Energy Resources and Corporations (Ithaca, New York: Cornell 
University Press, 1983) p. 15. 

tions needed, pollution potential, and other factors. Rather rarely, in 
fact, do two or more fuels compete directly in a given market on a 
strict Btu content basis. The best example in previous years was the 
choice of coal, oil, or gas by utilities with facilities for using all three 
fuels. 

Different conversion efficiencies among fuels also cause problems in 
using the Btu as a common denominator. While coal, oil, and gas can 
be compared reasonably well, hydroelectric power and nuclear energy 
cannot. What is the Btu content of the water used to generate hydro
electric power? One approach would be to convert the kilowatt-hours 
generated directly into their Btu equivalent. Since water can be 
heated by electricity, the conversion merely requires computing the 
number of pounds of water that can be raised one degree Fahrenheit 
by the application of one kilowatt-hour of electric power. It is gener
ally felt that the use of this purely physical conversion factor would 
underestimate the share of total energy provided by hydroelectric 
power, since fossil fuel energy sources are measured in terms of their 
inherent energy content without adjustment for thermal efficiencies 
when utilized in combustion equipment. Hence one usually measures 
hydroelectric power by computing the number of Btu's of fuel that 
would have been required to generate a kilowatt-hour in a fossil fuel 
plant. This number would vary somewhat, depending upon whether 
oil, gas, or coal was used for generation, but the statistical practice 
has been to use the average value for all fossil fuel plants during a 
given year. 

A similar problem arises in connection with nuclear power. The 
Btu's of heat energy given off by the uranium fuel in the reactor could 
be measured directly, but the usual practice is to measure nuclear 
electricity in terms of the Btu's of fossil fuel required in conventional 
steam-electric plants to generate a kilowatt-hour. Since the conversion 
efficiency of uranium fuel into usable process heat is considerably less 
than that of fossil fuels, an inconsistency is introduced that actually 
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underestimates the number of Btu's required to generate electricity 
from nuclear fission. 

Even after we admit these shortcomings, the use of the Btu as a 
common denominator in comparing energy sources is probably the 
best simple measure available. But for a comprehensive economic 
analysis of the costs and benefits of using different fuels, one must also 
look at engineering considerations, including conversion losses at var
ious stages in the process of going from the energy content of the raw 
fuels to the useful work performed for the final consumer. In addition, 
economists emphasize that demand factors are also important and 
stress that consumer preferences for certain types of goods and ser
vices are such as to make them willing to pay higher prices for a Btu 
of energy in one form than in another. 

PAST AND PRESENT WORLD 
ENERGY CONSUMPTION 
PATTERNS 
Table 1.1 presents data on the percentage of world energy consump
tion by regions and energy sources for the years 1925, 1950, and 1980. 
The regions include the three major industrial areas (United States 
and Canada; Western Europe; Japan), the communist bloc, and the 
rest of the world. The energy sources include coal, oil, gas, and pri
mary electricity, covering both hydroelectric power and nuclear en
ergy. The regional analysis indicates that growth rates in energy con
sumption have been greater outside North America and Western 
Europe since 1925 than in these traditionally highly industrialized 
countries. Specifically, the share of world energy consumed by the 
United States and Canada has declined from 50 percent in 1925 to 48 
percent in 1950 to 30 percent in 1980. Western Europe lost out be
tween 1925 and 1950, largely as a result of wartime devastation, fall
ing from 35 percent of world energy consumption to 22 percent, and 
declining modestly to 19 percent by 1980. Japan's energy growth rate 
has been very rapid, its share of world energy consumption increasing 
from 2 percent in 1925 to 3 percent in 1950 and 5 percent in 1980. 
Communist areas, however, have shown the greatest relative growth. 
Communist countries increased their share from 7 percent in 1925 to 
18 percent in 1950 and to 32 percent in 1980. Other areas have ac
counted for only small amounts of total consumption, but their 
growth rates have been appreciable, resulting in an increase in their 
share of energy demand from 6 percent in 1925 to 9 percent in 1950 
and to 14 percent in 1980. 

Table 1.1 very clearly shows the decline in the importance of coal. 
In 1925, coal accounted for 83 percent of world energy consumption, 
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but declined to 56 percent in 1950 and to only 29 percent by 1980. 
Regionally, coal's share decreased in the United States and Canada 
from 75 percent in 1925 to 38 percent in 1950 and 21 percent in 1980. 
An even greater shift away from coal has occurred in Western Europe 
since the Second World War, where a 78 percent dependence in 1950 
fell to 21 percent in 1980. Japan's shift out of coal was similarly pro
nounced: from 92 percent in 1925 to 83 percent in 1950 but only 16 
percent in 1980. Of all the areas considered, the communist bloc has 
been slowest to abandon coal, even though this movement is well in 
progress. Dependence in 1925 was lower than in Western Europe and 
Japan—87 percent—but had declined only to 82 percent in 1950 and 
still stood at 48 percent by 1980. 

By and large, coal was replaced by oil imports in Western Europe, 
Japan, and other noncommunist areas. Gas also replaced coal in the 
United States, Canada, and the Soviet Union, while the share of pri
mary electricity generation increased in all areas during this period. 
In the United States, oil's share of energy consumption increased from 
19 percent in 1925 to 39 percent in 1950 and 43 percent in 1980. In 
Western Europe the increase was much more dramatic: from 3 per
cent to 14 percent to 53 percent over the same period. In Japan, the 
rate of increase was less between 1925 and 1950—from 4 percent to 6 
percent—but much greater between 1950 and 1980, when the increase 
was from 6 percent to no less than 67 percent. Oil consumption in the 
communist bloc increased from 11 to 14 to 29 percent during this pe
riod, while in the rest of the world the increase was from 12 to 40 to 
55 percent. In the world as a whole, oil's share of energy consumption 
increased from 13 percent in 1925 to 29 percent in 1950 and 44 percent 
in 1980. 

The share of gas in world energy consumption increased from 3 per
cent in 1925 to 9 percent in 1950 and 19 percent in 1980. Initially, gas 
became a major energy source only in the United States and Canada, 
where economical overland transportation to markets was available. 
Unlike oil, gas usually cannot be economically exported for long dis
tances by water, owing to high costs and risks in gas liquefaction. Gas 
consumption in the United States and Canada increased briskly, from 
6 percent of energy consumption in 1925 to 17 percent in 1950 and 26 
percent in 1980. Western Europe consumed virtually no natural gas 
until after the discovery of large fields in Holland in the 1950s and in 
the North Sea a decade or more later. By 1980, European gas con
sumption had grown to 14 percent of total energy use, and this trend 
is accelerating today with increased supplies from the Soviet Union 
and the North Sea. The gas fields of the Soviet Union were increas
ingly exploited in the postwar period, so that gas consumption in the 
communist bloc increased from 2 percent of energy use in 1925 and 
1950 to 19 percent in 1980. Finally, gas consumption in other areas of 
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the world increased appreciably, rising from 2 percent of energy con
sumption in 1925 to 5 percent in 1950 and 12 percent in 1980. 

Table 1.1 understates the importance of electricity as a final fuel 
form because it measures only that electricity generated by hydro-
power or nuclear fuel. Fossil fuels used for the generation of electricity 
are already included in the other columns. Energy from the generation 
of primary electricity increased from 1 percent of energy consumption 
in 1925 to 6 percent in 1950 and then to 8 percent by 1980. While all 
of this electricity was from hydropower in 1925 and 1950, by 1980 
approximately half was being generated from nuclear energy, partic
ularly in Western Europe. In addition, minute amounts of power were 
being generated from geo thermal sources. 

Table 1.2 shows the same sort of information for the United States, 
for the longer period from 1850 to 1984. Two breakdowns are pre
sented, inclusive and exclusive of firewood. The former table is valu
able in that it shows total energy consumption in the economy by all 
sectors; the latter, by excluding firewood, focuses on industrial sector 
uses but even excludes some of these, since wood was used for pur
poses other than domestic heating during the nineteenth century, in
cluding the fueling of steam locomotives on many routes. 

The inclusion of wood shows that on a Btu energy content basis, 91 
percent of all energy consumption was supplied by wood in 1850, 73 
percent in 1870, and 56 percent in 1880. The share of wood declined 
rapidly thereafter, falling to 10 percent by 1910 and to about 1 percent 
by 1970. Paradoxically, the total consumption of energy has increased 
so greatly that the amount of wood consumed in 1984 was almost half 
as large as was consumed in 1850, despite the fact that it accounts for 
less than 1 percent of today's consumption! 

Coal increased from 9 percent of energy consumption in 1850 to 76 
percent in 1910, declined steadily to 18 percent in 1975, and has since 
increased to 23 percent by 1984. Coal did not exceed 50 percent of 
energy consumption until 1884. Again, although the share of coal in 
total energy consumption has steadily declined, the absolute amounts 
consumed have generally increased owing to the large growth in total 
energy consumption. 

One of the surprises of Table 1.2 is the relatively slow growth of oil 
consumption before about 1910. One major reason for the failure of oil 
to displace coal earlier as a source of industrial fuel was the tendency 
of those inside as well as outside the oil industry to underestimate the 
magnitude of oil reserves. Industries were reluctant to make large in
vestments in oil-burning equipment if they considered it likely that oil 
reserves would be depleted in 10 to 15 years. Also, demand for oil was 
relatively limited before the advent of the automobile. Petroleum was 
first sold as a patent medicine, a use with limited sales volume poten
tial. There was a ready market for kerosene for illumination, but the 
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market for gasoline was quite limited before internal combustion en
gines using refined fuels were developed. Not much gasoline could be 
sold to dry-cleaning establishments, since not much was needed to 
remove stains. There was a ready market for petroleum lubricants to 
improve the operating performance of machinery—but here too the 
size of the total market was limited. 

Oil consumption amounted to only 1 percent of total U.S. energy 
consumption in 1870, and had increased to only 4 percent by 1900. 
But with the growing popularity of the automobile, its share rose to 
11 percent in 1940, and 40 percent by 1960, at which point further 
market share growth was halted by competition from natural gas. 
Since 1975 rising prices of oil, relative to those of other fuels, have led 
to widespread substitution of other fuels for oil. 

Gas was insignificant in 1880 but increased to 4 percent of energy 
consumption by 1890, at which rate it held roughly constant until af
ter 1920, owing to the high cost of transporting natural gas long dis
tances before pipeline innovations were made in the 1930s. Gas con
sumption then increased rapidly, from 11 percent in 1940 to 19 
percent in 1950, 31 percent in 1960, 37 percent in 1970, and 42 percent 
in 1980. 

Hydroelectric power has remained fairly constant as a percentage of 
total energy consumption, developing in the 1890s and reaching a 
share of 3 percent by 1900. Since 1950 this share has been roughly 4 
percent, but hydroelectric power will have a hard time keeping up 
with the growth of total energy demand in the future, since the avail
ability of good unused hydroelectric sites is very limited. Nuclear 
power began to be commercially produced in 1957, but not until the 
early 1960s was as much as one tenth of 1 percent of total energy thus 
generated. This share increased to 2 percent by 1975 and to 5 percent 
by 1984. 

If we exclude firewood from consideration in Table 1.2, the energy 
consumption picture looks quite different, particularly in the nine
teenth century. Among fossil fuels, coal had great predominance until 
the 1920s, accounting for as much as 80 percent of energy consump
tion in 1920. After this time, however, coal's steady relative decline is 
quite evident. After 1910 the exclusion of wood makes little difference 
since firewood had declined so much in importance; hence the col
umns for the other energy sources do not differ greatly in the two ta
bles. 

It should be noted that while wood fuel is included in Table 1.2 for 
the United States, where it has been of little importance in recent 
years, it is excluded (for lack of data) from Table 1.1, which covers the 
world. This is unfortunate since wood is an important fuel in many 
nonindustrialized areas of the world, and has become more important 
in such areas since the increased price of oil has forced many countries 
to turn back to domestic wood supplies for reasons of economy. 
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PAST AND PRESENT WORLD 
ENERGY SUPPLY PATTERNS 
Before about 1700, energy consumption typically took place near the 
energy sources themselves. Plants and animals were harvested on site, 
and wind and water power also had to be used on location. Storage of 
mechanical energy was not yet possible, and the only sort of storage 
of any importance was that of food between harvests and firewood cut 
in expectation of winter. It was uneconomical to haul firewood long 
distances, so early energy-intensive industries such as iron mills 
tended to locate in wooded areas, and over long periods of time these 
areas lost their forest cover. At this time, energy-using processes 
tended to flourish only in proximity to water power, wood, or coal, 
and the coal fields of Europe, particularly those in England, Germany, 
France, Poland, and western Russia, were the scene of much early in
dustrial activity. After the innovation of modern methods of iron and 
steel making, the best situated industrial regions were those having 
close access to iron ore, coal, and limestone. The geographic scarcity 
of such areas tended to limit the spread of industrialization until fuels 
with greater transportability were discovered. 

Coal shipments by water were not prohibitively expensive, and 
there were some well-established coal transport routes in the 1800s. 
Western Europe shipped coal to South America and Africa, China ex
ported to Japan, and the United States sold coal to Canada. There was 
also considerable coal traffic between adjoining European countries. 
But on the whole, significant industrial coal consumption occurred 
only within reasonable proximity to the coal fields themselves. With 
the advent of petroleum, however, geographical imbalances between 
oil-producing regions and energy-consuming regions prompted the 
rapid development of extensive transportation networks. As early as 
1900, many oil fields were found relatively close to seacoasts, and 
since water transportation of oil was relatively inexpensive, petroleum 
became an important international industry. Early trade, however, 
was in refined products rather than in crude oil, and it was not until 
after 1945 that international movements of crude oil predominated. 

Table 1.3 shows the percentage of world crude oil production by 
major producing countries for the period 1860-1984. It is obvious that 
the United States and Russia divided more than 90 percent of world 
output between them until after 1910. The United States produced 
over 90 percent of the world output until about 1878, but the opening 
of large Russian fields in the 1880s and 1890s made for a closer ap
proach to parity in output. Russian output exceeded American pro
duction in 1900, but United States output spurted ahead after 1900, 
while Russian production fluctuated, and was eventually seriously dis
rupted by the disorders of the 1917 revolution. Although total world 
oil output increased substantially after the First World War, United 
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TABLE 1.3 Percentage of World Crude Oil Production by Country, 1850-1984 

1860 
1865 
1870 
1875 
1880 
1885 
1890 
1895 
1900 
1905 
1910 
1915 
1920 
1925 
1930 
1935 
1940 
1945 
1950 
1955 
1960 
1965 
1970 
1975 
1980 
1984 

United 
States 

98 
92 
91 
91 
88 
60 
60 
51 
43 
63 
64 
65 
64 
71 
64 
60 
63 
66 
52 
45 
35 
27 
22 
16 
14 
16 

Russia 

2 
3 
5 
10 
34 
37 
44 
52 
25 
27 
14 
4 
5 
8 
9 
10 
6 
7 
9 
14 
16 
17 
18 
20 
22 

Indo
nesia 

1 
2 
4 
4 
3 
3 
2 
2 
2 
3 
1 
1 
2 
2 
2 
2 
2 
3 
3 

Mexico 

1 
8 
23 
12 
3 
2 
2 
2 
2 
2 
1 
1 
1 
1 
3 
5 

Vene
zuela 

2 
10 
9 
10 
12 
15 
14 
14 
12 
8 
4 
4 
3 

Middle 
East 

3 
3 
4 
4 
7 
15 
19 
23 
25 
30 
36 
30 
20 

Africa 

1 
6 
13 
16 
16 
6 

Other 

2 
6 
6 
4 
2 
6 
3 
4 
3 
8 
4 
10 
6 
5 
10 
14 
8 
6 
8 
9 
10 
11 
7 
7 
10 
25 

SOURCES: 1860-1920: U.S. Bureau of Mines; 1925-1965: Energy in the World Economy; 1970-1984: Monthly 
Energy Review. 

States production was 71 percent of the global total by 1925. The 
United States share still stood at 66 percent by 1945, but the devel
opment of Middle Eastern and North African reserves during the post
war period reduced the United States share of total output steadily, 
from 52 percent in 1950 to 35 percent in 1960 and 16 percent in 1984. 
Russian output, on the other hand, recovered from damage during the 
Second World War to rise from 6 percent of world output in 1945 to 
14 percent in 1960 and 22 percent in 1984, exceeding United States 
output after the early 1970s. 

In the nineteenth century both United States and Russian crude oil 
was refined domestically and the products—chiefly illuminating oils— 
were exported by water to consuming areas. It was not until the 1890s 
that a petroleum industry devoted to exporting crude oil developed, 
and then it was on a small scale in Indonesia. Still, the first important 
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regular shipments of crude oil as such originated in the Indonesian 
fields. Indonesian output never accounted for a large share of world 
production, but it has been important in world trade for almost a cen
tury. Between 1 and 4 percent of world crude oil has been produced 
in Indonesia, the market share rising to about 4 percent in 1905-1910 
and declining to about 3 percent in 1984. Mexico became the next 
important producing and exporting center, with an output volume 
equal to 23 percent of world production by 1920. Mexican output 
dropped rapidly in the early 1920s, however, and had fallen to 3 per
cent by 1930 and to 1 percent by 1960. With the large new reserves 
found in Mexico since the Arab embargo of 1973 however, Mexican 
production has risen sharply to 5 percent by 1984. Mexico has become 
the fourth largest producer and could well expand its market share 
further. 

Venezuela was the next important export source for crude oil. By 
1930, Venezuelan output was 10 percent of world output, and Vene
zuela succeeded Mexico as the world's largest oil exporter. Venezuelan 
output rose to 15 percent of the world total by 1950, but then declined 
to 10 percent by 1968 and to only 3 percent by 1984, despite relatively 
large reserves potential. The beginning of large scale permanent oil 
export trade was launched with Venezuelan field developments in the 
1920s and 1930s. The Middle East became a significant exporting area 
at about the same time as Venezuela, although production in Iran had 
begun as early as 1909. Because of the disruptions occasioned by the 
Second World War, production did not increase as rapidly as existing 
reserves justified, but by 1950 exports reached 15 percent of total 
world production, increased to 23 percent by 1960 and to 36 percent 
by 1975. The sharp decline in market share held by the Middle East 
to 20 percent in 1984 is the result of production cutbacks by these 
countries to sustain prices and not the result of diminished reserves. 
Middle East countries possessed about 55 percent of world oil reserves 
in 1984, despite their 20 percent share of production. 

African output became significant by 1960 with the expansion of Al
gerian production, and increased to 16 percent of world production in 
1975 with the addition of Libyan and Nigerian oil production. The 
sharp decline in market share over the period 1980 to 1984 is attribut
able to reduced production by these three key producers, who are also 
OPEC members. Other regions of the world, notably Rumania in the 
nineteenth century and Canada after 1945, accounted for the remain
ing 2 to 25 percent of world output. 

The market share statistics of Table 1.3 attribute greater importance 
to the United States and Russia than they deserve and less importance 
to the Middle East, Africa, and Mexico. In the future, the marginal 
sources of oil will come almost entirely from the latter group as Soviet 
export volumes have declined to low levels and the United States has 
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become a substantial oil importer. The chief oil export routes extend 
from the Persian Gulf to Western Europe, Japan, North America, and 
Australia. Other major oil exports flow from North Africa to Europe 
and North America, from Indonesia to Japan, and from Venezuela to 
other parts of the Western Hemisphere. With increasing reliance upon 
Middle Eastern, African, and Mexican oil exports, the importing coun
tries have become heavily dependent upon imported energy. As of 
1983 about 33 percent of United States oil consumption was imported, 
compared with 64 percent in Europe and virtually 100 percent in Ja
pan. This degree of import dependence had left these major oil-con
suming economies highly vulnerable to supply interruptions. 

PRICE DEVELOPMENTS: PRE-
AND POST-OPEC 

Energy prices, like raw materials prices, tend to fluctuate more widely 
than the prices of finished consumer goods and services. In the past 
this has been due more to fluctuations in supply than in demand. 
When English forests were on the point of disappearing, firewood 
prices skyrocketed. When whaling activities had greatly reduced the 
number of whales, the price of whale oil surged upward. Economists 
are not surprised to learn that coal came along to supplement fire
wood, and kerosene arrived just in time to supplant whale oil. In the 
past, output rates from oil fields have fluctuated, making prices highly 
unstable. Labor problems in the coal fields have interrupted produc
tion with consequent price escalations. 

The energy market has been a very important market in every in
dustrializing country since the beginning of the Industrial Revolution. 
Coal deposits are usually sufficiently widespread and capable of being 
mined by numerous small operators that problems of monopoly pric
ing should not arise in the absence of governmentally supported pro
grams of price control. But in Europe each industrializing country was 
more or less in competition with the others, and the most progressive 
governments adopted a policy, not always effectively implemented, of 
keeping down the price of coal in order to speed industrialization. 
Price pressure on coal in the United States was quite strong in those 
areas where essentially free firewood could be gathered. After the ad
vent of petroleum, coal had another competitor. Oil from relatively 
large flowing fields had lower costs than coal, which needed to be 
mined, and early oil producers would undersell coal in many markets 
and still make very good profits. 

Since oil is a close substitute for coal, price trends in oil definitely 
affected the rate at which oil replaced coal. Table 1.4 presents a sum
mary of data on current and real United States and world crude oil 
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TABLE 1.4 Current and Real U.S. and World Crude Oil Prices, 1880-1984 

Year 

1880 
1890 
1900 
1905 
1910 
1915 
1920 
1925 
1930 
1933 
1940 
1945 
1950 
1955 
1960 
1965 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

Current U.S. 
Pricea ($/bbl) 

(Average Price) 

$ .94 
.77 

1.19 
.62 
.61 
.64 

3.07 
1.68 
1.19 
.67 

1.02 
1.22 
2.51 
2.77 
2.88 
2.86 
3.18 
3.39 
3.39 
3.89 
6.74 
7.67 
8.19 
8.57 
9.00 

12.64 
21.59 
31.77 
28.52 
26.19 
26.00 

U.S. Consumer 
Price Index 

(1957-59 = 100) 

34 
32 
39 
31 
33 
35 
70 
61 
58 
45 
49 
63 
84 
93 

107 
110 
134 
145 
150 
154 
175 
187 
202 
211 
227 
253 
287 
317 
336 
346 
357 

Real U.S. 
Price in 
1957-59 
($/bbl) 

$ 2.76 
2.41 
4.10 
2.00 
1.85 
1.83 
4.40 
2.75 
2.04 
1.49 
2.09 
1.95 
3.01 
2.97 
2.70 
2.50 
2.37 
2.34 
2.26 
2.53 
3.85 
4.10 
4.05 
4.06 
3.96 
5.00 
7.52 

10.02 
8.48 
7.56 
7.28 

World Price: 
Estimated Actual 

Transactions 
Price 

$ 1.71 
1.63 
1.53 
1.33 
1.26 
1.66 
1.84 
2.91 

10.77 
10.72 
12.17 
13.24 
13.30 
20.19 
32.20 
35.10 
32.11 
27.73 
27.20 

Real World 
Price in 
1957-59 
($/bbl) 

$ 2.04 
1.75 
1.43 
1.21 
.94 

1.14 
1.23 
1.89 
6.15 
5.73 
6.02 
6.27 
5.85 
7.98 

11.22 
11.07 
9.55 
8.01 
7.62 

"Average Price received by Domestic Sellers, which is the weighted average of the prices of old oil and new oil. 
SOURCES: American Petroleum Institute, Petroleum Fact and Figures, U.S. Bureau of Mines; since 1976, Monthly 
Energy Review. 

prices for the period 1880-1984. Comparison of nominal price trends 
over time is very misleading in inflationary times. Consequently, Ta
ble 1.4 includes a measure of general inflation, the consumer price 
index. For example, a market bundle costing $100 in 1957-59 would 
have cost $34 in 1880 or $357 in 1984. For purposes of long term com
parison, the real oil prices properly measure the price of crude oil rel-
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ative to this hypothetical bundle of consumer goods. It is apparent 
that the real price of oil has fluctuated widely in the United States. 
During the period 1880 to 1933, the price fluctuated almost yearly de
pending on the occurrence of supply schedule shifts from new large 
field discoveries. Paradoxically, in 1920, the real price of oil stood at 
$4.40 per barrel (a value not exceeded until 1979) and reports pre
dicted future shortages as reserves sufficient to meet only 15 years' 
production appeared to be available. The forecasts changed rapidly as 
the large fields in Texas and Oklahoma were discovered in the late 
1920s and early 1930s. In 1933, flush production from the newly dis
covered East Texas field—the largest field in the United States—sent 
the real price per barrel plummeting to $1.49 (only $.67 in current 
dollars). With the erection of a maze of state and federal regulations, 
oil prices were stabilized and even rose moderately following World 
War II. For the period from 1950 to 1973, real United States crude 
prices trended slowly downward, being largely insulated by import 
controls from the lower world oil prices. Between 1973 and 1981 
United States crude prices rose fourfold (or, in current dollars, eight
fold). This price move generally lagged the increase in world oil prices, 
because in 1973 United States crude prices came under price controls 
that were not lifted until 1981. Over this period, regulation allowed 
United States prices to increase but at a rate considerably slower than 
world oil prices. For example, in 1979, domestic producers received an 
average price of $12.64 per barrel in current dollars, despite world 
prices of $20.19 per barrel. Since 1981, the lifting of price controls has 
meant that domestic prices fluctuate with world crude prices, varying 
only by quality and location differentials. 

To better understand United States price patterns since 1973, one 
must look at world oil prices. Real world oil prices fell precipitously 
during the period from 1950 to 1970, so much that many economists 
criticized the protectionist trade policy of the United States govern
ment, which insulated the domestic crude market from cheap im
ported oil. Suddenly, following the Arab Oil Embargo and OPEC's 
muscle flexing, this all changed. Compared to the 1970 real price of 
$.94 per barrel, the 1974 price involved a sixfold real price increase. 
From 1974 through 1978, the real price of world oil was reasonably 
constant. In 1979, events surrounding the Iranian Revolution triggered 
a second energy price shock, sending current oil prices from $13.30 to 
$35.10 by 1981. In real terms, the price increased from $5.85 per bar
rel in 1978 to $11.22 per barrel in 1981. Thus in only 11 years, the real 
price of world oil had increased by over 11 times, explaining pointedly 
why the term "energy crisis" was born. 

Since 1981, world oil prices have declined in real terms from $11.22 
per barrel to $7.62—a 32% decrease. Nevertheless, the real price of 
$7.62 per barrel is still eight times the 1970 real world oil price, re
minding us that we still live in a world of high-priced oil. 
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Energy/Macroeconomic 
Linkages: The Fable of the 
Elephant and the Rabbit 
What effects, if any, do rising energy prices have on overall output and 
the general level of prices? Given the conventional separation between 
microeconomics and macroeconomics, there is a tendency to reply 
"not much." After all, energy-producing industries composed in 1980 
only 4 percent of GNP—hardly a dominant percentage. On the other 
hand, casual empiricism would suggest that the energy crisis of the 
1970s was closely correlated with the severe macroeconomic disloca
tions of that decade. Coincidentally, the term "stagflation" was coined 
in the same decade that the term "energy crisis" emerged. For exam
ple, the decade of the 1970s was the first decade since the 1930s in 
which real per-capita personal income actually declined. The annual 
average United States inflation rate was 7.6 percent per year as con
trasted with 2.2 percent for the decade of the 1960s. The unemploy
ment rate averaged 8.8 percent for the decade as contrasted with 4.5 
percent for the 1960s. These general conclusions apply not only to the 
United States but to virtually all of the industrialized countries. The 
two most severe postwar recessions followed directly on the heels of 
the 1973-74 price increases and the 1979-80 increases. Are such 
events merely coincidences or indicative of a strong linkage running 
from energy to the macroeconomy? 

Professors William Hogan and Alan Manne posed the problem by 
reference to the colorful fable of the elephant and the rabbit.1 They 
ask whether a stew (total macroeconomic output) containing one rab
bit (the energy sector) and one elephant (the nonenergy sector) can be 
expected to taste more like an elephant stew or a rabbit stew! Follow
ing the metaphor, our question becomes whether a reduction in the 
size of the rabbit will have a significant impact on the taste of the 
stew. 

One possibility might be that a doubling of energy costs would re
duce GNP in direct proportion to its value share, if energy inputs are 
required in fixed proportions to nonenergy inputs. Twice as much 
GNP would have to be allocated to energy inputs as before, doubling 
their value share. However, if the input mix were more flexible, a dou
bling of energy costs could lead to a reduction in energy usage suffi
cient to leave its value share unaffected, so that GNP would be re
duced only by half as much as in the previous case. Obviously the key 
consideration here is the ease with which nonenergy inputs can be 
substituted for energy inputs in the production of GNP, and this abil
ity is represented by the concept of the elasticity of substitution des
ignated by the Greek letter σ. 

The shapes of the isoquants associated with given values of the elas
ticity of substitution are represented for three distinct cases in Figure 
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1.1a. The first case, when σ equals zero, is that of fixed-proportions 
technology (alluded to above) which requires that the input mix be 
maintained in a constant ratio, and corresponds to isoquants shaped 
like I\. Since a reduction in the energy input cannot be replaced by an 
increase in the nonenergy input, output will fall and the value share 
of energy inputs will rise. 

The intermediate case allows for some flexibility in the input mix at 
a constant level of output, and is exemplified by isoquant I2 from a 
Cobb-Douglas production process, implying that σ = 1. Under a Cobb-
Douglas technology a reduction in energy inputs can be just matched 
by an increase in nonenergy inputs that will keep the value share of 
the former constant. 

The last case assumes that the technology is completely flexible, so 
that nonenergy inputs are perfectly substitutable for energy inputs; 
this is represented by isoquant 73. Here the elasticity of substitution is 
infinite (σ = <»), with the possibility that energy inputs could be com
pletely eliminated without any reduction in output being necessary. 

The importance of the energy sector in the macroeconomy can now 
be determined in this framework by examining the possibilities for 
substitution between energy and nonenergy inputs. It is important to 
distinguish short-run from long-run substitution relationships. Energy 
use in the short run is tied directly to the existing stock of energy-
using equipment such as generators, automobiles, and current housing 
facilities. Therefore in the short run there is little ability to substitute 
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FIGURE LI The relationship between the elasticity of substitution (σ) and 
aggregate macroeconomic output (Y). 

THE DIMENSIONS OF THE ENERGY PROBLEM /|Ç 



energy for nonenergy inputs. If the elasticity of substitution is low, 
then reductions in energy input availability will have significant neg
ative feedback effects on the overall economy and the adverse energy-
macroeconomy linkage must be taken into account by policy analysts. 
In the long run, the capital stock of energy-using equipment can be 
redesigned to provide more fuel-efficient engines, automobiles, and 
houses. The elasticity of substitution is therefore likely to be much 
greater in the long run than in the short run. If the elasticity of sub
stitution is high, reduced energy availability will be less damaging to 
the macroeconomy, and the weaker feedback effect might be suffi
ciently small to be ignored. This relationship between the microeco-
nomic concept of the elasticity of substitution and macroeconomic 
conditions can be more clearly demonstrated. 

Figure 1.1b provides a very simple model of the macroeconomy as 
described by conventional aggregate demand and aggregate supply 
curves. Initially the economy is in long-run equilibrium at national 
product level Y0 and price level P0t being characterized by aggregate 
demand AD0. An increase in relative energy prices would be expected 
to affect the costs of producing a given level of output at each price. 
The shift of the aggregate supply curve away from AS0 that would be 
produced by a given energy supply ''shock" will be seen to depend 
crucially upon the value of the elasticity of substitution between en
ergy and nonenergy inputs. 

Recalling Figure 1.1, consider the supply response in the case where 
σ = 0, so that substitution of nonenergy inputs for energy inputs is 
not technologically possible. The resultant upward shift of the aggre
gate supply curve would be a significant one, possibly all the way to 
curve ASX. Prices in the aggregate would rise from P0 to Pif while na
tional product would fall from Y0 to Y\. 

For the intermediate case we have σ = 1 under the Cobb-Douglas 
technology that allows enough substitution of nonenergy inputs for 
energy inputs to maintain a constant value share for energy. Here the 
aggregate supply curve would also be shifted upward as a result of an 
increase in relative energy prices, but not nearly as much as in the 
previous case, perhaps moving only to curve AS2. Prices would still be 
increased, but only from P0 to P2, and national product would fall less 
dramatically from Y0 to Y2. 

The third case of Figure 1.1b entails perfect substitutability between 
energy and nonenergy inputs, so that σ = o°. The aggregate supply 
curve would not be shifted at all by the energy shock, since the same 
level of output could be produced at the same prices as before, using 
all nonenergy inputs. Therefore the aggregate supply curve AS3 coin
cides with the initial curve AS0, and prices and national product re
main unchanged. 

In the short run, intuition would suggest that the elasticity of sub
stitution is quite low, as energy usage is closely tied to the stock of 
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energy-using equipment, which cannot be redesigned and replaced 
over night. Consequently, most evidence shows that the energy shocks 
contributed significantly to the stagflation of the 1980s. In the long 
run, energy-consuming equipment can be redesigned and substitution 
possibilities become much greater. The available evidence, as dis
cussed in Chapter 7, suggests that the long-term effects of an energy 
shock are not nearly so great as their short run macroeconomic dislo
cations. 

CHANGING PUBLIC 
PERCEPTIONS OF THE "ENERGY 

PROBLEM" 
Public perceptions of the nature of "the energy problem" have proven 
to be highly changeable, fluctuating within a few short years from the 
view that it is a problem of the greatest gravity to the opinion that it 
is a nonproblem. From the vantage point of the mid-1980s, the most 
popular view is that there is no energy problem. According to this 
view, the energy crisis of the 1970s was precipitated by OPEC's con
trived shortage of oil. But during the 1980s, OPEC's monopoly power 
was checked by falling world oil demand and by increasing non-OPEC 
production, resulting in falling real prices of crude oil. 

In contrast, a popular viewpoint of the 1970s was that the world 
faced a real physical shortage of oil and that OPEC price increases 
merely reflected an increase in the true economic cost of supplying 
crude oil. According to this view, despite these price increases, the 
world is heading toward a severe and prolonged energy crisis, as fu
ture oil production will be inadequate to meet demand and other en
ergy forms would be insufficient to fill the void. The events of the 
1970s are seen as merely a brief preview of the catastrophe forthcom
ing within the next 15 to 25 years. 

A third view focuses on the security aspects of the distribution of 
noncommunist world oil reserves. This view holds that the real prob
lem facing the Western industrialized nations is their heavy long-term 
dependence on imported oil, the bulk of which must originate from 
the strife-torn Middle East. Nations in this region can easily manipu
late the flow of oil to the West to achieve a variety of economic or 
political objectives inimical to the interest of oil importers. Thus fu
ture supply disruptions from this region seem likely, with the result 
being severe short-run macroeconomic effects and potential political 
upheavals, which could lead to armed conflict. 

One's policy prescriptions would vary, depending upon which one 
(if any) of the above three views one subscribes to. If the energy prob
lem is now history, the policy posture might range from doing nothing 
to adopting a few actions to encourage further decreases in OPEC's 
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remaining monopoly power. On the other hand, if the real energy cri
sis is yet to come, OPEC is to be applauded rather than execrated. The 
objective becomes achieving the transition to nonoil energy resources 
as soon as possible, and high oil prices help to accelerate the process. 
But if the problem is supply uncertainty, means must be found that 
will deter Middle East countries from engaging in embargoes and sup
ply disruptions, while at the same time reducing our short-run vulner
ability to supply disruptions by programs of oil storage, emergency 
conservation procedures, and so forth. Let us now turn to a closer look 
at each of these three conceptions of the energy problem. 

Viewpoint of the 1970s: The Real 
Energy Crisis Is Yet to Come 
A popular view of the 1970s was that OPEC has done importers a favor 
by raising oil prices because the real energy crisis is yet to come; oil 
supplies will be largely depleted in the next decade or two, forcing 
massive rapid transitions to other fuels. This view is prominently put 
forth by the report of the Workshop on Alternative Energy Strategies 
(WAES) involving participants from numerous countries and individ
uals from academics, business, and government. This 1977 report 
shows that under a variety of scenarios, a severe shortage of world oil 
will result before the year 2000. Even assuming considerably higher 
prices and slow economic growth, their scenarios indicate the short
age will occur before 2000. With more likely price and economic 
growth rates the shortage could occur in the late 1980s. 

Such a conclusion might at first glance appear improbable in view 
of the physical reserves of oil at the time. As shown in Table 1.5, non-
communist world oil reserves in 1975 stood at 555 billion barrels, con
trasted against the 1975 production rate of only 15.5 billion barrels 
per year. 

It would appear that the ratio of reserves to production in 1975 was 
about 36 to 1, if we divide 555 billion barrels of reserves by the 15.5 
billion barrels of oil produced outside the communist areas in 1975. 
Hence if no more oil were ever discovered, it seems that we would still 
be able to consume at the 1975 rate for 36 years. 

But there are several additional factors that alter this conclusion. 
First, oil cannot be withdrawn from underground reservoirs at an ab
solutely constant rate. Second, future demand is likely to continue to 
increase at some rate, even with much higher prices. We cannot as
sume that demand levels in 1975 will remain constant through 2011. 
Third, additional volumes of oil reserves are likely to be found 
throughout the world during the next 50 or more years. Oil reserves 
measure only the existing inventory of known deposits capable of 
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TABLE 1.5 Total World Crude Oil Reserves by Region in 1975 and 1984, in 
Billions of Barrels of Proved Reserves 

OPEC areas: 
Saudi Arabia 
Other Middle East 
Other OPEC 

Total OPEC 

North America 
Western Europe 
Rest of Noncommunist World 

Total Non-OPEC 

Total, All Noncommunist Areas 
Communist Areas 

Total World 

1975 

152 
208 
90 

450 

40 
25 
40 

105 

555 
103 

658 

1984 

169 
201 

81 

451 

82 
23 
29 

134 

585 
85 

670 

SOURCE: Oil and Gas Journal, Year-end Summary Issues, 1975 and 1984. 

being extracted, and need not necessarily decline, as illustrated by 
comparing 1984 reserve levels with 1975 levels. 

In order to deal with the first problem, we must recognize that oil 
cannot be produced from underground reservoirs at too rapid a rate 
without great sacrifice of ultimate recovery. Overly rapid production 
dissipates natural reservoir pressures, leaving oil trapped in the 
source rock. Consequently, the minimum ratio between reserves and 
production is about 10 to 1, implying that in order to produce the 15.5 
billion barrels of oil in 1975, there must have been at least 155 billion 
barrels of reserves at the beginning of 1975. For some types of reser
voirs the minimum ratio may be as high as 15 to 1. Hence even if we 
impose an average ratio as low as 12 to 1, we can count on only 24 
years of production at the rate of 15.5 billion barrels per year (the 
1975 rate). After the twenty-fourth year, total reserves will be less than 
the 186 billion required to yield 15.5 billion barrels at the minimum 
ratio of reserves to production of 12 to 1, and the last 183 billion bar
rels must be produced more slowly over a period of many years. The 
remaining reserves are not lost, but must be produced more slowly in 
lesser volumes over a longer period of time. 

Second, if demand increases at several percent per year, this natu
rally reduces the life expectancy of a given volume of reserves. If, for 
example, the rate of production increases by 1 percent per year, re-
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serve life is reduced from 36 years to 31; if the rate of increase is 3 
percent per year, reserve life is only 25 years; for a 5 percent rate of 
increase, 21 years, and so on. Furthermore, the life-shortening effects 
of increases in demand and the minimum ratio of reserves to produc
tion are additive. If the rate of demand increase is 3 percent per year, 
not only is the reserve life cut from 36 to 25 years, but the ratio of 
reserves to production falls below the necessary 12 to 1 ratio during 
the fifteenth year of production. Thus only a 15-year interval exists 
before demand has to be constrained by limitations of productive ca
pacity. 

Third, let us assume, as does the WAES Report, that new discoveries 
continue to be made and proved reserves are augmented by new re
serves. If demand is constant from year to year, then as long as the 
existing reserves to production ratio is greater than minimal, there is 
no problem in regard to productive capacity. But if demand is increas
ing at a certain rate, then reserve additions must be sufficient to keep 
the ratio of reserves to production above the minimum level for an 
indefinite t ime. If demand increases at 3 percent per year, then at 
some point before the fifteenth year, in our earlier example, reserves 
must begin to increase by more than 3 percent per year, or production 
will eventually be constrained by capacity limitations. 

How many barrels of new discoveries can be made every year? Dur
ing the period 1950-1975 the annual average was about 27 billion bar
rels in the world outside communist areas. There have been consider
able fluctuations, however. During the period 1965-1970, an average 
of 52 billion barrels per year was achieved. The assumption has been 
that during the next few decades average annual new discoveries will 
probably decline rather than increase. However, this is not certain, 
since prices now are much higher than they were during prior years 
when discovery activities were limited by lower price horizons. The 
WAES Report considers two cases: of 20 billion barrels per year in the 
high-discovery case and of 10 billion barrels per year in the low-dis
covery case. If the rate of reserve additions is 20 billion barrels per 
year as assumed in the WAES "high case," then consumption can in
crease for 29 years at the rate of 3 percent per year before the ratio of 
reserves to production drops below 12. Even if the discovery rate falls 
as low as 10 billion barrels per year, the low case assumed by WAES, 
it will be possible to supply a production increase at the rate of 3 
percent per year for 20 years. Thus, even under reasonably conserva
tive estimates of discovery rates and relatively liberal estimates of 
growth rates (2.6% per year), it appears that oil supply expansion is 
unlikely to be constrained by reservoir engineering considerations be
fore 1995. However, the WAES Report notes that for "conservation" 
reasons, rulers of barren desert areas unable to invest large sums of 
money domestically with adequate efficiency might well limit produc
tion to rates at which the reserves to production ratio could never fall 
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to the 12 to 1 limit suggested by reservoir engineering considerations. 
Thus the real energy crisis could arrive well before 1995, depending 
on the production limits imposed by the key Middle East producers. 

According to the WAES Report, not only is future oil production 
likely to be constrained, but other energy forms have only modest ex
pansion possibilities, leaving a substantial shortage. With regard to 
natural gas supplies, the WAES Report suggests that the future supply 
picture is not favorable. Despite large reserves, transportation costs 
will probably remain too high to permit imported gas to replace de
clining domestic gas reserves in the industrialized countries, except in 
those few cases where overland transport is economical. Total natural 
gas reserves in 1975, in billion barrels of oil equivalent heat content, 
are about half as large as total oil reserves—242 billion barrels oil 
equivalent in the noncommunist world, with another 144 billion bar
rels oil equivalent in communist areas. 

Since the noncommunist world production of natural gas was 6 bil
lion barrels of oil equivalent in 1975, the ratio of reserves to produc
tion in 1975 was 40.3 years. Unfortunately, the bulk of noncommunist 
reserves are in the Middle East, and it is not possible to build pipe
lines from the Persian Gulf to Chicago, Tokyo, or similar major indus
trial consuming centers. Transportation alternatives for ocean ship
ment include liquefaction and conversion to methanol, but these are 
very expensive. 

According to some experts, coal may once again become the major 
source of world energy, since this is a relatively abundant and wide
spread energy source, capable of production at tolerable cost levels, 
and with total reserves adequate to supply expanding energy needs for 
several centuries or more. While world oil reserves in the proved cat
egory amount to about 550 billion barrels, economically recoverable 
world reserves of coal total at least 3 trillion barrels oil equivalent, or 
almost six times as much. The same relationship prevails between es
timated ultimately recoverable oil reserves, currently assessed at 
about 2 trillion barrels, and potentially recoverable coal reserves, es
timated in the range of 12 trillion barrels oil equivalent. At current 
rates of world coal consumption, known economically recoverable re
serves would be adequate for 230 years, while the inclusion of poten
tially recoverable reserves would increase the supply to about 1150 
years. 

The present military superpowers are also the superpowers in coal 
reserves. The Soviet Union and its Eastern European dependencies 
possess about 39 percent of the world's economically recoverable re
serves, followed by the United States with 33 percent. China accounts 
for another 14 percent, leaving the rest of the world with only about 
14 percent, primarily in Western Europe, Oceania, Africa, and India. 
Middle Eastern coal reserves are negligible. 

The market evolution from coal into oil and gas was dictated not 
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only by the lower cost of petroleum fuels but also by their superior 
convenience, versatility, and cleanliness in combustion. Any large-
scale retreat into coal can be accomplished only against the resistance 
of those opposing the environmental impacts of coal mining and coal-
fired combustion. It will indeed be difficult to convert back to coal if 
there are many laws that prevent or economically penalize both its 
mining and its burning. But even if coal were given the green light 
environmentally, there are few new uses into which it would be wel
comed. Apart from trains using coal-generated electricity, coal has no 
current sales in the transportation sector, although—over time and at 
great cost—diesel locomotives could conceivably be replaced by coal-
fired units. Residential users will resist coal consumption because of 
its adverse impact on the microenvironment of the home. There is 
some scope for increasing use of coal as a boiler fuel for heavy indus
try, and of course coal use can be expanded in the electric utility sec
tor, but the expansion potential is somewhat limited here since half of 
electricity is already generated by use of coal fuel, with nuclear power 
currently supplying the incremental growth in this market. Coal's 
greatest chance to become a dominent energy source again lies in the 
devising of technology to convert this solid fuel into liquid and gas
eous forms. Given the long lead times in constructing such plants and 
the relatively high costs, the WAES Report is not optimistic that syn
thetic fuels could make an appreciable contribution before the year 
2000. 

Nuclear power has some of the disadvantages of coal without shar
ing in coal's major advantage of plentiful reserves available at tolera
ble mining costs. Power from nuclear fission depends on the use of 
enriched uranium, which is a relatively expensive input and must be 
extracted from uranium ores that may or may not prove to be in rel
atively short supply. Uranium ores do not currently appear to be 
abundant in the earth's crust. Even though the energy content of a 
pound of uranium reactor fuel is about as great as that of 10 tons of 
coal, there are many more tons of coal than there are pounds of ura-
nium-235. 

The major disadvantages to the rapid increase of nuclear power 
have to do with environmental risks and impacts and with the limited 
scope for use of nuclear power in the energy market. Although nuclear 
power does not give rise to the conventional types of air and water 
pollution, its potential for thermal and radioactive pollution is consid
ered so great by so many that strong opposition exists to any expan
sion of nuclear capacity in a number of industrial countries. The ma
jor risks concern not only the chance of a reactor accident, but also 
the hazards associated with the transportation, storage, and possible 
illegal diversion of high level nuclear fuels and wastes. 

Furthermore, the overall market penetration of nuclear power will 
be limited since it cannot be used in the residential, industrial, or 
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transportation sectors. Nuclear power essentially competes with fossil 
fuels as an input in electricity generation; owing to the size of reac
tors, it cannot economically be used in mobile power plants smaller 
than those employed in large marine vessels. Nevertheless, according 
to the WAES Report, the demand for electricity will continue to grow 
and much of the growth will be fueled by nuclear power. Although 
only about 2 percent of all energy consumed in noncommunist areas 
in 1975 was in the form of nuclear power, it is estimated that this 
share will increase to a range of between 6 to 9 percent by 1985, and 
to between 14 to 21 percent by 2000, according to the WAES Report. 
Thus nuclear power will account for at most about one-fifth of energy 
consumption in noncommunist areas by 2000. 

Hydroelectric power, the other source of primary electrical power 
generation, is unlikely to expand very much in industrialized areas, 
since almost all the best sites have been exploited. The only likely fu
ture trend is the possible use of numerous smaller sites that may be
come economical at higher prices for fossil fuels. And although there 
are many suitable but unused sites in nonindustrialized countries, the 
effect on world energy supply will be quite small. 

Even though the hope of the distant future is focused upon renewa
ble energy systems relying upon solar energy in its various forms, 
WAES concluded that solar energy will not make a major contribution 
to world energy supplies by 2000. 

In sum, the viewpoint of the 1970s, characterized in the WAES Re
port, is that the world is rapidly running out of oil and that other 
energy sources seem unlikely to fill the gap. Without strong immediate 
action to set energy priorities and facilitate development of new en
ergy technologies, a genuine shortage of energy supplies will occur in 
the late 1980s or 1990s. And once the energy capacity shortage arrives, 
it will not be easily dispelled. Other energy forms will not suddenly 
materialize to save the day, because they have long lead times. 

Viewpoint of the 1980s: OPEC and the 
Energy Crisis Are Now History 

The prevailing opinion in the mid-1980s is that the energy crisis is 
now history. According to this view, the energy crisis of the 1970s was 
precipitated by OPEC's monopoly power, but now the cartel's monop
oly power has been severely if not fatally curtailed. As indicated in 
Table 1.4, the real world price of oil has fallen significantly from a 
high in 1981 and prospects are that this trend should continue. Up 
until 1981, OPEC appeared to be an extremely successful cartel, hav
ing raised the real price of oil over 11-fold in an 11 year period. But 
suddenly OPEC's hold over the world oil market slipped markedly. 
Figure 1.2 shows the trends in noncommunist world oil demand and 
production by non-OPEC sources. Over the period from 1973 to 1980, 
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FIGURE 1.2 Noncommunist world consumption together with OPEC and 
non-OPEC supply. 

oil demand remained rather stable despite the enormous price in
crease, convincing OPEC that demand was very price inelastic. Simi
larly, production from non-OPEC sources expanded only modestly, en
abling OPEC to produce as much oil in 1980 as it did in 1973, prior to 
the embargo. But the proceeds from such production in real dollars in 
1980 were almost ten times the 1973 collections. In a world of rela
tively stable exports, OPEC was a very cohesive cartel. Indeed, OPEC 
appeared immune to the fate of most cartels. 

But Figure 1.2 shows that after 1980, OPEC no longer looked so in
vincible. Oil demand suddenly began to plunge and non-OPEC pro
duction continued its slow but steady expansion. To a cartel intent on 
holding the line on price, the choice was clear that OPEC would have 
to reduce production. But even with production cuts that by 1984 sent 
OPEC production to 17 million barrels per day, this was insufficient 
to prevent declining crude prices. 

Efforts to establish production quotas in 1984 met with only mixed 
success. Allegations of widespread cheating suggested that a number 
of OPEC producers were now acting independently rather than jointly 
coordinating output. In 1985, many authorities thought that cheating 
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would continue and even become intensified, putting further down
ward pressure on prices. 

To summarize the implications of this viewpoint, four major points 
deserve emphasis. First, according to this view, the energy crisis is 
over. In the mid-1980s, energy was abundantly available at declining 
real prices; moreover, strong economic growth and insignificant infla
tion characterized the macroeconomics of this period. Second, OPEC 
was the culprit behind the energy crisis of the 1970s; consequently, 
the decline of OPEC means the end of the energy crisis. Third, if the 
energy crisis of the 1970s was due to scarcity artificially imposed by 
OPEC, lower oil prices and the resulting greater oil consumption are 
desirable. Stated another way, further oil price decreases should be 
viewed positively and any corresponding increase in oil consumption 
is a healthy response to lower prices. Thus the problem is not that the 
world has been consuming too much oil; rather, the problem is that 
artificially imposed scarcity has prevented consumption from growing 
at a faster, more socially desirable rate. Finally, the policy implica
tions of this viewpoint range from doing nothing on the assumption 
that cartels are inherently unstable, to pursuing policies that would 
further undermine OPEC and prevent its revitalization. 

A Third Viewpoint: The Energy 
Problem Is Essentially a Supply 

Uncertainty Problem 
The third viewpoint, popularized in the 1970s and still held today by 
many, puts almost exclusive stress on the supply disruption aspects of 
oil imports from politically unstable areas with perceived national in
terests that may not harmonize with those of oil importers. In crude 
terms, the industrialized importers have money and need oil; the ex
porters have oil but also have plenty of money, and may feel from time 
to time that their need to achieve political goals is more important 
than their need for money. This view of the energy problem foresees a 
series of future oil embargoes or supply disruptions, each potentially 
more devastating than the last. Even though Table 1.3 indicates that 
in 1984 only 20 percent of world crude oil production came from the 
Middle East, such a statistic greatly understates the present and fu
ture importance of this region to oil consuming nations. Table 1.5 in
dicates that in 1984 the Middle East, including Saudi Arabia, held 370 
billion of the 585 billion barrels of the noncommunist world's oil re
serves—or 63 percent. The magnitude of Middle East oil reserves im
plies that marginal supplies will increasingly come from this strife-
torn area. Currently, supplies to Western Europe come largely from 
North Sea production, with a reserve base of only 23 billion barrels. 
Likewise, the United States benefits from its own production and ad-
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jacent oil production in Canada and Mexico, but here again the North 
American reserve base appears small compared to the Middle East. 
Thus over time, the United States and Western Europe will become 
increasingly dependent on Middle East oil. Already, Japan is 100 per
cent dependent on imported oil, the bulk of which comes from the 
Middle East. 

For a variety of reasons, the Middle East is an extremely volatile 
part of the world. Figure 1.3 shows a map of the Middle East and 
surrounding regions. Note first the location of the key Middle East 
producers (Saudi Arabia, Iran, Iraq, Kuwait, United Arab Emirates) 
adjacent to the Persian Gulf. With the exception of a few pipelines, oil 
supplies must move by tankers through the Straits of Hormuz at the 
mouth of the Persian Gulf. Merely by blocking this narrow 45 mile 
passageway, oil shipments could be cut off. 
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FIGURE 1.3 Map of the Middle East. Major oil pipelines are shown as broken 
lines. Major oil fields are indicated by small black spots of irregular shape. 
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Other attributes also contribute to the instability of the region. Hos
tilities, both real and latent, between the revolutionary Iranian gov
ernment and Iraq, Kuwait, and Saudi Arabia are but one example. 
Then, too, Arab-Israeli tensions are capable of igniting events similar 
to those associated with the 1973 Yom Kippur War. 

According to this view, past experience has shown that Arab mem
bers of OPEC do not limit their decisions to that set which maximizes 
their money profits. To accomplish political goals, such as achieving 
Arab supremacy in the long struggle with Israel, the tactics of eco
nomic warfare are acceptable. Oil may be withheld during an em
bargo if the Arabs can thereby inflict greater economic harm than they 
sustain, while achieving political aims. 

There is much to be said in support of this viewpoint. The Middle 
East is a most unstable area politically, owing not only to the Arab-
Israeli conflicts, but also to Islamic fundamentalism, to the split be
tween radical and conservative regimes, and to the possibility of So
viet naval intervention in the Persian Gulf. The Soviet Union has long 
coveted the oil fields of the Middle East, and if its own expensive plans 
to supply itself by expanding high-cost Siberian oil production fail, it 
will need Arab and Iranian oil that it lacks the hard currencies to pur
chase. If Persian Gulf oil fields come to be placed under Soviet spon
sorship, regardless of the means used, the security problem of the in
dustrialized oil importer is intensified. 

Sorting Out Facts from Fiction 
Our problem as students of energy issues is to sort out the facts from 
fictions in these and other viewpoints. Does energy cost too much, as 
in the viewpoint of the 1980s? Or, following the 1970s viewpoint, is it 
still priced too low to avoid large supply shortages in the future? How 
can we plan our energy future to achieve (1) adequate supplies of each 
energy source, which (2) are obtained from secure regions and (3) are 
competitively priced? In the last section of this introductory chapter 
we make an anticipatory survey of the major policy problems that are 
considered at length in the following chapters of this book. We high
light each of these policy areas from the standpoint of prospective en
ergy supply availability, security, and price, to the extent that each of 
these categories is applicable. 

RECENT ENERGY POLICY 
PROBLEMS 

Six major energy policy problem areas are explored in Chapters 4 
through 9. These are (1) the influence of the OPEC cartel on crude oil 
exports; (2) environmental aspects of energy industries; (3) coping 
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with energy supply disruptions; (4) conservation issues in energy con
sumption and production; (5) governmental policies, price controls 
and taxation on oil and natural gas; and (6) energy research and de
velopment, particularly that which is directed to new energy sources. 
Each is briefly summarized below with respect to the three viewpoints 
in the preceding section. 

Chapter 4 examines the validity of the 1980s viewpoint that the en
ergy crisis was due to OPEC's monopoly power and is now history. 
This chapter considers the origins of OPEC, its evolution, and its role 
in the 1973 Arab oil embargo. The activities of the international oil 
companies during this period are also studied. A number of micro-
economic models of cartel behavior are analyzed to provide insights 
into the future strength and viability of the OPEC cartel. 

Chapter 5 analyzes the role of energy as a source of air and water 
pollution and other types of environmental degradation. Environmen
tal restrictions aimed at preventing pollution may also prevent the 
development of energy sources needed to forestall an energy shortage. 
A critical question is whether energy production and consumption can 
be reconciled with legitimate environmental concerns. We examine 
the efficiency of several economic and regulatory approaches to amel
iorating conflicts between energy supply and environmental enhance
ment. 

Chapter 6 considers the dimensions of the supply disruption prob
lem, examining the macroeconomic effects of past and possible future 
embargoes. How a country chooses to insure against or cope with an 
embargo differs widely from one energy importer to another. A num
ber of alternative policies are analyzed and an economic methodology 
for choosing among them is set forth. 

Proponents of the 1970s viewpoint that the real crisis is still to come 
emphasize the necessity of conservation to forestall the disaster. Chap
ter 7 considers the feasibility, the desirability, and the appropriate 
mechanisms for promoting conservation. 

A prominent aspect of United States energy policy has been a sys
tem of governmental regulations on oil and natural gas, which in
cluded price controls and the windfall profits tax. Chapter 8 considers 
the effect of these policies on United States oil consumption, produc
tion, and import dependence. 

Chapter 9 investigates the current status of energy research and de
velopment in expanding supplies and reducing costs of producing 
fuels from new sources of energy. If we can find ways of economically 
substituting non-oil-based energy for that derived from crude oil, then 
the future energy supply crisis, which (under the 1970s viewpoint) will 
arrive when crude oil supplies are exhausted, may not even occur. If 
non-oil-based energy sources are provided from domestic resources, 
the supply disruption problem is eliminated as a major focus of con
cern. Chapter 9 examines these issues, focusing upon existing techno-
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logical and other obstacles that must be overcome by energy research 
and development in order to provide new supplies of energy at eco
nomical costs. 

Chapter 10 recognizes that, in order to deal with complex energy 
problems, a variety of policies must be adopted. But how can we be 
assured that policies adopted to solve one problem will not create sec
ondary problems of equal gravity? There are no simple answers, but 
economic analysis does provide a framework by which the trade-offs 
between competing goals can be reconciled. 

Before embarking on the study of these fascinating issues, however, 
we must prescribe a medicinal tonic for the student—a substantial 
dose of microeconomic theory. In order to analyze the energy problem 
from an economic perspective, we must first acquire the necessary 
tools. Chapters 2 and 3 consider the static and dynamic criteria for 
optimal allocation of nonrenewable energy forms over time. But the 
use of such tools does not, of course, assure that all economists will 
recommend the same policies. The theory tonic is prescribed only to 
immunize the student against the contagion of advocating simplistic 
and emotionally biased solutions—a contagion prevalent in energy 
policy discussions. 

The apparatus of economic theory, requiring clarity in one's as
sumptions, consistency in one's hypotheses, and rigor in one's analy
sis, aids immeasurably in providing a higher plane for policy formu
lation. Our goal in writing this book is to raise the plane of analysis 
and to aid in the identification of sources of disagreement—not to seek 
uniformity of opinion on specific policies. We have not hesitated to 
reveal our own policy positions in many instances, but the theoretical 
framework employed is positive rather than normative. 

1. William W. Hogan and Alan S. Manne, ''Energy-Economy Interac- Νθίθ 
tions: The Fable of the Elephant and the Rabbit?" in Advances in 
the Economics of Energy and Resources, Robert Pindyck, editor 
(Greenwich, CT: J.A.I. Press, 1979). 
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STATIC CRITERIA FOR EFFICIENT 
ENERGY RESOURCE ALLOCATION 

The policy importance of energy requires that effective economic anal
ysis be prescriptive as well as descriptive. If the analysis is to lead to 
useful policy recommendations, a methodology must be devised both 
for identifying and for quantifying energy market distortions that lead 
to inefficient resource allocation. Since some market distortions are 
far more serious than others, their effects must be quantified so that 
policy can be focused on the more important problems. For such pur
poses, economists have devised applied welfare analysis or cost-bene
fit analysis to measure quantitatively the welfare loss to society of a 
given market distortion. A primary concern of this chapter is the in
troduction of this applied welfare methodology. Since it will be em
ployed extensively throughout the text, this material should be stud
ied carefully. 

In addition to requiring quantification of market distortions, energy 
economics obliges the student to acquire understanding of a second 
dimension of theoretical analysis. Current patterns of energy con
sumptions rely on nonrenewable energy forms. The coal, oil, and nat
ural gas content of the earth's crust is fixed. As the current stewards 
of these resources, present generations owe to future generations the 
efficient allocation of these resources over time. The problem of opti
mal energy use over time adds a new perspective to the energy allo
cation problem. Not only do we want to allocate energy efficiently 
among competing uses at a point in time, but we must also allocate 
energy between competing uses over time. Thus the resource allocation 
problem has both static and dynamic aspects. This chapter is con
cerned with static resource allocation, while Chapter 3 explores the 
criteria for efficient dynamic resource allocation. 

A REVIEW OF STATIC RESOURCE 
ALLOCATION CRITERIA 

THE THEORETICAL IDEAL 
In order to understand why market distortions occur, it is important 
to have firmly in mind the criteria for efficient resource allocation. 



Therefore, we turn to a review of the standard Pareto optimality criteria 
presented in most introductory and intermediate microeconomics 
texts. Consider an economy consisting of two goods: air conditioning 
and gasoline. Residents of warm climates are assumed to choose be
tween consuming air conditioning in one's home or consuming gaso
line on an auto trip to the beach or a local lake. In this hypothetical 
economy, for an overall optimum resource allocation to occur, opti
mization must occur at three stages. Optimization must occur among 
consumers, between producers of gasoline and air conditioning, and 
between producers and consumers.1 

Optimization Among Consumers 
For consumers to optimize their well-being, they must select that 
combination of gasoline and air conditioning for which the last dollar 
spent on the two items brings equivalent satisfaction. Let us define 
the marginal utility of gasoline (MUG) as the incremental satisfaction 
gained from consuming the last gallon of gasoline, and MU^ as the 
marginal utility of the last unit of air conditioning consumed. The 
market prices of gasoline and air conditioning are PG and PA, respec
tively. The marginal utility of the last dollar spent on gasoline is ob
tained by simply dividing the marginal utility of the last unit of gaso
line by its price (M\JG/PG). Thus for each person to maximize consumer 
satisfaction given the market prices of gasoline and air conditioning, 
we require 

on MUA MUG 
U ' PA PG 

If for some person the ratio for air conditioning is 3 (MUA/PA = 3) 
and the ratio for gasoline is 2 (MUG/PG = 2), then the consumer can 
improve his lot by reducing gasoline consumption and raising air con
ditioning consumption until the equality of equation (2.1) holds. Thus 
the first necessary condition for efficient resource allocation is that 
each consumer optimizes by selecting the combinations of gasoline 
and air conditioning that maximize his or her well-being. 

Optimization Between Producers 
At a second stage, optimization must occur among producers of gaso
line and air conditioning. If firms are to maximize profits, they must 
necessarily minimize the costs of producing the desired output of gas
oline and air conditioning. If cost-minimizing behavior prevails, in
puts of capital, labor, and energy are used in the most efficient man
ner. Therefore, for any combination of gasoline and air conditioning 
output, resources cannot be reallocated to provide greater outputs of 
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one good, holding constant the output of the other. In fact, Figure 2.1 
depicts the locus of such optimal output combinations of gasoline and 
air conditioning. The curve labelled PPF for production possibility 
frontier shows, for any level of air conditioning output, the maximum 
gasoline production possible, given society's limited capital, labor, 
and energy resources. If firms minimize costs, the combination of 
goods offered will fall on the production possibility frontier. 

The student will recognize the curves labelled I0, Iif and I2 as being 
social indifference curves. Along each of these curves, the total social 
welfare of the people in the economy is constant. The downward slope 
to each social indifference curve indicates that if the economy must 
give up a unit of one commodity, such as air conditioning, then it 
must be compensated by receiving an increased level of the other com
modity, such as gasoline. Since consumers place a positive evaluation 
on both air conditioning and gasoline, total social welfare increases as 
the quantities of either or both of the goods consumed increases. 
Hence the total social welfare enjoyed by the economy at any point 
along social indifference curve I\ is greater than that which it enjoys 
at any point along curve /0. Similarly, social welfare is greater at any 
point on I2 than it is at any point along Iit and so on. The tangency 
between the production possibility frontier and the social indifference 
curve at point Z indicates that the economy is obtaining the maximum 
social welfare possible, given the limitations on the production capa
bilities of the society. 

G' G° 
Gasoline 

FIGURE 2.1 A competitive equilibrium. 
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The negative slope of the production possibility frontier is referred 
to as the marginal rate of transformation (MRT). The marginal rate of 
transformation shows that to increase gasoline production by AG, air 
conditioning production must be reduced by AA in order to divert the 
resources needed for the increased gasoline production. We want to 
show that the marginal rate of transformation is simply equal to the 
ratio of the marginal cost of gasoline (MCG) to the marginal cost of air 
conditioning (MCA) as follows2: 

AA MCr 

AG MQ4 

Intuitively, equation (2.2) follows, since if 3 units of air conditioning 
must be given up to get 1 unit of gasoline, then the marginal cost of 
gasoline is 3 times the marginal cost of air conditioning. 

A more rigorous proof follows from the process of cost minimization 
implicit in the production possibility frontier. If firms minimize costs, 
then the last dollar spent on labor and capital inputs must make the 
same contribution to increased output. Defining the marginal product 
of an input (MPt) as the incremental output occurring as a conse
quence of the use of an additional unit of input t, we see that the 
incremental output for the last dollar spent on input i is the marginal 
product of i divided by its price, MPr/Pt. For capital (K), labor inputs 
(L), and energy inputs (£), in the production of gasoline, we obtain the 
cost-minimizing condition 

W ' PL PK PE 

If the ratio MP^/P, expresses the incremental output for the last dollar 
spent, then Pt/MPt

G expresses the marginal cost of gasoline, that is, the 
dollar cost of the last increment to output. 

It follows then that the marginal rate of transformation can be 
expressed as the ratio of the marginal costs of gasoline to air con
ditioning3: 

(2 Ai MRT = - — = A A / A L = ^ / Μ Ρ ^ > = MCG 
K } AG AGIAL (PL/MPL

A) MCA 

The first equality follows by definition of the marginal rate of transfor
mation. The second equality must hold since the same amount of la
bor (AL) is being transferred from one industry to the other. The third 
equality follows by multiplying both the numerator and denominator 
by PL and recognizing that AAIAL is by definition the marginal product 
of labor in air conditioning production. Similarly, AGIAL is equivalent 
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to MPL
G. The final equality follows from the above rationale that the 

marginal cost of gasoline can be expressed as PL/MPL
G, and so on. 

Cost minimization assures that the gasoline and air conditioning in
dustries operate on the production possibility frontier, but it does not 
guarantee the production of the optimal combination of gasoline and 
air conditioning. For simplicity, assume there is only one consumer, 
whose indifference curves are given in Figure 2.1. Each indifference 
curve shows different combinations of air conditioning and gasoline to 
which the individual is indifferent. Since more is preferred to less, 
greater consumer satisfaction is associated with indifference curve I2 
than li or 70. For example, combination A'G' at point Y is inferior to 
A°G° at point Z, where the marginal rate of transformation equals the 
slope of the indifference curve. 

Optimization Between Consumers 
and Producers 
Let us consider how an optimization process between consumers and 
producers could bring about the optimal production-consumption 
combination A°G°. Suppose that initially production is at point X with 
A" air conditioning and G" gasoline. As evidenced by the indifference 
curve (70) passing through X, the consumer is willing to give up A" -
A' air conditioning for only a slight increase in gasoline production. 
Yet the marginal rate of transformation shows gasoline production 
could be expanded by much more: G' - G". Thus if the consumer 
could somehow return air conditioning of A" - A', resources could be 
diverted to gasoline production which would enable increased produc
tion of G' - G" gasoline. Our only consumer clearly benefits as he 
moves to point Y on the higher indifference curve Ιχ. Similarly, the 
move from Y to Z leads to improved consumer well-being. In return 
for giving up air conditioning of A' — A°, consumers receive incremen
tal gasoline output of G° — G', which leads to the welfare optimum at 
point Z. 

If the markets for gasoline and air conditioning are perfectly com
petitive, then the optimum quantity A°G° will result. Note that the 
slope of the indifference curve, the marginal rate of substitution 
(MRS), shows the amount of air conditioning (ΔΛ) an individual is 
willing to forego to obtain another unit of gasoline (AG), holding con
stant the level of well-being. Since the level of utility or well-being is 
unchanged, we can express the following relationship: 

(2.5) MRS s — - v } G 

AG (ΔΕ7/ΔΛ) MUA 

Equation (2.5) simply says that if MRS is 3, society is willing to trade 
3 units of air conditioning for 1 unit of gasoline. If so, the marginal 
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Utility of gasoline must be 3 times the marginal utility of air condi
tioning. From the first stage of optimization between consumers, it 
follows from equation (2.1) that the marginal rate of substitution 
equals the relative price of gasoline to air conditioning: 

MUr Pr <2-6> MRS = τατ = f 
MUA PA 

If markets are purely competitive, then price equals marginal cost 
(PA = MC A and PG = MCG). Assuming pure competition and using 
equations (2.1) and (2.4), we find: 

Pr MCr (2.7) MRS = f = - f = MRT 
PA MC A 

Consumer Producer 
optimization optimization 

Consumer/producer optimization 
(Pure competition) 

Since the marginal rate of substitution equals the marginal rate of 
transformation at the point A°G°, competition assures the optimal 
combination A°G° is produced. 

Equation (2.7) summarizes the three stages of optimization. Con
sumer optimization assures that the rate at which people are willing 
to substitute air conditioning for gasoline is inversely proportional to 
their prices. At the second stage, cost minimization by producers as
sures that the rate at which air conditioning can be substituted for 
gasoline is inversely proportional to their marginal costs. Finally, pure 
competition forces the price of the good to equal its marginal cost. 
Pure competition then assures a welfare optimum, where the marginal 
rate of transformation equals the marginal rate of substitution. The 
output combination A°G° in Figure 2.1 is said to represent a Pareto 
optimum, since it is not possible to improve welfare by making at 
least one person better off and no one worse off. Note that if the dis
tribution of income were altered, the shape of the indifference curve 
in Figure 2.1 would change, leading to an alternative Pareto optimum. 

In sum, the criteria for efficient resource allocation are met when 
the price of a good equals its marginal cost. However, these results are 
subject to an important caveat. It is assumed that there are no exter
nalities, which occur when the social and private valuations of price 
and marginal cost differ. The market price, which reflects the individ
ual's marginal valuation of the benefits from the last unit consumed, 
must also reflect the marginal valuation of the benefits received by 
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society from the last unit. Similarly, the marginal cost, which mea
sures the private cost to the firm of producing the last unit, must also 
coincide with the marginal cost to society of producing the last unit. 

It should also be noted that the assumptions employed here imply 
that consumers always seek more of every positively evaluated com
modity, and that a dollar spent on furs and European travel is worth 
as much to society as a dollar spent by a retired couple on their fuel 
bill. 

FOUR TYPES OF MARKET 
FAILURE 
The preceding section emphasizes that to achieve efficient resource 
allocation, the marginal social benefit, as reflected in a good's price, 
must equal the marginal social cost of its production. Market distor
tions are said to occur whenever these conditions are not met. Distor
tions can arise either through inappropriate government policies or 
through market failures. In this section, let us consider under what 
conditions an unregulated market economy will fail to attain these 
efficiency conditions. By identifying the sources of market failure, we 
can identify those situations where government intervention is justifi
able for promoting economic efficiency. 

Externalities 
Even if markets are purely competitive, optimal resource allocation 
may not occur because of deviations between social and private val
uations of costs and benefits. Externalities are defined as situations in 
which the private calculation of benefits or costs differs from society's 
valuation of benefits or costs. Since in a market economy private costs 
and market prices determine the output of the good in question, non-
optimal output levels will result. 

Externalities can occur in both production and consumption. Ex
amples of production externalities typically focus on pollution. An ex
cellent energy-related example is the electric utility plant burning 
high-sulfur coal near a major metropolitan city. While the private cost 
of the electricity, as measured by the firm's cost, may be 60 per kilo
watt-hour (kwh), the social cost of the electricity production may be 
much higher, perhaps 90/kwh. Included in the social cost are the 
health costs imposed on the city's inhabitants due to increased sulfur 
oxide concentrations in the air. As shown in Figure 2.2(a), the socially 
optimal output is Qs, where marginal social benefit equals the mar
ginal social cost of electricity. Unfortunately, since the private cost of 
electricity is 60/kwh, this leads to a 60 price and consumption of Qp. 

ENERGY ECONOMICS AND POLICY 



X 
MPC + M X C = \ MSC 

MPC j J W 

! ! D 
1 1 
1 1 
1 1 
1 1 

o 
ou 

\ MC = MSC \x 
7|1Ι \ D 

1 

^electricity 

( a ) 

Q B a s gasoline 

( b ) 

FIGURE 2.2 Examples of externalities, (a) External production diseconomy. 
(b) External consumption diseconomy, (c) External consumption economy. 

There are situations where production externalities confer positive at
tributes as well. The marginal social cost schedule may actually be 
less than the marginal private cost schedule due to residual employ
ment effects of a plant moving to a small community, for example. 

Consumption externalities arise when in the process of consuming a 
good privately, additional positive or negative benefits accrue to oth
ers. Consider the case of gasoline consumption. Can we argue that the 
price paid for the last gallon of gasoline reflects its marginal social 
benefit? To the gasoline consumer paying the price, the last gallon of 
gasoline undoubtedly confers benefits equal to its price; otherwise, the 
individual would have purchased something else. To the inhabitants 
of office buildings and apartments in congested areas, the value to 
them of the last gallon of gasoline consumed by someone else is nega
tive because of the resulting auto emissions. Figure 2.2(b) depicts a 
situation where the social demand schedule Ds lies vertically below 
the private demand schedule D, the difference Dx reflecting the 
amount the residents would be willing to pay motorists to reduce gas
oline consumption. In this case, the socially optimal level of gasoline 
consumption is Qs, since at that output the marginal social benefit of 
the last unit of gasoline equals its marginal social cost. In contrast, 
the market result (output Qp) leads to an overconsumption of gasoline 
of amount Qp - Qs. 

Consumption externalities also occur in which marginal social ben
efits exceed private benefits. Consider the case of the exotic dancer 
who, preferring scant clothing, chooses to heat her high-rise apart
ment to 75°F in the winter. Apartment dwellers living on higher floors 
find that since heat rises, they need to purchase less fuel to heat their 
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apartments. In view of these external economies, the socially optimal 
solution is for the lascivious bachelors living above the dancer to sub
sidize her heating bill, encouraging her to wear even less and to fur
ther raise the thermostat, consequently further reducing their heating 
bill. Figure 2.2(c) graphically describes the situation. The demand 
curve D reflects the private benefits to the exotic dancer. The demand 
schedule Ds reflects the social benefits of consumption, which include 
the sum of private benefits to the exotic dancer plus the benefits to her 
neighbors upstairs. In the absence of any compensation by the bache
lors upstairs, the dancer will pay price P* and choose heat consump
tion of Qp, since at this level marginal private benefits equal the mar
ginal cost of heat. However, if the neighbors upstairs collectively 
compensated the dancer for the heat savings they enjoyed, she would 
raise her thermostat to the socially optimal temperature (e.g., 80°F) 
and purchase Qs units of heat. When side payments of this nature do 
not occur, her fuel consumption falls below the socially optimal quan
tity and a misallocation of resources occurs. 

Public Goods 
Public goods are in fact a special case of a consumption externality in 
which one person's consumption of the public good does not preclude 
others from enjoying similar benefits. Once produced, a public good 
can be made available to additional consumers at zero cost. Examples 
of public goods include television signals, lighthouses, and national 
defense. A new television watcher can tune into channel 8 without 
weakening the signal received by other viewers of channel 8. Simi
larly, ships entering a dark harbor can all benefit from the light beams 
from the lighthouse. Too, new immigrants to a country can benefit 
from the level of national defense at effectively zero cost. 

If public goods are purchased individually, their production will ei
ther be zero or very small compared to the optimal level where mar
ginal social benefits equal the marginal social cost of production. 
Since the private benefits accruing to any one individual are small 
compared to the cost of the item, the public good will be severely 
underproduced. Suppose national defense was supplied privately. 
Some might acquire handguns, others might hire bodyguards, but no 
one would have the resources to outfit an army capable of defending 
the country from external attack. Graphically, the case of a public 
good is merely an extreme example of an external consumption econ
omy as in Figure 2.2(c), except that the private demand schedule D 
will lie very close to the price axis. This implies that the privately 
supplied quantity will be very small compared to Qs, the socially op
timal production. 
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Monopoly and Oligopoly 
Recall from the earlier discussion of Pareto optimality that perfect 
competition is also necessary to assure that the optimal combination 
of gasoline and air conditioning is produced. Let us consider the effect 
of a monopoly in the production of gasoline. The gasoline monopolist 
faces the market demand curve in Figure 2.3 and a horizontal long-
run average cost curve (LRAC) and marginal cost curve (LRMC). The 
profit-maximizing monopolist will produce only that output level 
where the marginal cost of gasoline production equals its marginal 
revenue (MR). Contrasted to the competitive outcome where price 
equals marginal cost (output Qc and price Pc), the monopolistic out
come is lower production Qm and a higher price Pm. This outcome 
depicts a long-run equilibrium with a corresponding misallocation of 
resources, since for the Qmth output, marginal social benefits exceed 
marginal social costs. 

The effect of monopoly on resource allocation can be seen in Figure 
2.1 by the production at point yon the production possibility frontier. 
The gasoline monopolist has succeeded in raising the price of gasoline 
above its marginal cost. Assuming air conditioning is supplied com
petitively, the price of gasoline relative to air conditioning has risen. 
Consumers react by choosing combination Y entailing less gasoline 
and more air conditioning. Thus even though point Y is on the produc
tion possibility frontier, resources are misallocated since resources 

Pm 

Pc 

Qm Qc 
Quantity of gasoline 

FIGURE 2.3 The effects of monopoly on resource allocation. 
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could have been diverted from air conditioning to gasoline production, 
thereby raising consumer welfare.4 

Oligopoly describes the situation where there is more than one pro
ducer, yet the number of producers is small enough that they recog
nize their mutual interdependence. Pricing and output decisions by 
any one firm are likely to have repercussions on the pricing and output 
decisions of other firms, leading to possible marketwide adjustments. 
Unlike pure competition and monopoly, oligopoly theory does not lead 
to well-defined predictions as to market prices and quantities. In prac
tice, the behavior of oligopolies varies dramatically from one industry to 
the next, depending on entry conditions, the number and size of the 
firms, and so on. In some cases with high barriers to entry and only a few 
firms, oligopoly can lead to the same price-quantity outcome as monop
oly. On the other hand, where entry is relatively easy and the number of 
firms is larger, the industry may be "workably competitive" as over 
the long run, price will equal long-run marginal costs, and profit levels 
will be normal. Finally, there is the oligopoly situation resulting in an 
output greater than Qm but less than Qc and a price less than Pm but 
greater than Pc.5 In this situation, the loss in economic efficiency is not 
as great as monopoly, but nevertheless of policy concern. 

Decreasing Cost Production 
If the firm's long-run average cost function declines continuously, the 
firm is considered to be a natural monopoly.6 With economies of scale 
persisting over the complete output range, perfect competition is nei
ther feasible nor efficient. One firm can displace other small competitors 
by simply increasing production and at the same time lowering price 
and average costs. Production from a single plant confers efficiency ben
efits since economies of scale allow it to produce at lower real resource 
costs to society. To avoid the inefficiencies of underproduction by mo
nopolists as outlined in the previous section, regulatory bodies have 
been established to set price equal to the firm's average costs. 

Figure 2.4 illustrates the case of an electric utility or natural gas 
pipeline where scale economies persist over the relevant output range 
so that long-run marginal costs (LRMC) are declining, thus producing 
decreasing long-run average costs (LRAC). Although for efficiency pur
poses it is desirable that only one firm serve the market, the unregu
lated monopoly outcome of output Qm and price Pm would result in 
output well below the socially optimal output Q5 where the marginal 
social cost of the last unit equals the marginal social benefit. Public 
utility regulation was devised to solve the problem, at least partially. 
Regulators immediately realized that the socially optimal output Qs 
was not possible because if the regulated firm charged price Ps it 
would not recoup its full costs and would soon face bankruptcy. Fur
thermore, local taxing authorities were unwilling to subsidize the lo-
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FIGURE 2.4 Natural monopoly and its regulatory outcome. 

cal utility. The solution was "rate of return" regulation which allowed 
firms to charge a price sufficient to cover all costs and provide inves
tors with a fair rate of return. Effectively, this price sets average costs 
equal to average revenue, which occurs at the intersection of the de
mand schedule and the long-run average cost curve. Under public util
ity regulation, the regulated price Pr results in an output of Qr. Al
though output Qr is preferable to the outcome in unregulated 
monopoly, it is still less than the socially optimal output Q5. Another 
criticism of the regulatory approach is the tendency of regulated firms 
not to minimize costs over time. 

1. List several energy-related examples of externalities both in pro
duction and consumption. 

2. List energy-related examples of monopoly power and decreasing 
cost production. 

3. Could one argue that making an economy less subject to an oil em
bargo has public goods aspects? 

4. Prove that public utility regulation that sets price equal to LRAC 
fails to achieve the socially optimal output level in the case of de
creasing cost production. 

A METHODOLOGY FOR 
QUANTIFYING WELFARE EFFECTS 

The previous four types of market failures provide a guideline for gov
ernment intervention in energy markets. To the extent that observed 
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phenomena fit into one of these four classifications, there is an eco
nomic justification for government intervention in the market. Our 
sole criterion for government intervention in energy markets is to im
prove the efficiency with which energy is allocated. Noneconomic cri
teria for intervention based on political and social equity considera
tions fall into the range of value judgments where there is little basis 
for agreement or scientific determination. 

It is not sufficient merely to observe a market failure and call for 
government intervention. Market failures are numerous because even 
if one cannot point to monopoly power or decreasing costs, clearly 
most firms or industries impose at least some minor externalities on 
society. In the vast majority of cases these market failures have only 
trivial effects on resource allocation. Moreover, as the history of regu
lation reveals, government intervention is not costless. Therefore, in 
policy analysis, our first problem is to devise a methodology that will 
allow us to quantitatively assess the magnitude or seriousness of any 
given market failure. After identifying and quantifying the more seri
ous market failures, we can then begin to devise specific corrective 
policies. 

In order to quantify these effects, we must measure economic wel
fare under alternative market conditions. Since welfare is defined as 
the difference between social benefits and social costs, obtaining em
pirical measures of social costs and social benefits is critical. At the 
outset, it must be recognized that they are difficult to measure pre
cisely. At best, we can hope for reasonable empirical approximations, 
the data requirements of which are both feasible and cost-effective. 
The subsequent sections outline an empirically practical procedure for 
approximating social benefits and social costs. 

Measuring Social Benefits 
Social benefits are defined as the total amount society is willing to pay 
for a given quantity of goods, holding constant society's level of well-
being. Graphically, this is seen in Figure 2.5. The indifference curve 
(I0) for the typical consumer shows the combinations of gasoline and 
other goods for which the individual is indifferent. Instead of plotting 
the quantity of other goods on the vertical axis, we plot the expendi
tures on these items. Therefore, the marginal rate of substitution 
shows the price the consumer is willing to pay for each unit of gaso
line. For example, hi is the dollar amount of spending on other goods 
the buyer is willing to forego for the first unit of gasoline, while δ2 is 
the dollar amount the consumer is willing to give up of other goods 
for the second unit of gasoline. For the sixth unit, the consumer is 
willing to forsake δ6 expenditure on other goods to obtain the sixth 
unit of gasoline. 

By reading off the prices the consumer is willing to pay for each 
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FIGURE 2.5 (a) Determining the value of incremental gasoline consumption. 
(b) Derivation of the marginal social benefit schedule. 

additional unit, it is possible to construct a marginal social benefits 
schedule, which shows the marginal social benefits derived for each 
unit of gasoline. Students of intermediate price theory will recognize 
the marginal social benefits schedule as nothing more than the com
pensated demand schedule, which shows the consumer response to 
price changes holding consumer well-being constant.7 

The area under the compensated demand curve indicates the aggre
gate social benefits of a given output level, since it shows the summa
tion of the amounts willing to be paid for each unit. The social benefits 
of four units of gasoline consumption are obtained by adding the area 
under the compensated demand schedule corresponding to the first 
units of gasoline, which is bx + δ2 + δ3 + δ4. Similarly, if given the 
option to purchase six units of gasoline, the consumer is willing to pay 
δι + δ2 4- δ3 + δ4 + δ5 + δ6. Suppose we wanted to calculate the 
change in social benefits from raising gasoline production from four to 
six units. The change in social benefits is δ5 + δ6 since this represents 
the amount the consumer is willing to pay for the fifth and sixth units. 

Conventional demand curves estimated by econometric techniques 
show the consumer response to price; however, they do not hold the 
individual on a given indifference curve. The market price and quan
tity data used to estimate conventional demand schedules do not hold 
consumer satisfaction constant. The shape of the conventional demand 
schedule depends on the sum of substitution and income effects. Re
call that the substitution effect measures the change in consumption 
due to the price change while holding utility or consumer well-being 
constant.8 The substitution effects are, of course, what are measured 
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in Figure 2.5(b) by the compensated demand schedule. The income 
effects show the change in consumption as a consequence of the 
change in real income resulting from the price change. The total effect 
of a price change is thus to change relative prices holding constant the 
level of well-being (the substitution effect) and to affect the level of 
real income holding constant relative prices (the income effect). 

Figure 2.6(a) depicts an initial consumer equilibrium at A with a 
price at δ4 and consumption of four units of gasoline. Let us consider 
the effect of reducing the price to δ5. The substitution effect, which 
holds the consumer on the same indifference curve, leads to a shift 
from A to B. Gasoline consumption increases from four to five units. 
Additionally, the decrease in gasoline price raises the consumer's real 
income, enabling the movement to the higher indifference curve I\ 
with the new equilibrium combination at point C. (The student should 
note that the reduced gasoline price permits increased spending on 
other goods.) As drawn in Figure 2.6(a), the income effect (shown by 
the shift from point B to point C) shows the effect of higher real in
come on the purchases of gasoline and other items. In this example, 
the income effect did not alter gasoline consumption. If the income 
effect on gasoline consumption is zero, leaving only the substitution 
effects to determine the shape of the demand schedule for gasoline, 
then the compensated and conventional demand schedules for gaso
line are identical. Figure 2.6(a) shows that for a price reduction from 
δ4 to δ5, gasoline consumption rose from four to five units. This is pre
cisely the result given by a compensated demand curve! Figure 2.6(b) 

δ 4 | δ 5 | δ 6 | ^compensated 
I I I conventional 

I I 
i I i 

J I I I I I I I 
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 
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FIGURE 2.6 (a) Substitution and income effects, (b) Equivalence of compen
sated and conventional demand schedules. 
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shows that the compensated and conventional demand schedules are 
identical if the income effects are zero. 

In Figure 2.6(a), the use of conventional demand functions to ap
proximate the theoretically correct compensated demand function 
poses no problem. The two are identical because of the absence of 
income effects. But in real world examples income effects may not be 
zero. For example, a price reduction from δ4 to δ5 may increase gaso
line consumption from 4 gallons to 5.2 gallons. While the substitution 
effect may by itself have increased consumption to 5 gallons, the in
come effect of higher real income may account for the increase from 5 
to 5.2 gallons. Are there any guidelines to suggest when income effects 
are likely to produce appreciable divergencies between conventional 
and compensated demand schedules? In general, the extent of the bias 
varies depending on three factors. First, if the substitution responses 
are large compared to the income effects, the percentage bias will be 
small. Second, the extent of bias depends on the commodity's impor
tance in the consumer's budget. For example, if gasoline had cost only 
1 percent of the budget, the effect of a price change for gasoline would 
have little effect on real income. For this reason, the bias caused by 
using a conventional demand schedule tends to be small. A third fac
tor influencing the bias is the extent to which the income elasticity 
differs from zero. Clearly, the bias for items such as luxury goods with 
large income elasticities will be much greater than the bias associated 
with necessities. 

In practice, the bias resulting from using a conventional demand 
schedule is probably negligible. However, there are situations where 
the bias is appreciable. Providing reasonable econometric estimates of 
the relevant income elasticities are available, some adjustments can 
and should be made.9 

1. Why is it that even if a good may be strongly income-elastic, the 
conventional and compensated price elasticities of demand will be 
similar, providing the good in question forms only a small fraction 
of one's budget? 

2. What fraction of your expenditures is made on gasoline, electricity, 
and natural gas? 

3. Suppose gasoline is an inferior good. Is the compensated price elas
ticity more or less elastic than the conventional price elasticity? For 
a given quantity reduction, can you show that the conventional de
mand schedule will lead to an overestimate of the loss in social 
benefits? For a quantity increase, can you show the opposite? 

Measuring Social Costs 
The key to understanding the notion of social costs is to remember 
that we are concerned only with the real resource costs associated with 
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the production of a given output. The real resource costs can differ 
appreciably from the costs on an accounting statement. In addition to 
the costs of capital, labor, and materials, other factors must be consid
ered in determining real resource costs. User costs, which are simply 
the opportunity cost of using a nonrenewable resource, reflect a real 
opportunity cost even though they do not show up as a cost on the 
firm's balance sheet. Similarly, if the production of the good imposes 
production externalities on society in the form of air or water pollu
tion, these costs are real in that they represent impairment of health 
and damage to property. Thus externally borne costs must be added 
to the firm's private costs of production to arrive at social costs. 

The importance of measuring only real resource costs cannot be 
overemphasized as there is a natural tendency to assume that the 
price of a good reflects its social costs. Even assuming externalities are 
negligible, the relationship between the price and social cost of a good 
can differ because of monopoly profits and government taxes and sub
sidies. For example, suppose a tax is placed on air conditioning, caus
ing its price to double. Can we conclude that the real resource costs 
involved in producing air conditioning have doubled? The capital, la
bor, and material inputs are the same as before the price increases; 
therefore, the social costs are unchanged. 

For applied welfare analysis it is necessary to construct a marginal 
social cost schedule (S) that reflects the cost of real resources needed 
to bring forth the next unit of output. For applications at the firm 
level, the firm's long-run marginal cost curve (excluding all nonreal 
resource payments) is entirely analogous to the marginal social cost 
schedule. For industry applications, the marginal social cost schedule 
is nothing more than the long-run supply schedule for a competitive 
industry free of externalities. It should be noted that all taxes or sub
sidies should be netted out of the long-run supply schedule in order to 
measure real resource costs. Recall that an upward-sloping long-run 
supply schedule denotes an increasing cost industry. For example, 
crude oil exploration and production is an increasing-cost industry 
as new reserves are found at greater depths, offshore, and in smaller 
pool sizes. Figure 2.7 depicts such an increasing cost industry. Note 
that the marginal cost of producing the Q*th unit is shown by the 
vertical line Q*B. The total social cost of output Q* is given by the 
area OBQ*. 

Even though social costs are easier to conceptualize than social ben
efits, their measurement is subject to error that emanates from three 
problem areas. First, in situations where production externalities are 
nonnegligible, some measure of these external damages must be added 
to private costs to obtain social costs. A second difficulty arises from 
the pervasive effects that taxes and subsidies exert on the competitive 
industry's long-run supply schedule. While sales or excise taxes are 
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FIGURE 2.7 The welfare optimum. 

easily subtracted from gross proceeds, other taxes such as the firm's 
contribution to Social Security taxes and the corporate income tax are 
less obvious.10 A third measurement problem is illustrated by Figure 
2.7. In order to estimate the added social cost of production in excess 
of Q*, one must know the slope of the supply schedule, which is some
times quite difficult to measure empirically. Fortunately, many indus
tries are constant-cost industries so that the marginal social cost 
schedule is horizontal, thus alleviating the problem. 

1. Distinguish which of the following should be included as a real re- QUESTION 
source cost: (a) a 5 percent sales tax, (b) a $1.00 per unit subsidy on 
the item, (c) a 5 percent employment tax, (d) monopoly profits, (e) 
historical capital costs, (f) rental payment for land, (g) opportunity 
costs of capital inputs, (h) materials costs, and (i) pollution costs 
imposed on third parties. 

Graphical Depiction of Welfare 
Losses and Gains 

The maximum level of welfare occurs when the marginal social benefit 
of the last unit of output equals its marginal social cost. In Figure 2.7, 
welfare is maximized where output is Q*. At any output below Q*, the 
marginal social benefit of the last unit exceeds its marginal social cost, 
implying that welfare can be increased by raising output. At any out
put above Q*, the marginal social cost of the last unit exceeds its mar
ginal social benefit. Therefore, welfare can be increased by cutting 
output back toward Q*. The shaded area OAB, obtained by the differ-
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enee between total social benefits and total social costs, represents the 
level of welfare from output of Q*. The reader can verify that the 
shaded area representing welfare (the difference between social bene
fits and social costs) is maximized when output is Q*. 

For most purposes, we are not as much interested in measuring total 
welfare as the change in welfare resulting from a policy change. As a 
practical matter, we are only concerned with showing that the welfare 
gain is, for example, $10 billion for a policy change. Whether total 
welfare has increased from $1000 billion to $1010 billion or from $30 
to $40 billion is irrelevant. Starting from any given resource allocation 
with a variety of distortions, it is possible to determine whether a pro
posed policy change will raise or lower economic welfare. We can 
measure the welfare loss or gain associated with any given policy 
change by simply taking the change in social benefits less the change 
in social costs. 

To illustrate this approach, consider the following example. Figure 
2.8 provides a graphic depiction of a market exhibiting a negative pro
duction externality. Society's supply schedule, reflecting the marginal 
social cost of production, exceeds the industry's supply schedule by 
the amount of the external damage costs borne by third parties. The 
critical equilibrium occurs at price P0 and output Q0. The proposed 
policy change is to institute a flat pollution tax of t per unit of produc
tion. The effect of such a tax is to raise the industry supply schedule 

social 

ΔΡΗ 

ΔΡ 

Δ 0 

Quantity 

FIGURE 2.8 A graphic depiction of the welfare gain. 
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to equal society's supply schedule (Ssociai). By internalizing the exter
nality, the price of the product will rise to Px and output will fall to 
Qi, the welfare optimum output. 

The formal method of calculating the welfare loss or gain is to solve 
for total social benefits and costs prior to and after the policy 
change—the difference being the welfare loss or gain. Following this 
procedure, we know that after the pollution tax: 

(1 ftv Welfare = Social benefits — Social costs 

(Z'6) ABH = OABQx - OHBQx 
The level of welfare before the policy change is given by 

,~ Qv Welfare = Social benefits - Social costs 
K *' ABH - BCG = OACQo - OHGQ0 

The change in welfare is simply the difference between equations 
(2.8) and (2.9): 

(1 1 nv Δ Welfare = ASocial benefits - ASocial costs 
{ZW) BCG = -BCQoQi + BGQ0Ql 

Thus the gain in welfare is the shaded area BCG. 
The short-cut method of calculating the welfare gain or loss is to 

recognize that all the net changes in social benefits and costs must 
occur in the output region between Q0 and Qif since this is the region 
over which output is affected. This method involves the direct use of 
equation (2.10). Since output does not fall below Ch in either case, 
welfare over these regions is unaffected. Similarly, output does not 
rise above Q0- By looking only at the affected output range, that is, 
that lying between Qi and Q0, we can see that the tax will reduce 
output and reduce social benefits by BCQ0Qi. Since less of the output 
is available to satisfy consumer needs, social benefits will fall. Social 
costs decline by an even greater amount, BGQ0Q\, leading to a net 
welfare gain BCG. Thus, one subtracts the area representing losses 
from the area representing gains. 

Researchers experienced in the applied welfare analysis frequently 
rely on a still shorter shortcut, which makes use of the fact that wel
fare is affected only over the interval Qi to Q0. Suppose one defines 
the distortion at each output level as the difference between marginal 
social benefits and marginal social costs.11 At Q0, the distortion is a 
negative number equal to the length of the line segment CG. At Qif 
there is no distortion, since marginal social costs and benefits are 
equal. By summing the distortions over the output interval Qx to Q0, 
one obtains the welfare gain BCG. Thus, one looks only at net gains 
(or net losses) on each transaction in the affected area. 
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1. Suppose in Figure 2.8 that instead of taxing the polluting industry, 
a subsidy of t were paid. Calculate the welfare loss. Prove using 
both the formal and shortcut methods. {Hint: A subsidy reduces the 
firm's production costs.) 

2. Suppose in Figure 2.8 that the government overreacted and levied a 
tax of 2t per unit of output. Show the effect on welfare. (Hint: Focus 
only on the affected output range, dividing it into two ranges.) 

3. Suppose that in Figure 2.8, the private supply schedule correctly 
reflects social costs, that is, there are no externalities. Show that a 
welfare loss of BCE would occur from a tax of t. Prove by both the 
formal and shortcut methods. 

4. In Figure 2.2(a), (b), and (c), pencil in letters and solve for the wel
fare gains from correcting the externalities by moving from Qp to 
Qs. The welfare gains should coincide with the shaded areas. 

Quantifying the Welfare Loss or Gain 
In Figure 2.8, it is clear that the welfare gain from the pollution tax is 
area BCG, but what does area BCG imply in terms of dollars? If we 
know the exact shape of the demand and the social supply schedule, 
we could employ integral calculus to solve for the difference between 
the two functions over the range Qi to Q0 to obtain a dollar estimate 
of the welfare loss. There is a much simpler method of approximating 
the welfare gain that requires only three pieces of information: the 
dollar sales of the good in question, the percentage change in price, 
and the relevant elasticities of supply and demand. Dollar sales data 
for any product are merely the product of price times quantity. The 
percentage change in price depends, of course, on the existing price 
level and the tax rate. Data on the price elasticities of supply and de
mand are not as readily available, but nevertheless, econometric and 
engineering analysis studies are frequently available to provide these 
estimates. 

Let us consider how these data would be used to calculate the wel
fare gain BCG, First note that, geometrically, area BCG is equivalent 
to area BCE, Note that in Figure 2.8, if the P0 price line is extended 
through the triangle BCE, the triangle BCE is divided into two right 
triangles, BCPQ and CEP0'. We then use the fact that the area of each 
right triangle can be represented as follows: 

r n Welfare gain = Triangle CEP0' + Triangle BCP0' 
U · l l ) = VikPAQ + ΥιΔΡαΔΟ 

Equation (2.11) utilizes the fact that the area of a right triangle is one-
half the base times the height. In this case, the base AQ is the same 
for each triangle. The heights differ, however, as ΔΡ5 and ΔΡ^ are gen-
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erally not equal. We do know, however, they sum to equal the tax rate 
t (t = ΔΡ5 + M>d). 

The reader can verify by simple division that the following equation 
is equivalent to equation (2.11): 

(2.12) 
+ 

But the terms in parentheses are nothing more than 

Ι/ΔΡΛ2 
Welfare gain = -I -— I x sales x Es (2.13) * 2\PoJ 

Ι/ΔΡΛ2 

+ 2\-p;) x s a l e s x £ « 

where Es and Ed are elasticities of supply and demand. 
As an example, suppose sales are $1000. The market price P0 equals 

$1.00 and the proposed tax is 500. Let us depart from the strict math
ematical implications of Figure 2.8 and assume for simplicity that the 
elasticity of demand (Ed) is unity and the elasticity of supply (Es) is 2. 
First, we must solve for ΔΡ5 and ΔΡ .̂ Note that ΔΡ5 is that portion of 
the per unit tax borne by producers and APd is that portion of the per 
unit tax shifted forward to consumers. It is easy to show that the ratio 
of the two price changes equals the inverse ratio of the elasticities: 

(2.14) Es \APd Q 
AQS P\ _ APS 

àPs Q) U>d 

since 

AQS = AQd = AQ 

If the ratio of Ed to Es is 0.5 (Ej/Es = V2), then by equation (2.14), 
APS = ViAPd- Now since APS plus APj equals a tax of 500, it follows 
that APd = IVht and APS = 162/30. 

Substituting those values into equation (2.13), we obtain a welfare 
gain of $83.50: 

Welfare gain = ^ ^ ) 2 ( 1 0 0 0 ) ( 2 ) + | ( ^ ) 2 ( 1 0 0 0 ) ( 1 ) 

(2.15) = 0.5(0.028)(1000)(2) + 0.5(0.11)(1000)(1) 
= 28.00 + 55.50 
= $83.50 
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In sum, given data on the percentage price increase, dollar sales, and 
estimates of the price elasticities of supply and demand, we can quan
tify the welfare loss or gain. By attaching a dollar value to the various 
market failures, we can distinguish between the important and the 
trivial market failures for policy purposes. 

1. Suppose the long-run social and private supply schedule is horizon
tal. Can you show that the triangle V2ÄPSAQ is zero and that the 
welfare loss from ΔΡαΔΟ will be $125? What does this suggest about 
the role of a less than perfectly elastic Es in reducing the welfare 
loss? 

2. Suppose that in the problem in equation (2.15), authorities imposed 
only a tax of 250 instead of the 500 tax. Will the welfare gain be 
one-half of $83.50, or less? Why? 

3. Rework equation (2.13) assuming Es = 8 and E^ = 4. Show that the 
welfare loss is $334. What can you conclude about the magnitude 
of the elasticities in affecting the welfare loss? 

4. Prove that a vertical demand schedule implies a zero welfare loss. 

The Measurement of Income 
Distribution Effects: Consumer and 
Producer Surplus 
Aggregate welfare must accrue to consumers in the form of consumer 
surplus, to producers in the form of producer surplus, or to the gov
ernment in the form of government tax revenues. This follows from 
the fact that the standard analysis involves these three economic 
agents. Figure 2.9 depicts the situation of a competitive industry free 
of externalities. A welfare optimum occurs at output Q* and price P*. 
After a unit tax is levied, the higher prices PT lead to reduced con
sumption of QT. The effect of this policy is to reduce welfare by BCD, 
since over the output interval QT to Q* social benefits exceed social 
costs by the triangle BCD. 

Even though the welfare loss is the triangle BCD, we shall see that 
the income distribution effects of the tax are much larger. Consumer 
surplus is found by taking the difference between the amount consum
ers are willing to pay for a given production level and the amount 
actually paid. In Figure 2.9, for output of Q*, consumers are willing to 
pay OABQ*. Since the price is P* per unit, the amount actually paid 
is only OP*BQ*. The difference between the amount buyers are willing 
to pay and the amount they actually pay is P*AB, the consumers' sur
plus. After the tax, the level of consumer surplus has fallen to PTAC, 
which for output QT is the difference between the amount consumers 
are willing to pay (area OACQT) and the amount paid (rectangle 
OPTCQT). 
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FIGURE 2.9 Measuring the distributional effects. 

Producer surplus is defined as the difference between the amount 
actually received by producers and the minimum amount necessary to 
bring forth the relevant output. In the standard case of constant cost 
industries, the competitive industry's long-run supply schedule is hor
izontal. In this case, there are no excess profits and thus no producers' 
surplus. However, in an increasing-cost industry with a rising sched
ule, competitive firms can earn producers' surplus on the sale of infra-
marginal units. In increasing-cost industries such as petroleum extrac
tion, the tendency is for each new oil field to exhibit higher marginal 
costs due to greater drilling depths, poor locations, and declining field 
size. Producers of fields that were found 30 years ago at low costs can 
earn producers' surplus, while at the same time investors in the new 
field discoveries earn no excess profits. Note that for the last unit pro
duced, there is no producers' surplus in a competitive industry. 

In the example, the initial output Q* reveals that producers received 
revenue of OP*BQ*, yet only compensation of OBQ* would have paid 
the incremental costs of each unit between output zero and Q*. There
fore, initially producer surplus is OP*B. Following the tax, producer 
surplus decreases to area OP'D, since the net price actually received 
by producers is P \ The amount received by producers is OP'DQT, 
while the minimum cost to produce output QT is area ODQT. 

With a price of P* and output Q*, taxes are zero, leaving govern
ment revenue initially at zero. After imposing the fixed unit tax, the 
price rose to PT and output fell to QT. Tax revenues are given by the 
rectangle P'PTCD, which measures government revenue. 

Let us combine these results to examine the income distribution re
sulting from the tax change. Recalling the fact that welfare must ac-
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crue to the various economic agents, which in this case consist of con
sumers, producers, governments, and parties affected by externalities, 
after the tax increase, we find: 

Welfare (QT) = Consumer + Producer + Government + External 
(2.16) surplus surplus revenue effects 

OACD = PTAC + OP'D + P'PTCD + 0 

Prior to the tax, welfare is divided as follows: 

Welfare (Q*) = Consumer + Producer + Government + External 
(2.17) surplus surplus revenue effects 

OAB = P*AB + OP*B + 0 + 0 

The changes in the respective surpluses are obtained by subtracting 
(2.17) from (2.16): 

A Welfare = AConsumer + AProducer + AGovernment + AExternal 
(2.18) surplus surplus revenue effects 

-BCD = -P*PTCB - P'P*BD + P'PTCD + 0 

In cases not involving externalities, it is customary to exclude the ex
ternal effects term, leaving only consumers' and producers' surplus 
and government revenue. 

The welfare loss of BCD is small contrasted to the effects on income 
distribution. Government is an unambiguous winner with increased 
revenues of P'PTCD. Consumers lose consumer surplus of P*PTCB, 
while producers lose surplus of P'P*BD, The size of the income distri
bution effects relative to the effects on welfare helps explain why 
many policy changes may never be acceptable politically. The difficul
ties are particularly great if the loss in consumer surplus falls on lower 
income groups or if the tax is imposed on an industry with a powerful 
congressional lobby. In these situations, the tax would never be ap
proved, regardless of whether it led to a welfare loss or gain. 

QUESTIONS le Suppose in Figure 2.9 that instead of a tax, a subsidy of t per unit 
were introduced. Show the areas of changes in consumer, producer, 
and government surplus. 

2. Suppose in Figure 2.9, the industry was monopolized. Solve for the 
welfare loss and the effects on income distribution. 

3. Solve for the income distributional effects in Figure 2.8, showing 
that the welfare gain (BCG) consists of a loss in consumers' surplus 
(-PQPÌBC), a loss in producers' surplus (-P0CEF), a gain in govern
ment revenue (P\BEF), and a gain in external effects (BGCE). 
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INCOME DISTRIBUTIONAL 
ASPECTS OF WELFARE ANALYSIS 

Policies that promote economic efficiency by increasing total welfare 
frequently alter the distribution of economic welfare between groups, 
leaving some groups worse off than before. For example, suppose that 
a given policy change leads to a large welfare gain but has the effect 
of significantly lowering the standard of living of poor people. Since 
many would be opposed to lowering the poor's standard of living, 
there is an apparent conflict between equity and efficiency. 

To many, the choice might appear to be either equity or efficiency. 
The more socially concerned citizenry will opt for equity, rejecting 
any policy which disadvantages some particular group. The difficulty 
with this position is that society in the aggregate may pay a high price 
in terms of foregone welfare to assure that one particular group is not 
disadvantaged. Since everyone's conception of equity differs, rigorous 
adherence to such notions leads to a nihilistic attitude toward eco
nomic policies. It becomes a justification for the status quo. 

At the opposite end of the spectrum is the proponent of economic 
efficiency, concerned only with maximizing aggregate economic wel
fare. The identities of the gainers and losers of a given policy change 
are irrelevant. The apparent disregard for equity considerations can 
stem either from the feeling that equity is a subjective criterion or 
from the belief that over the long run the positive and negative distri
butional effects on any one group average out. 

While many economists are sympathetic to this latter view, in a de
mocracy there is no tenure for policymakers. A congressman from De
troit would find it difficult to persuade his constituency that his vote 
to eliminate a tariff on imported cars can be justified by the long-run 
benefits of free trade. If economics is to play a prominent role in shap
ing policy, it must be aware of the conflict between equity and effi
ciency and be prepared to offer solutions to mitigate the conflict. 

Our approach is to recognize that in many cases equity and effi
ciency considerations can be separated and, at the same time, dealt 
with simultaneously. By treating equity and efficiency as separable, 
separate policies can be designed to deal with each. In the first step, 
the policy needed to improve resource allocation is enacted. In the 
second step, policies designed to correct the income distribution ef
fects of the efficiency-promoting policy are enacted. Such legislation 
can be considered simultaneously even though logically it constitutes 
two distinct steps. For example, if people with an income of $5000 per 
year or less were substantially impacted in a negative manner by an 
efficiency-promoting policy, the income tax rates for families in this 
category could be reduced so as to offset the effects of the efficiency-
creating policy. 
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It is important that the policy to correct the income distribution 
consequences of the initial policy not lead to additional welfare losses. 
For example, suppose that the good in Figure 2.8 constitutes a large 
portion of the budgets of the poor. The pollution tax t raises the price 
from P0 to P\, thereby reducing the typical poor person's real standard 
of living by $50 per year. The appropriate income distribution policy 
would be to reduce their tax burden by $50, minus the money value 
to them of the reduced pollution they encounter. Too often policymak
ers choose an alternative policy of allowing the poor to continue pay
ing the original price P0. Such a policy reduces welfare because this 
encourages overconsumption by the poor. The poor family, facing a 
price of P0, will consume up to the point where the marginal social 
benefit of the last unit of product is well below the marginal social 
cost of production. No one, rich or poor, is entitled to the special priv
ilege of consuming at a rate where the social costs of production ex
ceed the benefits. 

1. Assume the social cost of a good is $5 per unit, yet a local politician 
claims society can only afford to pay $1 per unit. Does the imposi
tion of a $1 price actually benefit society? Supposing the income 
elasticity of the good is unity for all income groups, are the poor 
relatively disadvantaged if the price is allowed to rise to $5? 

2. Contrast the efficiency implications of the following two state
ments: 
a. Energy policy should promote aggregate economic welfare, and 

the Internal Revenue Service and welfare programs should cor
rect for any large income distributional effects. 

b. Energy policies must be fair to all parties, allowing any benefits 
or sacrifices to be shared equally. 

FROM A PARTIAL TO A 
GENERAL EQUILIBRIUM 
APPROACH 
One objection to the type of welfare gain calculation outlined above is 
that it represents a partial equilibrium in that it focuses only on one 
market. It does not consider secondary welfare effects resulting in 
markets related to the one directly impacted by the policy change. The 
traditional wisdom has been to disregard these secondary welfare ef
fects because it was felt that policies that lead to welfare gains in a 
partial equilibrium analysis will also lead to welfare gains in a general 
equilibrium setting. Beginning in the 1960s, this assumption has been 
challenged by the theory of "second best/'12 
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The theory of second best argues that if there are certain preexisting 
market distortions that are not subject to change, the application of 
partial equilibrium criteria for efficient resource allocation in those 
areas where market failures are amenable to policy change may gen
erate welfare losses rather than gains. Theoretically, it can be shown 
that programs promoting the "best" policy based on what is efficient 
in a partial equilibrium sense inflict more than offsetting welfare 
losses on the markets with preexisting distortions. Consequently, it 
may be optimal to devise policies of a second-best nature in terms of 
partial equilibrium analysis, which nevertheless turn out to offer a 
higher level of welfare in a general equilibrium framework. 

To illustrate the possibility that second-best problems may arise, 
consider the market for fuel inputs into electricity generation. Sup
pose that the nuclear fuel market has a preexisting distortion not eas
ily amenable to policy change. Due to limited liability for a nuclear 
accident, electricity generation plants do not pay the full social cost of 
nuclear power, leading to excessive use, beyond the level where mar
ginal social benefits equal marginal social cost. Now suppose that 
congressional concern over air pollution leads to a tax on fossil fuels 
used to generate electricity. The tax would surely reduce fossil fuel 
consumption. Since the social costs of the fuel (including the air pol
lution damages) exceed the social benefits, a welfare gain in the fossil 
fuel market would result from the lower fuel consumption. On the 
other hand, lower fossil fuel consumption implies greater nuclear gen
eration. By raising the price of fossil fuel relative to nuclear fuel, the 
demand for nuclear fuel shifts outward because nuclear and fossil 
fuels are substitutes. The increased consumption of nuclear fuel only 
exacerbates the situation, leading to an offsetting welfare loss, since 
for each additional unit of nuclear generation the social costs exceed 
the social benefits. Depending on how large the gap is between mar
ginal social costs and marginal social benefits, the welfare loss in the 
nuclear fuel market might even exceed the welfare gain in the fossil 
fuel market! 

Professor Harberger has provided a mechanism to include second-
best phenomena in our conventional partial equilibrium framework.13 

Rather than measuring welfare losses and gains in only one market, 
we can calculate the secondary welfare effects in other markets as 
well. 

Let us consider the case of an economy with three products. Market 
A is characterized by pure monopoly. Market B is perfectly competi
tive with no externalities. Market C is perfectly competitive but in
volves a production externality arising from water pollution. Let us 
assume that while the antitrust authorities have the power to correct 
the monopoly situation, the environmental protection agency is un
able to prosecute producers of C, under existing laws and political 
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realities. Thus market C is characterized by a distortion not amenable 
to policy change. Furthermore, assume goods A and B are substitutes 
and goods A and C are complements. 

Figure 2.10 describes an initial equilibrium for three markets. To 
simplify the diagrams, each industry is assumed to exhibit constant 
costs, implying that the marginal social cost schedule for each indus
try is horizontal. Initially, the monopoly selected that output where 
marginal revenue equals marginal cost, leading to an output of A0 and 
the price of P0- In market B, the distortion-free market, output is B0. 
In market C, which has the implacable production externality, pro
ducers supply output C0, since at that output, price equals marginal 
private costs. 

The effect of antitrust action in market A has three effects. First, in 
market A, competition leads to a lower price Px and greater output 
Αχ. Second, if we assume good B is a substitute for good A, the lower 
price of good A causes the demand for good B to shift inward, leading 
to a smaller output Bx. The third effect occurs in market C. If good C 
is a complement to good A, the lower price of A will shift the demand 
schedule for C to the right, leading to increased consumption of Cx. 

Let us now examine the welfare gains and losses in the respective 
markets. For good A, the increase in output from A0 to Ai leads to a 
welfare gain of triangle FGH since the change in social benefits is 
A0FHAi and the change in social costs is only A0GHAX. The easier 
method of calculating the welfare effects in markets B and C is to 
think of the price of A being gradually reduced to the competitive 
level. As the price of A gradually falls, the demand for good B moves 
slightly to the left. For each unit of output reduction we see that there 
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FIGURE 2.10 The introduction of general equilibrium phenomena, (a) Pure 
monopoly, (b) Competitive industry with no externalities, (c) Competitive in
dustry with production externality. 
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is no distortion.14 For each unit, the marginal social benefit just equals 
the marginal social cost. The reader should visualize shifting the de
mand curve for good B from D to D' by small increments. For each 
unit of production cut back, the marginal social benefit just equals the 
marginal social cost. Ultimately, output is reduced from B0 to B\. The 
important result is that since for each output level between B0 and Βχ 
there are no distortions, the welfare effects must be zero. This is in
deed a powerful result, because it means that even though many mar
kets may be affected by a policy change, if they are relatively free of 
distortions, we need not worry about secondary welfare effects! 

Market C is a different story. Since goods A and C are complements, 
as the price of A gradually fell, the demand schedule for C gradually 
shifted to the right. For each minor reduction in the price, we can 
calculate the distortions associated with that incremental output. For 
each additional unit of output the distortion is given by the line seg
ment KL in Figure 2.10. After all, KL shows the difference between the 
marginal social costs of the additional output and its marginal social 
benefits. Since output increases from C0 to Clf the welfare loss is the 
rectangle KLMN. 

By combining the welfare gain in market A (triangle FGH) with the 
welfare loss in market C (rectangle KLMN), we can determine if indeed 
it is socially optimal to eliminate the monopoly in market A. In this 
case, the answer would appear negative. In any event, Harberger has 
provided us with a methodology to measure such effects. 

Is Harberger's solution practicable? After all, there are thousands of 
goods in the economy, not three. Must we analyze distortions in 999 
secondary markets if we are only interested in one market? Does what 
appears simple for a three-good economy become a Pandora's box in 
practice? 

We think the Harberger approach is simple and manageable. The 
secondary effects generally require analysis only in a few markets. 
First, one must separate those goods that are strong substitutes or 
complements to good A from those that are largely independent. It is 
only the former that we are concerned with, since it is only their de
mand schedules that will shift to the right or left, generating a possi
ble welfare loss or gain. If good A is Swiss cheese and good C is tennis 
shoes, we would not expect the demand curve for tennis shoes to shift 
due to lower prices for Swiss cheese. Since the set of goods that are 
either strong substitutes or complements is small, the number of mar
kets involving secondary welfare effects is small. 

Next, one must distinguish between those complement and substi
tute goods with and without distortions. Those goods without appre
ciable distortions can be omitted since there are neither welfare losses 
nor gains resulting from shifts in their demand schedules, as shown 
by good B in our previous example. This leaves the complement and 
substitute goods that have distortions. Even among these, one should 
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distinguish between those likely to be remedied by future policy 
changes and those implacable distortions, such as good C. 

In sum, secondary welfare effects are important only when both (a) 
the good is a strong complement or substitute to the good subject to 
the policy change and (b) the market for the good contains an implac
able distortion. In many situations, both conditions (a) and (b) are not 
met, thus allowing us to proceed with a partial equilibrium analysis 
of welfare. Nevertheless, as we shall see, there are situations where 
these conditions hold and it is important to incorporate these second
ary welfare effects into the analysis. 

1. Show that if all sectors of the economy were free of distortions, a 
policy applying partial equilibrium criteria to correct a single exist
ing market failure would be unambiguously appropriate. 

2. Suppose in Figure 2.10 that good C is independent of good A (i.e., 
neither substitute nor complement). Show that the welfare effects 
on good A are the only welfare effects. 

3. Suppose in Figure 2.10 that good C is a strong substitute for good 
A. Show the welfare effects in all markets. 

CONCLUSIONS 
The previous discussions of static criteria for efficient resource alloca
tion emphasize that the key to efficient resource allocation occurs in 
the way energy is priced. At any time, the price of the energy resource 
should reflect its marginal social costs. This implies that any diver
gence between social and private costs arising as a consequence of 
public goods or externalities should be corrected by internalizing such 
external costs. To assure the equivalence of price and marginal costs, 
a competitive market framework is required. Monopoly elements must 
be eliminated if prices are to equal marginal costs. 

Applied welfare analysis allows the policy analyst to quantify the 
welfare loss associated with any given market failure. This enables 
policies to focus on the market distortions that, if remedied, have the 
largest payoff for increased efficiency. Policy changes to improve en
ergy resource allocation will not be easily won. Even though a policy 
change leads to an aggregate welfare gain, certain groups may suffer 
deleterious income distribution effects. Our position is that efficiency 
and equity considerations are separable; however, they must be con
sidered simultaneously using the income tax or welfare system to re
dress burdens imposed on the poor as a consequence of an efficiency-
generating policy change. 
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1. For a detailed review, see Edwin Mansfield, Microeconomics (New 
York: Norton, 1985), Chaps. 13 and 14. 

2. In equation (2.2), MRT is a positive number obtained by affixing a 
negative sign to the ratio ΔΑΙΔΘ. The slope ΔΑ/ΔΘ is negative, 
since G must be given up to get additional A. 

3. The negative sign is omitted since labor is being transferred be
tween air conditioning and gasoline production; AL is positive in 
one case and negative in the other. 

4. For a review of monopoly, see Mansfield, op. cit., Chap. 10. 
5. For a review of oligopoly models, see F. M. Scherer, Industrial Mar

ket Structure and Economic Performance (Chicago: Rand McNally, 
1980). 

6. See Mansfield, op. cit., p. 278. 
7. See Mansfield, op. cit., pp. 94-98. 
8. See Mansfield, op. cit., pp. 90-93. 
9. The extent of the bias can be determined by the following formula 

relating the price elasticities for the compensated (et) demand 
schedule and the uncompensated (£t) demand schedule. The differ
ence between the compensated and uncompensated price elasticity 
is equal to expenditure share (S,·) for the ith good (the expenditures 
on good i divided by total expenditures on all goods) times the 
income elasticity of demand (niy) for good i: 

e{ — hi = o{niy 

This equation is provided in J. M. Henderson and R. E. Quandi, 
Microeconomic Theory (New York: McGraw Hill, 1971), pp. 31-37. 

What do these three factors mean in terms of measuring social 
benefits from energy consumption? The three factors work in dif
ferent directions. The expenditure shares and income elasticities 
for energy are generally relatively small. On the other hand, the 
price elasticity indicates an inelastic demand schedule. To give the 
reader some idea of the potential bias, let us assume the following 
"ballpark" estimates. Assume the typical consumer spends 5 per
cent of his income on energy and the income elasticity of energy is 
+ 1. Furthermore, assume the uncompensated price elasticity is 
-0 .5 . In this case, the bias is determined by the equation [et -
(-0.5) = 0.05(1)]. Solving for eif we see the bias is -0 .05, the true 
elasticity is —0.45, and the percentage bias is about 11 percent. 

Changes in social benefits calculated with the —0.5 elasticity 
will indicate greater price responsiveness, implying that to entice 
the consumer to consume one less unit requires a smaller increase 
in price than would be needed with the price elasticity of —0.45. 
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For this example, the change in marginal social benefits of the last 
unit will be understated by using the uncompensated demand 
schedule. Just the opposite occurs in the case of an inferior good. 

10. Based on assumptions of tax incidence, we might attempt to elim
inate their effects. However, given the uncertainty surrounding the 
incidence question, no attempt is made to eliminate these taxes in 
most studies. 

11. The literature of applied welfare analysis expresses a similar ap
proach mathematically to the shortcut method but uses integral 
calculus. If we define the distortion Z(Q) as the difference between 
social benefits and social costs, then the welfare gain is obtained 
by integrating the function Z(Q) over the affected interval Q\ to Q0. 

Welfare gain = SQ
Q

XZ(Q) dQ = - fQ°Z(Q) dQ 

Since in this example Z is negative for each dQ, the negatives can
cel out, leaving a welfare gain. It may be helpful to use actual 
equations to illustrate welfare changes. Let us assume the following: 

Demand is given by PD = 2 - 0.001Q 
Market supply is given by Ps = 0.0005Q 4- 0.5 
Social cost is given by Ps* = 0.0005Q +1.0 

Thus the welfare gain is 

fQ
Q

l
0 (PD - Ps*) dQ « 83.50 

since 

Qo = 1000; Ql = 666.67 
PDO = Pso = $1; Pso = $1.50 

Psi* = PDX = $1.33; PS1* = $0.83 

The Z function is useful in that it focuses only on the distortion 
corresponding to a specific output level. Note that at Q0, the dis
tortion is equal to the tax rate. At Qo-i» the distortion is slightly 
less than the tax rate. Continuing to reduce output, we see that for 
the Qith unit, the distortion is exactly zero. Integrating equation 
(2.15) is equivalent to summing the welfare gains for each unit of 
output reduced between Q0 and Qx. For many applications this is 
the simplest way of calculating the welfare loss or gain, that is, by 
summing the distortions (the difference between social benefits 
and social costs) for each unit of output over the affected range Q0 
to Qi. For additional readings, see Arnold Harberger, "Three Basic 
Postulates of Applied Welfare Analysis," Journal of Economic Lit
erature, Vol. IX(3) September 1972, pp. 785-797. 
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For a comprehensive source, see Richard E. Just, Darreil L. 
Hueth, and Andrew Schmitz, Applied Welfare Economics and Public 
Policy (Englewood Cliffs, NJ: Prentice-Hall, 1982). 

12. See R. G. Lipsey and K. Lancaster, "The General Theory of Second 
Best," Review of Economic Studies, 1956-1957, Vol. XXIV(l), pp. 
11-32. 

13. See Harberger, op. cit. 
14. There is a tendency to use the new demand schedule D' as a mea

sure of social benefits. This would be incorrect because the de
mand curve £>' is derived from different indifference curves, imply
ing consumer satisfaction is not held constant. For small shifts in 
the demand schedule, the marginal social benefits just equal the 
marginal social cost for the incremental unit. 
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CRITERIA FOR EFFICIENT DYNAMIC 
RESOURCE ALLOCATION 

INTRODUCTION 
The analysis in Chapter 2 is purely static; that is, production and con
sumption are assumed to occur in one particular time period. In many 
cases, there is no reason to introduce dynamic considerations except 
to recognize that policies which would generate welfare gains or losses 
during the current period would also generate welfare gains or losses 
in future periods, thus providing an even stronger rationale for or 
against the policy change. For example, static analysis is more than 
adequate to analyze the welfare effects of a tax on hot dog vendors. 
Each week the vendor purchases new supplies of mustard, hot dogs, 
and buns and rents his equipment. Moreover, the effects of one week's 
purchases on next week's prices are likely to be minimal. Thus each 
week can be viewed as a separate event, independent from past or 
future market periods. 

In the case of nonrenewable natural resources, each period is not 
independent of the other. With a nonrenewable resource base, today's 
consumption reduces the resource base available for tomorrow. Con
sequently, both the firm and society must attempt to optimize produc
tion over many periods, recognizing that actions in one period affect 
opportunities in future periods. Since our dominant energy forms— 
oil, natural gas, coal, and uranium—fit into this category, we must be 
concerned that energy consumption is efficient not only in a static 
sense, but also over time, that is, in a dynamic sense. 

Intertemporal Profit Maximization 
The first and most fundamental assumption underlying the economics 
of nonrenewable resources is that firms attempt to maximize long-run 
profits over time, or intertemporally. The profit maximization motive 
that is so essential to static economic analysis is equally important in 
the dynamic case. In static analysis, the production decisions in one 
period do not affect profits in other periods, so that firms simply pro-



ceed to equate marginal cost with marginal revenue in each period, 
obtaining the maximum profit (Π,·) for any period L The result is a 
production plan resulting in an optimal stream of profits (Π,·) over 
time (Πο, Πι, Π2, . . ., Π„), which maximizes the firms' long-run profits 
over time. 

However, with production using nonrenewable resources, the deci
sion to produce and earn profits of Π0 today necessarily precludes the 
ability to produce and earn profits in future time periods. How then 
can the firm select the optimal tradeoff between current and future 
profits? Basically, the firm must apply a discount rate to future prof
its, since a dollar today is worth more than a dollar in the future. 
Normally, the firm's discount rate will closely approximate the mar
ket rate of interest, differing only by an adjustment for risk. Thus, the 
rate of interest provides the firm with guidance as to the value of one 
dollar's profit today in comparison, for example, with a profit of $1.50 
in 5 years. In effect, if the market rate of interest is 10 percent per 
year (r = 0.1), then a profit of $1.10 next year has a present value of 
$1.00. In fact, it is possible to calculate the present value of the profit 
stream (Π,·) beginning in the current period 0 and terminating at some 
distant period n in the future: 

(3.1) Present value = Π0 + -—— + -—^-r j + 7 : — ^ + · · · + -—^-r r 
' 1 + r (1 + rf (1 + r)3 (1 + r)n 

Equation (3.1) provides the firm with guidance as to what is meant by 
long-run profit maximization. By choosing a profile of profits (Π0, Π^ 
Π2, . . ., Π„), the present value of future profits can be maximized. By 
maximizing the present value of future profits, one maximizes the 
value of the firm, since stockholders' perception of the value of exist
ing shares is based on the anticipated stream of profits over the future 
n periods plus the salvage value of the firm in the last period.1 Any 
other alternative stream of profits (Π0

α, ΠΛ Π2
α, . . ., Π„α) will lead 

to a lower present value. 
What forces are at work to compel the firm to maximize the present 

value of future profits? The answer is market forces. If the firm finds 
itself in a competitive market, its very corporate survival depends on 
its ability to maximize profits. Even in markets insulated from com
petitive forces, factors are at work promoting profit maximization. 
Normally, managers will seek to maximize the value of the firm's 
shares since they typically receive stock options and/or profit-related 
bonuses. If the firm does not select the optimal stream of profits (Π0, 
n l f Π2, . . ., Π„), it becomes a candidate for corporate takeover. The 
existence of suboptimal profits provides an incentive for an acquiring 
firm to rectify the profit performance. By restoring the firm to a pro
duction time path that maximizes long-run profits, the value of the 
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firm's shares can be raised, providing an above normal return to the 
acquiring firm. 

1. Suppose you own a shut-in gas well with reserves of 1 billion cubic 
feet. You know with certainty that natural gas will be much more 
valuable in 10 years and will sell for $10 per thousand cubic feet. 
Assuming the market rate of interest is 10 percent, what price 
would you sell the gas reserves for today? (Hint: $3.85 million.) 

2. Suppose in question 1 that you do not know future gas prices with 
certainty. To compensate for the risk attached to natural gas as an 
asset, you adopt a discount rate of 12 percent. In effect, if the risk-
free return on treasury bonds is 10 percent, you add a 2 percent risk 
premium. Now what is the present value of the gas well, applying 
a 12 percent discount rate? (Hint: $3.22 million.) 

USER COSTS 
While equation (3.1) correctly describes the present value calculation, 
it lacks the economic insight provided by static analysis. For example, 
in static analysis, profit maximization automatically implies selecting 
the production level where marginal cost equals marginal revenue. In 
the nonrenewable resource case, can the firm arrive at Π0, Π^ Π2, 
. . ., Π„ in equation (3.1) by simply setting marginal cost equal to 
marginal revenue in each period? If so, we arrive at a surprising re
sult. Knowing that price equals marginal cost in a competitive mar
ket, one might be tempted to reason that the competitive world price 
of oil should be about $.25 per barrel since the marginal cost of pro
ducing oil is approximately $.25 per barrel in most Persian Gulf coun
tries. This fallacy arises from an inadequate understanding of mar
ginal costs. In the static case of a firm using renewable resource 
inputs, the decision to produce today in no way affects the costs of 
producing in the future. Thus marginal cost (MC) consists entirely of 
the marginal production cost (MCP), that is, the capital, labor, and 
material costs of producing the last unit of output. In cases involving 
the use of nonrenewable products, the decision to produce a barrel of 
oil today precludes the possibility of producing it at some time in the 
future. The resource owner must trade off the opportunity value of 
selling the resource today versus the opportunity value of selling it at 
some future time. This is precisely the notion captured by the user 
value, or as it is most commonly called, the user cost. The user cost in 
period i reflects the opportunity value of producing a unit of output in 
that period. While there is no tax collector present to collect these user 
costs, the firm clearly foregoes the current opportunity value of the 
resource when it chooses to leave it for later production. Thus, in the 
nonrenewable case, marginal cost (MC) in period i is modified to in-
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elude both the conventional marginal production cost (MC/7) and the 
user cost (I/,·): 

(3.2) MC, = MC/7 + Ut 

The method of calculating the user cost is predicated on long-run 
profit maximization (i.e., setting marginal revenue, MR,·, equal to mar
ginal cost, MC,). The user cost, which shows the opportunity value of 
producing a marginal unit today, is calculated by simply subtracting 
marginal production costs (MC/7) from marginal revenue (MR,): 

(3.3) I/,· = MR, - MC/7 

Combining equations (3.2) and (3.3) we reaffirm the standard price 
theory result that marginal costs (including user costs) equal marginal 
revenue even for nonrenewable resources. 

Since Ui represents the opportunity value of selling a barrel in pe
riod t, the producer may elect to switch part of his production in pe
riod i to some other period i' where user costs are higher. In fact, if 
the producer is to maximize his long run profit, he should be indiffer
ent between producing the last barrel in any given time period. That 
is, user costs should be equated across all production periods, so that: 

(3.4) I/o = f/i = U2 = t/3 = · · · = Un 

But equation (3.4) overlooks the fact that a dollar received today is 
worth far more today than is a dollar received ten years from now. 
Thus, wealth-maximizing producing agents must in reality discount 
future user costs at the market rate of interest (r), implying that dis
counted user costs must be equated over time: 

« ^ I, t/l U2 U3 Un 
(3.5) U0 - j + r - ( 1 + r ) 2 - ( 1 + r ) 3 - · · · - ( 1 + r )„ 

This means that the user costs must rise at the rate of interest if the 
net present value of the resource is to be maximized, that is: 

Ux = i/o (1 + r) 
(3.5a) U2 = ΙΛ (1 + r) 

Un = !/„_! (1 + r) 

As an example, if the interest rate is 10 percent (r = .10) and t/0 = $1, 
the user cost (Ui) must be $1.10 in period 1, $1.21 in period 2, $1.33 in 
period 3 and so forth, in order for the discounted user costs to be equal 
over time. If, for example, i/3 = $2, the producer has not chosen an 
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optimal production strategy since the discounted value of oil produced 
in period 3 would be $1.50 (t/3/(l.l)3) and yet the discounted value for 
all other periods is $1. The producer can increase the present value of 
its reserves by allocating more production to period 3 and reducing 
production in the other periods. Thus, the problem facing the wealth-
maximizing producer is to schedule production over time such that 
equation (3.5) holds for the last barrel produced in any period. 

A more formal proof of the result that equality of discounted user 
costs (equation (3.5)) follows from maximization of the present value 
of the resource (equation (3.1)) can be shown as follows. For simplic
ity, consider a model with two periods rather than n periods. Accord
ing to equation (3.1), 

(3.6) PV = Π0 + 7-J— Ü! 
1 + r 

Now consider the effect of moving one unit of production from period 
0 to 1 (i.e., - AQo = ΔΟ0: 

(3.7) APV = ΔΠο(ΔΟο) + τ^—ΔΠ^ΔΟΟ 
1 + r 

But the change in profit (ΔΠ0) resulting from rescheduling production 
of the last barrel is simply the difference between marginal revenue 
and marginal production cost (MR0 - MC0

P). Thus equation (3.7) can 
be written equivalently as: 

(3.8) APV = (MRo - MQfliAQo) + ρ - ^ ί Μ ^ - MC^AQO 

By definition [see equation (3.2)], we can replace the difference be
tween marginal revenue and marginal production cost with the appro
priate user cost: 

(3.9) ΔΡν = ί/0(Δ(?ο) + Y^-r l/^AQ,) 

But if PV is truly at a maximum, a small change of Δ(20 will not affect 
PV. Setting ΔΡν = 0 in equation (3.9) and utilizing the fact that the 
production increase in one period equals the decrease in the other pe
riod (-Δ(20 = AQi), we obtain the familiar result. 

(3.10) i/o = Y^-r 
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Thus, equating the present value of user costs necessarily implies that 
the firm has selected a production strategy that maximizes the present 
value of the resource.2 

1. Can you explain why you cannot use equation (3.2) to compute the 
user cost? You must first compute user cost from equation (3.3) and 
then, knowing the user cost, it is possible to compute marginal cost 
in equation (3.2). 

2. Explain why a profit-maximizing producer must reorder produc
tion until the present values of the user costs are equated over time. 
If Ui/(1 + r) > U0, what must happen to production in Q0 and Qi? 

3. Suppose you have 3 grades of coal, with respective user costs per 
ton of - $ 5 , $1, and $10. Will coal grade 1 be mined? How about 
grades 2 and 3? Explain why the low-cost mines will be exploited 
first. 

USER COSTS AND 
EXPECTATIONS ABOUT THE 

FUTURE 
The notion of user costs is extremely complex because they are not 
easily identified and calculated as marginal production cost might be. 
But it is precisely their complexity that makes user costs so fascinat
ing. In understanding user costs, there are a few key points to keep in 
mind. First, a set of user costs (U0, Uif U2, . . ·, Un) is conditional on a 
given set of expectations about the future. As long as the "old expec
tations" (that set of expectations under which the profit-maximizing 
production schedule was originally made) are fulfilled, the user costs 
will rise at rate r over time as seen in equation (3.5a). For example, in 
Figure 3.1, over the time period 0 to t0 user costs rise along a given 
path at rate r. Suddenly, at time period t0, producers revise their orig
inal expectations, probably due to new information about the future, 
and form "new expectations." User costs shift upward, rising along a 
new path, as producers judge that the opportunity value of the re
serves has become much greater. Second, these expectations depend 
on demand as well as supply conditions, and future as well as present 
conditions. Remember from equation (3.8) that it is necessary to form 
expectations about future marginal revenues and thus future demand 
conditions as well as production costs. These expectations are no 
doubt further influenced by the expected size of the resource base. 
Large additions to resource supplies will drive down both current and 
expected future market prices and marginal revenues. Curiously, even 
when present demand conditions develop exactly as expected, if pro-
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FIGURE 3.1 User costs and producer expectations. 

ducers become convinced that future demand will be much greater 
than previously expected, user costs will be revised upward as in Fig
ure 3.1, switching user costs onto a new path. The mechanism is sim
ple—at time period t0 producers revised upward their expectation of 
user costs in some future period. Thus based on the old production 
plan, the discounted future user cost now exceeds the user cost of to
day's production, leading to a reduction in current production and a 
planned increase in future production. As current production is re
duced, user costs rise to the new user cost path. 

Implications for the Pricing of 
Nonrenewable Resources 
The previous section establishes the key result that the user cost will 
tend to rise with the rate of interest for a given set of expectations. But 
our concern is more with the implications for the pricing of nonrenew
able energy sources than with the change in user costs. As we shall see 
in the subsequent section, the linkage between user costs and prices 
can differ widely, depending on the set of assumptions made. 

HOTELLING'S r PERCENT PRICE 
PATH 
According to Harold Hotelling, the linkage between user costs and 
prices is direct. Prices, like user costs, would also tend to rise at the 
rate of interest. In his famous 1931 article in the Journal of Political 
Economy, Hotelling set forth this provocative idea.3 In view of the 
trivial marginal production cost of most Persian Gulf oil, it is remark-
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able that Hotelling chose to simplify his analysis to a case where mar
ginal production costs are zero (MCP = 0), even though these reserves 
were at that time undiscovered. Together with the assumption of per
fect competition (i.e., the firm's marginal revenue equals the market 
price), one can substitute prices (Pi) for user costs (UJ in equation (3.5) 
as follows: 

( 3 J 1 ) Fo 1 + r (1 + rf (1 + rT 

Equivalently, prices will rise at the rate of interest: 

Pi = P0(l + r) 
P2 = Pj(l + r) 

(3.11a) 

Pn = Ρη.λ{\ + r) 

Hotelling's result is captivating because of both its simplicity and 
its underlying economic sophistication. By making just three key as
sumptions—(1) long-run profit maximization, (2) zero marginal pro
duction costs, and (3) perfect competition—we arrive at the result that 
prices will tend to rise in a smooth predictable manner with the rate 
of interest. Hotelling's r percent rule seems sensible because deposits 
of oil, coal, or natural gas are irreplaceable assets of value, and in 
order to entice producers to hold oil for future periods, they must re
ceive a return of exactly r percent per year. Prices cannot systemati
cally rise faster than r percent per year, since current production 
would cease in anticipation of a return greater than r percent, driving 
up current prices, which would induce shifting of production toward 
the current period and restore the rule. Conversely, systematic price 
increases of less than r percent per year would lead producers to raise 
current production, thereby lowering the present price, which would 
induce shifting of production to future periods, again restoring the 
equilibrium implied by the rule. 

While prices must rise at r percent per year to establish a market 
equilibrium, there are an infinite number of price paths that will rise 
at r percent per year. For example, at r = .10, oil prices could move 
along a path of 1.00, 1.10, 1.21, 1.33 . . . or another path of $30.00, 
$33.00, $36.30, $39.93 and so forth. How can we establish the market-
clearing price path? Or, put another way, what is the optimal initial 
price? 

Mathematically, the solution can become quite complicated with n 
time periods. But if we restrict the number of time periods to two (the 
present and the future), a graphical solution is possible. Let us con-
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sider the case in which 60 barrels of oil are to be consumed between 
the current period 0 and the future period 1. Assume for illustrative 
purposes that the expected demand curves in the two periods are P0 
= 50 - .5Qo in period 0 and Pi = 50 - .33Qi in period 1. Further
more, the rate of interest is taken to be r = .10. To preserve the zero 
marginal production cost assumption, we assume that the oil is being 
stored in the backyard swimming pools of our competitive oil pro
ducers. 

Figure 3.2 provides a graphical description of how the optimal 
price path is determined. Beginning on the left-hand vertical axis, we 
measure price in the current period; the price is $50 per barrel when 
current output is zero. We draw the demand curve, D0t emanating 
from P0 = $50 and sloping downward to the right with a slope of - .5. 

Similarly, the demand schedule for the future period emanates from 
Pi = $50 on the right-hand vertical axis and slopes downward to the 
left with a slope of - .33. The prices of oil in the two periods can be 
determined by inspection of the two demand curves for any particular 
output division between the two periods. For example, if Q0 = 40 and 
Qi = 20, the two demand curves imply prices of P0 = $30 and Pi = 
$43.34. 

The next step is to determine the user cost schedules U0 and U\ for 
the two periods. Recall from equation (3.11) that the user cost is iden
tical to price in Hotelling's case. Thus for the current period, U0 is 
identical to the demand schedule. Similarly, for the future period, 
U\ = P\; thus the user cost and demand schedule are identical. But 
since UQ is equated with the discounted future period's user cost, we 

0 Qo- 28.2 60 
60 31.8 ~Qi 0 

FIGURE 3.2 Solution of the Hotelling price path and production rates. 
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must consider the dashed line, labelled U\/l.l. The discounted user 
cost schedule is obtained by discounting the intercept of $50 to give a 
$45.45 intercept. Likewise the slope is discounted by 1.1, giving a 
slope of - .3. As a consequence, U\/l.l shows, for any output level, the 
original market price in period 1 divided by 1.1, the discount factor. 

According to equation (3.5), the intersection of U0 and U\I\A shows 
the optimal output allocation between the two periods which equates 
the discounted user costs. Furthermore, by reference to the demand 
schedules for these output levels, we obtain the solution for the prices 
in the two periods. According to Figure 3.2, 28.2 barrels will be pro
duced in the first period and 31.8 barrels will be produced in the fu
ture. Corresponding to 28.2 barrels in the current period is a market 
price of $35.90. Corresponding to the 31.8 barrels produced in the fu
ture period is a market price of $39.50 per barrel—a price exactly 10 
percent higher than the $35.90 price in the current period.4 

It is easy to see that no other output combination and price path 
will bring about a long-run profit maximizing equilibrium. Consider 
an output level of less than 28.2 barrels in the current period. At that 
output combination, U0 exceeds U\/l.l, which will encourage produc
ers to increase current production and reduce future consumption. 
But the increase in current production only lowers U0 and raises 
l /yi . l . Nevertheless, producers will find it profitable to expand cur
rent production until U0 = f/i/1.1. Similarly, one can show that if cur
rent production were greater than 28.2 barrels, market forces would 
drive current production down to the optimal level. 

The graphical analysis in Figure 3.2 serves to emphasize the numer
ous determinants of the user costs and price path. As noted earlier, 
both future and current demand expectations are important. Marginal 
production costs are also potentially important. Also, if oil reserves 
had been 100 instead of 60, the user costs would have been much 
smaller, and the price path would have started from a lower initial 
price. 

1. What three assumptions give rise to equation (3.11a)? Explain the 
role of each. 

2. Would you think that Hotelling's rule would apply to coal mining? 
Why or why not? 

3. Suppose in Figure 3.2 that expectations about future demand im
plied a $10 higher price at every output level. Show graphically 
how you would solve for the new optimal output levels and price 
path. 

4. Using Figure 3.2, and assuming instead that reserves were 100 bar
rels, how would you solve for the new optimal output levels and the 
price path? 

CRITERIA FOR EFFICIENT DYNAMIC RESOURCE ALLOCATION 



5. Assuming a constant demand schedule over time, what would the 
output price path look like, that corresponds to the rising price 
path? Draw the output path. 

THE PREDICTIVE POWER OF 
HOTELLING'S MODEL 
Critics of Hotelling's model are quick to point out that observed oil 
prices do not move along a smooth price path, rising with the rate of 
interest. Table 1.4 and Figure 4.1 show that the path of oil prices bears 
little resemblance to Hotelling's predictions. 

Before discarding Hotelling's simple model, let us first recall the 
three critical assumptions: (1) long-run profit maximization, (2) zero 
marginal production cost, and (3) perfect competition. Finally, there 
is the hidden caveat that any one price path is conditional upon a 
unique set of expectations about future and present supply and de
mand conditions. This last caveat alone might explain why prices 
failed to move along a smooth path. For example, if producers were 
continually revising their expectations, one might observe frequent 
jumping from one price path to another. Still other explanations will 
result from relaxing the assumptions of zero production costs or per
fect competition. Let us proceed to extend Hotelling's simple model 
by considering the effects on the observed oil price path of: (1) a mo
nopolistic market, (2) the size of the resource base, (3) the presence of 
a backstop fuel, (4) the rate of discount, (5) the magnitude of the long-
run price elasticity of oil demand, (6) the rate of world economic 
growth, and (7) increasing marginal production costs. 

A Monopolistic Market Structure 
For the monopolist facing zero production costs, user costs will be 
identical to marginal revenue, which then must rise with the rate of 
interest: 

rtn, ΆΛΌ MR! MR2 MR3 MR„ 
(3.12) MRo = _ ~~ 1 + r (1 + rf (1 + rf (1 + r)n 

This result follows directly from equation (3.3) when MCP = 0. Ob
viously, with marginal revenues rising, prices will also rise, but the 
rate of increase depends on the nature of the demand curve. In the 
usual textbook case of a linear demand curve, the initial price will be 
higher under monopoly and will rise at a slower rate relative to per
fect competition. The reason why the price of the monopolist lies 
above that of the competitive market, and grows more slowly, may 
not be apparent. Remember that with zero extraction costs under mo-
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nopoly, user costs equal marginal revenue, not price, and thus mar
ginal revenues must grow at rate r as in equation (3.12). With a linear 
demand schedule, an r percent increase in marginal revenue yields a 
less than r percent increase in price. Thus if prices are to increase at a 
slower rate than under competition, they must be initially higher. Fig
ure 3.3 contrasts the competitive price path with the monopolist's 
price path when facing a linear demand schedule. Thus, the monopo
list's higher initial price will promote more conservation in earlier pe
riods, allowing for relatively greater production and lower prices in 
the later periods, extending the economic life of the resource. This ex
ample supports the claim, "the monopolist is the conservationist's best 
friend." While this may be true, we simply note that the monopolist 
exacts a huge fee for performing this rationing function and that the 
monopolist's price path distorts the optimal intertemporal resource 
allocation of perfect competition. From society's perspective, the pres
ent value of lower prices over period 0 to t0 in Figure 3.3 far outweighs 
the present value of the monopolist's lower prices after time t0. But of 
course this explains precisely why the monopolist chose an initially 
higher but more slowly increasing price path. 

Still another intriguing aspect of Hotelling's 1931 paper was that he 
explicitly considered the case of the monopolist facing a demand curve 
that had a constant price elasticity at every price. Hotelling demon
strated that under such conditions, the monopolist's price path will be 
identical to that of the competitive market! Some scholars have ac
cepted Hotelling's result as if it were a prophecy. To them, the ques
tion of whether OPEC is a cartel is moot—the price of oil would be 
the same under either regime! 

To reach this conclusion based on Hotelling's simplistic model 
would be to commit an egregious error, for two reasons. The demand 
for oil is not a static function with a constant price elasticity. As dis-

Competitive 
Price 
Path, 

Monopolistic 
Price Path 

Time 
FIGURE 3.3 Possible monopolistic versus competitive price paths. 
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cussed in Chapter 7, the long-run demand schedule is much more 
price elastic than its short-run counterpart. Since it may take twenty 
years to achieve the full long-run price adjustment, a monopolist can 
exploit the short-run inelasticity of oil demand by initially charging a 
higher price. Thereafter, prices may even decline for a substantial pe
riod as consumers react to the price jump. Thus, the nature of the 
demand for oil suggests that the monopolist's price path is likely to be 
more like Figure 3.3, with a higher price initially and a slower rate of 
price increase thereafter than would occur under competition.5 

Notwithstanding these objections, some may argue that even if the 
two price paths are not identical, the period of time t0 in Figure 3.3 
during which the monopolist's price exceeds the competitive level is 
relatively short and the period thereafter of lower prices under mo
nopoly is relatively long. Applying this logic to today's situation, one 
might argue that OPEC's prices may exceed that of a competitive mar
ket, but within ten years we will reach a time when the price of oil 
will be actually lower, thanks to OPEC. Obviously, it matters greatly 
whether t0 is 10 years or 50 years. Unfortunately, our ability to pin
point t0 is poor. Furthermore, it matters greatly whether some ''back
stop" fuel will be present to place a ceiling on future price increases. 
(A backstop fuel is a fuel available in effectively unlimited quantities 
at a constant extraction cost per unit.) If a backstop fuel exists, the 
high future prices that would occur under competition would not ma
terialize. We will explore in more detail later the price implications of 
a backstop fuel. 

The Size of the Resource Base 
Irrespective of whether one posits monopoly or competition, user costs 
play an influential role in oil price determination. Since user costs are 
based on expectations of present and future supply and demand con
ditions, it is instructive to look in greater detail at factors that influ
ence producers' perceptions of user costs. 

In order to attribute a scarcity premium to oil, oil producers must 
first form expectations about the magnitude of the underlying oil re
serve base. The size of existing oil reserves may be a poor indicator, 
since these are only the reserves found to date and future exploration 
will surely result in new discoveries. If new discoveries occur as ex
pected, producers need not revise their estimates of user costs. Figure 
3.4 illustrates a Hotelling-type competitive market with zero produc
tion costs. Over the period that producers' expectations of user costs 
remain unchanged (period 0 to t0), the oil price rises at the rate of 
interest. Suppose that at time t0, geologists sharply increase their es
timate of the reserve base. The scarcity value of oil being thus re
duced, user costs will be revised downward sharply. Following the re
vision, as long as expectations are unchanged (period t0 to t\), prices 
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FIGURE 3.4 Price paths under alternative resource base assumptions. 

again rise at the rate of interest. Now assume that in period tif oil 
producers become convinced that the ultimate resource base is much 
smaller than they had ever thought. Prices will immediately shoot up
ward and thereafter rise with the rate of interest until expectations 
are revised again. Figure 3.4 illustrates the interesting point that 
prices need not follow a smooth price path since changing expecta
tions will cause switching to alternate price paths. Thus Hotelling's 
model may be correct, but have only limited predictive power because 
prices are continually jumping from one price path to another due to 
changing expectations. 

The Presence of a Backstop Fuel 
In view of the vast potential supplies of unconventional crude oil from 
tar sands, oil shales, and coal, economists have been prompted to con
sider the impact their development will have on the price of petro
leum. For simplicity, let us assume that the reserves of these oil sub
stitutes become infinitely elastic at some price P*. Obviously, these 
resources are also nonrenewable, but the reserve base may be so large 
that their user costs are effectively zero. Alternatively, the backstop 
fuel may be a renewable energy source such as solar energy. In either 
case, at price P*, virtually unlimited supplies will be available. As Fig
ure 3.5 indicates, the time path of oil price is substantially altered. No 
longer does the price continue to rise indefinitely at the rate of inter
est. The solid line price path depicts a world of perfect foresight. The 
price increases at rate r until it reaches P*, at which time the backstop 
fuel would enter the market to meet all demand at the price P*. Pre
sumably, backstop fuel producers watch the price rise and correctly 
anticipate that the backstop fuel plants should be ready in year t0 with 
sufficient capacity to meet expected demand. Also, according to this 
view, oil producers would want to dispose of all of their oil before t0, 
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FIGURE 3.5 Oil prices with a backstop fuel. 

since after t0 the user cost would become constant. In reality, conven
tional oil production will continue past t0 because oil fields cannot be 
exhausted instantaneously. Also, it seems plausible to conjecture that 
oil prices might even overshoot the price of the backstop fuel, P*, if at 
t0 the introduction of the backstop fuel is initially insufficient to meet 
market demand. The dotted line occurring after t0 shows how prices 
might temporarily overshoot while the backstop fuel industry is ad
justing to meet demand (period t0 to t\). After t\, oil prices would be 
constrained to P*. 

What implications do backstop fuels have for the pricing of oil to
day? Assume for argument's sake that shale oil and coal liquefaction 
exist as backstop fuels for crude oil at a constant cost of $70 per barrel 
(i.e., suppose P* = $70). Let us further assume that existing crude oil 
reserves are sufficient for 30 years (t0 = 30). What is the appropriate 
price of oil today? Applying Hotelling's model with P30 = $70, we ar
rive at a current price in period 0 in Figure 3.5 of $4.01 for a 10 per
cent discount rate. 

(3.13) 
Po 

Po 

'30 
30 

$70 
17.45 

(1.1) 
= $4.01 

For a discount rate of 5 percent, the current price would be $16.20. 
Calculations such as these are obviously highly subjective and inexact, 
but even with highly conservative assumptions about the backstop 
fuel price and years of available oil reserves, world oil prices appear 
to be well above the levels implied by a competitive market. 
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Rates of Discount 
To Hotelling, the choice of the appropriate discount rate was ob
vious—use the market rate of interest. Since inflation was not a prob
lem in 1931, Hotelling was content to state his results in nominal 
terms, not adjusted for inflation. Today, future inflation rates are per
haps more uncertain than oil prices, causing practitioners to favor oil 
price forecasts expressed in dollars of constant purchasing power. 
Thus, the preference is to forecast the real price of oil, that is, the 
future price of oil deflated by the future general price index. The real 
rate of interest (r*) is simply the nominal rate of interest (r) less the 
expected inflation rate (i), as shown below: 

(3.14) r* = r - i 

Hotelling's framework, nevertheless, remains valid. We simply substi
tute the real rate of interest for the nominal rate of interest and inter
pret oil prices in dollars of constant purchasing power. 

Having resolved the inflation confusion, one must ask whether the 
real rate of interest, usually estimated at 2 to 3 percent per annum, is 
the appropriate real discount rate. If oil reserves were a riskless asset, 
private investors would utilize the real rate of interest since it reflects 
the real, long-run return on a risk-free asset. Oil producers usually 
argue that geological and political risks of oil exploitation require us
ing a much higher real discount rate to reflect the elements of uncer
tainty and guarantee a normal real return on the average. Professor 
Adelman points out that the political risks are so large in the Middle 
East that a real discount rate of 9 percent may be conservative.6 

To illustrate the effects of changes in the real discount rate, Figure 
3.6 depicts price paths under three alternative discount rates. From 

r = .0 

FIGURE 3.6 Price paths under alternative discount rates. 
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period 0 to t0, producers employ a very high real discount rate of 25 
percent in anticipation of nationalization. Now suppose the risk of na
tionalization abates and the real discount rate is reduced to 5 percent. 
Finally, in period tx the state obtains control of production and adopts 
a zero real discount rate. With a zero real discount rate, the user costs 
are constant over time. If a backstop fuel were available at P*, the 
competitive price would jump to P* and remain forever at that real 
price level. After all, a zero discount rate implies indifference between 
a dollar today and a dollar in 30 years, when the backstop fuel would 
be available. 

The Magnitude of the Long-Run Price 
Elasticity of Oil Demand 
Since demand conditions affect marginal revenues and thereby the 
user costs, the price path even in a competitive market depends on the 
price elasticity of demand. In the short run, the price elasticity for 
crude oil is generally known to be quite inelastic. The magnitude of 
the long-run elasticity is known with much less certainty. The prob
lem is exacerbated by the fact that a substantial adjustment period is 
required to alter the energy efficiency of the existing capital stock. 
Long lags, combined with unprecedentedly high price levels, make for 
a great deal of uncertainty regarding the value of the long-run price 
elasticity. Figure 3.7 contrasts two price paths, one under high elastic
ity expectations and one under low price elasticity expectations. With 
expectations of a low price elasticity, the price path begins at price P0 
and rises thereafter at the discount rate as usual. Suppose that in pe
riod t0 producers come to believe that long-run demand is much more 
price elastic than previously believed. Clearly, at the prices projected 

0 to Time 

FIGURE 3.7 The importance of the price elasticity of demand. 
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for the future, consumers will not demand the previously projected 
production. This revision in expectations about future price elastici
ties of demand forces an abrupt downward adjustment in the user 
cost. Even though the price rises at the discount rate after t0, the base 
from which it rises is much lower and the price path lies below the 
original price path. 

The Rate of World Economic Growth 
Still another factor influencing the calculation of user costs is the 
growth in oil demand resulting from world economic growth. Besides 
price, the major determinant of oil consumption is the level of eco
nomic activity. As discussed in Chapter 7, there is a strong positive 
correlation between the standard of living and energy consumption. 
The point is that if producers expect rapid long-run growth rates, cet-
eris paribus, user costs will be higher. Although Figure 3.7 illustrated 
the case of low and high price elasticity expectations, it could have 
just as easily represented the effects of different expectations about 
economic growth rates. The period from 0 to t0 would be representa
tive of expectations assuming high economic growth rates, while the 
period from t0 into the future would signal a period in which economic 
growth projections had been scaled downward. 

Increasing Marginal Production Costs 
Even though Hotelling's assumption of zero marginal production cost 
seems quite applicable to oil produced in the Persian Gulf, a close look 
at oil production elsewhere reveals that marginal production costs in
crease over a broad output range. In a given oil province, the lower 
cost deposits are exploited first, leaving additional reserves to be 
found at higher prices. As the production from stripper wells across 
Illinois and Kansas proves, at higher prices it is always possible to 
wring additional oil from the earth's coffers. 

A confusing aspect of existing oil reserve estimates is that they are 
classified as "known" reserves capable of being extracted at present 
prices and technology. They provide no estimate of the reserve base 
available from additional exploration at existing prices and technol
ogy, nor any measure of the size of uneconomic reserves that may be
come economic with higher prices or improved technology. 

Suppose we assume that additional reserves and production will be 
forthcoming at higher prices. What effect will this have on the price 
path? Figure 3.8a assumes for pedagogical purposes that reserves are 
of three types. Type 1 reserves are limited to quantity Ch*, and, like 
Persian Gulf reserves, are available at a negligible extraction cost. 
Type 2 reserves are available in quantity Q2* — Q\* at a marginal 
extraction cost of C2* per unit. Finally, we assume a renewable re-
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FIGURE 3.8 Effects of a heterogeneous resource base, (a) Reserves available 
at various extraction costs, (b) Price path with rising extraction costs. 

source (type 3 reserves) that offers a backstop fuel available at cost 
C3* per unit. 

As in Figure 3.5, will the price path rise at r percent until it hits the 
backstop? No. As shown in Figure 3.8b, prices rise at a relatively much 
faster rate during the period from 0 to tx (when the lowest cost re
serves are depleted). Over this period extraction costs are zero, user 
costs are equivalent to price, and therefore price will rise relatively 
quickly. The new price path beginning at tx and ending at t2 rises at a 
much slower rate than the price path over the period 0 to t0. The back
stop fuel price is reached in period t2 just as type 2 reserves are ulti
mately depleted, and backstop fuel production commences. Prices es
calate at a slower rate in each subsequent era because extraction costs 
become a bigger part of marginal costs. For the period from tx to t2, 
user costs are only a portion of total marginal costs, and prices rise 
only to reflect the increase in user costs. Even though the user cost for 
type 2 reserves will escalate at r percent per year, prices will rise only 
at a fraction of that rate because extraction costs, which are constant 
at C2*, make up such a big fraction of overall marginal costs and 
hence, price in a competitive market. Of course, after t2 the backstop 
is reached and user cost for reserve type 3 is zero. Thus without any 
user costs, prices will be constant over time at P2 = C3*. 

How can we generalize the results of Figure 3.8b? Suppose that in
stead of three types of reserves, there were numerous reserve types. 
Prices would be expected to rise at a rate well below the rate of inter
est as, over time, extraction costs make up increasing fractions of the 
price. Furthermore, if technological change reduces the marginal pro
duction costs over time, it is even possible that the reduction in MC? 
could exceed the rise in l/t so that total marginal costs and price might 
actually decline. Thus user costs may not be a large portion of overall 
marginal costs and thereby not greatly affect resource price patterns. 
Many energy economists feel that it was this zero extraction cost as
sumption that led Hotelling so far astray.7 
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1. Why will prices jump to the backstop fuel cost if r = .0? 
2. Explain why P0 = $16.20 if r = .05 in equation (3.13). If production 

was sufficient for 30 years along the price path beginning at $4.01 
per barrel, why will it take longer to reach the backstop moving 
along a higher price path? Supposing that at a 5 percent discount 
rate it takes 40 years, show that P0 = $9.94. 

3. Using Figure 3.8b, explain why the lowest cost reserves will always 
be exploited first. Also explain why no one owning type 1 reserves 
would choose to hold them past period t\. 

MARKET FAILURES IN A 
DYNAMIC CONTEXT 

The previous discussion sets forth the criteria for efficient resource al
location over time, regardless of whether this goal is to be achieved by 
market forces or by central planning. Given the primary reliance on 
market forces in Western countries, it is appropriate to outline the 
conditions under which intertemporal market failures could occur, 
opening the door for possible inefficient or nonoptimal intertemporal 
resource allocation. Once having isolated these conditions, policymak
ers have a basis from which to argue for public intervention to correct 
any such failures. 

The standard types of static market failures outlined earlier, such as 
monopoly and externalities, may also occur in a dynamic framework. 
Since their resource allocation effects are similar, there is no reason 
to restate them here and provide dynamic illustrations. The question 
is whether the dynamic framework of analysis provides additional 
possibilities for market failures. These possibilities center on the ques
tion of the social rate of discount. Here there are two possibilities for 
market failure. First, market rates of interest, which guide firms' cal
culation of values, may differ from the social discount rate, leading to 
an inefficient allocation of resources over time. The second possibility 
is that social and market interest rates may be equivalent and yet the 
firm may select its own private discount rate that exceeds the social 
rate of discount. 

If Market Interest Rates Differ from the 
Social Rate of Discount 

One potential source of dynamic market failure arises when firms dis
count future user costs at market interest rates that differ from the 
social rate of discount. Typically, the assertion is that market rates of 
interest exceed the social rate of discount, implying that future user 
costs are lower than they would otherwise be, thus causing overpro-
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duction of resources in the current period, and correspondingly, un
derproduction in future periods. 

On the face of it, it would seem that the market rate of interest must 
reflect the social discount rate because the market rate of interest re
flects society's rate of time preference. A common result from most 
principles textbooks is that the rate of interest is determined by the 
intersection of the savings schedule and the marginal efficiency of in
vestment schedule. The marginal efficiency of investment schedule is 
obtained by ranking the investment possibilities according to the rate 
of interest that yields a zero present value. On the savings side, con
sumers compare current consumption with future consumption, con
cluding that the ratio of the marginal utility of current consumption 
to the marginal utility of future consumption is 1 + r, where r is the 
social rate of time preference.8 The problem is that while the rate of 
interest will reflect the existing society's social rate of discount, it 
makes no allowance for future generations, who are not present to ex
press their social rate of time preferences. 

Noneconomists tend to be particularly critical of the discounting of 
future consumption because it places a greater value on present con
sumption than future consumption. To illustrate the small weight 
given future generations by the discount process, the present value of 
one dollar 50 years from today is worth less than 1 cent today, assum
ing a 10 percent discount rate. Examples such as these prompted the 
well-known British economist A.C. Pigou to conclude that the whole 
process of discounting is morally indefensible.9 To Professor Pigou, the 
appropriate rate of social discount is zero. The value of one unit of a 
nonrenewable resource to persons living in a future age when the re
source has been physically exhausted may well be infinite, if no sub
stitutes are then available; even if its value is finite (and possibly quite 
large), it should not be discounted by current consumers at any rate. 

Basically, three separate arguments have been set forth in defense 
of using market interest rates as the appropriate rate of social dis
count. First, the example of a dollar in 50 years being worth less than 
1 cent today overstates the degree to which future generations are dis
regarded. In the usual case, the appropriate discount rate is a real 
discount rate, which for a riskless asset is around 3 percent. Thus, 
applying a 3 percent rate instead of a 10 percent discount rate, the 
value of $1 in 50 years is $.23 rather than $.01. Thus, when performed 
properly, discounting may be a bit nearsighted, but it is not blind. 

The second argument in favor of utilizing market rates of interest is 
based on past experience. Presumably, one consequence of using the 
market rate of interest to discount future consumption is that future 
generations will eventually be left with a world of increasing resource 
scarcity and associated falling per capita incomes. If discounting is 
morally indefensible, it must be because of its deleterious effects on 
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future generations. Is the present generation the inheritor of an empty 
resource vault caused by the profligate ways of past generations? 

It is likely that the highest grade ores, the largest oil fields, and the 
lowest cost coal deposits have already been exploited, as theory would 
predict. In terms of productive factors other than raw materials, pre
vious generations have bequeathed to us more knowledge, better edu
cational facilities, and high-technology capital equipment. Paradoxi
cally, even in terms of nonrenewable resources, technology seems to 
have provided economic abundance in the face of increasing physical 
depletion. Even though the quality of the in-situ resources exploited 
today is far poorer than those of a century ago, the cost of producing 
the associated resource-using final goods has declined over time. Bar-
nett and Morse10 conducted a study of 29 important nonrenewable re
sources over the period 1870-1957. They found that, when corrected 
for inflation, the prices of all but a few of these resources have actually 
fallen over this period. Data for more recent periods analyzed by 
V. Kerry Smith indicate there is no strong evidence supporting either 
secularly rising or declining relative resource prices.11 Margaret Slade 
found that for 11 nonrenewable commodities the former tendency 
for prices to decline seems to hold no longer as prices have stabilized 
and in some cases increased.12 It seems clear that technology has for 
some time run depletion a strong race. In sum, as long as each gener
ation provides future generations with the technology to produce en
ergy-intensive goods at current or even moderately higher real prices, 
there would appear to be no compelling argument against the current 
practice of discounting future consumption by the market rate of in
terest. 

The third argument is more a defense of the status quo method of 
allocating resources than one which argues that the social rate of dis
count equals the market rate. In most countries, the rights to subsur
face minerals belong to the government rather than to private inter
ests. As a consequence, a part of the resource base is not necessarily 
subject to the use of market rates of discount. To the extent that the 
rate of discount applied by the governments in developing their natu
ral resources is less than the market interest rate, production is de
ferred for future generations. There is the danger that the government 
may select such a low social rate of discount that when the resources 
are ultimately developed, technology will have provided a cheaper 
substitute. However, if the government rate of discount is only slightly 
below the market rate of interest, this may indicate a desirable nega
tive risk premium, particularly if society is risk-averse with respect to 
future unanticipated shortages. Since firms maximize the expected 
present value of a resource, the market rate of interest may not reflect 
this risk aversion. A system of private ownership of part of the re
source base together with government ownership of the remainder 
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may lead to some average rate of discount between the market rate of 
interest and the government rate of discount. The resulting average 
rate may be more appropriate, especially to the degree that it more 
properly reflects the risk aversion phenomenon. 

Perhaps the greatest threat to efficient resource allocation is govern
mental decisions based neither on market rates of interest nor on a 
legitimate measure of the social rate of discount. Political exigencies 
may dictate either premature development of resources or underex-
ploitation of resources. History suggests that bad decisions are not re
stricted to dictators and ill-informed bureaucrats. For example, in the 
late nineteenth century, there was much concern in Britain that the 
continued exploitation of British coal would leave the country without 
any coal reserves, facing much higher future energy costs. The famous 
British economist William Stanley Jevons had this to say on the coal 
question in 1866.13 

It is shown that we owe almost all our arts to continental nations, 
except those great arts which have been called into use here by the 
cheapness and excellence of our coal. It is shown that the constant 
tendency of discovery is to render coal a more and more efficient 
agent, while there is no probability that when our coal is used up 
any more powerful substitute will be forthcoming . . . If we lav
ishly and boldly push forward in the creation and distribution of 
our riches, it is hard to overestimate the pitch of beneficial influ
ence to which we may attain in the present. But the maintenance 
of such a position is physically impossible. We have to make the 
momentous choice between brief greatness and longer continued 
mediocrity. 

Had Britain opted to conserve its coal at that time, would it have 
been better off? History suggests quite the opposite. Those in Jevons' 
generation would have faced much higher prices for imported coal 
and/or a slower rate of economic development. Even future genera
tions would probably not have benefitted. It is likely that even today 
the cost of delivered coal from the technically progressive U.S. mines 
would be less than that of the "low" cost British reserves of the nine
teenth century. In addition, British oil from the North Sea probably 
dominates both of these alternatives. 

If Private Discount Rates Exceed the 
Market Rate 
Assuming that the social rate of discount is approximated by the mar
ket rate of interest, let us examine the possibility that the firm's pri
vate rate of discount exceeds the market rate of interest. One might 
conclude this is impossible, since another firm would acquire the re
source because it would be willing to pay a higher price. Because the 
acquiring firm is using the market rate of interest to discount future 
profits rather than the higher discount rate of the firm owning the 
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resource, the present value of the resource is higher to the acquiring 
firm. Therefore, can we dismiss this situation as an impossibility? Yes, 
assuming the costs of transferring the resource do not exceed the value 
differential. 

The question is, under what circumstances would all firms be un
willing to apply the market rate of interest as a discount factor? The 
answer pertains to any risk premium that may be inherent in the pe
culiar nature of the resource. To the extent that the private and social 
risk premiums are equivalent, it is entirely appropriate to adopt a dis
count rate in excess of the market interest rate. Such a risk premium 
might arise if future technological change might make the resource 
worthless. Thus, whether the resource is owned privately or publicly, 
the same risk premium would be appropriate. 

There are situations where there is a private risk premium, but no 
corresponding social risk premium. Consider the case of an oil com
pany operating in a country subject to revolutions. Recognizing that a 
change in government could mean nationalization, the firm is likely 
to adopt a private rate of discount well above the market rate of inter
est. From that firm's perspective, or any other firm's perspective, not 
to make some allowance for such eventualities would display very 
poor business acumen. Nevertheless, from the perspective of the in
habitants of the country in question, the effect is to accelerate current 
production in excess of the socially optimal level. Over the longer 
term, the total amount of foreign and/or private investment is re
duced, so that there is an underexploitation in the long run. Curiously 
enough, the dilemma would not necessarily be solved by transferring 
the development of the resource base to the government in power. To 
the extent that each successive and typically short-lived government 
maximizes its own wealth, similar short-run overproduction and long-
run underinvestment occurs. Regardless of the solution, it is clear that 
the citizens of countries subject to such political instabilities pay a 
high price in the short-run overexploitation of the country's resource 
base and long-term underdevelopment of its resources. 

Myopic exploitation of resources in which user costs are effectively 
disregarded is not limited to politically unstable countries. The insti
tutions determining property rights are vital. In the United States, 
subsurface mineral rights are generally privately owned. Therefore, it 
is common to find many oil producers operating in one oil field. Fur
thermore, with a legal system determining ownership by the rule of 
capture, producers are entitled to all the oil their wells can produce. 
Thus, unrestrained competitive behavior in the 1930s led producers to 
disregard user costs. After all, a barrel not produced today might not 
be available for capture by the same producer tomorrow. The results 
were massive overdrilling and overproduction, often permanently 
damaging the oil reservoir. Later, in Chapter 7, we return to this fas
cinating form of market failure. 
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AN ECONOMIST'S 
PRESCRIPTION FOR EFFICIENT 
ENERGY RESOURCE 
ALLOCATION: A PRICING 
PROBLEM 
The previous discussions of static and dynamic criteria for efficient 
resource allocation emphasize that the key to efficient resource allo
cation is the way in which energy is priced over time. At any point in 
time, the price of the energy resource should reflect its marginal social 
costs. This implies that any divergence between social and private 
costs arising as a consequence of public goods or other externalities 
should be corrected by internalizing such external costs. In terms of 
market structure, the equivalence of price, reflecting marginal social 
benefits, and marginal social costs requires a competitive market 
framework. Monopoly elements must be eliminated if prices are to 
equal marginal social costs. 

In order for resources to be allocated efficiently over time, it is fur
thermore necessary that the user cost or opportunity cost of selling a 
resource in some future period must also be included in the marginal 
social cost. Even though this user cost does not involve an out-of-
pocket payment such as production costs, it does reflect a real re
source cost in that the resource could be used alternatively in the fu
ture. 

We saw that the economic definition of conservation, rather than 
implying a simple reduction in the current rate of resource exploita
tion, implies that the user costs of a resource should rise over time at 
the social rate of discount. Therefore, over time, prices should rise to 
reflect these user cost changes. If they do not, resource allocation is 
not efficient over time. Based on currently available evidence, the 
market rate of interest offers a sufficiently close approximation to the 
social rate of discount. To the extent that nondiversifiable risks are 
present, the rate of discount should be adjusted to reflect these differ
ences. 

At first it might seem strange to tell the student to examine whether 
energy prices are efficient. There is, after all, a tendency to focus on 
the quantity of energy production, arguing that some fuels are being 
overproduced while others are underproduced. By focusing on quan
tities, we too often forget that we are trying to achieve that output 
combination where the marginal social benefit of the last unit pro
duced equals its marginal social cost. By first looking at prices we are 
obliged to measure marginal social costs and benefits. Therefore, we 
view efficient energy allocation as a pricing problem. If energy is 
priced such that the marginal social benefits equal the marginal social 
costs both statically and dynamically, we need not be concerned with 
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actual consumption and production levels. The socially optimal quan
tities of energy production and consumption are the byproducts of ef
ficient prices. This interpretation is followed subsequently throughout 
this book. 

1. One can assume that the salvage value of the firm is included in 
profits in period n. 

2. A more elegant proof involves the solution to a constrained optimi
zation problem assuming that there are only 60 barrels available: 

™ Λ = P0Q0 - C(Qo) + Y^-r [PXQX - C(Qi)i 

subject to QQ + Q\ = 60, or equivalently, maximize the Lagran-
gian expression, 

L = P0Qo - C(Qo) + Y^-r [PlQl - C(Q{)] - \(Q0 + Qx - 60) 

The first-order conditions are: 

dL Γ , 
(i) — = I/o - λ = 0 where U0 oUo |_ 

(ii) *L = _ L · u _ λ = o 
aQi l + r 

(iii) — = - Q o - Qi + 60 = 0 ok 

By setting (i) equal to (ii), we can prove that 

U° = TT-rU> 

Note also that this formula combined with equation (iii) gives a 
two-equation system with two unknowns, Q0 and Qit that can be 
solved to obtain optimal production rates and prices. Another in
teresting point is that the Lagrange multiplier λ represents the 
present value of the user cost in each period (i) and (ii). 

3. See H. Hotelling, "The Economics of Exhaustible Resources/' Jour
nal of Political Economy, April 1931. For an excellent recent dis
cussion, see P.S. Dasgupta and G.M. Heal, Economic Theory and 
Exhaustible Resources (Cambridge: Cambridge University Press, 
1979). 

d[PpQo - C(Qp)] 
dQo 
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4. In solving mathematically for the optimal output levels, we use the 
following two facts: (1) The present value of user costs must be 
equal in both periods, and (2) only 60 barrels will be produced in 
the two periods. (See Note 2, above.) These facts yield two equa
tions with two unknowns: 

υ·-ΪΤ70' 
MRo - MC0 = γϊ (MR! - MCi) 

50 - .5Qo = Π (5 0 - 3 3 (2i) 
(i) -.55Qo + .33Q! = - 5 
(ii) Qo + Qi = 60 

Solving (i) and (ii) simultaneously, one obtains the optimal output 
levels Q0* and Qi* as follows: 

Qo* = 28.2 and d * = 31.8 

Then substituting Q0* and Ch* into the demand equations, optimal 
prices P0* and Pi* can be solved for: 

P0* = 50 - .5(Qo* = 28.2) = 35.90 
?!* = 5 - 33(Qi* = 31.8) = 39.50 

5. In fact, this result is demonstrated in R.S. Pindyck, "Gains to Pro
ducers from the Cartelization of Exhaustible Resources/' Review of 
Economics and Statistics, May 1978. 

6. See M.A. Adelman, 'OPEC as a Cartel" in J.M. Griffin and DJ. 
Teece (eds.), OPEC Behavior and World Oil Prices (London: Allen & 
Unwin, 1982). 

7. See William A. Vogeley, "Issues in Mineral Supply Modeling" in R. 
Amit and M. Avriel (eds.), Perspectives on Resource Policy Modeling 
(Cambridge, Mass.: Ballinger, 1982). 

8. For example, see Paul Samuelson, Economics (New York: Mc
Graw-Hill, 1973), pp. 334-335. 

9. A.C. Pigou, The Economics of Welfare, 4th edition (London: Mac
millan Co., Ltd., 1932). 

10. Chandler Morse and Harold Barnett, Scarcity and Growth: The 
Economics of Natural Resource Availability (Baltimore: Johns Hop
kins Press, 1963). 

11. See Robert S. Manthy, Natural Resource Commodities: Century of 
Statistics (Baltimore: Johns Hopkins Press, 1979). Also, see V. 
Kerry Smith, "Measuring Natural Resource Scarcity: Theory and 
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Review," Journal of Environmental Economics and Management, 
Vol.5, 1978, pp. 150-171. 

12. See Margaret Slade, "Trends in Natural Resource Commodity 
Prices: An Analysis of the Time Domain," Journal of Environmental 
Economics and Management, 1982. Also, see D.C. Hall and J.V. 
Hall, "Concepts and Measures of Natural Resource Scarcity with a 
Summary of Recent Trends," in Journal of Environmental Econom
ics and Management, December 1984, pp. 363-379. 

13. W.S. Jevons, in The Coal Question (1866), A.W. Flux, ed. (New 
York: A.M. Kelly, 1965). 
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OPEC BEHAVIOR AND WORLD OIL 
PRICES 

INTRODUCTION 
Just as the Great Depression left an indelible mark on the 1930s, the 
"energy crisis" left its mark on the 1970s. As we look back on the 
1970s, we pause to ask: "What role did the Organization of Petroleum 
Exporting Countries (OPEC) play in precipitating this crisis?" This 
question in turn prompts the next question: "If, indeed, OPEC played 
a significant role, what are the chances that OPEC may once again 
play such a role?" The answers to these two questions are to preoc
cupy us for the remainder of this chapter. 

As illustrated in Figure 4.1, after two decades of falling oil prices, 
the 1970s ushered in a new era in the history of the world petroleum 
industry. The price of oil at the end of the decade was about twenty 
times higher than it was at the beginning, resulting in profound eco
nomic, political, and social consequences for consumers and produc
ers. History tells us that the magnitude of the price increases in the 
1970s can be traced to the Arab Oil Embargo of October 1973 and 
later the Iranian Revolution of 1978-79. On the face of it, it would 
appear that oil prices are determined by political events, not under
lying economic forces. Consequently, a large contingent of political 
scientists and OPEC observers tend to view oil prices as the result of 
the interplay of political forces. Economists watched with amusement 
in 1974 as Henry Kissinger, then Secretary of State and a distin
guished Harvard political scientist, dispatched a special envoy to Ri
yadh, Saudi Arabia, to negotiate an oil price rollback. The presump
tion was that prices which had been politically manipulated upward 
could similarly be manipulated downward. Implicit in Kissinger's ac
tions is the assumption that the profit or wealth maximization para
digm is inapplicable when the economic actors are sovereign nation 
states rather than individual firms. Many would argue that the eco
nomic models are inapplicable, as nation states are much more con
cerned with achieving political and security objectives than wealth 
maximization. 



48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 
Year 

FIGURE 4.1 Actual market price and real price in 1972 dollars, per barrel of 
Saudi Arabian light crude oil, 1947-1983. 
SOURCE: See Table 1.4. 

The economist's answer to these challenges is threefold. First, while 
political events may have triggered the oil price increases of the 1970s, 
a closer look at these events shows that the price increases would not 
have been sustained without the deliberate actions of key OPEC mem-
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bers. Moreover, these actions appear economically motivated. Second, 
economists readily admit that sovereign nation states are guided by a 
variety of political and security considerations, but the actions that 
would maximize wealth also closely match those that would maxi
mize their political objectives—security and power. In effect, wealth 
maximization is a reasonable proxy for political goals, so that even if 
these countries are not in reality seeking wealth maximization, they 
are acting as if they did. After all, with more money, one is better able 
to assist one's friends and to defend oneself against enemies. The econ
omist's final point is that most economic models yield clearcut predic
tions, capable of refutation, whereas political models are often essen
tially qualitative without testable hypotheses. 

The conventional view among energy economists is that OPEC is a 
cartel and that oil prices substantially exceed those of a competitive 
market. Recall the simple calculation in Chapter 3 that assumed a 
backstop fuel price at $70 per barrel and existing conventional oil re
serves adequate for 30 years. Today, the current oil price would fall in 
the $4.01 to $16.20 per barrel range, depending on whether the real 
discount rate was 10 percent or 5 percent, respectively. But what 
other theories might explain higher than competitive prices without 
the monopolizing influence of a cartel? There are essentially two non-
orthodox economic theories that attempt to explain the phenomenal 
oil price increases of the 1970s. Both rely on individual, as opposed to 
cooperative, action by the oil producers. Let us briefly survey these 
two alternative explanations, before putting forth the case for OPEC— 
the cartel. 

The Property Rights Explanation 
The property rights explanation for oil price increases in the 1970s 
makes use of the fact that switching from a high discount rate to a low 
discount rate will shift prices from a low price path onto a much 
higher price path. Recall from Figure 3.6 in Chapter 3 that at the 
lower discount rate, producers suddenly value future production more 
and cut back on current production. The production cutbacks cause 
prices to jump to a new higher price path. According to the view ad
vanced by Johany and Mead, the price regimes prevailing before and 
after 1973-74 are best explained by appealing to the change in own
ership patterns that transpired in the early 1970s.1 Until that time, the 
concessions granted by the producing countries to the oil companies 
permitted the companies, in essence, to make unilateral production 
decisions. Accordingly, since production policies were essentially the 
prerogative of the companies, discount rate assumptions were made 
on the basis of the companies' perceptions of the future. Since expro
priation risk was non trivial in many countries in the 1960s, the wealth 
maximizing strategy for the companies involved a high discount rate 
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and rapid depletion. This was fueled by forever-escalating royalty and 
tax demands by producer countries, which further served to reinforce 
expectations that profits would decline in the future. The result, ac
cording to Johany, was that the companies "produced as if there were 
no tomorrow/ ' depressing world crude oil prices in the process. 

According to this view, the events of 1973-74 marked a watershed 
in the world oil market, principally because of the transfer of control 
over production policies that occurred at tha t t ime. As Johany ex
plains it, 

the oil producers decided to determine the price of their oil unilat
erally rather than through negotiations with the oil companies as 
had been done in the past. Once the host countries became the ones 
who decide the rate of oil output and its price, the role of the com
panies had been essentially reduced to that of contractors. That 
amounted to a de facto nationalization of the crude oil deposits.2 

This reassignment of property rights was significant because the 
companies and the host countries have different discount rates and 
that implies different rates of output. These differences can be traced 
to intrinsic differences in the discount rate as well as to differences in 
risk evaluation. With lower discount rates, current production will 
fall, thereby driving up the world price. At the t ime of the transition, 
production will drop sharply, causing a switch to the higher price 
path. According to this line of reasoning, 1973-74 represented such a 
transition period with a switching to a higher price path . 

Table 4.1 shows, for various OPEC countries, the percentage of oil 
production owned by the national governments as opposed to the con
cessionaires. The period 1970-74 reflected sharp increases in govern-

TABLE 4.1 Percentage of Government Owned Oil Production for Selected 
Years in OPEC Countries 

Country 

Saudi Arabia 
Iran 
Kuwait 
Iraq 
Libya 
U.A.E. 
Venezuela 
Qatar 
Nigeria 
Indonesia 
Algeria 
Ecuador 
Gabon 

1970 

.9 
4.5 
1.2 
0 
0 
0 
1.2 
0 
0 

11.7 
14.6 
— 
0 

1972 

.7 
5.0 
1.2 

53.8 
3.6 
0 
1.9 
0 
0 

16.2 
76.9 

1.3 
0 

SOURCE: OPEC Annual Statistical Yearbook 

1974 

58.5 
96.2 
55.1 
77.2 
60.7 
49.5 

2.5 
60.0 
54.9 
30.5 
88.2 
25.4 

0 

1976 

58.7 
96.2 
90.6 

100 
64.2 
62.1 

100 
78.5 
55.1 
36.6 
90.5 
25.5 
0 

1978 

58.7 
94.6 
94.1 

100 
65.7 
64.4 

100 
99.4 
54.9 
44.6 
89.1 
62.9 
0 

1980 

97.7 
100 

90.6 
100 

67.5 
64.4 

100 
100 

71.1 
45.7 
93.7 
62.7 
0 
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ment ownership and the announcement of plans for future relinquish-
ment of concessionaire production. 

Even though this theory apparently explains the price increase of 
1973-74 without any reference to OPEC or collusion, this theory has 
several deficiencies. First, it is unclear whether the production in
creases of the 1950s and 1960s were the desires of the companies or of 
the countries. The Shah of Iran pushed especially hard on the compa
nies to expand production. This is completely at odds with the prop
erty rights model. However, Iran might be considered an exception, as 
the Shah's lust for current revenues was legend. Still another objec
tion is that it offers no obvious interpretation of the doubling of prices 
in 1978-79. As is clear from Table 4.1, the transfer of ownership had 
long since taken place, so that further reductions in the discount rate 
could not have occurred. Similarly, the rationale for changed expec
tations of other factors affecting user costs, which could allow com
petitive prices to double, is not apparent. There is no evidence that 
producers altered their long-run expectations in 1978-79 regarding fu
ture reserves, future demand growth, the price of the backstop fuel, 
and so forth. Furthermore, following the rationale of a competitive 
model, one would expect that after the 1978-79 price rise due to short-
run supply constraints, the price would return to the earlier price path 
with an easing of these constraints. But as Figure 4.1 clearly indicates, 
prices did not return to the post-Embargo 1974 price path. 

The Target Revenue Explanation 
Still another noncartel explanation for the price increases of the 1970s 
relies upon a combination of behavior that does not maximize wealth 
with independent behavior to yield a backward-bending supply curve 
for the major oil producers. A backward-bending supply curve yields 
the pathologic result that a price increase leads to a production de
crease. According to this model, the 1973-74 price increase was trig
gered by political events, but at the higher prices individual countries 
consulted their backward-bending supply schedules and cut back pro
duction, enabling prices to stick at their post-Embargo levels. But how 
does one justify a backward-bending supply schedule? 

The target revenue model depicts OPEC as a collection of nation 
states whose oil production decisions are made with reference to the 
requirements of their national budgets. Their budgetary needs are in 
turn a function of their economy's capacity to absorb productive in
vestments. Absorptive capacity can be quite limited where the econ
omy is small in relation to oil revenues, or where the infrastructure is 
inadequate to support rapid escalation in consumption and invest
ment levels. 

More formally, oil revenues can be considered as the source of fund
ing for potential investment projects, which can be arrayed along a 
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representative marginal efficiency of investment schedule (see Figure 
4.2a). If a country is unwilling to invest for returns less than r*, then 
investment needs are limited to /*. In Figure 4.2b, if oil production 
decisions are made in order to meet the investment objective repre
sented by /* (which is their target revenue), then increases in the 
world price (from P0 to P') in the current period will tend to result in 
reduced production (Q0 to Q') in the current period. Conversely, if 
prices fall, producers will increase production to meet their revenue 
target /*. The supply schedule thereby generated will have the 
"wrong" slope; that is, it will be backward-bending, at least over the 
relevant range. 

An intertemporal dimension can readily be added. Economic devel
opment can be viewed as expanding investment opportunities and 
thereby raising the target revenue. Consequently, any specific back
ward-bending supply curve is dependent upon a given level of infra
structure. Given time for adjustment, the target revenue can rise sub
stantially, so the target revenue model might be thought of as a more 
adequate description of OPEC behavior in the short run than in the 
long run. But at least during the 1970s this theory would suggest that 
oil revenue "needs" were quite limited, due to the limited ability of 
many of these economies to absorb domestic investment. Thus oil pro
duction was restrained by domestic investment as oil production was 
set to meet target revenues. 

A key element in this theory is that it rejects wealth maximization. 
Foreign investment is not viewed as a substitute for domestic invest
ment. After all, a wealth-maximizing asset portfolio would entail for
eign investment as well as domestic investment and oil reserves. Pro
ponents of the target revenue model, such as Teece,3 argue that OPEC 
producers have perceived foreign investment to be unattractive, not 
only on account of the perceived low returns (generally when the dol
lar was depreciating in relation to other key currencies and producers 
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FIGURE 4.2 Target revenue model, (a) Investment determination, (b) Oil out
put determination. 
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held dollar denominated assets), but also because of political risks. 
These risks are of several kinds. One is the risk that the nation in 
which the funds were deposited might confiscate, freeze, or otherwise 
manipulate financial assets for political reasons. The other is that the 
existence of huge external liquid assets may facilitate the survival of 
revolutionary regimes, which, if successful in displacing existing gov
ernments, would have command over liquid assets that could be used 
to placate friends and buy off enemies. While admittedly such risks 
exist, it seems highly implausible that wealth maximizing agents, in 
selecting a portfolio of assets, would limit those portfolios to oil in the 
ground and domestic investments. 

The target revenue model offers some interesting predictions that 
reveal its shortcomings. As we noted above, in the short run, a price 
increase will lead to a proportionate production cutback; this poten
tially explains how, following the price increases of 1973-74 and 
1978-79, prices stabilized at the higher level. But another prediction 
of the model is that a price decrease will call forth greater production, 
thereby pushing prices still lower. In effect, prices are unstable down
ward as well as upward. 

Objections to the target revenue approach center on the price de
crease of $5 per barrel in 1983 (see Figure 4.1). The price decrease of 
1983 did not lead to a production increase and a further price spiral 
downward. Instead, as Figure 4.3 shows, during this period the major 
OPEC producers cut oil production. Likewise, newspaper accounts 
were full of announcements that domestic investment projects had 
been cancelled or postponed. Rather than domestic revenue targets 
dictating oil production policy, the pattern appears just the reverse— 
the decline in oil revenues dictated a cutback in domestic investment. 
More formal statistical tests of this theory found that there was only 
one OPEC country, Algeria, for which the target revenue model ap
peared suitable.4 

OPEC, The Cartel 
If the two noncollusive theories just presented are inadequate to ex
plain higher than competitive oil prices, does a cartel model perform 
any better? Before answering this question, some explanation of the 
term "carter' is in order. The history of cartels reveals that they can 
take on many different forms, each with a separate personality and 
life expectancy. Too often, economists make the mistake of postulating 
a stylized cartel model, and upon finding that the facts do not fit the 
model, concluding that OPEC is not a cartel. So keep in mind that 
every cartel is unique. We have the rest of the chapter to describe the 
attributes unique to OPEC, but for now let us briefly review three key 
pieces of evidence to justify our treatment of OPEC as a cartel. First, 
even though the price increases of 1973-74 and 1978-79 were tied to 
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Estimateci 
Free World 
Consumption 

Non-OPEC 

OPEC 

1 1 1 1 1 1 1 1 1 1 1 1 1 
73 74 75 76 77 78 79 80 81 82 83 84 

Years 
FIGURE 4.3 Non-communist world consumption together with OPEC and 
non-OPEC supply. 

political events, the historical record we will soon examine clearly 
shows that deliberate production restraints were taken following these 
increases, allowing prices to stabilize at the lower output level. Sec
ond, OPEC has all the trappings of a cartel. Periodic meetings in Vi
enna and other lovely spots are not called for purposes of discussing 
horticulture. Rather, the OPEC ministers openly discuss and debate 
the appropriate pricing of the Saudi marker crude, against which all 
other OPEC crudes are priced. Furthermore, since 1983, OPEC minis
ters have set "voluntary" production levels, and carefully monitor 
their compliance. While one might argue that these meetings do not 
necessarily imply that these countries are bound by the decisions 
made there, the participation in such meetings provides strong cir
cumstantial evidence. Third, formal statistical tests for the 11 largest 
OPEC producers compared to the 11 most important non-OPEC oil 
producers demonstrate quite convincingly that OPEC producers be
have differently than do the non-OPEC producers. Stated simply, the 
test for cartelization asked whether a given country varied its produc
tion in step with other OPEC countries or selected its output indepen
dently. For 10 of the 11 OPEC countries tested, the cartel hypothesis 
could not be rejected. In contrast, for the 11 non-OPEC producers, the 
cartel hypothesis was rejected for all but one country.5 
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These three pieces of evidence convincingly demonstrate that OPEC 
has emerged as an organization with both monopoly power and the 
penchant for using that power. Recalling from Chapter 2 that we 
should concern ourselves only with market failures leading to signifi
cant welfare losses, we now need to approximate the welfare loss as a 
consequence of OPEC's monopoly power. Figure 4.4 depicts the wel
fare loss from cartelization as the sum of two shaded triangles ABC 
and ACD. The 1984 prices and quantities are known, but it is neces
sary to estimate the price that would occur under competition. From 
the discussion in Chapter 3 on the competitive price of oil, we will 
assume a midrange estimate of $7.50 per barrel. Applying equation 
(2.13) to measure the larger triangle ABC and assuming a demand 
elasticity of .7, we obtain the following 

Welfare Loss (ABC) -m' 
(4.1) 

21.50 
^29.00 

= $81 billion 

(Sales) (Ed) 
2 

(29 x 14.6 x 109 bbl) (.7) 

Thus, the welfare loss is on the order of $81 billion annually without 
even including the area ACD. Unfortunately, it is not possible to ob
serve the marginal cost at the monopoly level (point D), leaving us 
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FIGURE 4.4 Measuring the welfare loss due to OPEC in 1984. 
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without a good measure of triangle ACD. The estimate of $81 billion 
annually is only a rough estimate, but it may even be a conservative 
estimate—for two reasons. The true price elasticity may well be larger 
than .7. Also, the welfare loss from the triangle ACD is omitted in the 
calculation. 

In addition to the huge welfare losses, OPEC has had major effects 
on income distribution. Consuming nations have suffered major losses 
in consumer surplus. In Figure 4.4, the loss in consumer surplus is 
rectangle ABEF plus the triangle ABC. Combined, the two imply a loss 
in consumer surplus of $395 billion (314 + 81). Conversely, OPEC na
tions have experienced a major increase in producers' surplus. To the 
extent that this monopoly power can be neutralized or reduced, en
ergy resource allocation can be improved. A primary purpose of this 
chapter is to explore the critical determinants of OPEC's monopoly 
power and to devise policies to minimize this power. 

THE WORLD OIL INDUSTRY 
BEFORE 1960: OPEC AS AN 

EMBRYO 
How did OPEC come to control over 90 percent of world crude oil 
export capacity on the eve of the Arab Oil Embargo in 1973? To an
swer this question we must first develop some historical perspective 
in order to appreciate the nature of the world oil market within which 
OPEC had its humble birth in 1960. Only against this background can 
we explain why in October 1973 the exporter cartel's monopoly power 
could have manifested itself so dramatically. 

Oil has been an important commodity in international trade since 
the 1860s. Before the First World War, the most important partici
pants in this world oil market were the major international compa
nies: Standard Oil (today Exxon), Shell, and two Russian concerns, 
Nobel and Rothschild. During the First World War a new major inter
national company, Anglo-Persian (today British Petroleum), was 
formed with British government ownership and backing. On the other 
hand, the Russian companies were destroyed as a result of the Russian 
Revolution. After the war, the governments of the oil-importing coun
tries began to play a more significant role in encouraging their own 
national companies to search for oil throughout the world. But major 
company dominance of the world oil market was not to be permanent. 
Standard, Shell, and Anglo-Persian tried to stabilize world oil market
ing in the 1920s, but the entrance of several other firms into world oil 
production in the 1930s increased the degree of competition present 
and limited the ability of a small group of companies to dictate prices 
and output.6 With these new entrants (Gulf, Texaco, Standard of Cali
fornia [today Chevron], and Mobil) the number of international oil 
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firms increased from three to seven—the "seven sisters." At the end of 
World War II, the "seven sisters" controlled virtually all crude oil in
volved in international trade. Table 4.2 shows the market shares of the 
"seven sisters" in 1950. These data exclude production from North 
America and communist areas, as import policies and the relative self-
sufficiency of these countries excluded them from world oil markets. 

Not only was the world market highly concentrated, but the com
panies' overlapping interests in the various concessions limited the ex
tent of independent behavior by any one of the sisters. For example, 
the Aramco concession in Saudi Arabia was jointly owned and oper
ated by Exxon (30%), Mobil (10%), Texaco (30%), and Chevron (30%). 
Likewise, the Kuwaiti concession was jointly owned by Gulf (50%) and 
British Petroleum (50%). This pattern of overlapping interests reduced 
the incentive and ability for any one company to increase production, 
as the output decision was made jointly by all the concession owners.7 

Although the profits of the "seven sisters" pale to insignificance 
compared to modern-day OPEC profits, the international oil market 
was quite profitable following World War II. Figure 4.5 shows the 
market price of oil, the taxes paid to the exporter country, and the 
difference—company costs and profit margins. Costs were in the range 
of $.10 to $.20 per barrel, so the "seven sisters" were enjoying consid-

TABLE 4.2 Percentage Market Shares of International Oil Companies in 
World Oil Market 

Exxon 
British Petroleum 
Shell 
Gulf 

Largest four 

Standard Oil of California 
Texaco 
Mobil 

Largest seven 

All others 

TOTAL 

1950 

30.4 
26.3 
13.8 
12.1 

82.6 

6.1 
5.7 
3.9 

98.3 

1.7 

100.0 

1957 

22.8 
14.4 
17.5 
14.8 

69.5 

7.6 
6.9 
5.0 

89.0 

11.1 

100.0 

1969a 

16.6 
16.1 
13.3 
9.8 

55.8 

7.5 
8.0 
4.8 

76.1 

23.9 

100.0 
aFirst half of 1969. 
SOURCE: M. A. Adelman, The World Petroleum Market (Baltimore: Johns Hopkins Uni
versity Press, 1972) pp. 80-1. Note that this excludes production from North America and 
communist countries. 
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FIGURE 4.5 Actual market prices, exporter government taxes, and oil com
pany profit margins per barrel of Saudi Arabian light crude oil (1947-1972). 
SOURCE: Vertical Divestiture and OPEC, Petroleum Industry Research Foundation, New 
York, 1977, p. 9. 

érable economic rents. As expected, these oligopoly profits attracted 
new entrants. Consequently, several hundred smaller oil companies 
entered the world petroleum market to provide increasingly effective 
competition for the existing majors. Paradoxically, as we shall see 
later, the declining market power of the "seven sisters" provided a 
major stimulus for the creation of OPEC. 

Throughout the post-Second World War period, the major oil com
panies—faced with increasing competition from their many new 
price-competitive rivals—were steadily losing the substantial market 
power they had possessed at the end of the war. As shown in Table 
4.2, by 1957 the output of the four largest companies had fallen from 
82.6 to 69.5 percent of the market. All other producers, who in 1947 
held only 1.7 percent of the market, had grown to 11.0 percent. By 
1960 the major international producers had lost much of their market 
power and were unable to keep world oil prices from falling signifi
cantly. Even the birth of OPEC in 1960 was unable to prevent the 
further loss of market power by the major oil companies during the 
1960s, and by 1970 an essentially competitive world oil price level had 
been established. By 1969, Table 4.2 shows that other companies pro-

OPEC BEHAVIOR AND WORLD OIL PRICES 



duced 23.9 percent of production. Figure 4.5 shows in a dramatic way 
the impact on oil company per-barrel net profits of the increasing 
market competition between 1947 and 1970, as crude oil prices fell 
from $2.22 to $1.26 per barrel while exporter government taxes rose 
from 22 cents to 94 cents per barrel. Company profit margins after 
production costs fell from $1.79 to 22 cents per barrel during this pe
riod—perhaps the best single measure of the increasing force of price 
competition after 1947. 

The declining profitability of the international oil companies proved 
to be a major stimulus to the creation of OPEC, because prior to 1960, 
exporter country tax receipts were tied to company profits. Since tax
ing conventions are critical to understanding OPEC, a bit of history 
on the precedents for a corporate profits tax is in order. A 50 percent 
profits tax dates back to 1943 in Venezuela. In 1943, Venezuela repu
diated existing oil concession tax arrangements and raised the effec
tive tax rate to 50 percent of company earnings. Venezuelan export 
revenues had declined sharply during the Second World War, when 
sinkings by submarines reduced tanker exports to the lower levels that 
could be protected by convoys. The revision of the terms of the conces
sion was weathered with the aid of the U.S. Treasury, which applied 
preexisting tax regulations to the Venezuelan situation. Companies 
paying foreign income taxes were permitted to deduct those taxes as 
a credit against domestic income tax liabilities, provided foreign tax 
rates did not exceed domestic tax rates. The oil companies acceded to 
such changes, since a 50 percent profits tax meant only that U.S. tax 
liabilities were reduced by an amount equal to the increase in Vene
zuelan taxes. The Venezuelan tax system later became the model for 
other concessions. By 1950, Saudi Arabia was complaining about the 
situation, and Saudi Arabian oil was obviously of great future impor
tance for all importers. Accommodating Saudi Arabia proved rela
tively simple. All the Saudis had to do was pass a national income tax 
law applying to all businesses, and Aramco (jointly owned by Exxon, 
Mobil, Texaco, and Chevron) would be able to shift its tax payments 
from Washington to Riyadh. After this was done in 1950, the other 
exporters clamored for the same 50-50 treatment. 

But London, the Hague, and Paris were apparently not as generous 
as Washington in tax matters affecting foreign income. Only U.S. com
panies could be assured of automatically crediting foreign income 
taxes (if assessed at rates no greater than domestic rates) in full 
against domestic income tax liabilities. The most important single 
reason for the Iranian nationalization in 1951 was the reluctance of 
BP to agree to a 50-50 tax regime because this would cost a British 
company more after taxes than an American company. Still, despite 
company reluctance, the 50-50 scheme became universal for oil ex
porters. 

Although exporter tax revenues soared, considerable resentment ex-
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isted against both the oil companies and the importing countries. 
Even though the 50-50 sharing formula allowed the producing coun
tries to capture a portion of the oil company's rents, the producing 
countries recognized that the consuming countries levied heavier 
taxes against their oil than they did. Particularly in Europe, retail gas
oline prices exceeded $30 per barrel in the 1950s, owing to the large 
gasoline excise taxes collected by the consuming countries. Economic 
rents were spread unevenly between the consuming countries' treasur
ies, the international oil companies, and the oil producing countries. 
Furthermore, the lesson of Iran served as a constant reminder of 
where the economic power resided. Iran in 1951 had nationalized the 
properties of British Petroleum (BP) but was unable to sell oil, since 
BP simply increased its output in Iraq and Kuwait to make up for the 
Iranian losses, and one exporter gained at the expense of another. Iran 
tried to sell oil at bargain prices but found very few customers. BP 
stood ready to prosecute any buyers of Iranian oil in British courts 
under the doctrine of purchasing stolen property. BP was successful in 
winning at least one such case, but the main point was that Iranian 
oil was not needed in the world market in the early 1950s; there was 
sufficient excess productive capacity elsewhere, relative to demand, to 
make it easy to replace Iranian oil by oil produced in countries that 
did not nationalize. Eventually Iran was reopened to the world oil 
market in 1954, under a new consortium agreement, but this was done 
more for political reasons than for economic ones. 

In the 1950s, exporter solidarity was at best shaky. Non-Arabs felt 
no broad community of interest with the Arabs; producers with large 
ratios of reserves to production sought rapid output increases, while 
those with lower ratios, like Venezuela, urged output moderation in 
the interest of price enhancement. Not until the end of the 1950s did 
circumstances conspire to create somewhat greater unity among the 
major exporters. In 1956-57, the Suez Canal had been closed by the 
renewal of Arab-Israeli hostilities; oil then had to be shipped to Eu
rope and other west-of-Suez destinations by much lengthier routes, 
increasing the demand for tankers in the short run. However, the sup
ply of tankers is extremely inelastic in the short run; hence not only 
were tanker rates greatly increased, but an "absolute" shortage of oil 
shipment capacity developed. Although shipments from the United 
States and Venezuela prevented undue hardship in Europe, oil prices 
went up quite considerably during this period, in response to short 
supplies and higher transport costs. But after the Suez Canal was re
opened, prices declined. Oil company earnings per barrel declined, 
and it appeared that the producing countries' revenues would also de
cline. 

There was such a revenue effect, but it was delayed. For tax com
putation purposes it is necessary to distinguish between the actual 
transaction price of oil as in Figure 4.1 and the posted price of oil on 
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which host government tax revenues were computed. While prices for 
refined products had been posted in the exporting regions since the 
1930s, crude oil prices were not officially posted in the Middle East 
until 1950, when the 50-50 tax split went into effect in Saudi Arabia 
and rulers were given a financial interest in oil prices. At that time 
concessionaires had to employ posted prices for crude oil tax pur
poses, so the posted price became a "tax reference price" as well as an 
indicator of market prices.7 During the period 1950-57, available 
evidence suggests that actual transaction prices and posted prices 
were quite similar, but after 1957, the two diverged as transaction 
prices dropped sharply. (See Figure 4.5.) Initially, the companies were 
particularly cautious about lowering posted prices, since exporter gov
ernments would object fiercely. Hence even though transactions prices 
fell from the peak levels obtained during the Suez closure, companies 
did not in 1957 reduce posted prices. Thus exporter governments re
ceived more than 50 percent of oil company earnings, since taxes were 
computed on posted prices that were higher than those actually re
ceived. 

Transaction prices fell further in 1958 when a sharp recession re
duced oil demand in Europe for the first time in a number of years. 
Even so, companies were reluctant to cut posted prices, hoping that 
demand growth would quickly resume. But when the market failed to 
recover by February 1959, posted prices were cut despite exporter pro
test. Although demand ceased to decline, the increase in supply from 
both new and old companies was considerable, and transaction prices 
continued to decline slowly from month to month. In August 1960, 
another reduction took place in the posted price, and the exporters 
were finally given the stimulus they needed to unite. All exporters 
could agree upon the desirability of higher posted prices, and in par
ticular upon the need to prevent any further declines in these tax ref
erence prices. Only one month after the 1960 posted price cut, OPEC 
was formed. Ironically, the birth of OPEC was viewed as an unimpor
tant event, given only a four-inch, single-column account on one of the 
back pages of the New York Times? 

THE WORLD OIL MARKET 
1960-73: OPECS FORMATIVE 
YEARS 
It has been said that OPEC is a four-letter word for monopoly, but one 
cannot capture the vivid turbulence of the cartel simply by selecting 
a label from the rather colorless categories of price theory. OPEC is 
only a loose cartel because of the continuing actual and potential di
vergence of interest among its members, but it nevertheless works 
since there are strong common forces uniting this diverse group. Paus-
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ing in search of a metaphor, we might liken OPEC to an extended 
polygamous family (it has been called worse names) containing able 
patriarchs, propertied wives, a shrewd uncle or two, and a sprinkling 
of indolent brothers-in-law and other arrogant, elegant idlers. 

The original OPEC wedding took place on September 14, 1960, 
uniting five major oil exporters—Iran, Iraq, Kuwait, Saudi Arabia, 
and Venezuela—in the bonds of the pursuit of collusive restraint of 
producer competition in the world oil market. The family grew rap
idly at first; Qatar was added in 1961, and Indonesia and Libya joined 
in 1962. The larger the group became, the greater the attractive force 
it exerted on other exporters. As attraction ripened into affinity, other 
countries became allied with the cartel. Abu Dhabi came on board in 
1967, Algeria in 1969, and Nigeria in 1971. By that time all the major 
oil exporters then in existence were included. The development of new 
productive capacity in Ecuador and Gabon permitted these two ex
porters to enter the OPEC family in 1973, bringing the total number 
of members to an ominous thirteen. (Abu Dhabi allied itself with Du
bai and Sharja in 1974 to form the United Arab Emirates, which sup
planted the Abu Dhabi membership.) 

OPEC in 1960 lacked the strength to act as a truly effective cartel. 
This disappointed some of its founders, such as Perez Alfonso of Ven
ezuela, who had hoped OPEC could in a businesslike way proceed to 
set a world monopoly price and allocate production quotas among 
members, enforcing compliance through rewards and penalties. OPEC 
instead had to content itself with the achievement of lesser goals dur
ing the first decade of its existence. Monopoly became a long-term 
goal, while the short-term goals consisted of devising expedients by 
which individual members could wrest away as much as possible of 
the revenues of the oil companies operating within their own bound
aries. Achieving the long-term goal required close cooperation among 
all members, while the shorter-term goals could be pursued country 
by country with no more coordination than that supplied by the OPEC 
organization itself as a forum for collusion. Achieving the first goal 
required control of prices and output; achieving the second required 
the use of taxation and regulation to transfer income from companies 
to governments. 

The decade of the 1960s was highly favorable to OPEC. Internally, 
the cartel organization proceeded cautiously, achieving moderate 
gains, making no real mistakes, and avoiding temptations to over
reach itself. Externally, events outside OPEC borders developed in 
ways that greatly strengthened OPEC's hand. In 1960, oil prices were 
low, exporters were disunited on many issues, excess production ca
pacity existed outside the cartel, and oil transportation networks were 
becoming cheaper and more efficient, increasing competition among 
members. Active Arab-Israeli hostilities had ceased for several years. 
If any single OPEC member held out for higher prices or larger output 
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levels, oil companies could turn to other members, or could for some 
period of time rely upon excess capacity in the United States. Ample 
transport facilities were available, and there were many small as well 
as large companies ready to perform the necessary logistics work to 
satisfy demand with an altered supply pattern. 

But by 1970 conditions had changed radically. The most important 
single factor was the virtual disappearance of excess productive capac
ity outside the cartel. As shown in Figure 4.6, noncommunist world oil 
consumption doubled over the decade, with the strong growth in oil 
demand caused by rising income levels. Furthermore, with production 
peaking in the U.S. and Canada in the late 1960s, additional demand 
was created for OPEC crude. By 1973, even though the OPEC nations 
possessed huge untapped reserves, actual installed productive capac
ity was barely adequate to meet the surging demand. If OPEC mem
bers were to unite in restricting supplies, there would be no alterna
tive source. And, OPEC members were becoming more united. A series 
of modest but cumulative negotiating successes by OPEC in the 1960s 
had given rise to hopes that united cartel action could achieve much 
more in the future. These hopes were inflamed by the success of Libya 
in 1970 in forcing its oil prices upward, and by the end of 1970 plans 
were afoot to transfer ownership of oil reserves from the companies to 
the exporter regimes. Arab-Israeli hostilities had resumed in 1967, and 
the continued occupation by Israel of conquered Arab lands made the 
renewed outbreak of war at literally any moment a real possibility. 
Oil transportation was less secure in 1970 since the Suez Canal had 
been closed after 1967, and the precedent had been set that oil pipe
line shipments through Arab countries could be subject to prolonged 
interruption by sabotage. 

Hence there was a very real danger that OPEC members might (1) 

1955 1960 1965 1970 1975 

FIGURE 4.6 World crude oil spare capacity and consumption (excluding com
munist countries). 
SOURCE: Statement of G. T. Piercy, Exxon Corporation, before the Senate Foreign Rela
tions Subcommittee on Multinational Companies Hearing, Washington, D.C., February 
1, 1974. 
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take advantage of any temporary disruptions arising in the flow of 
world oil to raise tax reference prices of oil in the short run, and insist 
on maintaining the price hike in the long run; (2) threaten to create 
disruptions in world oil flow unless importers recognized OPEC de
mands for higher and increasing prices; or (3) create such disruptions 
directly by united OPEC action and dictate prices and other terms 
accordingly on the basis of accomplished total cartelization. The pe
riod since 1969 has witnessed three instances of opportunistic activity 
of the first type: Libya in 1970, the Arab Embargo in 1973, and the 
Iranian revolution in 1978-79. The most important example of the sec
ond type is provided by the pressures employed to obtain the five-year 
price agreements between OPEC and the oil companies in Teheran 
and Tripoli in 1971. 

Let us now look at what OPEC actually did between 1960 and 1973. 
There were three areas of activity: (1) tax system changes; (2) produc
tion control; and (3) steps toward nationalization of concessions. The 
two latter areas bore little fruit in the 1960s. Attempts to "program" 
production by setting a maximum annual growth rate in each mem
ber's exports were cautiously undertaken in 1965, only to be aban
doned in 1967. Efforts aimed at the long-run nationalization of conces
sions took concrete form in 1968, when OPEC issued a declaration of 
goals including not only the maximization of tax revenues, but also 
the ultimate achievement of effective control of oil company opera
tions through the replacement of present concessionaires on any pre
text that could be justified under the very flexible doctrine of "chang
ing circumstances." Under this doctrine long-standing concession 
agreements could be canceled, tax reference prices unilaterally deter
mined by rulers, company profit rates controlled, accelerated relin-
quishment schedules provided for unexploited concession areas, and 
so on. This 1968 document provided the blueprint for exporter take
over of oil operations; all that was lacking was a timetable and other 
specifics of implementation. Neither oil companies nor importers paid 
too much attention to the OPEC manifesto at that time; the goals that 
were announced seemed too far beyond the grasp of the cartel at the 
time. Yet much of what has happened since 1970 has followed the 
guidelines of the 1968 declaration, including the nationalization of 
concessions. 

On the tax front, OPEC moved with deliberation to achieve minor 
but significant increases in taxes per barrel. Although the tax rates 
were regarded as fixed (at least for the time being) under existing 
laws, tax revenues per barrel could still be increased by (1) reducing 
tax deductions or (2) increasing the tax reference price at which the 
oil was presumably sold. OPEC thus investigated ways of disallowing 
or otherwise minimizing expenses and other items reducing tax liabil
ities, and toyed with the idea of unilaterally imposing higher tax ref
erence prices. Certain expenses were disallowed, such as marketing 
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allowances, but the impact of these changes was very minor. More 
important was the separation of the government royalty from the 
other categories of company contributions to the exporter's treasury. 
Under tax agreements in effect as of 1960, rulers were to obtain 50 
percent of company earnings in the form of taxes. Of this 50 percent, 
perhaps one-fourth would be a per-barrel royalty and the other three-
fourths would be an income tax. Thus in a simple case, suppose the 
price of a barrel of oil is $2.00 (actual and tax reference prices will be 
presumed to coincide for the sake of the example) and its production 
costs are 20 cents. There is a one-eighth royalty and an income tax 
rate of 50 percent. Under existing tax laws, the income would be $1.80 
per barrel, so that 90 cents would go to the ruler. But the royalty 
would be 25 cents, so that the income tax per se would be 65 cents. 

OPEC convinced its members that if every country insisted upon the 
''expensing" of royalties, tax receipts would increase in such a way 
that no member would be differentially favored or slighted; hence 
there would be no effect on competition among members for output 
and concessionaires. Under this scheme the royalty would be deducted 
from the sales price as an expense item, lowering the taxable profit. 
But 50 percent of this taxable profit would be paid to the ruler, in 
addition to all of the royalty. Thus, in the above example, profit sub
ject to the tax would be reduced to $1.55 ($2.00 - 0.20 - 0.25), of 
which one-half or 77.5 cents would be paid to the government as in
come taxes. But since the government also collects the 25 cents roy
alty, its income per barrel increases to $1.025, up by 12.5 cents from 
the previous treatment. The so-called expensing of royalties would 
make sense in a situation in which the royalty recipient and the gov
ernment are two different parties; where they share the same pockets 
it is evident that fiscal opportunism rather than accounting theory 
was the reason for the change in treatment. 

What about tinkering with tax reference prices? In theory, each 
country could keep its 50 percent tax rate and yet by legislation 
(whether or not in violation of earlier agreements) decree higher tax 
reference prices, so that at a fictitiously high price, a 50 percent rate 
might take 95 percent or more of actual profit. The problem with this 
approach was that each country would have to agree on the same tax 
reference price, and there was insufficient unanimity to achieve agree
ment. While the expensing of royalties was not divisive, since all mem
bers were affected in the same way, members wishing to expand out
put rapidly would not happily acquiesce in increases in tax reference 
prices, which would hamper the achievement of that goal. Further
more, the successful setting of very high tax reference prices by all 
OPEC members would mean increases in OPEC prices relative to non-
OPEC prices, and some diversion of exports to non-OPEC areas. 

Although OPEC was unable to raise tax reference prices, it did suc
ceed in preventing the companies from further lowering posted prices 
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after August 1960. OPEC could achieve absolute solidarity on that 
point: no member would recognize prices below those of August 1960 
for tax purposes. But competition continued to increase in the world 
oil market after 1960: new firms entered, OPEC members encouraged 
higher production in various ways such as granting new concessions 
or their equivalents, the national oil companies of both the importing 
and exporting countries increased supply through new discoveries, 
and so on. Potential supply continued to outrace demand at going 
prices, and at least some of the downward price pressure was actually 
translated into price reductions in crude oil transactions. Thus the 
OPEC governments did get more than 50 percent of company profits 
actually realized from market prices. The rate increased from 50 to 
between 65 and 70 percent in most OPEC countries, while OPEC min
isters asserted that the "fair" share of profits between ruler and com
pany would be about 80 to 20. Thus OPEC had decided that four-fifths 
of the producer surplus could safely be confiscated before there was 
real danger that supplies might decline due to reduction of company 
returns below the level consistent with the risks of foreign operation. 
OPEC members were not quite clear as to how the tax rate was to be 
effectively raised to 80 percent, but the 1968 OPEC manifesto men
tioned above included some hints: control of company profit rates, 
participation in concessions, and so on. The details of these arrange
ments are too complex to enter into in this brief discussion, but one 
can be assured that at no time was OPEC not actively considering 
every feasible way to increase member oil tax revenues. 

But one should not depict OPEC as anxious to bleed the companies 
to death—on the contrary, OPEC would have been delighted had 
world market conditions in the 1960s been such as to permit oil com
panies to raise actual prices and thus earn for both OPEC and them
selves larger total producer surpluses. OPEC officials and consultants 
thought long and hard about ways in which members could alter their 
tax systems so as to force companies to increase the actual trans
actions price of oil, rather than just face a higher tax reference price 
from the exporter government. The difficulty was that true income 
taxes do not permit themselves to be used (or misused) in this way. 
Taxes based on actual taxpayer net income are efficient in that regard
less of the tax rate (ruling out rates in excess of 100 percent) the com
pany still maximizes profits after taxes at the same price and output 
level that would prevail in the absence of the income tax. The income 
tax does not affect marginal cost and hence does not affect the supply 
schedule of a competitive industry. 

But as actual market prices continued to fall while OPEC tax refer
ence prices remained constant, the income tax ceased to be based on 
income and became a flat excise tax per barrel. A per-barrel excise tax 
does affect marginal cost and hence the supply function of a competi
tive industry. Figure 4.7 shows that the market price of the oil pro-
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S, = MC + R 

FIGURE 4.7 Effect of successful imposition by OPEC of a flat excise tax per 
barrel on producing companies. 

duced by a given OPEC member could in fact be increased by raising 
the excise tax charged by the ruler. If a per-barrel excise tax R is 
added to the marginal cost of production (MC = Scomp), then the com
petitive supply function is raised to MC + R, and price is increased to 
Pi while output falls to Q\. Because oil demand is price-inelastic, the 
OPEC member gains since total royalties received now amount to the 
area ANUV, while producer surplus of NTU still remains to be taxed. 

The problem with this kind of price-fixing is that each country 
would have to charge the same excise tax so that the cartel would 
achieve the monopoly price and an appropriate division of output 
among the members at that price. Given divergence among the goals 
of OPEC members, this would be very difficult to achieve. But fortu
nately for OPEC, as circumstances changed, persistence in the old tax 
system inherited from pre-OPEC days created more rather than less 
stability among members on pricing policy. All members had the 
same tax rates and roughly the same posted prices (after adjustment 
for oil quality differentials), and all treated royalties and other items 
in the same way. All members faced declines in the actual prices at 
which their oil was being sold. All sought insulation from market 
forces by refusing to recognize these price declines for tax purposes. 
But the net result of applying the same tax rate to the same posted 
price in the same way from country to country was to impose the 
same per-barrel excise tax on all oil produced by OPEC. During the 
period of declining market prices, OPEC members feared that prices 
might drop as low as $1.00 per barrel, and took some consolation from 
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the fact that the "tax-paid cost" of oil in most countries was very close 
to $1.00 per barrel by the late 1960s so that OPEC taxes (plus a small 
marginal production cost) provided an effective price "floor" against 
further decline. Had taxes instead been based on the actual trans
action prices, as oil company profits were eroded by competitive 
forces, prices could have fallen all the way to marginal costs. 

At this juncture we must try to weave in two other OPEC-sponsored 
projects, which interacted with the tax system to affect the evolution 
of OPEC member control over oil exports. In the 1968 OPEC mani
festo, there was encouragement for both national company develop
ment of OPEC member reserves and national "participation" in the 
concessions granted the companies. Both measures aimed at increas
ing local control over the exporter's oil operations. The doctrine of 
participation mixed well with the desire to promote the fortunes of 
the national oil company. If such a company could not find oil, let it 
be given the oil by the concessionaires. Participation was usually ob
tained at the same price at which compensation for nationalization 
would be paid: on the basis of the net depreciated asset value of the 
properties. Such values were typically quite low relative to the true 
market value of the reserves. But the national oil company had few if 
any customers at the outset. To whom did it sell? Initially, the na
tional oil companies of the OPEC countries competed not only against 
their concessionaires but against each other; thus, they increased their 
nation's exports but often at the cost of reduced average price. 

Even with discounted prices, the national oil companies of OPEC 
lacked the marketing outlets to sell all the oil they could acquire un
der participation deals. Thus it became necessary to have the conces
sionaires "buy back" OPEC's participation share of the oil produced. 
Hence there was a continuing dispute over how high the buy-back 
price would be. 

Let us now turn to the political events that strengthened OPEC's 
unity during the 1960s. The Israeli victory in the 1967 war left the 
Arabs with lingering bitterness toward any activity that they per
ceived to be in any way related to supporters of Israel, such as the 
Western oil companies. An oil embargo was organized during this war, 
but not used. Following the victory of the Algerians in their long war 
against the French, the status of foreign oil companies in Algeria be
came increasingly tenuous. The 1965 Algerian agreement with the 
companies was continually abridged with special extensions and other 
demands that worked to the detriment of the foreigners. In 1969 the 
rich but feeble Libyan monarchy was overthrown by Arab radicals, 
whose first target was the oil companies. Libya took advantage of sev
eral factors that in 1970 gave its easily accessible Mediterranean oil a 
demand advantage, and hence potentially a price advantage, over 
other oils: (1) the sabotage of the trans-Arabian pipeline by Syria, pre
venting the delivery of Persian Gulf oil by pipeline to the eastern Med-
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iterranean; (2) the continued closure of the Suez Canal since the 1967 
war; (3) the unexpectedly great increase in demand for oil in Europe 
and elsewhere in 1970; and (4) the continuing shortage of oil transport 
facilities, persisting since the Suez closure but aggravated by the un
expected demand increase. All these factors increased the demand for 
Libyan oil, so the Libyan leadership found it expedient to resort to 
several measures to force through a price increase: intimidation, 
threats to nationalize the companies, and discriminatory reductions 
in output allowables, allegedly for "conservation" purposes. While it 
appears that there was no initial conspiracy between Libya and Syria 
regarding the pipeline sabotage, it is likely that collusion played a 
part in postponing repairs, permission for which was not granted for 
nine months. (The actual repairs took less than 24 hours.) Collusion 
did take place between Libya and Algeria, with the Algerian national
ization of certain foreign oil company properties during the Tripoli 
negotiations certainly strengthening Libya's hand. 

What could the oil companies have done? As business organizations 
faced with a military and diplomatic threat, they would lose out un
less backed up by other military and diplomatic organizations—their 
home governments. Support by the latter need not have meant war. 
All that was needed in 1970 was the assurance by home governments 
(especially American) that the companies could cooperate with each 
other during the emergency, with those companies suffering produc
tion cutbacks in Libya being allowed to obtain supplies from other 
companies or other areas at cost. OPEC was not yet sufficiently strong 
or united in 1970 to have withstood this threat, and Libya, as the 
smallest member in terms of population and GNP, could not have 
been the tail that wagged the OPEC dog. However, Libyan leadership 
excelled in fanaticism, and this won the day. Given the complete lack 
of importer government support, the companies acceded to the de
mands. 

OPEC members were jubilant. If Libya, standing alone, could force 
an increase in oil prices, what might the entire cartel accomplish if it 
acted in unison? The Libyan agreement had been signed in September 
1970. By December 1970, OPEC was meeting in Caracas to draw up 
an accelerated timetable for implementing the 1968 plan for cartel 
control of the oil export industry. Negotiations opened in both Te
heran and Tripoli in early 1971, the aim being a five-year price pact 
that would provide for higher and increasing posted prices for oil dur
ing the period 1971-76. 

The parties included the oil companies and the exporters; importer 
delegations were conspicuously absent. Threatening to embargo any 
company that did not accede to its demand, OPEC forced through a 
posted price increase of about 21 percent (from $1.80 to $2.18 per bar
rel for Saudi Arabian light crude oil, the standard reference oil price) 
and also a tax rate increase from 50 to 55 percent. Further increases 
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of 2.5 percent per year would be imposed to allow for expected infla
tion. Finally, just before the agreement was signed, the Iranian ruler 
insisted on another escalation of 5 cents per barrel per year—the 
anomalous "Shah's nickel/' Thus over the five-year life of the agree
ment, crude oil posted prices were to increase until they reached a 
1976 level some 52 percent above the level of late 1970. 

Crude oil prices had in fact increased by almost 1000 percent by the 
time the January 1976 expiration date of these five-year agreements 
rolled around. What went wrong? It is clear that both companies and 
OPEC members were unable to forecast the future in 1971. They un
derestimated inflation rates, overestimated the stability of the dollar, 
underestimated future market price trends, and underestimated polit
ical factors strengthening Arab solidarity. 

Let us begin by stressing that OPEC was interested in tax revenues 
per barrel and not in actual prices received per barrel. OPEC and the 
companies both assumed that oil prices would remain weak in actual 
markets, so that posted or tax reference prices would remain above 
actual prices. OPEC was accordingly setting posted prices at a level 
that it estimated would be sufficiently above realized prices that the 
nominal 55 percent tax rate would in actuality give OPEC members 
80 percent of oil company earnings. Thus OPEC primarily intended to 
enrich its own members, but more at the expense of the oil companies 
than that of final consumers. OPEC was not averse to increases in ac
tual crude oil prices, but neither its members nor the companies felt 
that market conditions would permit permanently passing forward 
the per-barrel tax increases represented by the OPEC levies. As shown 
in Figure 4.6, the early 1970s were characterized by rapid demand 
growth and the virtual disappearance of spare productive capacity. 
Demand grew because economies were expanding and oil was an en
ergy bargain even at slightly higher prices. Supply failed to grow as 
rapidly as anticipated for various reasons, many of them induced by 
OPEC actions: clamping ceilings on production in several countries 
and in general increasing risks to the point where new oil investment 
in OPEC countries declined. The point is that OPEC continued to base 
taxes on tax reference prices rather than actual prices, gambling that 
the former would remain above the latter. As events developed, actual 
prices surprisingly rose above posted prices, cutting the effective tax 
rate and generating OPEC demands for a still further increase in the 
tax reference price. 

The Teheran Agreement was abrogated before the ink dried. The ini
tial excuse was the devaluation of the dollar. OPEC members quoted 
prices in terms of U.S. dollars, but did not foresee devaluations of the 
dollar. The first devaluation in December 1971 cut the gold value of 
the dollar by 7.9 percent, and OPEC members insisted upon an oil 
price increase of 8.6 percent in compensation. The second devaluation 
took place in February 1975 and was for 10 percent, which OPEC 
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translated into a 12.1 percent price increase. Both increases were in 
violation of the original agreements, which had no provision for price 
escalation in response to dollar devaluation. 

World price inflation proceeded at a rate greater than the 2.5 per
cent provided for in the Teheran-Tripoli agreements (effectively 5 per
cent per year, inclusive of the "Shah's nickel"), but OPEC could not 
agree as to when, how, and by how much an upward adjustment 
should be achieved. By the summer of 1973 problems of both inflation 
and high market prices were causing OPEC members mental anguish, 
and were leading to demands for a new conference to amend the five-
year agreements substantially. Market prices had by that time risen 
above posted prices. The desired 80-20 split between governments 
and companies had been reduced to about 65-35. On October 8, 1973 
the Persian Gulf OPEC members met with oil companies to proclaim 
the necessity of raising tax reference prices from $3.01 to $5.12. The 
motivation behind this demand was not to raise the actual cost to 
consumers by 70 percent, but to raise tax reference prices sufficiently 
above current market prices to once again give OPEC members 80 per
cent of company earnings. (This required a tax reference price about 
40 percent above actual prices.) 

The companies were disconcerted by this price demand and re
quested a recess in the OPEC meetings so that they could consult with 
their headquarters offices. During this recess the Arab OPEC members 
involved decided to raise the tax reference price unilaterally, disavow
ing any necessity for negotiation. The timing of the price hike was 
ideal for OPEC, since coupling the price hike with the Arab Embargo 
stimulated buyer fears. Small and independent buyers who had no 
other source of oil than that which was subject to embargo responded 
by panic buying behavior, which raised prices well above the OPEC 
level in many transactions. Demand would in any event have been 
high—this was during the beginning of the winter heating season 
when purchases for inventory build-up would be underway—but all 
buyers bid more frantically when there was the likelihood that during 
the embargo total supplies might be cut by more than 20 percent. It 
was also feared that unforeseeable events in the developing Arab-Is
raeli conflict itself might increase the scope of hostilities and reduce 
shipments even below the level of announced production curtail
ments. 

OPEC members watched rising market prices with great interest, 
and some of them conducted auctions to see just how high a price the 
market would support. When prices bid in these auctions exceeded 
$15 (and in some cases even $20) per barrel, some OPEC rulers 
thought they had at last found the "true value" of oil to the importers, 
and were enraged that they had been selling it for so little for so long. 
Within OPEC ranks, Iran insisted on high prices while Saudi Arabia 
argued the economic case for a smaller price increase. Although there 
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was some compromise, Iran's position tended to prevail as the official 
tax reference price for OPEC oil was increased to $11.65 per barrel as 
of January 1, 1974. This price would mean a tax payment of some $7 
per barrel to OPEC rulers; but the companies could not sell the OPEC 
oil at the full posted price, since competition and price regulation in 
the importing countries usually limited company netbacks on such oil 
to $7.25 to $7.50 per barrel, so that only 25 cents to 50 cents per barrel 
was left over to cover operating costs and profits after payment of 
taxes. 

THE WORLD OIL MARKET SINCE 
1973: OPEC REACHES MATURITY 

The ease with which an unexpectedly high price increase was 
achieved by united OPEC action made the cartel thoughtful. United 
action had been possible due to Arab solidarity on the embargo, and 
opportunistic behavior on the part of non-Arab cartel members. In ef
fect, the cartel's first stab at monopoly pricing had achieved the tran
sition from "milking your own concessionaires" to ''gouging the im
porters." The critical question continually facing OPEC is whether the 
price selected is the appropriate long-run wealth maximizing price 
path or whether it is too high or too low. Unfortunately for OPEC, this 
is an extremely complex problem with no precise answer.9 

Initially, the Saudis had raised the tax floor to $7.40 per barrel, but 
they soon began to ask whether this was enough. Due to panic buying, 
oil prices had settled in the $10 per barrel range, conferring large 
windfall profits on the concessionaires and various middlemen. Saudi 
Arabia in November 1974 hit upon a brilliant solution. It would si
multaneously (1) reduce the tax reference price of its oil by 40 cents, 
(2) increase the royalty charged from 12.5 to 20 percent, and (3) in
crease the income tax to 85 percent. These changes had the net effect 
of raising the tax floor in Figure 4.7 from $7 to more than $10 per 
barrel. Thus, under the deceptive tax structure, a 40-cent decline in 
tax reference prices could actually lead to a $3 per barrel increase in 
tax revenues, and thereby add $3 to the price the company had to 
charge in order to recover its outlays. This tax increase brought tax 
reference prices and actual prices much closer together. Instead of a 
gap between $11.65 and $7.40, the range was now between $11.25 and 
about $10.50. 

OPEC soon simplified its price and tax system still further, doing 
away with the complicated fictions of tax reference prices, separate 
income tax and royalty rates, and so on, in favor of a straight levy that 
the companies had to pay. The national oil company would own all 
the oil produced by the company, but would supply oil to its former 
concessionaires at a discount of perhaps 15 cents to 25 cents per bar-
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rei, as a payment for the services of these companies in finding, devel
oping, and producing the oil, and also for marketing it through their 
own facilities. Other purchasers from the national oil company had to 
pay the full market price. 

After 1973 OPEC members moved rapidly toward de facto national
ization of the properties of their companies. Participation agreements 
were worked out in the major exporting regions—Saudi Arabia, Ku
wait, Iran, Venezuela, and so on—under the terms of which the former 
concessionaires received payment for their properties and remained, 
at least for a limited period, as service contractors or the equivalent. 
Currently, OPEC members typically control all oil operations within 
their own national jurisdictions, hiring oil companies, large and small, 
to provide the necessary services to produce and market their oil. 

Following the upheaval of 1973-74, the period from 1975 to 1978 
was one of relative tranquility in terms of price and output.10 As 
shown in Figure 4.1, price increases were rather mild over this period. 
Likewise, OPEC production, which had been rising sharply up until 
1973, flattened out but did not drop sharply. As shown in Figure 4.3, 
by 1976 demand had apparently recovered from the 1973-74 price in
crease and the recession of 1975. Nominal price increases of 10 percent 
were recorded in September 1975, 5 percent in December 1976, and 5 
percent in June 1977. When measured relative to inflation, crude 
prices declined in real terms over this period. But "tranquility" cannot 
be used to describe the sometimes acrimonious OPEC meetings at 
which the members' diverse price preferences were revealed. OPEC 
production had declined sharply in 1975 and recovered gradually in 
1976-77. Particularly in 1975, this was a period of substantial produc
tion cutbacks by the Saudis. Saudi production for the first three quar
ters of 7.1 million barrels per day (hereafter MMB/D) represented a 17 
percent cut, compared to the same period in 1974. At the same time 
that the Saudis were making unprecedented production cutbacks, the 
Iraqis increased production significantly. Also, there was widespread 
price discounting by Abu Dhabi, Libya, Iraq, Algeria, and Ecuador. 
Interestingly, in the face of these conditions, there was considerable 
disagreement over the extent of price "increase" that was preferred. 

As the September 1975 meeting approached, Saudi Arabia favored a 
price freeze or "small increase" to help "assist the emerging signs of 
recovery" from the worldwide recession. In contrast, the Shah of Iran 
was among the more hawkish, calling for a 35 percent price increase. 
At the Vienna meeting, Sheik Yamani of Saudi Arabia proposed a 5 
percent increase while Iran insisted on a 15 percent increase. Yamani 
warned that if the majority backed the Iranian plan, Saudi Arabia 
would freeze prices and let production rise to the limits of its capacity. 
Ultimately, a compromise of a 10 percent increase was reached. 

The December 1976 OPEC meeting in Doha was even more enter
taining. In the fall of 1976 there was a general expectation that oil 
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prices would rise substantially. Industrial activity was up sharply, 
translating into rising OPEC demand (30.5 MMB/D). Furthermore, the 
persistence of U.S. inflation—then at 11 percent—called for a sizeable 
increase just to maintain a constant real oil price. Iraq, Qatar, and 
Venezuela called for a 25 percent increase; the Shah preferred a "very 
reasonable" 15 percent. Curiously, the Saudis proposed a zero in
crease. One explanation for their actions is that they were eager to 
gain favor with the newly elected President of the U.S., Jimmy Carter. 
The Doha meeting was filled with tension; Yamani left in the midst of 
the session, flying to Jiddah for consultations with Crown Prince Fahd. 
Yamani returned and offered to raise the price by 5 percent, which the 
other members rejected, choosing instead to raise it by 10 percent. 
Yamani refused to negotiate further, lifted the 8.5 MMB/D production 
ceiling, and announced that production would soon reach the 11.8 
MMB/D maximum capacity. While Saudi production never reached its 
limit, Iran's and Iraq's exports were reduced sharply by 2.1 MMB/D 
and .7 MMB/D, respectively. Finally, in June 1977, the Saudis agreed 
to raise their price another 5 percent to reunify OPEC. 

The Doha price split ushered in a brief period of conciliation. In the 
December 1977 meeting in Caracas, both the Saudis and the Iranians 
supported a price freeze. Political observers note that the price freeze 
coincided with the U.S. approval of the sale of F-15 fighter planes to 
Saudi Arabia and a separate arms package for the Shah of Iran. 

By March 1978, OPEC countries were well aware that oil consump
tion had eclipsed the levels set in 1973, that economic expansion in 
the West was being sustained, and furthermore that persistent infla
tion was lowering the real price of oil by about 10 percent per year. 
The result was a 14.5 percent increase for the year, to take effect im
mediately. 

Later in 1978, the "second oil crisis" began to unfold. While most 
newspaper accounts link the crisis to the Iranian Revolution, the pre
cipitating event and the actions that sustained the panic buying came 
from the opposite side of the Persian Gulf. In September 1978, politi
cal unrest surfaced in Iran, which soon spread to Iran's oil production. 
Iranian production dropped from 6 MMB/D in September to 
2.4 MMB/D by December 1978. The reduction in Iranian production 
came at a time when OPEC was producing at high historical levels, 
with only limited spare capacity (see Figure 4.3). Initially, the Saudis 
with 11.8 MMB/D capacity stepped in to supply an appreciable por
tion of the Iranian shortfall. Saudi production rose from 8.4 MMB/D 
in September to 10.4 MMB/D in December. Other countries such as 
Nigeria, Venezuela, and Iraq upped production by an additional .5 
MMB/D. In effect, the bulk of the Iranian production shortfall had 
been made up by the other cartel members, so that prices should have 
increased only moderately. 

On January 20, 1979, a day to remember, Saudi authorities sud-
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denly imposed a January production ceiling of 9.5 MMB/D. To meet 
that production ceiling, production was cut from 10.4 to 8 MMB/D for 
the remaining 10 days of January. The effect was predictable. Spot 
prices of crude (crude sold in single cargo lots) soared, jumping from 
$18.50 in January to $27.38 in mid-February. Spot prices continued to 
rise in March as Saudi Arabia cut its output from 9.5 MMB/D to 8.5 
MMB/D. By July 1979, when the Saudis raised output back to 9.5 
MMB/D, spot prices had effectively doubled. Rather than raising pro
duction sufficiently to force the spot price down to the official Saudi 
marker price, the Saudis adjusted their official price upward. This 
continued leapfrogging of prices created expectations of ever-increas
ing prices. Whereas rising prices normally reduce overall consump
tion, demand remained strong (see Figure 4.3). Much of the increase 
in demand came from inventory speculation motives. As long as spec
ulators expected still higher prices in the future, oil purchases for in
ventory accumulation at current levels were perceived as good invest
ments. 

The remainder of 1979 and 1980 were characterized by a pattern of 
rising spot prices followed by upward adjustments in the official 
prices. No longer were the official prices of the various OPEC countries 
closely tied to the official Saudi price. The sizeable differences that 
existed between spot prices and the official Saudi price created incen
tives for individual OPEC countries to price their crude at or near the 
spot price. Pricing over this period clearly indicates why Adelman and 
others describe OPEC as a "loose" cartel.11 

On the eve of the Iran-Iraq War in the fall of 1980, the official Saudi 
price stood at $30 per barrel. Iranian production had "recovered" to 
about one-fourth of its prerevolutionary levels and Iraqi production 
stood at 3 MMB/D. Would the loss of Iraqi production and what re
mained of Iranian production cause prices to double yet once again? 
By the fall of 1980, conditions had changed dramatically from two 
years earlier. As shown in Figure 4.3, oil demand was beginning to 
drop sharply. Oil production from noncommunist areas responded to 
the drop in demand, falling from the record level of 48.9 MMB/D in 
1979 to 45.6 MMB/D in 1980. Together with rising production from 
non-OPEC areas, this had the effect of substantially reducing OPEC's 
potential market. OPEC production in 1980 fell to a surprisingly low 
level—26.9 MMB/D in contrast to the 1979 level of 30.9 MMB/D. Thus 
even though Iraqi production declined by 2.7 MMB/D and Iranian pro
duction dropped another .6 MMB/D, the reduction in output by these 
two producers was no doubt welcomed by other OPEC producers. The 
spot price reached $43 per barrel in November 1980, but declined 
sharply thereafter. 

Again the question facing the cartel was what the appropriate 
wealth-maximizing price should be. The tremendous uncertainties 
about the long-run elasticities of demand and non-OPEC supply meant 
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there was no neat solution,11 and OPEC was once again confronted 
with doubts over whether it had gone too far. The Saudis correctly 
perceived that with oil consumption dropping, a sizeable price in
crease would not be sustainable. But other OPEC members were not 
as realistic. In November 1981, a compromise was reached, and with 
the Saudis raising production and threatening further production in
creases, the official Saudi price was raised from $32 to $34 per barrel. 
In return, other OPEC countries agreed to bring their prices down into 
line with the new Saudi price. 

The period from 1981 through 1984 provided OPEC with its first 
major test. Cartel cohesion was rather simple to attain in the period 
1973-80, with prices having increased tenfold and OPEC production 
holding relatively stable. In such a situation, everyone is well aware 
of the benefits of collusion and intercountry rivalries tend to be 
muted. But the period 1981-84 brought home to OPEC the truth be
hind the laws of demand and supply. Simply put, the law of demand 
would hold that as a consequence of the phenomenal rise in the price 
of oil during the 1970s, world consumption of oil would decrease, par
ticularly after consumers were given sufficient time to adjust to the 
higher prices. The law of supply would suggest that competitive sup
pliers, represented by the non-OPEC countries, would after some pe
riod expand production in response to higher prices. The predictions 
of the economic model in Figure 4.8 are obvious. The effects of OPEC 
raising the price from P° to P' are clearcut. World oil demand 
(DWORLD) W M decrease from Q° to Q'. Non-OPEC supply (analogous to 
the competitive fringe producers) responds by increasing non-OPEC pro
duction from QMO° to QNO'- The difference between the world demand 
and non-OPEC supply is the demand curve facing OPEC. Clearly, 
at higher prices OPEC's volumes are cut from Q° - QMO° to Q' — Quo'-

The consumption and non-OPEC production statistics in Figure 4.3 
confirm the relevance of these simple economic principles. But why 
did the sharp decline in consumption wait until the 1980s to begin? 
Recall from the principles of economics the distinction between the 
short-run and long-run demand schedules. Oil demand is much more 
elastic in the long run than in the short run, because in the short run 
we were captives to a stock of energy using equipment that was de
signed for a world of cheap energy. Ultimately, that capital stock is 
replaced by one designed for today's energy prices and the effects of 
higher prices are fully realized. The early and mid-1980s were a period 
in which new, more energy-efficient autos, air conditioners, heaters, 
and factory equipment replaced their old, less energy-efficient coun
terparts. Also, with time, it becomes feasible to substitute other en
ergy forms for oil. 

The short-run/long-run explanation is also important in explaining 
the rise in non-OPEC production over this period. Again, oil fields can
not be discovered and brought into production instantaneously. Non-
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FIGURE 4.8 Determination of OPEC's production. 
Quantity 

OPEC production began increasing in 1977, and has expanded steadily 
since. 

By 1982, the effect of declining consumption coupled with rising 
non-OPEC production left OPEC producing less oil than its non-OPEC 
counterparts. For 1983, OPEC production averaged 17.6 MMB/D—a 
sharp contrast to the 30.9 MMB/D recorded in 1979. As a share of the 
noncommunist world's oil production, OPEC's market share had fallen 
to 46 percent as opposed to 68 percent in 1974. 

How did this loose confederation of countries weather this first great 
test of cartel stability? Suddenly, with oil revenues declining sharply, 
OPEC countries had strong incentives to resist further production de
creases. But if most OPEC countries were unwilling to absorb any of 
the reduction in production necessary to stabilize prices, Saudi Arabia 
and other key producers would have to sustain the brunt of the cut
back. It is precisely in situations such as these that cartel coordination 
dissolves and rampant cheating ensues. Fears such as these prompted 
Iran's oil minister in August 1981 to propose setting up a formal cartel 
agency to market OPEC's oil collectively. But OPEC nations have tra
ditionally eschewed any production controls, viewing their production 

ENERGY ECONOMICS AND POLICY 



decisions as sovereign national matters. By the following March 
(1982), conditions had necessitated a réévaluation. A market-sharing 
formula was approved. The plan stipulated a total OPEC production 
limit of 17.5 MMB/D as well as individual country limits. Adherence 
to these limits was apparently less than scrupulous, since by July 
1982, reports indicated that both Nigeria and Libya were producing 
beyond their assigned limits. 

Conditions deteriorated further as OPEC demand continued to drop. 
In the first quarter of 1983, Saudi production averaged less than 4 
MMB/D. The spot price of oil had fallen below $30 despite an official 
Saudi price of $34. In March 1983, Saudi Arabia, with the support of 
Kuwait, Qatar, and the United Arab Emirates, lowered the official 
price of Saudi crude to $29 per barrel. This action sent a clear message 
to cheaters. The Saudis and others key producers would not maintain 
an official price by cutting production only to let other producers ex
pand production and undersell the Saudi price. Since then, OPEC 
meetings have centered attention on setting total production and in
dividual country quotas. One difficulty with this approach is that even 
if the quotas are honored, OPEC's production target may not equal 
market demand, causing prices to fluctuate sharply, upward or down
ward. Consequently, Sheik Yamani of Saudi Arabia emphasizes that 
Saudi Arabia is not constrained by its quota; rather, it is the "swing 
producer." Presumably this means that Saudi Arabia feels free to in
crease or decrease its production to equalize OPEC production and 
market demand at the current market price. 

At this time, OPEC prices and production appear to have stabilized. 
If we can assume that higher oil prices have largely worked their way 
through the economic system, then rising economic activity will shift 
the world oil demand schedule in Figure 4.8 outward. It is easy to 
verify that OPEC will be the prime gainer. Thus the current prognosis 
seems to be that OPEC has survived its first major test, although it is 
by no means a certainty. But clearly the OPEC of the mid-1980s does 
not compare in power to the OPEC of the 1970s. What are the pros
pects for the future of OPEC? Will OPEC regain its strength and mus
cle in the late 1980s or 1990s? Or will OPEC continue to exist, but only 
in a weakened state? Or will OPEC collapse altogether? To attempt to 
answer these questions, we need an analytical framework within 
which to analyze the past and predict the future. 

ANALYSIS OF OPEC BEHAVIOR 
A common complaint of students in economic theory courses is that 
the material lacks "relevance." Admittedly the absence of applications 
in such courses may make microeconomic theory appear highly ab
stract. However, appearance is not necessarily reality. This section il-
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lustrâtes the value of theoretical models in assessing the monopoly 
power and the stability of OPEC. 

While OPEC is a cartel, every cartel has its own unique character
istics. Consequently, shopping for theoretical models that fit OPEC is 
not a simple matter of reaching into the rack labeled "cartel models" 
and pulling the right one down. But perhaps the best way to learn this 
is for you, the reader, to discover it for yourself. Imagine yourself en
tering an economics department store and proceeding to the base
ment, where all models of monopoly are located (perfect competition 
is located on the top floor). After reaching the suit rack labelled "cartel 
models," you proceed to look at the following three standard cartel 
models: (1) the multiplant monopoly model, (2) the market-sharing 
cartel, and (3) the dominant firm/price leadership model. Despite 
some similarities to OPEC, none of these models offers an appropriate 
fit to anything as unique and important as OPEC. Our fourth model 
offers an attempt by your tailors, Professors Griffin and Steele, as they 
try their hands at developing a customized model for OPEC. While 
this hybrid model is not a perfect fit, we hope that it provides a useful 
basis with which to view the past and analyze the future. 

Multiplant Monopoly—The Joint 
Profit-Maximizing Ideal 
The simplest theoretical model of a cartel is equivalent to that which 
describes the behavior of a monopolist operating a number of plants. 
Rather than permitting each cartel member to own its own plant and 
make independent price and output decisions, this model assumes the 
cartel members own shares in the total profits of the cartel and have 
turned over the initiative for price and output decisions to the main 
cartel authority. Thus the industry behaves as a multiplant monopoly. 
Under this form of organization the cartel authority extracts the max
imum possible monopoly profits from buyers and avoids the defects 
usually fatal to real-world cartels. 

First, let us show that this type of cartel extracts the full monopoly 
profit. For simplicity, Figure 4.9 depicts a cartel with three plants. 
Each plant has a different marginal cost curve (MCi, MC2, MC3). The 
determination of total cartel output and its division among the var
ious plants is in fact quite simple. The horizontal summation of the 
marginal cost curves (MC*) shows the minimum cost of producing any 
given output level by using the lowest cost facilities first, regardless of 
the identity of the firm or plant in which production occurs. Given the 
market demand curve (D) for the cartel's product, the cartel authority 
calculates the marginal revenue schedule (MR) and equates it to the 
summed marginal cost schedule (MC*). In Figure 4.9(d), the intersec
tion of marginal cost (MC*) and marginal revenue (MR) shows the car
tel's profit-maximizing output level (Qm). Corresponding to this output 
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FIGURE 4.9 The multiplant monopoly cartel model, (a) Lowest cost firm, (b) 
Higher cost firm, (c) Highest cost firm, (d) Total industry. 

is the monopoly price Pm. The cartel authority then determines indi
vidual firm production by allowing each plant to produce at that out
put at which the firm's own marginal cost is equal to cartel marginal 
revenue. In this case, plant 3 is not utilized due to its high marginal 
cost of production. Plants 1 and 2 produce Q\m and Q2

m, respectively. 
This solution guarantees the maximum cartel profit, as production 
takes place only in the lowest-cost plants and marginal cost is equal 
to marginal revenue in each plant. 

An important attribute of this model is the absence of disputes 
among the cartel members on the basis of the optimal price and out
put for each plant. Central determination of price and output by the 
cartel authority guarantees maximum profits, and each member's prof
its are a predetermined fraction of total cartel profits. Moreover, since 
individual cartel members do not own the plants separately, they are 
unconcerned as to the source of production. It should be noted that 
such arrangements were the goal that the notorious "trusts" sought to 
achieve in the nineteenth century in the United States. Under existing 
antitrust laws such practices are now illegal. 

The multiplant monopoly type of cartel is the perfect cartel. The 
perfect cartel maximizes the joint profits of its members and is com
pletely insulated from internal cheating tendencies. Members may dis
agree as to the cartel's assignment of profit shares, but there is no 
conflict as to total output and the plants from which output is pro
duced. The picture of OPEC deviates greatly from this ideal. Each 
OPEC country maintains control over its own production. Further
more, even side payments to high-cost producers from low-cost pro
ducers to induce the former to reduce their production are impractical 
because they are so costly to negotiate and enforce. 
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QUESTIONS *· ^ o r OPEC to act in accordance with this model, what fundamental 
change in OPEC would have to occur? What factors prevent it? 

2. Why is this form of cartel likely to be the most durable? 

Market-Sharing Cartel with Identical-
Cost Firms 
The previous example suggests that if individual plants are separately 
owned, cartel stability is jeopardized. Since each member country in 
OPEC retains sovereign power over its own production rate, it might 
appear that OPEC is a fragile cartel. The purpose of this model is to 
show that if sellers (a) share markets on a predetermined basis and (b) 
have similar marginal cost curves, this type of cartel can achieve the 
same goals as the multiplant monopoly cartel model. Thus the degree 
of similarity of cost structures combined with the willingness to share 
markets may prove quite critical. 

Figure 4.10 illustrates the case of a three-member cartel with iden
tical cost structures, which has agreed to share markets on a basis of 
market shares of 40, 40, and 20 percent, respectively. Given the total 
market demand schedule in Figure 4.10(d), the demand curve facing 
the first member in Figure 4.10(a) is calculated by taking 40 percent 
of OPEC demand at every price level. The demand schedules for the 
second and third members are determined in the same way. Since 
each member acts independently to maximize its own profits, it 
equates marginal cost (MCt) with marginal revenue (MRt). As shown 
graphically in Figure 4.10(d), the members choose prices Pif P2, and 
P3, which curiously enough are all equal. All members desire the same 
price! By visual inspection it is clear that the sum of desired outputs 
(Qim + Qim + Q3

m) equals the monopoly output Qm in Figure 4.10(d). 
Thus, each member desires the same price, and production is ade-

FIGURE 4.10 Market-sharing cartel with identical costs, (a) Member 1 with 
40 percent, (b) Member 2 with 40 percent, (c) Member 3 with 20 percent, (d) 
Total cartel. 
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quate to clear the market at that price. Moreover this result, based on 
independent profit maximization by each cartel member, leads to the 
same profit-maximizing result as if the cartel operated under the mul-
tiplant scenario. 

Is this merely fortuitous, or must this always be true? Let us first 
show that the desired price of any cartel member must be the same as 
for the multiplant cartel authority. Recall that profit maximization 
occurs when marginal cost equals marginal revenue. Since the long-
run marginal costs are the same for all producers, it follows that mar
ginal revenues must be equal: 

(4.2) MR! = MRm 

Now recall from your principles course in economics the relation
ship between price, marginal revenue, and the price elasticity of de
mand (Ed > 0): 

(4.3) MR = P 1 -έ) 
If, for example, the elasticity of demand is 2, the price will be twice 

marginal revenue. At unitary elasticity, marginal revenue is zero. Sub
stituting equation (4.3) into equation (4.2), we obtain: 

(44) '■(' - Έΐ) - 4 - ÏÏT) 
Now in order for each producer to prefer the same price, (i.e., Pi = 

Pm), it is clear that at the same price the elasticities would have to be 
identical (Edi = Edm). Now let us prove that at the same price we do 
find Edl = Edm. 

M*i 17 A Q i P _ Λ A Q " P AQm P - r 
V*> **i - Δ Ρ Q l

 A Δ Ρ AQm AP Qm~ **" 

Notice that if member 1 has 40 percent of OPEC's market, the recip
rocal of the slope of its demand curve will be 40 percent of that of the 
market demand schedule—that is: 

(4.6) ^ = 0 . 4 ^ 
ΔΡ ΔΡ 

Also, from the fact that Q\ is 40 percent of Qm it follows that the equal
ity in equation (4.5) holds for all producers. Thus if the price elastici
ties are the same, so also must the prices in equation (4.4) be identical. 
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Consequently, the prices independently chosen by the cartel members 
to maximize individual profits also maximize joint profits because 
they correspond to the monopolist's profit-maximizing price. It should 
also be clear that the sum of cartel output must also equal Qm since 
by definition Qx = 0.4Qm, Q2 = 0.4Qm, and Q3 = 0.2Qm. 

In summary, if cartel members have identical long-run marginal 
cost schedules and agree upon predetermined market shares, the mo
nopoly result will be forthcoming. The assumption of substantially 
identical costs is not too unrealistic for most OPEC cartel members. 
Marginal production costs in the Middle East range from perhaps 15 
cents to 35 cents per barrel. Outside the Persian Gulf area, OPEC 
members in Venezuela and Indonesia have considerably higher 
costs—perhaps $1.00 to $2.00 per barrel. Nevertheless, compared to 
market prices, these differences in costs are not large, especially 
among the dominant Middle East producers. 

In addition, the market shares of OPEC members exhibit apprecia
ble (but by no means complete) stability. As shown in Table 4.3, the 
output from countries such as Kuwait, United Arab Emirates, Libya, 
Nigeria, and Indonesia are fairly constant percentages of total OPEC 
production. After allowance for the Iranian Revolution in 1978-79 and 
the Iran-Iraq War, the declining market share of Iran and Iraq are 
understandable. Likewise, the increase in Saudi production in 1980-
82 can be directly linked to declining Iranian and Iraqi production. 
Let us turn to the question of why one might or might not expect 
stability of market shares. 

The market-sharing monopoly model assumes that all members ac
cept their given market shares and make no attempt to increase them. 
By assumption, no one cheats by attempting to gain a higher market 
share. This assumption is essential for this particular model. But now 
let us consider the advantages of being a cheater. What would happen 
if one cartel member could expand output beyond its assigned market 
share while all other members refrained from changing their outputs? 

Consider the equilibrium at price Pm in Figure 4.10. Suppose the 
first cartel member is able to sell additional oil in excess of Qim while 
the other members maintain output at Q2

m and Q3
m, respectively. 

What is the elasticity of demand that the first member faces? Assum
ing the market elasticity of demand (Ed) is 2.0, is it true that the 
cheater elasticity of demand is also 2.0 as in equation (4.5)? If so, the 
implication of equation (4.5) is that the first member would not want 
to expand output beyond Q\m. But the elasticity of demand facing the 
first member (assuming he cheats) is in fact 5.0, since the demand 
curve he encounters is the market demand curve for prices below Pm— 
that is: 

ΔΟι Ρ„ ΔΟ Pw 
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If indeed the first member could cheat by selling additional oil 
while the others held their output fixed (AQ\ = AQ), the first member 
could greatly expand his profits by increasing production, since his 
marginal revenue would then be greater than his marginal costs. The 
member with only 20 percent of the market will find that his incentive 
to cheat is even greater, since he would face a demand curve with an 
elasticity of 10. The third member's marginal revenue would thus lie 
far above its marginal cost at the predetermined output of Q3

m. The 
smaller the member's market share, the greater will be the profits 
from successful cheating. 

This leads us to the question: Under what conditions will cheating 
on predetermined market share occur? Game theory, originated by 
Professors Von Neumann and Morgenstern, does not give a definite 
answer, but it does provide valuable clues. Consider the familiar ex
ample of the prisoner's dilemma. Smith and McAlpin, two criminal 
conspirators, have both been arrested on a minor charge and there is 
sufficient evidence to convict both of them for this crime. The prose
cutor knows, however, that they are guilty of far more serious crimes 
for which convictions are impossible unless confessions are obtained. 
Table 4.4 shows a payoff matrix indicating the number of years in 
prison Smith and McAlpin will receive, depending upon whether or 
not a confession is obtained for the more serious crime. 

Table 4.4 indicates that if neither confesses to the more serious 
crime, each will be sentenced to 5 years for the lesser crime. However, 
should Smith confess and McAlpin fail to confess, Smith could receive 
clemency and avoid imprisonment by testifying against McAlpin, 
while McAlpin would then receive 20 years in jail. Conversely, if 
McAlpin confesses and Smith does not, Smith receives 20 years and 
McAlpin goes free. If both confess, both would serve 15 years. 

What will be the outcome? The answer is not at all obvious, since it 
depends upon the variety of considerations.12 These include mutuality 
of interests, communications, and retaliatory lags. The "mutuality of 
interests" depends upon the prospects for future association. If the 
two criminals are long-time confederates and plan to conspire in the 
future, both may decide not to confess, since they can resume their 

TABLE 4.4 Game Theory Payoff Matrix (Years in Prison) 

Smith's 
Strategies 

Don't Confess 

Confess 

McAlpin's Strategies 

Don't Confess 

5,5 

0,20 

Confess 

20,0 

15, 15 
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activities together after 5 years. If they have no such record of past 
association and future plans, they may decide differently. 

A second factor, communications, emphasizes the importance of the 
two prisoners being able to assure each other than neither will con
fess. If the two were isolated, Smith, having no assurance of McAlpin's 
intentions, might decide to confess. 

On the other hand, if there is communication and the retaliatory lag 
is short—that is, if after Smith begins to confess, McAlpin can imme
diately pursue the same course—there is little incentive for either to 
confess. Thus retaliatory lags when coupled with the possibility of 
communications become important factors in determining the out
come. 

What is the relevance of this exercise to explain whether a cartel 
member will cheat to increase its market share? First, the actual val
ues of the payoff matrix are important. If all parties share markets, 
the payoff is the division of monopoly profits as described in Figure 
4.10. The payoff for noncheaters is obviously a reduction in profits rel
ative to a no-cheating situation. If all cheat, the payoff is the loss of 
all monopoly profits and the reduction of earnings to a merely com
petitive level. This outcome is analogous to the situation in which 
both criminals confess. In sum, the set of relative differences in the 
payoff matrix is an important factor in assessing the costs and benefits 
of cheating. In addition, mutuality of interests manifests itself in sev
eral ways. Feelings of Arab political solidarity no doubt affect behav
ior among Arab members of OPEC. Members with huge reserves have 
quite similar interests in the longevity of the cartel, while other mem
bers with small reserves may be unconcerned about cartel stability 
beyond a horizon of perhaps 10 to 15 years, after which their reserves 
will be substantially depleted. For example, Table 4.5 ranks the OPEC 
producers by reserves. By taking 1983 production rates as a bench
mark, one can divide production into reserves and show the number 
of years the country could theoretically produce at the 1983 produc
tion rate. The years of production at the 1983 rate (or the reserves to 
production ratio) roughly indicates the period over which the country 
is likely to remain an important oil producer. Table 4.5 emphasizes 
the relative importance in terms of reserves of the Persian Gulf mem
bers of OPEC vis-à-vis other OPEC producers. Furthermore, the life 
expectancies of OPEC producers as measured by years of production 
at 1983 production rates differ greatly, suggesting that those with 
lower reserves and fewer years of production are more likely to behave 
independently than are the largest six or seven producers. 

Communications and retaliatory lags are also important. Are com
munications adequate to detect cheating? Is price cutting easily de
tected? And once cheating is identified, can retaliatory action be taken 
quickly? Since the retaliation takes place in the form of a price cut to 
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TABLE 4.5 Characteristics of OPEC Countries Ranked by Importance of 
Reserves 

Country 

Persian Gulf Producers 
Saudi Arabia 
Kuwait 
Iran 
Iraq 
United Arab Emirates 

Non-Persian Producers 
Venezuela 
Libya 
Nigeria 
Algeria 
Indonesia 
Qatar 
Ecuador 
Gabon 

Reserves 
(109 bbls) 

166.0 
63.9 
51.0 
43.0 
32.2 

24.9 
21.3 
16.6 
9.2 
9.1 
3.3 
1.7 
.5 

1983 
Production 
(109 bbls) 

1.88 
.33 
.95 
.33 
.41 

.65 

.37 

.45 

.25 

.47 

.10 

.09 

.06 

Years of 
Production 

at 1983 Rate 

88 
194 
54 

130 
79 

38 
57 
37 
37 
19 
33 
19 
9 

SOURCE: "World Oil at a Glance," The Oil and Gas Journal, Vol. 83, No. 52 December 
26, 1983. 

match the cheater's price, the retaliatory lag is very short. The more 
serious question is whether communications channels enable the de
tection of cheating. It would be logical for OPEC to devote consider
able resources to providing mechanisms for the detection of cheating 
and to improvise informal ways of bringing pressure to bear on such 
cheaters. Furthermore, with most sales to oil companies being public 
knowledge, the incentive to cheat is substantially reduced. 

The market-sharing cartel model takes a step away from the mono
lithic cartel assumed by the multiplant monopoly model. It recognizes 
differences in incentives among OPEC countries to abide by predeter
mined market shares, but how exactly are prices determined? The 
textbook answer is that since all producers face identical costs and 
share common perceptions about the elasticity of demand facing each 
producer, they select price corresponding to the output where mar
ginal costs equal marginal revenue. Upon closer examination, one rec
ognizes that the market elasticity of demand is not known precisely. 
Different producers may have different estimates. Furthermore, even 
if the price elasticity were known exactly, some producers with lim
ited reserves would opt for using the short-run price elasticity, while 
those with huge resource bases would want to utilize the long-run 
price elasticity. In sum, something more must be added to solve the 
problem of what will be the OPEC price. 
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1. Using equation (4.4), show that the third cartel member, with a 20 
percent market share, also desires the same monopoly price Pm. 

2. Suppose the second cartel member had long-run marginal produc
tion costs twice as high as those of other members. What price and 
output would it prefer? In view of the above discussion of Venezue
lan and Indonesian costs, does this help explain why they usually 
favor high prices? 

3. What combinations of OPEC countries are likely to have particu
larly strong or weak mutuality of interests? Be careful to distin
guish between those based on economic and political similarities. 

4. Does the rather homogeneous nature of oil compared to, for exam
ple, autos, make the cartel more or less stable? Does the fact that 
competitive responses are limited entirely to price variation facili
tate or weaken the tendency to cheat? 

The Dominant Firm Price Leadership 
Model 

A shortcoming of the market-sharing models is that the output deci
sions and corresponding prices come out of the model as if all mem
bers choose this outcome with everyone sharing the total OPEC mar
ket on a predetermined basis. Such assumptions do not do justice to 
differences among OPEC members and the critical role of Saudi Ara
bia in pricing decisions. Evidence from OPEC meetings on oil pricing 
attests to this fact. At the semiannual sessions at which OPEC has 
fixed world oil prices since 1974, the Saudi marker crude price is the 
benchmark crude price around which other producers set their prices. 
As the earlier discussion emphasizes, the Saudis are clearly the most 
important producer and play a key role in pricing. The reason is ob
vious, since with substantial reserve capacity, Saudi Arabia can pre
vent prices from rising by simply raising its production. Conversely, 
the Saudis can prevent prices from falling, providing they are willing 
to substantially reduce their production as they did in 1982. 

Let us begin by looking at the dominant firm model as it is usually 
portrayed in economics textbooks. The typical presumption is that all 
producers other than the dominant producer behave as competitive 
fringe producers. Thus other OPEC producers are really no different in 
behavior than non-OPEC producers. This model assumes that the 
dominant firm sets a price and all other producers expand their pro
duction to the output level where that price equals their marginal 
cost. The dominant firm then meets the remaining demand by produc
ing enough oil to satisfy market demand. Figure 4.11 depicts the dom
inant firm model. Assuming that non-OPEC supply has already been 
subtracted from world demand, we begin with the demand schedule 
facing OPEC. If OPEC countries other than Saudi Arabia behave as 
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Qoo OSA OOPEC Quantity 

Qoo + QSA 

FIGURE 4.11 The D o m i n a n t Firm/Compet i t ive Fringe Model . 

competitive fringe producers, they will exhibit an upward sloping sup
ply schedule (S0o) that is identical to the sum of their marginal cost 
curves. 

The problem of deriving the Saudi's demand schedule is simple. 
Should the Saudis select a price of P ,̂ other OPEC countries would 
expand production to equal total OPEC demand and the Saudis would 
sell nothing. Conversely, at price PLf the price is so low that even other 
OPEC countries cease producing, leaving the whole market to the Sau
dis. At any price between PL and P&, Saudi demand is the horizontal 
difference between total OPEC demand (DOPEC) and production by 
other OPEC countries (S0o)· The dashed line describes the Saudi de
mand schedule (DSA). It is easy to see that at any price, the Saudis are 
the residual seller. Other OPEC countries produce their desired 
amounts, leaving the remaining demand to be satisfied by the Saudis. 

But how do the Saudis select a price? Obviously, by selecting the 
price that corresponds to the output level where the Saudis' marginal 
cost (MCSi4) equals their marginal revenue (MRSA), so that their profits 
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are maximized. At QSA, marginal revenue equals marginal cost and the 
preferred price must be PSA-

This model seems straightforward enough. The knotty problem of 
price determination in the market-sharing model is solved, and surely 
the notion of Saudi Arabia as the dominant producer is appealing. 
Furthermore, this "cartel" model avoids any problems with intercoun-
try rivalries since, according to this model, Saudi Arabia is the cartel. 
Other OPEC members may attend meetings in Vienna, Geneva, and 
Caracas, but they are free riders, behaving no differently than the non-
OPEC oil producers. Consequently, this model sweeps away all the in
triguing game theoretic aspects as to the conditions under which 
OPEC members will cheat. But is this simplification legitimate? 

At least four pieces of evidence say categorically "no." First, the pat
tern of considerable stability in market shares among OPEC members 
suggests that other OPEC producers are exercising output restraint. 
Second, in 1983 when OPEC production shrank dramatically to 17.6 
MMB/D, the output cut was not borne entirely by Saudi Arabia. Vir
tually all OPEC countries had reduced production. Third, based on 
years of production at 1983 rates as shown in Table 4.5, the reserve 
base of most all OPEC countries is sufficient to justify much higher 
production rates. Finally, regression analysis of each individual OPEC 
country's production levels on the other OPEC countries' production 
rates shows a definite positive correlation. That is, OPEC countries 
tend to raise and lower production jointly. In contrast, non-OPEC 
countries' production decisions showed no such tendency.13 Perhaps it 
is possible to combine the best aspects of the dominant firm model 
and the market-sharing model. 

The Hybrid Model 
It should not be surprising that the previous three cartel models (the 
multiplant monopoly, the market-sharing cartel, and the dominant 
firm model) do not exactly fit OPEC. After all, every cartel is unique. 
Why would we expect a standard model to fit anything as extraordi
nary as OPEC? The first model we selected, the multiplant monopoly, 
did not fit at all. It just looked atrocious on OPEC. The market-sharing 
cartel model fit much better, but the price wasn't quite right, nor was 
Saudi Arabia adequately attired. And then there was the dominant 
firm model—the price was right but the "competitive fringe" tailoring 
for countries other than Saudi Arabia was unbecoming. Let us try our 
own hand at designing a model that better fits OPEC, realizing that a 
perfect fit is impossible. 

As our point of departure, we wish to begin with the dominant firm 
model in Figure 4.11. Whereas in the dominant firm model OPEC con
sists of two groups, Saudi Arabia and other OPEC countries, our ap-

OPEC BEHAVIOR AND WORLD OIL PRICES 



proach is to distinguish three groups—the cartel core, the price maxi-
mizers, and the output maximizers. The cartel core replaces Saudi 
Arabia as the dominant firm, but its behavior is similar. The cartel 
core consists of those OPEC members with vast oil reserves, relatively 
small populations, and more flexible economic development plans 
such that the relatively low production rates necessary to sustain oil 
prices at or above monopoly levels are both feasible and desirable. The 
cartel core is assumed to consist of Saudi Arabia, Kuwait, Qatar, the 
United Arab Emirates, and Libya. As a group, these countries share 
markets, behaving as the dominant firm in Figure 4.11. As a group, 
the cartel core generally prefers to maintain prices during periods of 
slack demand for OPEC oil by carrying more excess capacity. Their 
preferences are for relatively lower prices than those preferred by 
other OPEC members, since, among other reasons, they stand to lose 
more in the long run due to their large reserves. 

For simplicity, we tend to group the remaining OPEC countries as 
either price maximizers or output maximizers. Like the supply sched
ule in the dominant firm model, these two OPEC groups form a com
bined supply schedule which, when subtracted from OPEC demand 
(DQPECX gives the demand schedule facing the cartel core. The price 
maximizers are assumed to consist of Algeria, Iran, and Venezuela. 
These members have relatively large populations and considerable po
tential for economic development; but, unlike other OPEC members, 
their reserves are not high relative to current production rates (as in 
the cartel core), nor do they appear to be capable of significant expan
sion in the future (as in the case of the output maximizers). While the 
price maximizers tend to produce close to full capacity, they are will
ing to cut production, accepting a smaller market share to achieve 
higher prices. As shown in Figure 4.12a, the price maximizers' supply 
schedule, Sprn, shows declining production as prices rise above the 
equilibrium price, POPEC· An interesting feature of the price maximiz
ers' supply schedule, Spmt is that it is hyperbolic in shape, guarantee
ing a constant level of oil revenues at any price/quantity combination. 
While facing certain pressures to generate oil revenues for domestic 
economic development, these countries recognize their limited oil re
serves and are quite willing to cut production in proportion to any 
price increase. Thus the market shares of the price maximizers are 
likely to fall as price increases. 

The output maximizers are assumed to behave essentially as com
petitive producers, selecting that output which equates price to mar
ginal costs. Therefore, the supply schedule for the output maximizers, 
Som, rises with output, being merely the sum of marginal costs for 
these token members of the cartel. While they maintain membership 
in OPEC, the incentives to behave independently are overpowering for 
these producers. As we shall see later, the identity of these countries 
matches closely the predicted conditions under which independent be-
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(a) (b) (c) 
FIGURE 4.12 The hybrid cartel model, (a) Price maximizers. (b) Output max
imizers. (c) Combined market. 

TOTAL 

havior would be expected: (1) the potential to expand production ap
preciably, (2) relatively small current market shares, and (3) strong 
internal development pressures. 

The sum of the supply responses of the price maximizers (in Figure 
4.12a) and the output maximizers (in Figure 4.12b) yields Spm + Som 
in Figure 4.12c. The difference between OPEC demand and the supply 
response of the price and output maximizers (Spm + Som) yields the 
cartel core's demand schedule (Dcc).The selection of the OPEC price 
(POPEC) is then made in an analogous manner to the dominant firm's 
calculation in Figure 4.11. The cartel core seeks to set a price corre
sponding to the output level where marginal revenue equals marginal 
cost. That price corresponds with the cartel core's output of Qcc. Like
wise, the price POPEC brings forth the production of Qom by the price 
maximizers and Qom by the output maximizers. 

The advantage of this model over other earlier contenders is that it 
recognizes the importance of a cartel core that acts as a dominant 
firm, setting the market price. At the same t ime, both the price and 
output maximizers influence price since their willingness to expand or 
reduce production affects the remaining market share of the cartel 
core. 

In setting forth three arbitrary groupings to describe the 13 unique 
OPEC actors, we recognize that these groupings are somewhat artifi
cial. Nevertheless, it is easier to think of three groups ra ther than 13 
countries. There is, however, some justification for placing these coun
tries in these groupings. The rationale for assigning Saudi Arabia, Ku
wait, Qatar, the United Arab Emirates, and Libya to the cartel core 
seems fairly obvious. They are all described by very large oil reserves, 
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small populations, and a physical geography characterized by barren 
desert regions; and, with the exception of Libya, they are geographi
cally contiguous. 

The rationale for assigning Algeria, Iran, and Venezuela to the price 
maximizers may be less obvious. Ever since the beginning of OPEC, 
Venezuela has been the primary advocate of higher prices and re
straint in production levels, due to its own low ratio of reserves to 
production and to its relatively low level of reserves per capita. With 
considerable potential for economic development, Venezuela is inter
ested in high total annual oil export receipts; hence its desire to max
imize prices for a relatively low level of exports. Algeria, like Libya, 
possesses high quality oil close to European markets and has in the 
past been a vigorous advocate of maximizing the price of its own oil. 
Algeria, however, has low oil reserves relative to its output rate, low 
reserves per capita, and promising prospects for internal development. 
Algeria has probably operated closer to full capacity in oil production 
than any other member of OPEC, and is a good example of a cartel 
member that desires to maximize both its price and its output. Iran is 
much more problematic. Before the 1979 revolution, Iran's policy vac
illated between those of the cartel core and the price maximizers in 
seeking to finance the very ambitious economic and military develop
ment programs of its former ruler. Although Iran has absolutely large 
oil reserves, its population is larger than that of the other price maxi
mizers and its economic development potential is correspondingly 
greater, due not only to higher population but also to greater re
sources in other respects. Based on these conditions, it would seem 
that Iran's production policy may well evolve as that of a price maxi-
mizer. 

The output maximizers are assumed to consist of Iraq, Nigeria, In
donesia, Ecuador, and Gabon. Logically these OPEC members should 
prefer relatively greater proportionate output rates, given their rela
tively large populations, extensive plans for economic development, 
and relatively low but substantially expansible ratios of reserves per 
capita. As long as the other members of OPEC, in particular the cartel 
core, are willing to limit output in order to maintain high prices, the 
OPEC output maximizers have the incentive to demand a higher mar
ket share. It must be conceded that to date, only Iraq has appeared to 
follow literally the strategy of being an output maximizer by expand
ing output even during periods of weak market demand, and by mak
ing price reductions when necessary. In part, Iraq's program of output 
expansion stems from its very large potential oil resources base—per
haps 300 billion barrels—relative to which its current output rate is 
quite low. In a peacetime environment, Iraq tends to expand oil ex
ports in order to finance ambitious internal development programs, 
and desires to have an expanded role in OPEC as a result of its greater 
share in the cartel's total output. 
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Over time, Indonesia is assumed to follow increasingly a policy of 
output maximization, since its population is the largest of any OPEC 
member, its development plans depend critically on oil revenues, and 
its reserves, although not large, are thought to be expansible. Nigeria 
is the second most populous OPEC member and has larger and prob
ably more expansible reserves than Indonesia. Curiously, Nigeria's be
havior has tended to fluctuate between price and output maximiza
tion. Gabon is essentially a smaller version of Nigeria with regard to 
these characteristics. Ecuador, which has perhaps the most problem
atic future of any OPEC member, should have the motivation to be an 
output maximizer due to low per capita oil revenues, an expansible 
resource base, and the capacity for internal economic development 

SIX KEYS TO THE LONG-RUN 
VIABILITY OF OPEC AND 

THEIR IMPLICATIONS FOR FUTURE 
OIL PRICES 

The hybrid model provides a conceptual lens through which to view 
past pricing and oil production decisions. When viewed from this per
spective, Figure 4.1 describing oil prices and Figue 4.3 describing 
world oil consumption and non-OPEC production appear quite under
standable. Let us recapitulate briefly. In response to the sharply 
higher oil prices in 1973-74, OPEC was pleasantly surprised to find an 
extremely price inelastic response in terms of both oil demand and 
supply from non-OPEC countries. It is not surprising that comforted 
by stable production despite the four-fold price increase in 1973-74, 
the Saudis would take advantage of the shortfall in Iranian production 
in 1979 to double prices again. As market conditions changed in the 
early 1980s, the cartel core took action to correct the mistake of exces
sively high prices resulting from the 1979 increase. The price rollback 
in 1983 from $34 to $29 was led by the cartel core and, as expected, 
resisted by the price maximizers. As shown in Figure 4.3, by 1983 
OPEC production had plummeted to 17.6 MMB/D and production in 
the cartel core had dropped from 16.5 MMB/D in 1979 to 8.7 MMB/D. 
There was obvious concern that maintaining the posted price would 
result in insufficient production in the long run by the cartel. The im
plications of the hybrid model in Figure 4.12 are clear: decrease the 
real price of oil, initially, by holding its current price constant. Ob
viously, in 1983, the cartel core thought this was not strong enough 
medicine so they chose to reduce the current or nominal price of oil 
as well. 

But what perspective does this give us for the future? If we can fore
cast the evolution of market conditions as implied in Figure 4.12, we 
can utilize this model to forecast future oil prices just as we used it to 
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explain past price changes. The market conditions facing the cartel 
core depend critically on (a) the demand curve facing OPEC and (b) 
the supply response within OPEC. The following three factors play vi
tal roles in determining the demand schedule facing OPEC: (1) world 
economic growth, (2) the price elasticity of oil demand, and (3) non-
OPEC crude oil supply responses. These three factors are three of the 
six keys to the long run viability of OPEC to which we subsequently 
turn. Recall that the demand for OPEC crude is derived by subtracting 
the non-OPEC supply of crude from the world demand for crude. Over 
time, the major force shifting world crude demand outward is the rate 
of world economic growth. Oil is a normal good and the oil demand 
schedule depends critically on the growth of income. The second fac
tor, the price elasticity of oil demand, is a major determinant of the 
quantity of oil sold at different prices. The third factor affecting OPEC 
crude oil demand is the supply response from non-OPEC sources, 
which may include synthetic oil production. This means that at some 
price, the synthetic backstop fuel becomes economic to produce, re
sulting in a price ceiling and large quantities of synthetic oil produc
tion. 

These three factors are sufficient to describe the demand schedule 
facing OPEC, but we must also look at the fourth factor—(4) supply 
responses within OPEC. Even though these four factors completely 
characterize the hybrid model in Figure 4.12, markets do not perform 
in a vacuum. We must take a close look at the fifth factor—(5) politi
cal, economic, and military developments in the Middle East add a 
large random element to any attempt to forecast future oil prices and 
the viability of the cartel. Finally, the sixth factor to be considered is 
(6) the feasibility of policy actions by crude buyers to attenuate or 
eliminate OPEC's market power. 

1 The Rate of Economic Growth in the 
Major Consuming Countries 
The static graphs illustrating the dominant producer and hybrid mod
els do not capture the effects of economic growth in shifting the world 
demand for oil outward. For the major consuming countries, the in
come elasticity for oil products averages about 1.0. This means that 
with economic growth of 4 percent per year, the demand for oil will 
rise about 4 percent per year, assuming relative prices are unchanged. 
Thus even if OPEC is raising the price of oil relative to other energy 
forms (causing a movement up the demand curve), the quantity re
sponse from the shift in the demand schedule owing to economic 
growth may well offset the reduction in consumption due to higher 
prices. This means that oil consumption is likely to grow even though 
its real price is rising over time. 
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The rate of economic growth affects OPEC pricing in two ways. 
First, the more rapid the rate of growth in demand and oil consump
tion, ceteris paribus, the more rapid will be the rate of depletion. By 
moving the date of exhaustion toward the present, the user cost is 
increased, leading to a higher marginal cost and a higher monopoly 
price. In addition to the effects on cost, the rate of economic growth is 
likely to be critical to OPEC stability. From the hybrid model, we re
call that the cartel core acts as a residual supplier. The cartel core is 
likely to be the prime beneficiary of economic growth and the major 
loser if world economic growth lags. Slower economic growth means 
greater excess capacity and greater incentives for the cartel core to 
seek demand growth via lower prices. 

On the face of it, economic growth does not appear to be a particu
larly important determinant of oil demand. After all, the differences 
between a 3 percent and a 4 percent growth in economic activity af
fects oil demand by only 1 percent. Surely, 1 percent is small. But a 
difference of 1 percent over 10 or 20 years can have a profound effect 
on oil consumption. Figure 4.13 illustrates the sensitivity of oil con
sumption over time to differences in the rate of world economic 
growth. Two important assumptions are invoked. First, the income 
elasticity is assumed to be unity so that 4 percent economic growth 
automatically implies 4 percent oil demand growth. Second, the graph 
presumes that the real price of oil is unchanged over time. In essence, 
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FIGURE 4.13 The effect of economic growth on world oil consumption. 
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oil prices are assumed to rise only as quickly as does the general infla
tion rate. As a consequence, only economic growth is affecting con
sumption in Figure 4.13. 

Figure 4.13 assumes an initial noncommunist world oil consump
tion of 40 MMB/D occurring in year T = 0. Two consumption paths 
are shown; one for 3 percent growth per year and one for 4 percent 
per year. As shown in Figure 4.13, consumption growth at 4 percent 
per year implies oil consumption of 59.7 MMB/D after 10 years and 89 
MMB/D after 20 years. In contrast, growth at 3 percent per year im
plies consumption of 54 MMB/D after 10 years and 72.9 MMB/D after 
20 years. The differences between the two consumption paths increase 
over time—5.7 MMB/D after 10 years, 16.1 MMB/D after 20 years, and 
so forth. 

Is a difference of 5.7 MMB/D extra demand important over a 10 year 
period? Absolutely, yes! Remember that the cartel core is the residual 
supplier. It meets unfilled demand at the official OPEC price. As the 
residual supplier, the cartel core would be the sole recipient of the 5.7 
MMB/D gain in world oil consumption if economic growth were 4 per
cent instead of 3 percent. This could be an important addition to the 
cartel core's production, which in 1984 stood at 8.4 MMB/D. 

Is it likely that decade-long averages in economic growth may vary 
by 1 percent or more? Again an affirmative answer seems likely. Over 
the decades of the 1960s and 1970s, the average slightly exceeded 4 
percent per year, with the 1970s experiencing below average growth. 
A wide variety of opinion exists regarding the probable value of this 
variable in the future. Some individuals, whom we might loosely de
scribe as having a "limits to growth" perspective, foresee a sharp dim
inution in this rate for a variety of reasons including (in their view) a 
likely reduction in energy availability. Most economists point to long-
term trends in the rate of technical progress as evidence for sustained 
long-run economic growth. Even so, the declining growth in the labor 
force will lead to lower growth in real GNP even if the growth in out
put per worker maintains the average growth rate of the 1960s and 
1970s. This factor alone could reduce the overall growth rate by .5 
percent. Most long-term estimates of GNP growth are in the 3 percent 
per year range, although there is considerable disagreement on that 
figure. 

We are left with the overall implication: economic growth is clearly 
the ally of OPEC and if prices remain constant, oil consumption tends 
to grow over time. The rate of economic growth turns out to be ex
tremely important since the benefits of growth are passed directly 
through to the cartel core. 

1. In the hybrid model, why is the cartel core the principal beneficiary 
of economic growth? 
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2. What factors might tend to restrain the rate of economic growth for 
the remainder of the century? 

3. Give and explain two reasons for the cartel core favoring only mod
est oil price increases in contrast to most OPEC countries, which 
favor more rapidly rising prices. 

2. The Price Elasticity of Oil Demand 
The long-run price elasticity of oil demand will prove to be a critical 
determinant of both OPEC stability and the rate of future oil price 
increases. Recall that while the short-run demand schedule is quite 
inelastic, many long-run possibilities of substitution of nonenergy for 
energy, and of other fuels for oil are present. The sharp decline in oil 
consumption for the period 1980-84 can be attributed to the lagged 
effects of previous price increases as oil consumers adjust from their 
short-run demand schedules to their long-run demand schedules. 
OPEC must be concerned with how long it takes for the process of 
adjustment from the short-run to the long-run demand schedule to 
occur and just how large the long-run elasticity will be. If the demand 
response for the period 1980-84 was only the beginning of a process 
that might last 15 or 20 years, then OPEC should anticipate that 
lagged price effects may offset the effect of economic growth for many 
years to come. On the other hand, if the adjustment process occurs 
within a 5 to 10 year period, then both the effects of the 1973-74 in
crease and the 1978-79 increase would be more or less completed by 
the mid-1980s. 

To illustrate the importance of the price elasticity of demand for 
world oil, let us show mathematically the relevance of this coefficient. 
Recall from simple monopoly theory that profit maximization re
quires that marginal revenue (MR) be equal to marginal cost (MC). In 
turn, price is related to marginal revenue through the price elasticity 
of OPEC's demand (£OPEC)· 

(4.8) MC = MR = P[ 1 - -r-i— ) 
\ £oPEC/ 

From equation (4.8), it is easy to see that the markup over costs, the 
ratio of price to marginal costs, depends entirely upon OPEC's price 
elasticity of demand. 

MC 1 - (1/£OPEC) £OPEC - 1 

The reader can verify that if the price elasticity is 2, price will be 
twice marginal cost. On the other hand, if the elasticity is 1.2, the 
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price is six times cost, representing a markup of 500 percent over cost. 
The markup varies greatly particularly over the range of elasticities 
from 1 to 2. 

Let us now consider the role of the world oil price elasticity (Ew) 
and the elasticity of competitive fringe supply (E^ in determining the 
price elasticity facing OPEC (ÊOPEC)· Assuming that the OPEC price 
determines the world price, any given OPEC price change evokes a 
quantity response in world oil demand and supply from the competi
tive fringe. It follows that the sum of these two quantity responses 
gives the effect on OPEC demand: 

(A im AQQPEC AQW ΔΟ^ 
(4.10) - ^ ρ - = — - - £ * 

Multiplying both sides of equation (4.10) by P/QOPEC and multiplying 
the right-hand terms by QJQW and Qcf/Q^, we obtain 

f n P AQQPEC _ P QWAQW P QcfAQcf 
QOPEC ΔΡ QOPEC Qw ΔΡ QOPEC Qcf ΔΡ 

Rearranging terms and multiplying all terms by - 1 , we obtain: 

(4l2) P A QOPEC _ Qw P AQW Qcf P AQcf 
QOPEC ΔΡ QOPEC QW ΔΡ QOPEC Qcf ΔΡ 

or 

(4.13) £OPEC = Τ Γ ^ Ew + - ^ - Ecf 
VOPEC VOPEC 

The left-hand side of equation (4.12) is nothing more than OPEC's 
price elasticity of demand (EOPEC)· The first term on the right-hand 
side is the world oil production (excluding communist areas) relative 
to OPEC's, times the world oil price elasticity of demand (Ew). The last 
term in (4.12) is the competitive fringe's share of the market relative 
to that of OPEC, multiplied by the supply elasticity of the competitive 
fringe. 

To illustrate the importance of the world oil price elasticity, let us 
examine the effect of varying the world oil price elasticity on OPEC's 
demand elasticity. Assume that OPEC's production share is approxi
mately one half of noncommunist world production. For pedagogical 
purposes, also assume that the elasticity of supply from the competi
tive fringe (Ε^ is 0.5. What is OPEC's price elasticity if the world oil 
price elasticity of demand is also 1 ? 
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(4.14) £OPEC = (2/lXD + (1/1X0.5) = 2.5 

By equation (4.14), OPEC's price elasticity is 2.5, which by equation 
(4.9) implies a price equal to 1.67 times the marginal cost. 

Suppose instead that world oil price elasticity is only 0.5. By equa
tion (4.13), we obtain an elasticity of 1.5: 

(4.15) £OPEC = (2/1X0.5) + (1/1)(0.5) = 1.5 

This OPEC price elasticity implies a price of 3 times marginal cost. 
The relationship between world oil price elasticity and the ratio by 

which costs are multiplied to obtain prices becomes even more strik
ing for elasticities below 0.5. It is by no means an unimportant ques
tion whether the world oil price elasticity is 0.5 or 0.9. Over the likely 
range of values, small absolute differences in elasticities imply large 
differences in OPEC's markup and the resulting resource misalloca-
tion. 

Somehow a long-run price elasticity of 0.7 does not sound very 
large, but if the oil consumption levels resulting from various prices 
are compared, we see how sensitive the long-run consumption path 
really is to price. Let us perform an analysis similar to that performed 
earlier for alternative economic growth rates. In Figure 4.13, oil prices 
were held constant and the impact of various economic growth rates 
on oil consumption was measured. Now, we will hold the economic 
growth rate constant at 3 percent per year and ask what would be the 
effect of OPEC shifting to a new real price path at time T = 0. For 
example, in Figure 4.14, it was assumed that OPEC maintained a real 
price of $30 per barrel based on 1985 dollars for the next 20 years. 
Now we consider the effects of changing real prices from $30 in 1986 
and maintaining the new real price for 20 years thereafter. 

In interpreting Figure 4.14, start with the $30 real price path and 
notice that oil consumption rises exactly like the 3 percent growth 
path in Figure 4.13. After 10 years consumption reaches 54 MMB/D, 
and after 20 years it reaches 72.9 MMB/D. The two consumption paths 
are identical because they utilize identical demand assumptions—3% 
annual economic growth and a constant real oil price of $30 per bar
rel. Now assuming the real price is reduced from $30 to $20 per barrel 
in the first year, oil consumption grows along a much faster path, ris
ing to 64.7 MMB/D after 10 years and to 93 MMB/D after 20 years. 
These results show the effect of a 0.7 price elasticity of demand (Ew). 
Notice that initially the effect of the price decrease on consumption is 
small, but it becomes larger over time. The explanation is that our 
calculation recognizes that while the long-run elasticities may be 0.7, 
the short-run demand must be much more inelastic (0.07 in this ex
ample). The analysis presumes a long adjustment process whereby 
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FIGURE 4.14 The effects of alternative price paths on energy consumption 
with an elasticity of 0.7. 

only about 60% of the price effects are felt in the first 10 years. Such 
an assumption seems plausible though, since the stock of energy-using 
equipment such as autos, industrial machines, homes, and factories, 
has a long life and many energy-saving devices must await the basic 
redesign and replacement of this capital. 

Figure 4.14 also illustrates the effect of a real price increase to $50 
per barrel (also predicated on a 0.7 long-run price elasticity). Notice 
the effect of higher prices, particularly after 10 years with demand 
reaching only 42.6 MMB/D. Thereafter, demand grows at a faster rate, 
reaching 53.0 MMB/D in the 20th year. Over this latter period, the 
major impact of the price effects have been felt; although additional 
lagged conservation effects occur, the effect of economic growth is suf
ficient to offset them. Particularly for the cartel core, which is inter
ested in its long-run market prospects, the effect after 20 years of a 
real price increase was to reduce consumption by 19.5 MMB/D. Given 
that the cartel core's production is only a fraction of OPEC's total, the 
loss of 19.5 MMB/D in demand for a 66% price increase might actually 
lower the cartel core's long-run revenues. In effect, even though the 
world price elasticity of demand may be inelastic at 0.7, the corre-
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sponding demand elasticity facing the cartel core may well be quite 
elastic. 

In sum, the magnitude of the price elasticity of world oil demand is 
very important. Even though demand tends to be very inelastic in the 
short run, the long-run demand elasticity is much greater, probably 
falling in the range from 0.5 to 0.9.15 Particularly in the long run, the 
effect of high price policies impact directly on the cartel core, so they 
have a vested interest in selecting prices that are compatible with 
their long-term horizon. Yet the demand elasticity is not known pre
cisely; because of this, the cartel core must set prices in an uncertain 
world where miscalculations of a demand elasticity estimate by 0.2 
can translate into large losses of cartel core production over time. To 
compound the pricing dilemma, the cartel core has no easy way of 
assessing the impact of its current pricing decisions on future demand. 
The cartel core's problem is akin to planting a forest that takes 20 
years to mature, although the growth of the seedlings in the first few 
years is a poor predictor of the ultimate tree size and only after 10 
years is there much basis for estimating ultimate tree size. Unfortu
nately, if inferior seedlings were planted, there is little that can be 
done after 10 years. 

1. Can you verify the relationships in equation (4.8)? 
2. Use equation (4.9) to calculate the markup factors for the following 

elasticities: 10, 5, 2, 1.5, 1.1. Why will we never observe an elasticity 
less than 1.0? 

3. Suppose the world price elasticity is 0.4. Calculate the markup fac
tor. Do you think the fact that United States imports jumped from 
23.3 percent of demand in 1970 to 42.4 percent in 1976 contributed 
to price movements over this period? 

4. Explain why the elasticity of demand facing the cartel core is con
siderably more elastic than the demand elasticity facing OPEC. 

3. The Supply Response from the 
Competitive Fringe 

Equation (4.13) also emphasizes that OPEC's monopoly power de
pends upon both the quantitative importance and the supply elasticity 
of the competitive fringe. If, as OPEC increases the price, this indeed 
leads to new discoveries of oil in the competitive fringe, this will at
tenuate OPEC's monopoly power. The magnitude of this response, re
flected in the competitive fringe's elasticity of supply, can be vital, 
especially in the current situation facing OPEC. Assuming the above 
market shares and a world price elasticity of 0.7, let us vary the elas
ticity of competitive fringe supply to examine its impact on OPEC's 
price elasticity of demand and markup. First, assuming a competitive 
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fringe supply elasticity of 0.5, we obtain an OPEC price elasticity of 
1.9: 

(4.16) £OPEC = (2/1X0.7) + (1/1)(0.5) = 1.9 

The implied price from equation (4.16) is approximately 2 times mar
ginal cost. 

Now suppose instead that geological opportunities in the North Sea, 
Mexico, and so on, are not so favorable so that the supply elasticity is 
only 0.1: 

(4.17) ÊOPEC = (2/1X0.7) + (1/1)(0.1) = 1.5 

Even though the lower supply elasticity lowers OPEC's demand elas
ticity from 1.9 to only 1.5, the price rises from 2 to 3 times marginal 
cost. Thus the elasticity of competitive fringe supply is an important 
determinant of OPEC's monopoly power. 

In addition to the elasticity of supply, the quantity of the competi
tive fringe production is also vital. It matters whether the competitive 
fringe supplies 1 percent of the market or 30 percent. The increasing 
relative importance of oil production outside the OPEC countries has 
no doubt played an important role in OPEC's weakened position in 
the early 1970s, irrespective of the magnitude of the world demand 
and competitive fringe's supply elasticities. To illustrate this point, let 
us contrast the 1973 market shares (two thirds OPEC, one third com
petitive fringe) with the situation in the mid-1980s (roughly one half 
OPEC, one half competitive fringe). Utilizing the 1973 market shares 
together with the 0.7 world price elasticity of demand and 0.5 elastic
ity of supply from the competitive fringe, we obtain: 

(4.18) £OPEC = (3/2X0.7) + (l/2)(0.5) = 1.3 

This elasticity implies an OPEC price of 4.3 times marginal cost. As 
we saw above, using similar elasticities but mid-1980s market shares, 
£OPEC = 1-9 which translates into a price only approximately two 
times marginal costs. Thus, even holding the elasticities constant, the 
greater the quantity of competitive fringe oil production, the more 
elastic is the demand schedule facing OPEC and the lower is its mo
nopoly power. 

Since both the market share and the supply elasticity of non-OPEC 
producers are important to OPEC's future, it is interesting to specu
late about future production from these countries. Whereas economet
ric research provides reasonably narrow ranges for the price and in
come elasticities of oil demand, supply elasticities remain elusive 
numbers. Who would have predicted that Mexican reserves found in 
the late 1970s may exceed 100 billion barrels? Oil exploration is a 
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TABLE 4.6 Percentage of Non-OPEC Production by Various Countries 
(1983)* 

U.S. 42.9 
Mexico 13.4 
U.K. 11.2 
Canada 6.9 
Egypt 3.4 
Norway 3.0 
Brunei/Malaysia 2.6 
Other Non-OPEC 16.6 

* Excluding communist countries. 
SOURCE: U.S. Monthly Energy Review. 

highly uncertain process. It is clear that the supply elasticity is posi
tive and non tri vial, based on the healthy production increase recorded 
since 1973 (see Figure 4.3), but it is difficult to say much more. 

As shown in Table 4.6, of the 21.1 MMB/D production recorded in 
1983 by non-OPEC, noncommunist world producers, the largest single 
producer was the United States (42.9%), followed by Mexico (13.4%) 
and the U.K. (11.2%). The North Sea production (consisting of the 
U.K. and Norway) and Mexico have been the major sources of produc
tion growth outside OPEC. Based on Mexican reserves, it is not unrea
sonable to project still another doubling of production by the early 
1990s. But for producers such as the U.S. and Canada, prospects are 
not as bright. In relatively intensely explored areas, the big fields are 
found first. Production tends to peak early in a field's life and then 
decline geometrically. Consequently, higher oil prices stimulate the 
discovery of new smaller fields, but their addition to production may 
not be adequate to offset the decline in production from the older, 
larger fields. 

The statistics in Table 4.6 are potentially misleading to the degree 
that communist countries such as the U.S.S.R. and China develop the 
capacity to export. After all, the U.S.S.R. is the world's largest oil pro
ducer with 1983 production of 11.7 MMB/D. China produces an addi
tional 2.1 MMB/D. Because their internal consumption has roughly 
matched their production, these countries have not played an appre
ciable role in the world oil market, but time could change this. Oil is 
viewed by these countries as a great source of much needed foreign 
exchange. Heavy exploration programs, particularly in offshore China, 
might enable these countries to play appreciable roles as non-OPEC 
producers in the future. 

But OPEC's concerns about non-OPEC oil production are not limited 
to conventional oil. A small but thriving tar sands industry is alive in 
Canada. Additionally, in the early 1980s when oil prices seemed des-
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tined to exceed $50 per barrel, a number of shale oil projects in the 
U.S. were begun by the major oil companies. While a more detailed 
discussion of the potential for synthetic oil production is given in 
Chapter 9, suffice it to say that the reserve bases for tar sands and oil 
shale are huge, providing an effective backstop fuel price. Thus OPEC 
must keep a watchful eye on the economics of synthetic oil production 
as well. 

4. Institutional Developments Within 
OPEC 
The classic problem all cartels face is how to restrain overall output 
to the monopoly level and how to assign the market share given that 
total output level. To cartelize effectively, OPEC must solve the prob
lem of the 3C's facing all cartels: concurrence, coordination, and com
pliance. They must first achieve concurrence on the joint profit-maxi
mizing output for the cartel. Coordination can be achieved by either 
implicit or explicit agreements to share markets. Finally, some devices 
must exist to force compliance, since the incentives to cheat will be 
large. Much to their chagrin, in the early 1970s the international oil 
companies acted as policing agents for the cartel. The payment of roy
alties and income taxes based on posted prices, which were fictitious 
rather than actual transaction prices, in effect meant that every com
pany paid a flat tax per barrel. This flat tax raised the marginal costs 
of the oil companies, creating a floor below which prices could not fall. 
By controlling the tax floor and thus the price, OPEC controlled the 
total quantity of oil sold. 

This system also solved the problem of assigning market shares. No 
member of the cartel could post an appreciably lower tax floor lest 
others retaliate with matching prices. Thus, with similar tax levies, 
historical market shares became the natural basis for future market 
shares. What prevented a country from secretly cutting the tax floor, 
inducing its concessionaires to sell additional crude? From the game 
theory results, it is obvious that undetected cheating can be quite lu
crative. If all production is sold at cash prices, cheating would easily 
be detected and price cuts would be matched. Any reduction in the 
tax floor would be known by all members of the concession. Compa
nies with minor interests in a given concession would quickly demand 
similar terms from those countries where it happened to hold a ma
jority interest. 

Time has altered this system dramatically. Today, most OPEC coun
tries market their crude directly through their state-owned oil com
panies. This development has added a potentially destabilizing force, 
since market shares become a variable under the control of the state-
owned oil company. In contrast, when the concessionaires handled the 
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marketing function, a country's market share was the outcome of his
torical supply relations. 

Still another problem is that as time passes and conditions change, 
past historical market shares become less acceptable as a basis for 
future market shares. For example, following the cessation of the Iran-
Iraq War and a resumption of large-scale exports by both countries, 
will other OPEC countries cut production to enable Iran and Iraq to 
reestablish production market shares consistent with 1976 or 1977 
levels? 

For these reasons, it is not surprising that in 1983, OPEC took the 
historic step of assigning explicit production limits for the various 
OPEC countries. This could be only the beginning of a whole new set 
of institutional devices adopted by OPEC to achieve better coordina
tion of output. There is also the related problem of achieving compli
ance. To date, cheaters such as Iraq have acted with relative impunity. 
But this only invites others to behave as the non-OPEC, competitive 
fringe firms do. It remains to be seen how those countries violating 
the production ceilings will be disciplined by the cartel. 

5. Political and Military 
Developments 

Oil markets do not operate in a vacuum, and it would be a mistake to 
conclude that the hybrid model is capable of predicting future oil 
prices and OPEC stability independent of the political and military 
developments in the Middle East. In effect, these political, economic, 
and military factors set the stage on which energy markets operate. 
Let us see more precisely what is meant by these factors. 

Political Factors. The political divergences between the OPEC mem
bers are sufficiently complicated to prevent the development of a com
paratively simple two- or three-group discussion. The fundamental di
vision would be between Arab and non-Arab members of OPEC, with 
each group capable of further subdivision into radical versus more 
conservative orientations. In the brief discussion that follows, only 
those aspects of the political climate that have an important bearing 
on cartel stability will be considered. 

The Arab members of OPEC include Saudi Arabia, Kuwait, Libya, 
Algeria, Iraq, Qatar, and the UAE. These seven members possess about 
three fourths of the cartel's reserves and productive capacity. These 
statistics alone are sufficient to establish the dominance of Arab over 
non-Arab exporters in OPEC. If the Arab group were highly unified, it 
could control cartel policy to a very considerable degree. Arab politi
cal unity was, of course, decisive in mobilizing the cartel's latent mo
nopoly power during and after the 1973 oil embargo. But political 
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unity among the Arab members varies somewhat from issue to issue 
and from country to country. 

There are three important issues that are directly pertinent to Arab 
political solidarity. The first is Arab ethnic hostility to Israel, which is 
unanimous but which varies in intensity of manifestation, depending 
upon the incidence of costs and benefits to particular countries. The 
second is Arab religious hostility to Soviet communism, which again 
is widespread, but is strongest in the most orthodox countries; it is 
qualified in some other countries by the perception of the possible 
benefit of Soviet alliances. The third is pan-Arab solidarity, both eth
nic and religious, which has its strongest appeal in the poorer coun
tries. The oil-rich Arab states are more conscious of the costs to them
selves of such broadly based alliances. 

The attitude of an Arab member of OPEC toward these issues gen
erally varies with the alignment of its regime in the spectrum of polit
ical attitudes, which ranges from radical to reactionary. The radical 
members of the Arab group include Iraq, Libya, and Algeria. Saudi 
Arabia is the most conservative of the Arab members. Saudi attitudes 
and policies are quite influential in Qatar and the UAE. The Kuwait 
regime is basically conservative but less overtly so because of its prox
imity to Iraq. But non-OPEC Arab states are very important in condi
tioning the political climate in the Arab world. This is particularly 
important regarding Arab attitudes toward Israel, where the views of 
radical Syria and relatively moderate Egypt are crucial. 

Hopes for a lasting peace settlement between Israel and the Arabs, 
never too high, brightened considerably in 1978 and 1979 with the 
Camp David Accord. Those who stood to gain from such a settlement 
included the combatants themselves, the oil importers, the conserva
tive Arab regimes, and perhaps OPEC itself. Those who stood to lose 
include the more radical Arab regimes and the Soviet Union. The com
batants would clearly gain since they would be saved the expense of 
mobilization and the devastation of warfare. The importers would 
gain since the danger of periodic supply interruptions and the result
ing price increases would be reduced. The conservative Arab states 
would gain since they would face reduced challenges from the radical 
regimes, which use the Israeli situation as a basis for intensified agi
tation. The Soviet Union would lose, since anything that threatens the 
oil supplies of the major industrialized countries is of advantage to 
the Soviets. Radical Arab regimes would lose since their prospects for 
displacing conservative governments would suffer and their Soviet pa
trons would be reduced in status. 

The effect on OPEC itself, however, is uncertain. There are two re
spects in which cartel stability might be considered to increase in the 
long run. While embargos increase OPEC power and unity in the short 
run, the price increases likely to result from future embargos may tend 
to destabilize OPEC. Additional substantial price hikes could lead to 
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prices well above the profit-maximizing level, as during the Iranian 
Revolution. Then the lowered production, particularly by the cartel 
core members, coupled with conservation and the accelerated devel
opment of synthetic oil production in non-OPEC countries, would pose 
serious long-term problems for OPEC. A second factor involves reac
tions to the reduction in Arab-Israeli tensions. Importers might be led 
to believe that Arab oil exports were now "secure" and thus become 
less concerned about developing their own alternative sources of en
ergy. 

With regard to Arab anticommunism, one must distinguish between 
a basic antipathy on religious grounds and the more than occasional 
willingness of Arab states to cooperate with the Soviets in matters of 
economics. The religiously orthodox and conservative regimes of the 
Arabian peninsula are intensely anticommunist, while the radical 
Arab regimes display varying degrees of enthusiasm or toleration for 
Soviet alliances. Most radical is Iraq, which has treaties with the So
viet Union and regards itself as being outside the free world. Libya's 
regime is more religiously orthodox than that of Iraq, but not enough 
to prevent it from forming Soviet alliances of a military nature. Alge
ria's radical position within the Arab camp depends less upon its So
viet ties than upon its stance as a champion of pan-Arab unity. On 
balance, however, the issue of anticommunism tends to form one of 
the ties between major Arab oil exporters and their customers in the 
noncommunist world. The producers in the Persian Gulf region justi
fiably fear Soviet military pressure, against which their own defenses 
would be unavailing. An important element in future OPEC develop
ments will be the role played by the Soviet Union in the Middle East. 

The third issue is that of pan-Arabism. Here the leaders among the 
OPEC members are Algeria and Libya, although many non-OPEC Arab 
countries such as Egypt and the Sudan are also prominent in the 
movement. The popular appeal of the movement is strong, since the 
Arab countries possess many common elements of historical, cultural, 
and ethnic kinship. There are, however, strong nationalist loyalties 
within each state that tend to limit the strength of pan-Arab senti
ments. At the most basic economic level, there is the desire of the 
have-not countries to forge a pan-Arab union with the oil-rich coun
tries and share the wealth of the oil exporters more broadly. Such a 
prospect compromises the enthusiasm of most Arab oil exporters, par
ticularly those conservative exporters who see pan-Arabism as a thinly 
veiled maneuver for the replacement of their governments by radical 
groups. Curiously enough, a lasting peace with Israel might accen
tuate intra-Arab differences, leading to weakened pan-Arabism and to 
increased probability of radical coups in conservative Arab regimes. 

Even though Iran is not part of the Arab World, events there could 
greatly influence the leadership and stability of the whole Middle 
East. Iran, like most countries of the Middle East, is devoutly Moslem. 
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As in most major religions, there are numerous Moslem sects, but it 
took the events of 1978 to remind the rest of the world of these differ
ences. The Iranian Revolution resulted in the creation of a fundamen
talist Islamic republic under the leadership of Khomeini, a leader of 
the Shiite Moslem sect. Ironically, a fundamentalist revolution was a 
direct reaction to the Shah's modernization efforts fueled by the oil 
revenue influx after 1973-74. While other Moslem sects disassociate 
themselves from the revolution, Shiite sects are numerically impor
tant in Arab and other Middle East countries and are generally sup
portive of the revolution. The Iranian revolution has opened up a 
broad range of possibilities; these include internal political upheavals 
in other Middle East countries with large Shiite sects, and intercoun-
try warfare between countries such as Iran with a fundamentalist gov
ernment and Iraq, which is openly contemptuous of such a regime. 

Military Developments. One cannot engage in a complete survey of po
litical developments and trends without considering the military end 
of that spectrum. The Iran-Iraq War should serve as a constant re
minder of just how tenuous peace is in the Middle East. Fortunately, 
the war has occurred over a period of falling world demand for OPEC 
oil, so that its economic impact has been relatively mild. Between the 
two countries, oil production dropped by nearly 6 MMB/D. Suppose, 
instead that a production decline of 6 MMB/D had occurred in the 
mid-1970s, when production in other OPEC countries was at or near 
capacity! The Iran-Iraq War also illustrates the potential for war to 
escalate, spreading to other countries. In retaliation for Saudi and Ku
waiti economic aid to Iraq, Iran in 1984 sank tankers carrying oil be
longing to the Kuwaitis and Saudis and threatened to block the 
Straits of Hormuz, the narrow waterway at the entrance of the Persian 
Gulf. Blocking the flow of all oil out of the Persian Gulf would have 
reduced world supplies by about 20 percent in 1984. 

The possibility of military disruption of the cartel has three aspects 
of interest to economists. First, there is the possibility that the cartel 
might be strengthened by conflicts between OPEC countries that re
duce the number of countries involved, similar to mergers that reduce 
the number of rivals in a business cartel. A victory by cartel core coun
tries over the output-maximizing countries might place cartel power 
more securely in the hands of a few sellers. Alternatively, a victory by 
output-maximizing countries might alter cartel behavior by increas
ing production to reflect the revenue needs of the more populous rad
ical Arab countries. 

Second, there is the likelihood that the oil fields may be seriously 
damaged by warfare and sabotage during attempts to occupy the pro
ducing areas. This will result, at a minimum, in the interruption of 
production and/or transportation of oil imports for periods that might 
easily exceed a year. The danger of sabotage or war damage would be 
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greater if other than Arab forces were involved in occupation at
tempts. The impact on the cartel might be quite serious if oil supplies 
were reduced for any significant period of time. OPEC members not 
suffering damage would certainly increase their exports to practically 
full capacity levels. Over time they would further expand their capac
ity and be unlikely to desire to reduce output when the destruction 
was repaired. 

If, however, a significant fraction of total OPEC exports is fore
closed, either through destruction of production facilities or through 
the continuing sabotage of transport media such as tankers and pipe
lines, the effect on demand of the unaffected members could be just 
the opposite. The economies of Japan and Western Europe would lit
erally suffocate if deprived of oil imports for a year, and the resulting 
collapse of employment, output, world trade, and the structure of na
tional currencies and world financial institutions would leave the re
mainder of OPEC monopolizing a commodity for which there was no 
longer an adequate demand—until the passage of a decade or more 
during which the structure of the world economy might tend to re
cover its former position. But such a recovery might occur very slowly, 
and in any event the emerging new world economy would be unlikely 
to be as dependent upon oil imports as that which it replaces. 

Third, there is the reasonable possibility that Soviet occupation of 
some or all of the Persian Gulf oil fields might be the final outcome of 
military actions initiated by non-Soviet forces. A Soviet takeover of 
most of OPEC's reserves would have a decisive impact on the cartel. 
Since the Soviet Union is perennially starved for export commodities 
with which it can earn hard currencies to purchase the imported in
puts needed to further its own economic development, it could be ex
pected to greatly increase production. It is likely, however, that the 
Soviet takeover of most of OPEC's reserves would induce importers to 
make much greater efforts to reduce their dependence on oil imports. 

Although such scenarios may seem far-fetched, they cannot be en
tirely ignored. The attention they merit is the product of (1) the prob
ability of occurrence, and (2) the effect on world oil trade of a given 
event. The magnitude of the latter factor is so great that the total 
product is significant even though the probability may be assessed at 
a low level. The probabilities of such events, while low, are not negli
gible. That the OPEC price increase of 1973-74 gravely upset a rather 
delicate balance between the costs and benefits of external military 
takeover of the major oil exporters has received surprisingly little se
rious attention. With the qualified exception of Iran, the major Arab 
oil exporters are militarily weak. As long as oil profits to the exporters 
were no more than about $1 per barrel, it was questionable whether 
it would be worth the risk for militarily stronger countries to occupy 
the oil fields. But with profits per barrel raised to $25 or more, the 
potential gains are increased relative to the costs. 

OPEC BEHAVIOR AND WORLD OIL PRICES 



An unidentified observer of the world oil market noted: "The long-
range impending shortage of oil is more a political than an eco
nomic or geological phenomenon." Discuss. To what extent do eco
nomic realities place constraints on political behavior? 
Who are the beneficiaries of peace in the Middle East and who are 
the losers? What probability do you attach to (a) future embargos 
and (b) outright war in the Persian Gulf over the next 20 years? 
Would you expect these probabilities to increase or decrease com
pared to the period 1960-80? 

6. Policy Actions of Crude Buyers 
Until now, the major consuming countries have made no concerted 
efforts to counter cartel price increases. In the past this inaction 
stemmed from a feeling that coordinated action is difficult to achieve, 
and even if it is possible, the range and potential success of such poli
cies are quite restricted. 

Without a coordinated international policy in dealings with OPEC, 
the effect of the response of any one buyer on the cartel price is likely 
to be small. Table 4.7 shows the shares of OPEC oil sales to various 
countries. While some countries are major importers, no one country 
is dominant. In 1983, Japan and the U.S. were OPEC's best customers, 
each accounting for about 22 percent of OPEC's oil sales. Besides these 
countries, the percentages for other industrialized countries tend to be 
10 percent or less. OPEC's demand elasticity in equation (4.13) is in 
fact a weighted average of the elasticity responses of the various im
porters. The weights are determined by the shares in Table 4.7. Con-

TABLE 4.7 Share of Total OPEC Oil Exports Consumed by the Major 
Importing Countries (1983) 

Country 

United States 
Japan 
France 
Italy 
Benelux Countries 
West Germany 
Spain 
United Kingdom 
Sweden 
Other European Importers 
Other Industrial Importers 
All Other Countries 

SOURCE: International Energy Agency. 

Market Share 

22.7 
21.5 
10.7 
9.5 
7.5 
7.3 
5.0 
3.9 
1.4 
6.8 
3.5 
0.2 
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sequently, the effect of any one country on OPEC's overall demand 
elasticity is relatively small. This implies that independent action by 
any one importer is unlikely to substantially affect OPEC's optimal 
price. Therefore, some form of combined action involving the largest 
eight to ten importers appears necessary to place maximum pressure 
on OPEC. 

Although all of the major importers would benefit from any atten
uation in OPEC's monopoly power, the range and potential success of 
likely policy responses seem quite limited. After the 1973 Embargo, 
some called for a countercartel on goods exported to OPEC by the ma
jor importers. Unfortunately, there are several reasons why this is in-
feasible. First, unless the countercartel charged the higher cartel price 
to all countries, those non-OPEC countries importing the goods at the 
low price would simply reexport the goods to OPEC, rendering the 
cartel ineffective. Perhaps the most serious fault of the policy is that 
OPEC countries are for the most part not particularly dependent upon 
imported goods. Western imports are typically luxury items that can 
be dispensed with. 

Another joint program would use coordinated tariff policies to min
imize OPEC price increases. Unless demand were perfectly inelastic, 
the imposition of a tariff would tend to reduce the price received by 
OPEC even though the price inclusive of the tariff rises. Importing 
countries also enjoy the tax receipts of the oil tariff. Tariff policies can 
take several forms including a flat import tax per barrel, an ad valo
rem tariff, or even a matching tariff geared to OPEC price increases. 

The simplest tariff is a flat tariff of, say, $10 per barrel levied on all 
oil imports. The initial effect of such a tariff would be to raise internal 
prices of petroleum products by $10 per barrel, suggesting that the 
tariff is fully shifted onto the consumer. But from principles of eco
nomics, we recall that in the long run, the incidence of a tax is borne 
by both producers and consumers depending on the elasticities of sup
ply and demand. In effect, the tariff will ultimately lower the OPEC 
price, shifting a portion of the tax to OPEC. For example, if the major 
consuming countries all imposed the tariff, OPEC might be forced to 
reduce crude prices by $5 per barrel. Interesting idea! Instead of OPEC 
imposing taxes on the consuming countries, the consuming countries 
could levy a tax on OPEC. 

Still a more sophisticated tariff is an ad valorem tariff, set as a per
centage (say 30%) of the OPEC price. The advantage of an ad valorem 
tariff is that it provides additional pressure on OPEC to lower prices. 
Assuming OPEC raised oil prices from $30 to $40 per barrel, the tariff 
would increase from $9 to $12 per barrel. But for a price decrease 
from $30 to $20, the tariff would drop from $9 to $6 per barrel. 

Still a more ambitious tariff is a matching tariff system, which fo
cuses even more pressure on OPEC to mitigate future OPEC price in
creases. Normally, when OPEC raises its price by $1 per barrel, the 
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price to the consumer increases by $1, leading to a reduction in the 
quantity demanded. The decision to raise price is obviously based on 
the proposition that the net elasticity of demand facing OPEC in equa
tion (4.13) is inelastic. Clearly, if OPEC's oil export demand can be 
made more elastic by changing domestic economic policies, price in
creases can be slowed or perhaps halted. Suppose all of the major con
suming countries put OPEC on notice that any price increase will be 
met with a matching tariff increase. For example, the $l-per-barrel 
OPEC price increase would be matched by a $l-per-barrel tariff im
posed by all the consuming countries, meaning that the price of oil 
domestically would rise by $2 per barrel. The quantity reduction in 
world demand would be double that obtained for a $l-per-barrel in
crease, yet OPEC's price would have gone up by only $1 per barrel. In 
effect, this policy would double the world price elasticity of demand 
in equation (4.13). Similarly, to the extent that competitive fringe sup
ply emanates from these countries, the supply elasticity would be dou
bled, since domestic oil prices would increase by $2 per barrel for 
every $1 per barrel increase by OPEC. In view of the extreme sensitiv
ity of the markup over costs to the world price elasticity for oil shown 
above, such a policy could be quite effective in holding down future 
price increases. 

Despite the appeal of tariffs, there are two problems. First, to be 
most effective, tariffs require concerted implementation by the major 
consuming countries. Because of international trade considerations, 
no one country would be eager to impose higher energy costs on its 
own producing industries unilaterally. Second, even if other countries 
were in agreement, the local opposition to higher energy prices might 
well be sufficient to defeat such a tariff. Even though the long-run 
effect would be lower prices, the short-run effect is higher prices, and 
political resistance is certain to be so strong that many countries 
would not cooperate in such a program. 

As an alternative to a tariff policy, importing countries might use a 
variant of an import control program to obtain lower oil prices. Pro
fessor Adelman has advocated issuing import tickets equal in quantity 
to the difference between demand and domestic production.16 These 
import tickets would be sold to foreign suppliers at public auction. 
Presumably, if they command a nonzero price, the winning bidder is 
discounting his imported oil by the amount of the bid. For example, 
even though the sale price of the oil would be at the official OPEC 
price, the true price received by the importer would be the official 
price less the amount paid for the import ticket. Since the importing 
government auctions the tickets, government tax revenues increase 
from the ticket sales proceeds. These revenues can in turn be returned 
to consumers through tax cuts and other devices. An advantage of this 
approach is that joint country action is not necessary for the imple
mentation of this program. It does not work through the elasticity of 
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world oil demand as in equation (4.13), where each country bears a 
given weight. Rather the forces tending to lower prices work through 
the game theory results and the incentive to cheat. 

There are two critical unresolved issues facing such a proposal. 
First, can the winning bidders be identified and their bid prices ascer
tained? This brings us back to the game theory results, which empha
sized that the incentives for undetected cheating were very great. A 
second point is that even if cheating were undetected and prices fell 
for a time, responses by OPEC could be anticipated. For example, 
OPEC might mandate that all OPEC members submit their ticket bids 
through the OPEC office, thereby eliminating any incentive to cheat. 
(This step might at least increase intermember tensions within OPEC.) 
Thus the likelihood of undetected cheating and/or OPEC's response are 
critical to the success of such a policy. While this approach has ap
pealing attributes, its success seems problematic. 

Still another potential response is the development of economically 
attractive substitutes for OPEC oil. From the discussion of the non-
OPEC supply response, we saw the importance of non-OPEC oil pro
duction. If through technological advances the costs of synthetic oil 
can be brought down over time, this could be a very effective con
straint on OPEC's monopoly power. Even successful R&D leading to 
lower costs for other energy forms will no doubt have an impact by 
making the demand schedule for oil more price elastic, which in turn 
lowers the markup factor of prices over costs. 

Are there organizations capable of organizing a cooperative re
sponse by consuming nations? In principle, the International Energy 
Agency (consisting of 21 OECD countries excluding France) could play 
a role in promoting international cooperation on tariffs and R&D pol
icy. To date, the agency has succeeded only in devising a highly inad
equate oil sharing agreement in the event of a worldwide emergency. 
Additional details on this agreement are presented in Chapter 6. The 
failure of the IEA suggests that buyer reactions are likely to be indi
vidual rather than collective, thus reducing the effectiveness of the 
response. 

1. Outline what you consider to be the most effective buyer responses 
to OPEC. Now rate them according to political feasibility. 

2. Explain the relevance of the free rider phenomenon in undermining 
the possibility of cooperative arrangements among consuming 
countries. 

1. See A.D. Johany, 'OPEC is not a cartel: a property rights explana
tion of the rise in crude oil prices," unpublished doctoral disserta
tion, University of California, Santa Barbara. Also see Walter J. 
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ENVIRONMENTAL ISSUES IN ENERGY 
DEVELOPMENT 

INTRODUCTION 
Critics of the modern affluent industrial society regard it as keeping 
bad company. Among its evil companions are the members of the pol
lution gang: air, water, thermal, nuclear, and solid waste. These critics 
wish that industrial economies could shun such confederates and go 
their separate ways. As Falstaff warned Prince Hal, "There is a thing, 
Harry, which thou hast often heard of, and it is known to many in our 
land by the name of pitch: this pitch, as ancient writers do report, 
doth defile; so doth the company thou keepest . . ." Some of the most 
obvious instances of pollution are associated with energy: most air 
pollution, some solid waste contamination, a few of the most highly 
publicized water pollution incidents, much of what is called thermal 
pollution, and the bulk of the nonmilitary instances of nuclear pollu
tion. The typical observer is tempted to recommend the peremptory 
banishment of the members of this undesirable gang, and the more 
extreme environmentalists have urged the execution of them all, 
through moratoria on nuclear energy, economic growth, and popula
tion growth. But before passing sentence, we should first look at the 
criminal records of the defendants. In some instances there may be 
extenuating circumstances. It is possible that in a few cases extinction 
may be imperative. Fines and the payment of damages may suffice in 
other circumstances. But life sentences at hard labor might typically 
be more socially just. 

It must be recognized that production and pollution are generally 
joint products of most purposeful activity. In ecological systems all 
organisms select the inputs to which they are adapted, process them, 
and eliminate wastes. Within the human body muscular exertion gives 
rise to fatigue toxins in the cells that must be removed by, and then 
from, the bloodstream. Through respiration, animals convert an oxy
gen intake into carbon dioxide, which is also a bloodstream "pollu
tant" that must be eliminated. For plants, on the other hand, carbon 
dioxide is an input and oxygen has the status of a pollutant that must 



be excreted. Human beings must obviously define pollution in human 
terms, setting appropriate priorities. Two types of pollutants receive 
attention: the presence of something unwanted, such as sulfur com
pounds in the air, and the absence of something desired, such as dis
solved oxygen in water. 

Much pollution is a byproduct of activities involving the production, 
conversion, and consumption of energy. Such pollution should clearly 
be controlled by the most economic means. But it is incorrect to con
ceive of energy per se as inimical to the environment. Energy has been 
a part of the environment ever since the domestication of fire. It is 
fortunate that our cave-dwelling ancestors did not see fit to call a halt 
to the use of fire on air pollution grounds at that early date. Before 
descending into the particulars of environmental issues, it is useful to 
sketch in some historical background, showing how the preservation 
of the environment became a national goal in the 1960s, and how this 
new goal conflicts with other goals. After that it is appropriate to con
sider the major types of pollution and assess the contribution of en
ergy sources to such categories. A concluding section then deals with 
the economics of pollution control, discussing the pros and cons of 
direct regulation, taxation, and other control methods. 

GOALS AND GOAL CONFLICTS 
Economists tend to identify a society with its economy, overestimat
ing the predominance of economic motives and activities in the total 
fabric of a nation's life. On the other hand, political leaders tend to 
identify the society with its political arrangements and underestimate 
the constraints that economic factors place upon political strivings. It 
is not unusual for a nation to set extra-economic goals for itself that 
can greatly complicate the achievement of ordinary economic objec
tives. The industrialized nations have consistently given economic 
goals a prominent position, but by no means an exclusive one. 
Let us very briefly review the history of national goals in the United 
States. 

American political leaders have generally tried to pursue at least 
three national goals simultaneously. Two of these are constant—na
tional security and economic prosperity—and they constitute the min
imum conditions for a stable society. The third goal is variable in na
ture, and while it may be complementary to the other two, it can often 
hamper the accomplishment of either or both of them. In the nine
teenth century, the nature of the third goal underwent a slow evolu
tion; while it influenced the means used to achieve the other goals, it 
generally did not particularly limit the degree to which they could be 
accomplished. Since the First World War, however, the third goal has 
changed more frequently in both nature and emphasis, and has posed 
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real problems in the accommodation of mutually inconsistent objec
tives, as is shown in the following paragraphs. 

Although national goals were not readily articulated and propa
gated before the advent of mass communications media, the goal be
tween about 1790 and 1850 appears to have been economic growth 
along Jeffersonian lines, stressing agriculture, decentralized control of 
industry and politics, and a limited government. Between about 1850 
and 1920 economic growth continued to be a major goal, but it was 
pursued more along Hamiltonian lines, stressing industrial expansion, 
a more centralized government, more participation in world trade, 
and more spending on defense. As a consequence of industrialization, 
a forerunner of the modern environmental movement was spawned in 
the 1880s under the Conservation Movement. The Conservation Move
ment produced a greater awareness of the richness of America's natu
ral beauty and a desire to protect it for the future. 

National consciousness of goals and purposes increased after the 
First World War. During the 1920s the goal was well expressed by the 
slogan "Back to Normalcy," which reflected a reactionary desire to 
return to the simpler, stabler, and more isolated world of the nine
teenth century. The national goal in the 1930s was the restoration of 
full employment, primarily by stimulating the demand for goods and 
services. Since the Depression was severe and prolonged—a "crisis" 
that persisted and threatened to become permanent—the national 
goal of reviving the economy was explicitly articulated by Congress 
and the President, and national legislative enactments and executive 
proclamations were increasingly employed to effect this goal. Popular 
consciousness of a national goal was not only made increasingly wide
spread and intense, but was actually institutionalized in federal laws 
and in the later establishment of the Council of Economic Advisers. 
Following the Second World War, during which national security had 
preempted all other goals, economic growth once again emerged as an 
important goal, in part as a means of countering growth in the collec-
tivist camp. 

Beginning around 1968, environment preservation and enhance
ment became a major national goal in its own right. In part this was 
a reaction to the cost and success of the lunar landing project. Since 
we can afford to put a man on the moon, why can't we now do many 
more useful things that seem to be easier to accomplish: clean up the 
air and water, dispose of trash more effectively, develop biodegradable 
plastics, and the like? 

Three major factors were responsible for the increase in pollutants: 
population growth, higher per capita incomes, and technological 
changes. Greater affluence made it possible for more consumers to buy 
growing amounts of quickly discarded artifacts. Both products and 
wrappings, particularly the plastic variety, were harder to dispose of 
by traditional means. Attempts to get rid of wastes in the usual air 
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and water channels caused increasing pollution since the volumes of 
air and water had not increased. There was a growing awareness that 
two problems existed. First, air and water have considerable waste 
disposal capacities, but they were being exceeded in some congested 
localities. Second, air and water also have other uses than waste dis
posal, and overly intensive disposal use reduces their capacity to per
form other essential functions. A further source of environmental dis
content stems from chemical technology. Modern chemistry has 
devised pesticides, drugs, cosmetics, fertilizers, plastics, and food and 
fuel additives that ecologists, biochemists, and others have shown to 
be harmful to the human organism and to ecological systems. Finally, 
criticism of the automobile was greatly intensified as air pollution 
from that source increased. 

Concern with the environment as a national goal developed rapidly. 
Intensive exposure of the issues on television and other mass media 
created a widespread and at times almost morbid concern. Mecha
nisms to aid in achieving environmental goals were rapidly institu
tionalized. The executive and legislative branches held hearings, wrote 
reports, prepared bills, passed laws, and instituted advisory and con
trol agencies and groups. The resulting legislation was uneven in qual
ity and coverage, a natural consequence of the piecemeal approach to 
a set of problems that required a highly integrated treatment. The 
general goal of environmental protection was sought by a variety of 
programs dealing separately with pollution, preservation of the wil
derness, waste disposal, urban problems, and many other facets of the 
total problem area. Even within more narrowly defined subareas, a 
comprehensive approach was not taken. Separate programs govern 
not only various types of pollution—land, air, and water—but may 
cover only a single source of a given type of pollution. The general 
tendency was to set requirements at too high a level, imposing unnec
essary costs and complicating the enforcement process. 

With the Arab oil embargo of 1973, the energy crisis replaced the 
environment as the center of public policy debates. Combatting the 
energy crisis became a new national goal, with the remedies proposed 
ranging from crash programs to achieve national self-sufficiency to 
proposals for nationalization of all energy industries. Solving the en
ergy problem clashed with preserving the environment, and many 
people were slow to realize that limited domestic energy supplies 
posed a real problem that would not yield to quick and easy solutions. 
The passage of special legislation to build the Alaskan pipeline and 
the decision to accelerate leasing of federally controlled offshore areas 
provide evidence that the public gave priority to energy over environ
mental preservation in some important instances. But environmental
ists by no means deserted their positions; development of new energy 
sources continued to be delayed or thwarted in many ways by such 
opposition. 
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Of the two, the environmental goal may prove the more perennial. 
Although it is unlikely, it is at least possible that a series of technolog
ical breakthroughs could eventually provide us with adequate supplies 
of reasonably cheap domestic energy. But the public perception that 
the environment is adequately protected is, like all ultimately subjec
tive matters, simply a state of mind that may never be attained. Un
like the space race goal, environmental protection has no dramatic 
solution that occurs at one point in time. The basic causes of pollu
tion—growth in population, income, and productivity—will not sub
side. If the nation relaxes its efforts in fighting pollution, pollution will 
become worse and the issue will again become paramount. Concern 
with the environment thus promises to be as durable a goal as na
tional security. 

The major conflicts between environmental and other goals are 
rather obvious. Reducing pollution may require reductions in the rate 
of economic growth, particularly if the goal is to reduce pollution by 
large amounts in a short period of time. Those of the "Limits to 
Growth" persuasion are willing to limit or even halt economic growth 
if that is the price that must be paid to abate pollution. Most busi
nessmen and labor organizations feel that the cessation of growth 
would be disastrous for stability in output and employment, and are 
less than happy with any brake on economic growth. 

The contrast between the policies of the 1970s and the 1980s is in
structive. During the late 1970s, environmental controls increased and 
their implementation was more vigorously prosecuted, but recession 
predominated in the economic sphere, and periods of economic recov
ery were brief and incomplete. In the early 1980s, the Reagan admin
istration deemphasized environmental restrictions and reduced the re
sources devoted to implementation of existing controls. OPEC began 
experiencing difficulties in price-fixing, and oil prices weakened, facil
itating a robust and prolonged economic recovery in the industrial 
countries. The results were predictable: there was a tendency for peo
ple once again to become more concerned with pollution and some
what less anxious about impeding economic growth. Thus despite its 
deemphasis in the 1980s, the environment continues to be an impor
tant national priority. 

MAJOR TYPES OF POLLUTION 
The pollution problems associated with energy production and con
sumption are serious and require efficient solutions. Although econo
mists become impatient with those who demand that all types of pol
lution be completely eliminated, regardless of the costs, this does not 
excuse them from looking seriously at the scope of energy-related pol
lution problems and correctly assessing their social costs. Were hu-
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mans an amphibious species, we would presumably give air and water 
pollution equal attention; if we were aquatic, we would give priority 
to water pollution issues. Since humans are in fact air-breathing crea
tures, we should rationally be somewhat more concerned about air 
pollution, and it is here that energy industries cause greatest offense. 
Physicians have consistently held that the upper respiratory tract is 
the path of least resistance to infections. Foreign substances in the air, 
whether solid, liquid, or gaseous, not only are likely to act as primary 
sources of irritation but are also prone to hamper the body's defense 
mechanisms against infection and disabling organic alterations. 

Although it would be no more appropriate to try to cover all the 
public health aspects of air pollution in this chapter than it would be 
to attempt to teach a medical course on a medicine bottle label, some 
of the more serious problems may be listed and briefly characterized. 
The respiratory system must absorb those air pollutants which it can
not expel, but it has mechanisms for expelling many of them. Nasal 
hairs filter out the largest of the solid particles in the air. Smaller 
particles may adhere to the mucus-coated nasal passageways and be 
ejected with the expectoration of the mucus. Still smaller particles 
may be deposited upon the mucus-lined walls of the bronchial tubes 
for later aspiration and expectoration. Very small particles may be 
exhaled before they are impacted upon the lining of the respiratory 
tract. But the smallest particles of all are driven into these linings by 
the forces of colliding air molecules. Even these absorbed particles 
may be escorted out of the lungs through engulfment by cells from the 
affected tissues, which then convey them into the blood or lymph 
streams or out of the body through eventual expectoration. 

But these defense mechanisms can be overwhelmed by having to 
cope with large volumes of pollutants and with mixtures of different 
pollutants in different forms. A good example of the latter is the com
bination of particulate matter and sulfur dioxide. Ordinarily, sulfur 
dioxide gas is absorbed in the upper respiratory tract without injury. 
But if particulate matter is also present in the air, the sulfur dioxide 
may combine with water and coat the particles with sulfuric acid. If 
the coated particles are small enough to reach the lungs, serious injury 
may result. 

Air pollution has been shown to be an aggravating factor in the fol
lowing disease conditions: lung cancer, asthma, influenza, pneumonia, 
emphysema, bronchitis, tuberculosis of the respiratory system, arte-
riosclerotic heart disease, hypertensive heart disease, rheumatic fever 
and chronic rheumatic heart disease, certain other diseases of the 
heart and circulatory system, and certain types of nephritis and ne-
phrosis of the kidneys. Classical smog, discussed later in this chapter, 
is chiefly harmful because of sulfur compounds. The burning of high-
sulfur coal is the chief cause, although discharges from metal smelters 
may also play a role in some localities. The sulfuric acid in the atmo-
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sphere, when taken into the lungs, causes serious lung irritation and 
increases the resistance of the respiratory tract passageways to the 
inspiration of air, complicating breathing for the elderly and ill, espe
cially for those suffering from bronchitis and emphysema. 

The particles around which sulfuric acid forms are often removed 
from the air by rainfall. This causes the phenomenon of acid rain, 
which damages croplands and forests and may distress aquatic life in 
bodies of water receiving the runoff. The sulfuric acid also damages 
building surfaces with which it comes into contact. Photochemical 
smog (also discussed below) is produced primarily by emissions from 
hydrocarbon-fueled internal combustion machines and contains such 
irritants as ozone, hydrocarbons, and nitrogen compounds rather than 
sulfuric substances. Ozone has an unpleasant odor, increases respira
tory passageway resistance to breathing, and damages plants and ar
tifacts. Nitrogen compounds are responsible for the opacity of photo
chemical smog and have toxic effects. Hydrocarbons can combine 
with nitrogen compounds to produce eye irritation and can also cause 
serious injury to plant life. But while classical smog is statistically 
associated with the human mortality rate from respiratory and car
diac disorders, no such statistical relationship has been established 
between photochemical smog and mortality rates. 

Let us now briefly consider the major types of pollution. The usual 
classification is by the nature of the medium affected by the pollu
tants: the atmosphere, bodies of water, and the soil. To these may be 
added thermal pollution, which affects both air and water, and radia
tion pollution, which affects air, water, and soils. These types of pol
lutants are to some extent substitutes for each other. Some air pollu
tants can be removed from fuels prior to combustion or from the 
combustion gases before their dispersal, but this implies the substitu
tion of more solid or liquid wastes for a reduction in gaseous wastes. 
A prohibition of both air and water pollution would tend to build up 
large volumes of solid wastes. Thermal pollution occurs primarily as 
a byproduct of inefficient energy conversion processes, such as those 
associated with electric power generation. Here the alternatives are 
chiefly cooling ponds or cooling towers, but in either case there is the 
substitution of greater or lesser air pollution for lesser or greater wa
ter pollution. Radiation can have adverse impacts on land, water, or 
air, but its problems are most serious in regard to the solid and liquid 
wastes produced by nuclear power plants. 

AIR POLLUTION 
Air is a mixture of elements and compounds, each in its gaseous form. 
Its crucial constituent is oxygen (21 percent of the atmosphere by vol
ume), which is the only gas that can support the respiration of living 
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matter. The chief component, nitrogen (78 percent), is chemically vir
tually inert at ordinary temperatures and pressures; the only other gas 
present in appreciable concentration (0.9 percent) is argon, which is 
absolutely inert. Air pollution problems of a chemical nature tend to 
arise when carbon, hydrogen, and sulfur atoms and molecules com
bine with the oxygen and nitrogen already present in the air to form 
compounds that injure living tissues and damage property. Air pollu
tion problems that are initially physical in nature arise when partic-
ulate matter (ash, soot, dust, etc.) is released into the atmosphere, but 
the presence of such particles may facilitate subsequent chemical re
actions that further increase the adverse effects of chemically polluted 
air on the environment. 

It is instructive to proceed by taking the simplest form of a combus
tion reaction and showing how various types of air pollutants may be 
released in case of incomplete or inefficient combustion, or in the pres
ence of "impurities" in the fuel. In a combustion reaction the fuel 
(which may for example be a compound) combines with oxygen, and 
as a result of this "burning" energy is released, along with one or more 
different compounds that result from the rearrangement of the atoms 
and molecules originally present in the fuel and the oxygen. Wide
spread interest and concern with nuclear power has acquainted many 
people with the fact that mass can be transformed into energy in ac
cordance with Einstein's equation, E = me2 (where E is expressed in 
energy units, m is measured in mass units, and c is the speed of light). 
As discussed in Chapter 9, the nuclei of certain heavy atoms can be 
split apart, resulting usually in the production of two lighter atoms 
and an energy yield that arises because the combined mass of the two 
lighter atoms is less than that of the original atom. The loss of mass is 
not very great, but the ratio between mass and energy is so large that 
nuclear fission produces enormous energy levels. In every energy re
action, however, there is this necessary relationship of equivalence be
tween energy flows and mass changes. In such a simple example as 
the winding of a clock spring, the mass of the spring is very minutely 
increased when fully wound, and subsequently decreases as the energy 
of the unwinding spring is used to operate the clockworks. Similarly, 
energy is produced by the "molecular fission" of fuel substances uti
lized in the form of elements and compounds. But while the binding 
energy of subatomic particles within the nucleus of the atom is gov
erned by the extremely intense force field of the atomic nucleus, the 
forces binding the atoms within the molecules of a compound are gov
erned by electromagnetic interactions that are much less intense— 
only about one millionth as great. 

Nevertheless, the forces binding molecules together are appreciable, 
and since there are so very many molecules involved in fuel combus
tion reactions, the total energy liberated can be quite large. The en
ergy that is liberated is measured by the so-called heat of combustion 
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of the fuel compound, with fuels having higher heats of combustion 
being greater sources of energy, other things being equal. 

If one is interested only in the energy output of a combustion pro
cess, the unattainable ideal goal would be the complete conversion of 
the mass of the fuel to energy, but this is impossible even in nuclear 
reactions. Energy and mass are joint products in any combustion pro
cess, and it is simply unfortunate from pollution and other stand
points that much of the resulting mass is an unwanted byproduct. 

Let us begin by surveying the air pollution potential of the major 
fuels. Petroleum, which includes both crude oil and natural gas, is 
primarily a mixture of hydrocarbons, which are compounds in which 
each molecule contains n atoms of carbon and 2n 4- 2 atoms of hydro
gen. The simplest hydrocarbon is methane (CH4), which is the chief 
constituent of natural gas. The complete combustion of methane 
would result in the following reaction: 

CH4 + 2 0 2 -» C02 + 2 H20 + energy 

This states that the reaction of one molecule of methane (CH4) with 
two molecules of oxygen (02) yields one molecule of carbon dioxide 
(C02), two molecules of water (H20), and a quantity of energy, ordi
narily released in the form of process heat. From one standpoint this 
would be a pollution-free combustion reaction, since water is not a 
pollutant and carbon dioxide would seem to be environmentally be
nign, having no adverse impact on organisms or artifacts, and indeed 
being an indispensible input into the metabolism of plants. (As we 
shall see in a later section, however, in the long run the continued 
build-up of atmospheric carbon dioxide may cause significant climatic 
changes, which may result in great economic costs and dislocations.) 

The above reaction is oversimplified to the extent that energy inputs 
are also required to heat the methane to its ignition temperature in 
order to allow the reaction to proceed, that pure oxygen rather than 
air is assumed to be used as an input, and that the combustion reac
tion is assumed to be completely efficient. Accordingly, we should in
terpret the hypothetical reaction as producing a net energy yield as 
shown on the right-hand side of the above expression, rather than the 
actual gross energy yield. The net yield would vary with the efficiency 
of the process used to bring the methane fuel to its ignition tempera
ture. Also, for complete combustion some excess of oxygen would have 
to be supplied, rather than the theoretical minimum of two molecules 
of oxygen for each molecule of methane. In and of itself, an excess 
input of oxygen (perhaps 5%) would increase the expense of the pro
cess but would not contribute to air pollution, since the extra oxygen 
would simply be released harmlessly into the air. But if incomplete 
combustion takes place due to the absence of an excess of oxygen, then 
some carbon dioxide molecules are replaced by carbon monoxide mol-
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ecules, which may interfere with the respiratory processes of human 
and animal organisms by replacing oxygen in the hemoglobin of red 
blood cells and causing partial or total suffocation. Incomplete com
bustion of methane would therefore imply the following sort of reac
tion: 

a CH4 + b 0 2 -► c CO + d C02 + e H20 + energy 

where a, b, c, d, and e are the numbers of molecules of the various 
elements and compounds involved. 

Let us now consider the possibility of various impurities in the 
methane fuel. Of these, the most serious is sulfur, often present in its 
elemental form in "sour" natural gas. Sulfur combines readily with 
oxygen to yield sulfur oxides of varying degrees of pollution potential. 
Let us consider the simplest sour natural gas combustion reaction and 
its likely consequences: 

a CH4 + feS + c 0 2 - > d C02 + e H20 + f S02 + energy 

where a through f are again the numbers of molecules present in the 
reaction. The chief problem is with the resulting sulfur dioxide (S02), 
which can in turn combine with water to yield toxic sulfurous acid 
(H2S03) as follows: 

S02 + H20 -► H2S03 

Alternatively, sulfur and oxygen can combine to produce sulfur triox-
ide (S03), which then unites with water to produce highly toxic sul
furee acid (H2S04) that is very costly in terms of health impairment 
and property damages: 

2 S + 3 0 2 ^ 2 S03; S03 + H20 -+ H2S04 

Before leaving methane, let us consider the possibility of nitrogen 
oxide pollutants. We have been assuming pure oxygen as the oxidizing 
input, but let us now concede that most combustion reactions take 
place in the presence of air, with its predominant content of usually 
inert nitrogen. The ideal methane combustion reaction in air would 
yield the following results: 

CH4 + 2O2 + 7.52 N2 -* C02 + 2 H20 + 7.52 N2 

where 7.52 molecules of nitrogen (each consisting of two atoms of ni
trogen) per molecule of methane input are both an input to and an 
output from the reaction. If the reaction takes place at a temperature 
above approximately 1000°C (1832°F), then atmospheric nitrogen 
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ceases to be chemically inert and combines with oxygen to produce 
nitrogen oxides. In the first stage nitric oxide (NO) is formed: 

N2 + 0 2 ^ 2 N O 

If an excess of oxygen is present, nitrogen dioxide (N02) is formed con
sequently: 

2 NO + 0 2 -» 2 N02 

In the presence of water, the nitrogen dioxide dissolves, forming a so
lution of nitrous acid (HN02) and nitric acid (HN03): 

2 N02 + H20 -* HN02 + HNO3 

Nitrous acid is unstable and decomposes, forming further nitric ox
ides; under laboratory conditions all of the oxides of nitrogen are con
verted into dilute nitric acid, a substance obviously not conducive to 
health or the preservation of exposed artifacts. The role of nitric ox
ides in actual air pollution is discussed in the next sections. 

If we leave methane and proceed to heavier hydrocarbons, which 
are liquid rather than gaseous, incomplete or inefficient combustion 
now gives rise not just to carbon monoxide but to the release of un-
burned fluid hydrocarbons into the atmosphere. These unburned 
hydrocarbons can range from methane itself through heavier gaseous 
hydrocarbons (ethane, propane, butane, pentane) to the lighter liquid 
hydrocarbons (hexane, heptane, octane) and upward to still heavier 
molecules. Such hydrocarbons constitute impurities in the atmo
sphere, regardless of their chemical conversions, and many of them 
contribute greatly to photochemical smog. Such smog occurs when air 
containing hydrocarbons and nitrogen compounds is exposed to sun
light and yields pollutants that discolor the sky and irritate plant and 
animal tissues, as in the Los Angeles Basin. Hydrocarbon emissions 
have many sources, including evaporation from fuel tanks, release 
from inefficient carburetors, and from incomplete combustion of 
overly rich fuel mixtures or improperly adjusted engine operations. 

Let us finally turn to coal, which consists primarily of carbon but 
also contains significant amounts of hydrogen, oxygen, nitrogen, and 
sulfur in varying concentrations. Coal differs from petroleum, how
ever, in its ash content. Ash results from the presence of mineral resi
dues of the organic materials from which the coal was formed. If we 
assume coal to be in the form of pure carbon (anthracite coal typically 
has a carbon content of over 90 percent), then the ideal coal combus
tion reaction would be C + 0 2 —> C02 + energy, and no pollution 
problems would be present except for the long-run risks associated 
with an increase in the concentration of carbon dioxide in the atmo-
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sphere. Unfortunately this is only a gross caricature of the air pollu
tion potential of coal combustion. In addition to the previously dis
cussed problems of sulfur oxides formed by burning high-sulfur coal, 
and nitrogen oxides that are released when coal is burned at a high 
temperature, the ash and other solid matter in coal gives rise to par-
ticulates, or small solid particles, which give air pollution a physical 
dimension and complicate its chemical reactions. The chief particu-
late emissions from coal combustion include soot (unburned carbon), 
fly ash (consisting of mineral residues in the coal such as silicon and 
aluminum), and tar, which represents unburned heavy hydrocarbons 
present in the coal. On the other hand, coal combustion results in rel
atively low levels of carbon monoxide and hydrocarbon pollution. 

While air pollution also results from some nonenergy activities, it 
can be said that most of it is a byproduct of combustion processes. 
These combustion processes release chemical and physical pollutants 
into the atmosphere in the form of gaseous compounds or solid parti
cles. These pollutants reside in the air for limited periods of time be
fore being deposited on land or sea. They may then be absorbed wher
ever deposited, or may in some cases be reintroduced into the air, as 
in the dispersal of ashy residues by winds. The atmosphere has a high 
capacity for absorbing wastes, due to its vast volume and the more or 
less continuous mixing of its constituent parts by thermal convection 
currents. The air's capacity to handle wastes by dilution and disper
sion, however, may be overtaxed in areas where excessive concentra
tions of pollutants are emitted. There are five major categories of air 
pollutants: carbon monoxide, hydrocarbon compounds, sulfur oxides, 
nitrogen oxides, and particulates. Table 5.1 shows the estimated quan
tities of these pollutants emitted during the period 1940-1980, in mil
lions of tons per year, over the United States. Unfortunately, research 
on the damage associated with each of these forms of pollutants does 
not allow us to place a cost on each. Of these five, a number of studies 

TABLE 5.1 Emission Levels for Major Air Pollutants, 1940-1980, in Millions of Tons 

Year 

1940 
1950 
1960 
1970 
1975 
1980 

Sulfur 
Oxides 

18.0 
19.9 
19.5 
28.4 
25.6 
23.4 

Particulates 

18.9 
18.1 
17.7 
17.9 
10.6 
8.7 

Carbon 
Monoxide 

65.5 
79.0 
97.8 

112.8 
100.2 
95.0 

Hydrocarbons 

15.0 
20.1 
24.7 
27.2 
23.2 
23.0 

Nitrogen 
Oxides 

6.1 
8.1 

10.9 
17.6 
18.6 
19.8 

SOURCE: For 1940-1960 computed indexes (1970 = 1): Nationwide Air Pollutant Emission Trends, 1940-70, U.S. 
Environmental Protection Agency. For 1970-1980: "National Air Pollutant Emission Estimates, 1970-1981," U.S. 
Environmental Protection Agency. 
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have established substantial health and property damages associated 
with sulfur oxides, suggesting that at existing concentrations sulfur 
oxides are probably the most serious pollutant. 

It is evident from this table that between 1940 and 1972, particu-
lates were the only pollutant to decline while the others increased at 
various rates. This reduction was due simply to the replacement of 
coal, a solid fuel, by fluid fuels without solid residues. Between 1970 
and 1975, however, the impact of air pollution control laws began to 
be felt. Carbon monoxide emissions fell by 11 percent from 112.8 mil
lion tons to 100.2 million. Particulates fell by 41 percent, from 17.9 
million tons to 10.6 million; hydrocarbons fell by 15 percent, and sul
fur oxides fell by about 10 percent, while nitrogen oxides increased by 
6 percent. By 1980, however, even greater progress had been achieved, 
particularly for sulfur oxides, the most serious pollutant. Nitrogen ox
ides remain a prominent exception, resulting from engine design ad
vances to enable more complete combustion of hydrocarbons at higher 
temperatures and pressures. 

The statistics in Table 5.1 indicate substantial progress since 1970 
in the volume of total pollutants. But for inner city dwellers the gains 
have been much greater. Government policies have aimed not only at 
reducing the aggregate quantity of air pollution, but also on reducing 
the concentration of pollutants in the air in densely populated areas. 

As stated earlier, carbon monoxide emissions result from the incom
plete combustion of fuels when insufficient oxygen is supplied to the 
fuel in the combustion chamber. The pronounced increase in carbon 
monoxide emissions between 1940 and 1972 was due largely to the 
increased use of fuels by a growing stock of automobiles. Engine emis
sion control devices have been largely responsible for the decline in 
emissions since 1972. Hydrocarbon emissions increased apace with 
the growth in the use of petroleum fuels, both oil and gas, in both 
mobile and stationary power units. Reduced emissions since 1972 
have resulted from controls on all such power units. 

Table 5.2 shows the percentage of each pollutant resulting from the 
activities of each of five sectors: transportation, stationary fuel com
bustion, industrial processing, solid waste disposal, and miscellaneous 
uses, including such items as forest fires and fires in coal refuse 
dumps. The last line in this table shows the estimated percentage of 
each pollutant originating in energy-related activities, defining this 
category broadly to include energy use in fabrication, processing, and 
elsewhere. It is apparent that energy-related activities account for the 
majority of all air pollution, ranging from 57.9 percent of particulates 
to 98.7 percent of sulfur oxides. The transportation sector is responsi
ble for 64.6 percent of all carbon monoxide emissions, and roughly 
half of all hydrocarbons and nitrogen compounds, but only a few per
cent of particulates and sulfur compounds. Of all particulates, 50.3 
percent are emitted by the industrial sector, and another 24.6 percent 
comes from stationary power plants, with almost all the remainder 
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TABLE 5.2 Emission Levels for Major Air Pollutants, Classified by Source, 1980, in Millions of 
Tons 

Carbon Sulfur Nitrogen 
Monoxide Particulates Oxides Hydrocarbons Oxides 

Totalemission 85.4 17.1 28.9 28.3 28.7 
(in millions of tons) 
Sources (percent) 

Transportation 
Fuel combustion 

(stationary) 
Industrial 
Solid waste 

disposal 
Miscellaneous 
All energy uses 

64.6 
1.4 

9.9 
7.8 

16.3 
76.0 

2.2 
24.6 

50.3 
5.0 

17.9 
57.9 

2.8 
72.6 

23.1 
0.7 

0.8 
98.7 

45.4 
2.2 

15.4 
6.1 

30.9 
64.4 

49.6 
40.4 

0.8 
2.0 

7.2 
88.8 

SOURCE: Environmental protection Agency. 

from the miscellaneous category. Almost 72.6 percent of sulfur oxides 
originate with stationary power plants, with the remainder coming 
largely from industry. Hydrocarbon emissions not accounted for in the 
transportation sector come largely from storage and processing losses 
in the petroleum industry and from other industrial processes. Sta
tionary power plants rank second to transportation in the emission of 
nitrogen oxides, with industry generating very little of this pollutant. 

Carbon monoxide pollution in transportation is confined largely to 
gasoline-powered vehicles, with diesel and jet engines producing very 
little. The catalyst regeneration process in petroleum refining emits 
the bulk of carbon monoxide in the industrial sector. Stationary power 
plants emit little of this pollutant, since their fuel combustion is more 
complete, yielding carbon dioxide rather than carbon monoxide. 

Particulates emitted in energy-related industries come largely from 
the combustion of coal in stationary power plants and from industrial 
applications such as the smelting of metals. Substantial volumes of 
particulates are also generated by forest fires and by the incineration 
of solid wastes. 

By contrast, almost all sulfur oxide emissions are energy-related. 
Sulfur is found in oil, gas, and coal, but is easily and economically 
removable only from natural gas. In petroleum refining, hydrogen de-
sulfurizers operating in conjunction with the catalytic cracking pro
cess can reduce the sulfur content of the lighter refined products such 
as gasoline and jet fuels to insignificant levels. But the heavier the 
product, the higher the sulfur content and (in general) the more costly 
the extraction process. For example, residual fuel oil, a thick viscuous 
oil used by power plants and for marine bunker fuel, can contain more 
than 30 times as much sulfur as gasoline. But the major source of 
sulfur compound emissions is the use of coal and high-sulfur fuel oil 
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in stationary power plants, in both utilities and industry. This coal 
and high-sulfur fuel oil have a sulfur content of about 2.5 percent, cur
rently being reduced to about 1.0 percent after treatment. Other sulfur 
emissions come from the petroleum refining industry, both from the 
hydrogen sulfide stream generated by the desulfurization process it
self, and from the regeneration of the catalysts used in catalytic crack
ing processes. 

Hydrocarbon emissions come primarily from gasoline-powered in
ternal-combustion engines and from evaporation at petroleum storage 
and distribution facilities. Nitrogen oxides come from both mobile 
and stationary power sources. Hydrocarbon and nitrogen oxide emis
sions lead to the most highly visible sort of air pollution, photochem
ical smog. While hydrocarbons are usually emitted due to evaporation 
from, or incomplete burning of, petroleum fuels, nitrogen oxides result 
from the burning of fuels at high temperatures and pressures with rel
atively high efficiency. The high temperatures promote reaction of the 
fuel substance with atmospheric nitrogen. It is one of the ironies of 
the automobile air pollution control saga that measures originally de
signed to reduce carbon monoxide and hydrocarbon emissions caused 
an increase in nitrogen oxides. Since both carbon monoxide and hy
drocarbon emissions in exhaust gases are an indication of incomplete 
combustion due to oxygen deficiency in the fuel mixture, the remedy 
appears to lie in increasing the ratio of air to fuel. Unfortunately this 
leaner fuel mixture burns at a higher temperature, increasing nitrogen 
oxides by about 40 percent. 

Photochemical smog is produced by the action of sunlight on hydro
carbons and nitrogen oxides. The reactions involved are complex and 
imperfectly understood, but the most important of them cause the 
production of ozone from nitrogen dioxide and the creation of numer
ous organic irritants called peroxyacyl nitrates (PAN) from the hydro
carbons. Ozone is toxic in very low concentrations, has a foul odor, 
complicates respiration, and is very harmful to plant life. Peroxyacyl 
nitrates act as eye irritants and are also quite harmful to plants. 

A final energy-related air pollutant is lead, a highly toxic element 
released into the atmosphere by the combustion of leaded gasoline. In 
1983, about 90,000 tons of lead were thus released, some of which was 
ingested and stored in the tissues of human beings. But leaded gaso
line is in the process of being phased out (the amount of lead released 
in 1968 was 420,000 tons) because of the requirement that all new cars 
be equipped with catalytic converters that oxidize the hydrocarbon 
and carbon monoxide components of the exhaust stream into carbon 
dioxide and water. Since leaded fuels deactivate these devices, only 
unleaded gasoline can be used in automobiles produced in recent 
years. Since the laws began to take effect in the mid-1970s, the con
sumption of leaded gasoline has fallen sharply and will continue to be 
phased out, since the average service life of an automobile is limited 
to about ten years. 
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Very Long-Run Air Pollution Dilemmas 

The Problem of Carbon Dioxide Buildup. In the short and intermediate 
runs, the solution of the air pollution problem is largely a matter of 
imposing taxes or standards to improve combustion efficiency, emis
sion quality, and the sulfur content of fuels. Such programs, as we 
have seen, can within a decade or so reduce the volumes of the major 
air pollutants that are emitted, without necessarily reducing the level 
of operation of energy industries themselves. But combustion pro
cesses of all sorts release increasing volumes of carbon dioxide each 
year. There is growing concern over the very long-run effects of an 
increase in the carbon dioxide content of the atmosphere. This con
cern stems from (1) the rapid buildup of atmospheric C02 since the 
late 1950s, and (2) the probable consequences of the higher average 
world temperatures resulting from the increasing C02 concentrations. 
The problem is unusually serious because it is very long term in na
ture—elevated levels of carbon dioxide will not be reduced for centu
ries even if current fuel combustion were to be greatly curtailed. In 
addition, agreements to achieve such curtailment should prove vir
tually impossible to obtain since elements of market failure are pre
dominant. If one country cuts its rate of fuel combustion, it bears the 
full cost in terms of reduction in its economic activity level, while the 
benefits of its action are shared with the entire world, due to the ho
mogeneous dispersion of atmospheric C02 worldwide. Third, it ap
pears that the world is already experiencing a long-run warming 
trend, which is likely to change optimal world crop growth and pop
ulation density patterns significantly; an additional warming trend 
from increasing fossil fuel combustion could make matters a great 
deal worse.1 

The fundamental problem arises because of the so-called "green
house effect." Carbon dioxide is transparent to incoming solar radia
tion, but largely opaque to the reflection of solar energy back out into 
space. Thus the higher the atmospheric content of C02, the greater the 
tendency for the air to heat up at lower levels due to the retention of 
solar heat near the earth's surface. The problem and its possible solu
tions are complicated by additional difficulties and uncertainties. C02 
is not the only compound having such an effect; there are a number of 
so-called "greenhouse gases" such as chlorofluorocarbons, nitrous ox
ide, methane, and tropospheric ozone; while these gases are produced 
in smaller volumes than C02, they have been rapidly increasing in 
recent decades, and often have a much more pronounced greenhouse 
effect per volume unit than carbon dioxide does. In addition, the prob
lem of C02 buildup has been accelerated by the worldwide trend to
ward deforestation, as forests have typically been large consumers of 
carbon dioxide. 

The C02 problem is a very long-range problem involving changing 
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ecological equilibrium on a global level. What help can the economist 
provide? We can only try to identify the known facts, appraise the 
uncertainties, suggest policies, question their feasibility, and issue 
warnings. The simplest view is that increasing combustion of fossil 
fuels increases C02 levels, and makes climates warmer worldwide. The 
resulting increase in heat will on balance increase the length of grow
ing seasons but will significantly reduce rainfall, increasing the size of 
existing deserts, and will tend to lower total crop production. More 
ominously, rising ocean temperatures will melt existing ice caps in 
Greenland and Antarctica, raising ocean levels and inundating coastal 
areas worldwide. The higher temperatures at the earth's surface will 
also result in significant purely thermal expansion of the oceans, fur
ther raising the level of the sea. It is easy to project astronomical costs 
from the necessity to protect coasts with lengthy dikes of increasing 
height, and from the expected decline in world crop harvests. 

The evidence for increasing C02 concentrations is impressive: be
tween 1958 and 1982 the increase was from 315 to 340 parts per mil
lion, or a total of 8 percent over a period of only 24 years—roughly 1/3 
of one percent per year. Depending upon one's forecast of the growth 
in fossil fuel combustion, one can project a doubling of the carbon 
dioxide concentration in 50 to 250 years. Current studies predict that 
a doubling of C02 concentrations will raise average global tempera
tures by from 1.5 to 4.5 degrees centigrade. A doubling of the concen
tration of the other greenhouse gases would jointly raise temperatures 
by about the same order of magnitude, although the doubling time for 
the other gases would probably not coincide closely with that for car
bon dioxide. 

This implies that perhaps by the year 2050 the temperature may be 
from 3.0 to 9.0 degrees centigrade warmer, which is a rate of heat 
increase unknown during the period of civilized human life. The im
pact on agriculture is likely to be significant, and on the whole nega
tive. If we look at the prospects for crops in temperate regions, there 
are several important effects, which are difficult to assess either indi
vidually or in conjunction. First, it appears that higher C02 concentra
tions will promote more rapid crop growth, just as a higher oxygen 
content in the air would promote animal respiration. For the next few 
decades an increase in crop yields of about 5 percent might by pro
jected, other things being equal. Unfortunately, however, warmer cli
mates tend to be drier, and a drop in rainfall would cut crop yields by 
about 5 to 10 percent in areas where rainfall is relied upon for mois
ture. Where irrigation is relied upon, the outlook is still less favorable, 
with yield decreases of 25 percent or more foreseeable in areas hard 
hit by declining precipitation. While there will be some increase in the 
length of the growing season, this will usually be offset by drier soil 
conditions. 

The problems associated with rising sea levels appear to be some-
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what less urgent over the next 50 or more years, but perhaps increas
ingly troublesome thereafter. It is not widely known that the sea level 
has been rising by about 3 feet per century over the last 15,000 years, 
so that a rise of more than 450 feet has occurred since the end of the 
last ice age. During the last few centuries the rise has been much 
smaller than the longer-run average—perhaps 8 to 10 inches per cen
tury. A warming of the earth's surface would mean rapid heating of 
land areas but much slower heating of the oceans due to the greater 
resistance of water, as compared to air, in absorbing heat. Eventually 
the oceans would warm up, however, and their levels would rise. It is 
estimated that within the next century a rise of about 16 inches will 
be due to the melting of alpine and continental glaciers and another 
12 inches due to the expansion of warmer waters, for a total of about 
28 inches. Really major increases in ocean levels could occur within 
the next two or three centuries if the west Antarctic ice sheet (large 
ice masses resting on bedrock below the level of the ocean) were to 
collapse, with resulting elevations of 15 to 20 feet in mean sea level. 

Although a sea rise of 28 inches in 100 years does not sound formi
dable, it could pose real problems in coastal areas where erosion, 
storm surges, and encroachment of saline waters upon fresh ground-
water aquifers represent hazards that are expensive to combat. For 
increases of 15 to 20 feet, very expensive dikes and landfills might be 
the only alternative to abandonment and relocation. 

An optimal strategy for coping with all the probable consequences 
of climate change due to energy-related activities would have to be 
very comprehensive, global in scale for most purposes, and flexibly 
adapted to national, regional, and local conditions for many others. 
Such a strategy would have many elements. First, some C02 emissions 
could be prevented. High taxes on carbon-intensive fuels such as coal 
could reduce their consumption. This would tend to be a rather costly 
method for those adopting it, particularly if world adoption of such 
measures is less than universal. Second, attempts might be made to 
reduce existing concentrations of carbon dioxide. Again, this strategy 
would appear to be highly costly. One possible way is to increase the 
world's standing forests. More trees mean that more carbon is re
moved from the atmosphere and is fixed (during the life of the tree) in 
the tree's own structure. More leaves and branches active in the pro
cess of photosynthesis "sweep" the air more intensively and remove 
C02 from the air, contributing more oxygen in return. 

Third, it might be possible to make countervailing changes in the 
climate. To this end various agencies might attempt to alter rainfall 
patterns and the tracks of tropical storms and hurricanes, and to 
change cloud cover configurations. At present these techniques are not 
fully developed in their feasibility and reliability, and their use could 
provoke international confrontations, as when rain, for example, is di
verted from one country to another. On a more manageable scale it 
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might be economical to insure greater and more flexible water sup
plies by building dams, constructing canals and aqueducts, and alter
ing river courses, although here too international and interregional 
conflicts are very likely. 

Fourth, a policy of successive adaptation to changing conditions 
might be chosen. Through compensatory adaptation, vulnerability 
could be reduced and impacts could perhaps be gradually absorbed. 
This would involve considerable migration, changes in agricultural 
practices, different cultivation patterns, development of new plant va
rieties, changes in crop mixes and dietary habits, adoption of various 
regulations in energy-consuming sectors, the improvement of water-
use efficiency, and similar measures. 

Economists might be expected to prefer the fourth type of program 
as ways of meeting a gradually developing set of changes in climatic 
conditions, since it suggests continual incremental adaptation at var
ious margins. This is a reasonable position to hold. Nevertheless, due 
to difficulties in cooperation over time and space and to lack of fore
sight, certain problems may arise. Two situations may be pointed out. 
First, it is possible that more dikes and seawalls will be built than are 
truly economical. Given the very gradual rate of change in the sea 
level, seawalls will appear attractive at the outset, and once they have 
been built, it will always seem preferable to reinforce and extend 
them rather than to evacuate a given area. Second, as farm lands be
come more arid, there will be a strong tendency to adopt protective 
measures limiting imports and to arrange subsidies for continued 
farming and expanded irrigation facilities. If the region itself has 
strong political power, it may favor measures that sink increasing 
sums of money in less and less economical farming methods, increas
ing the cost of food and the risk of crop failure as long as such uneco
nomical programs can be maintained. 

Before adopting any particular strategy, much more research must 
be done. Research might first be aimed at clarifying the nature of the 
carbon cycle. How much of the carbon dioxide emitted from fossil 
fuels remains in the atmosphere, and for how long? How much is 
stored in the oceans, on land, and in marine sediments? These ques
tions were asked before, but there may be some urgency in supplying 
an answer. We know in a general way that carbon in the atmosphere 
is extracted by growing plants, which use it as an input in their pho
tosynthesis, but which then yield back this carbon when they die and 
decay. Only part of this carbon is, however, returned to the air; over 
time much of it is transported to the ocean and buried in marine sed
iments. How much remains buried is a matter of speculation at pres
ent. Due to the limited number of drilling samples taken worldwide 
to date, the estimates range all the way from one trillion to 500 trillion 
tons. 

The other major economic recommendation is that funds should 
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somehow be provided for the more extensive and accurate worldwide 
monitoring of atmospheric concentrations of C02, other greenhouse 
gases, volcanic ash, aerosols, ozone, and solar radiation itself. In ad
dition, adequate monitoring should be done to determine changes in 
surface and atmospheric temperatures, rainfall and cloud cover, snow 
and sea-ice cover, polar ice-sheet mass balances, sea levels, and radia
tion fluxes at the top of the atmosphere. The costs of such monitoring, 
spread over a worldwide base, should not be particularly large; in the 
present limited state of our knowledge, it would bring more than com
mensurate benefits. 

The Problem of Acid Rain. A final long-term aspect of energy-related 
air pollution deserving separate consideration is the phenomenon of 
acid rain—or, more properly speaking, of acid deposition, since the 
acids in question are conveyed not only by rain but also by fog and 
snow, and in dry form as chemical precursor gases by direct distribu
tion. Acid deposition incidents may be brief but their consequences, 
like those of C02 build-up, are very long-lasting (although localized 
rather than global). The problems occur when combustion and other 
processes release sulfur oxides and nitrogen oxides into the atmo
sphere, some portions of which are converted to acids that reach the 
ground in the form of rain, snow, fog, or dry deposits. The acids may 
be deposited 100 to 1000 miles or more from the source of the emis
sions, and the environmental damage is most severe for those soils, 
lakes, trees, fish, and crop species that are particularly susceptible to 
disruption from increased acidity. While the phenomenon of acid dep
osition would largely cease in a few months after all surfur and nitro
gen oxide emissions ceased, damage to forests and particularly lakes 
might not be reversed for a number of centuries. Paradoxically, at a 
time when high-sulfur coal burning has been stabilized, forests in Ger
many, Sweden, Czechoslavakia, and Poland are suddenly dying. The 
diagnosis is that previous levels of acid rain slowly weakened the re
sistance of the forests to drought and disease. 

It might appear that control of acid rain would be a simple matter. 
After all, sulfur oxide emissions have been reduced dramatically. But 
the problem of acid rain is interwoven with international relations. 
Much of the acid rain emanating from French, German, Italian, and 
British industry is ultimately deposited in the Scandinavian countries. 
On a smaller scale the United States exports acid rain to Canada from 
utility plants located along the Great Lakes. Under these conditions, 
the benefits of reducing pollution and the cost of reducing pollution 
fall quite unevenly, providing little incentive for polluting countries to 
reduce sulfur emissions. Furthermore, there is genuine disagreement 
in the academic community about the magnitude of the benefits from 
reductions in sulfur oxide emissions, because of the apparent long-
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term effects of acid rain and its interaction with other pollutants. 
Thus even if one agrees that acid rain must be reduced, the question 
becomes: "How much?" 

One might conclude that not much action will be taken to reduce 
acid rain. But this overlooks the widespread concern in Europe about 
continued eradication of the forests. In 1983, virtually all European 
countries agreed to reduce their sulfur emissions to 70% of their 1983 
levels by the year 2000. While this cooperation is an encouraging de
velopment, acid rain seems likely to remain a serious long-term pol
lution problem. 

WATER POLLUTION 
Energy activities do not loom nearly as large in land and water pol
lution as they do in air contamination. While most air pollution re
sults from combustion, water pollution has numerous sources: dis
posal of solid and liquid wastes, surface runoff, thermal pollution, and 
the like. The physical and economic characteristics of pollution are 
also somewhat different. If air pollution controls are more strictly en
forced than water pollution laws, polluters may try to capture some 
pollutants in liquid form for disposal in rivers, lakes, and bays. But 
the capacity of rivers and other inland bodies of water to absorb pol
lutants is less than that of the air. 

Historically, water pollution was the first kind of pollution to be 
subjected to public control. Fear of epidemics spread by contaminated 
drinking water led to water treatment by municipalities. This action, 
however, established the somewhat unfortunate precedent that treat
ment was applied to the input of the water plant rather than to the 
output of polluters. This decision is easy to understand in terms of 
economics. Treatment of water by chlorination was cheap and effec
tive, and costs and benefits were well matched since the expenses in
curred by the city benefited only its own water uses. Cleaning up a 
river as it flowed through the city would be of primary benefit to 
downstream water users who were beyond the taxing jurisdiction of 
the city. 

Water pollutants can be classified in many ways. Physically they 
consist of liquids (both mixtures and compounds), suspended solids, 
larger solids, and energy in the form of heat or radiation. By source, 
one can distinguish among the pollutants discharged from agriculture 
(fertilizers, herbicides, pesticides, and erosion sediments), industry 
(heat, solids, liquids, radiation), mining (sediments, acids, ore wastes), 
electrical power generation (heat and nuclear wastes), navigation (gar
bage and fuel wastes), and municipal wastes (sewage, detergents, gar
bage, trash, and urban drainage, including road salt and suspended 
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sediments). Another important classification is that between biode
gradable and nondegradable wastes, with plastics and many other 
synthetic organic chemical substances in the latter category. 

Rivers have a certain natural capacity to absorb biodegradable pol
lutants. This capacity depends upon several factors, notably upon the 
amount of dissolved oxygen available to support the microorganisms 
responsible for waste decomposition. The dissolved oxygen content 
varies directly with stream turbulence and inversely with temperature 
of the water. Thus, to preserve the waste-handling capacity of a body 
of water the temperature must not be increased, and the introduction 
of substances toxic to the necessary microorganisms must be avoided. 
Loss of dissolved oxygen results not only in reduction of fish popula
tion but eventually in the creation of an anaerobic environment, 
within which waste decomposition proceeds to the accompaniment of 
foul odors and scenic blight. 

Energy industries contribute to water pollution primarily through 
thermal effects and to a much lesser extent through the introduction 
of fuels into bodies of water. Actual waste discharges by industries in 
the energy sector into water channels account for only 1 or 2 percent 
of the biochemical oxygen demand (BOD) of discharged wastes. In 
contrast, thermally inefficient energy conversion processes are respon
sible for heat pollution; that part of the energy content of the fuel 
input which is not converted into useful work appears in the form of 
heat and must somehow be dissipated. Quantitatively the most signif
icant thermal polluters are the relatively fuel-inefficient energy con
verters in the generation of electricity by conventional and nuclear 
power plants, which are estimated to account for over 70 percent of 
thermal pollution. The environmental consequences of this thermal 
pollution consist chiefly of the impairment of the capacity of heated 
streams to decompose wastes. Thermal pollution of bodies of water 
can be controlled by further cooling of process waters in cooling tow
ers before they are discharged into streams and lakes. 

The environmental impact of crude oil spills at sea has been exag
gerated by the communications media. Crude oil is biodegradable; 
moreover, there are vast volumes of ocean water available for ade
quate dilution and dispersion unless large spills occur close to shore
lines. It has been estimated that on a worldwide basis, tanker acci
dents account for about 150,000 tons of oil per year, or about 10 
percent of the total annual oil release of about 1.5 million tons into 
the oceans. Offshore drilling accidents worldwide release only about 
28,000 tons, while runoff from onshore operations like refining pro
vides about half a million tons per year. Cargo handling in ports is 
responsible for only a very small amount—some 3000 tons per year— 
while the majority of all oil introduced into the sea comes from tank
ers that must take on seawater as ballast after delivering their oil car
gos. Of this total of about 850,000 tons, some 80 percent was released 
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by about 12 percent of the world tanker fleet—that portion which does 
not use the load-on-top method of carriage. Mandatory use of the load-
on-top method would thus greatly reduce the presence of oil in the 
oceans. It is likely, however, that natural sources, such as crude oil 
seeps from ocean floors, are more than comparable in magnitude with 
all other sources. Oil spillage on land in the United States is negligi
ble, since losses from pipeline leaks amount to only about 0.006 per
cent of all oil transported. 

SOLID WASTE POLLUTION 
The disposal of solid wastes presents a different class of problems. 
Burial helps, although it can be costly and land-consuming, and there 
is always the dilemma: How do you bury a pile of dirt? Only Chicago 
has been imaginative enough to make a virtue of necessity by erecting 
Mount Trashmore, a garbage-based hill that provides regionally 
unique recreational opportunities for skiing and tobogganing. 

Solid wastes are produced in the United States at an annual rate of 
about 4.5 billion tons per year, of which about 50 percent is agricul
tural, 40 percent comes from mining, 7 percent from commercial and 
residential trash, and only about 3 percent from industry. The classi
cal approach to handling solid wastes has simply been to transport 
them out of sight to some dumping area, concentrating them without 
treatment. Sanitary landfills that cover garbage with layers of dirt 
have been instituted in some areas. 

The greatest solid waste disposal problems in energy industries are 
those associated with coal mining. Solid waste pollution from coal
mining activities and the related health hazards faced by underground 
miners tend to be concentrated in specific regions and groups. Coal 
mining is usually regarded as one of the more dangerous industrial 
occupations. In a competitive labor market, the higher the perceived 
risk of injury or death, the higher the wage rate that will be required. 
In any occupation, workers will insist upon a trade-off between higher 
perceived risks and higher wages. At sufficiently high wage rates, so
ciety will obtain equilibrium numbers of deep sea divers, steeplejacks, 
and drivers of high explosives trucks. While the incidence of fatalities 
among miners has been slowly declining over the years, the annual 
number of deaths in underground mines is still significant. 

The most expensive of the health hazards of coal mining is the con
dition known as black lung. The volumes of coal dust produced in cer
tain types of underground mining overwhelm the defenses of the respi
ratory system and injure the lung cells so as to produce a form of 
emphysema. Since the passage of the Coal Mine Health and Safety 
Law of 1969, claims for victim compensation have resulted in pay-
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ments totaling over half a billion dollars per year. Adding these sums 
to the price of coal would increase coal costs by about 10 percent. 

The surface mining of coal has a much better health and safety rec
ord than underground mining, but its environmental impact has been 
the subject of a variety of criticisms. In strip mining, large power 
shovels remove the soil above the coal seam and then mine the ex
posed coal beds. In flat terrain, as soon as the coal is mined, a new 
trench parallel to the mined area is dug and the overburden soil re
moved from the new trench is dumped into the mined-out area. As 
mining progresses the process is repeated again and again. In moun
tainous terrain, a trench is first cut at the location where the coal 
seam is exposed at the surface. The overburden is dumped down the 
slopes of the mountain to settle where it will. As the coal is mined, 
successively deeper cuts are likely to be made into the mountainside, 
with the trenches following the contour of the hillsides. If the coal bed 
is flat while the mountain is steep, at some point the overburden 
above the coal seam will be too high to remove and other methods of 
mining must be employed on the exposed seam face. 

Overburdens of up to 200 feet have been removed in flat areas, al
though this exceeds the currently economic limit in mountainous re
gions. Erosion from unreclaimed strip mine areas is a serious prob
lem, and is naturally more troublesome in regions of pronounced 
surface relief, where erosion from access roads may be even more in
tense than the erosion from the spoil banks of piled-up disturbed over
burden. Spoil banks may from time to time release boulders on down
hill regions, and entire portions of such spoil banks may break away 
in the form of a landslide. Most coal contains sulfur, and sulfuric acid 
is formed when water reaches the remains of coal seams, making the 
spoil banks hostile to plant life. Acids are leached out of the spoil 
banks by rain, and local streams may become too acidic to support 
aquatic life. 

Most strip-mined land can be readily reclaimed, although at varying 
costs, with costs for reclaiming contour-mined land being among the 
highest. Full reclamation, involving restoration of the original surface 
condition, can be quite expensive, requiring refilling, grading, drain
ing, fertilizing, and seeding operations. It has been estimated that ef
ficient reclamation would add 5 to 15 percent to the cost of strip-
mined coal for seams of reasonable thickness. 

Other environmental problems associated with coal mining include 
the seeping of sulfuric acid from abandoned underground mines that 
have become flooded, the incidence of land subsidence over under
ground mines, and the prevalence of fires in abandoned coal mines, 
which cause heat and air pollution, damaging surface vegetation while 
the fires consume coal reserves. Finally, mine waste heaps, created as 
a byproduct of the washing of coal to remove impurities, are not only 
eyesores but are also the source of wind and water pollution, while 
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those that are on fire are also the cause of local air and heat pollution. 
Still, the amount of land damage from strip mining is often exagger
ated. Less than 0.1 percent of the surface area of the country has ever 
been disturbed by strip mining, although increased reliance on coal 
and oil shale in the future will increase this fraction. 

RADIATION POLLUTION 
A radioactive element is one that is structurally unstable at the atomic 
level, possessing an excess of mass, energy, or electric charge. The ra
dioactive decay of these unstable elements releases three types of ra
diation, which can be regarded as pollutants since they tend to inter
fere with vital processes: (1) alpha particles, which consist of expelled 
helium atom nuclei; (2) beta particles, which consist of fast electrons; 
and (3) gamma rays, which are pure electromagnetic energy, similar 
to X-rays but more penetrating. 

Radioactive elements achieve eventual stability by radiating excess 
energy or mass. The more rapid this radiation, the sooner stability is 
achieved, and the sooner the element ceases to be radioactive. Radio
active elements have half-lives, measured by the amount of time it 
takes for half of the radioactive nuclei present at any point in time to 
decay. The shorter the half-life, the more intense and hence dangerous 
the radiation, but the sooner it ceases. Isotopes with very long half-
lives have weaker radiation and are less dangerous. Radiation hazards 
from materials with short half-lives can be handled by storage for rel
atively brief periods. Materials with very long half-lives do not have 
to be handled so carefully since their radiation is weak. It is the class 
of radioactive materials with intermediate half-lives, roughly from 10 
to 100 years, where prolonged storage is necessary, that pose the most 
difficult problems. (Plutonium is an exception, having a long half-life 
but also being extremely hazardous.) 

Nuclear energy involves the splitting of the nuclei of heavy ele
ments, but does not accomplish their annihilation into pure energy. 
Only about 0.1 percent of the mass of the heavy nucleus is converted 
into energy; the remainder of the wreckage of the heavy nucleus usu
ally forms the nuclei of two lighter elements, both structurally unsta
ble and hence radioactive. Since these lighter nuclei usually have an 
excess of neutrons, the most common form of radiation is beta parti
cles; in this process neutrons are changed to protons by the emission 
of fast electrons. Alpha particles (such as are emitted by plutonium) 
carry away excess mass, while gamma rays dispose of excess energy. 

Radiation causes damage because these particles and rays have 
great kinetic energy that can propel them through matter, including 
living tissues. The collision of these rays and particles with the cells 
of an organism damages them and may lead to cancer and other dis-
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orders, although only after an incubation period of many years. Radia
tion may also bring about genetic mutations, but time lags of one gen
eration or more may be required. While massive dosages of radiation 
may be immediately lethal, the effects of small doses absorbed over 
many years are much milder and can be measured only in a statistical 
sense, with the interpretation of the statistical record often a matter 
of some controversy. The situation is further complicated by the pres
ence of natural radiation from the soil, from cosmic rays, and from 
other sources. Exposure to minimal radiation does not seem to in
crease the risk of cancer very greatly. Without exposure to other than 
background levels of natural radiation, for example, the average per
son has three chances in a thousand of developing leukemia, a variety 
of blood cancer. Exposure to the minimum recommended additional 
man-made radiation will increase the risk to only 3.1 chances in a 
thousand. 

Radioactive pollution from nuclear reactors involves solids, liquids, 
and gases. The water that circulates inside a reactor does not itself 
become radioactive, but the impurities in the water that result from 
the corrosion of pipes and valves do become radioactive as the water 
passes through the reactor core. Much liquid radioactive waste is ac
cumulated during operations, particularly during maintenance and re
fueling. The circulating water is constantly being filtered to remove 
radioactive substances, which are then kept for a while in holding 
tanks to let the materials with short half-lives decay. This water is 
then slowly released into the cooling water stream, and is thus diluted 
by mixture with the very large volumes of water returned to the river 
or lake supplying the reactor. 

Gaseous wastes are produced in those reactors where steam is in 
contact with the core and thus absorbs some of the gaseous fission 
products. Such gases are stored and then filtered before release to the 
atmosphere. Solid wastes are primarily concentrated in the uranium 
fuel rods themselves, although the wastes obtained from filtering the 
reactor water and gases are concentrated by evaporation, put in bar
rels, mixed with concrete, and stored in remote locations. The fuel 
rods are removed from the reactor core after about a year of operation 
and are stored under water for several months to permit the shorter-
lived isotopes to decay. Spent fuel rods were formerly shipped to re
processing plants where usable fuel materials were salvaged from the 
fission byproducts, with the short-lived products again being sepa
rated and held until they decay. No reprocessing plants are now in 
operation, and they are prohibited under present federal policy be
cause of the danger of plutonium theft. The remaining "high-level" 
wastes are then present in liquid form. Since some of the isotopes in
volved have half-lives of over 100 years, these substances must be 
stored safely for several centuries. There are already over 100 million 
gallons of these wastes, mostly generated by military programs, stored 
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at facilities in Hanford, Washington and at the Savannah River plant 
in South Carolina. 

Even under the best of circumstances, controlling radiation pollu
tion from nuclear power operations will be an exacting task. The real 
hazards lie in the possibility of reactor accidents, or of the diversion 
of nuclear materials in transit for further processing into the hands of 
those who wish to put these materials to destructive ends. Strong safe
guards are needed against such contingencies. 

POLLUTION POTENTIAL OF 
MAJOR ENERGY SOURCES: 

A SUMMARY 
The pollution potential of the major energy sources can be very briefly 
summarized. Natural gas is the least polluting due to its comparative 
freedom from undesirable byproducts of combustion. Petroleum and 
coal are then considered, followed by hydroelectric and nuclear 
power. In a brief concluding section the probable environmental 
drawbacks of new sources of energy are discussed in broad terms. 

Natural Gas 
Natural gas occasions less air pollution than other conventional fuels 
for several reasons. First, natural gas has fewer impurities. Second, it 
is relatively easy and inexpensive to remove these impurities, such as 
sulfur, from the gas before it is burned. Third, combustion is com
plete. The hydrocarbons are converted by oxidation to carbon dioxide 
and water, with the release of energy. No carbon monoxide, unburned 
hydrocarbons, or particulates are produced. 

As do all fossil fuels, natural gas does give rise to carbon dioxide, a 
potential long-term pollutant. Additionally, natural gas causes nitro
gen oxide emissions since its very efficient combustion properties per
mit high temperatures to be achieved, and whenever the air is heated 
to 1000°C or above, the oxygen and nitrogen naturally present in the 
atmosphere are combined into nitric oxide, an ingredient in photo
chemical smog. Gas has a higher thermal efficiency than coal or oil as 
a boiler fuel, so its potential for thermal pollution is correspondingly 
lower. 

Crude Oil and Petroleum Products 
Crude oil is rarely burned directly as a fuel as is coal or natural gas. 
Refined products vary in their pollution potential. The two products 
that have received greatest attention are gasoline and fuel oil. Gaso
line used in internal combustion engines emits several pollutants: car-
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bon monoxide, nitrogen oxides, hydrocarbons, and lead. Lead is cur
rently being phased out, and carbon monoxide and hydrocarbon 
emissions are being combatted by the installation of catalytic conver
ters on new cars. As noted earlier, the more complete combustion has 
increased nitrogen oxide pollutants. Fuel oils contain sulfur that re
sults in sulfur oxide pollution unless it is removed by various pro
cesses. Since the cost of such desulfurization is quite substantial, 
crude oils that are naturally low in surfur command a considerable 
price premium. 

Coal 
Unfortunately, America's most plentiful fuel, coal, is the major source 
of emissions of particulates and sulfur compounds. At existing concen
trations, sulfur oxides are viewed as the most serious form of air pol
lution. In addition, the problem of acid rain is directly linked to sulfur 
oxides. But coal has other problems in addition to air pollution. Most 
of these are related to solid waste from strip mining and the waste 
piles resulting from the washing of coal at the mine. In addition, there 
are such adverse environmental effects of underground mining as land 
subsidence, persistent mine fires, miner lung disease, and fatal acci
dents. Legislation on mine safety and on strip mining practices has 
raised coal costs to pay for health and environmental effects. Costs of 
desulfurization must also be paid by coal buyers if high-sulfur coal is 
to be used in many localities. The failure to develop low-cost desulfur
ization processes has reduced the role that coal would otherwise play 
in the energy market. Despite these environmental problems, coal is 
still likely to have quite a prominent position. Present trends call for 
the increased production of more low-sulfur coal, principally strip-
mined coal from the western United States. 

Hydroelectric Power 
Hydroelectric power has a very low pollution impact, although it is 
not entirely without environmental effects. Its air pollution impact is 
zero since hydropower is derived from the energy of falling water and 
no fuels are burned. Water pollution as such can be avoided by proper 
design of installations. Thermal pollution is, at worst, mild since the 
conversion of kinetic energy to electricity in large plants takes place 
at an efficiency of about 85 percent. There is neither solid waste nor 
radiation. 

There are, however, some effects on the ecology and appearance of 
the river system. Fish migration is at least somewhat impeded. The 
channel silts up behind the dam. Seasonal flooding is eliminated. Most 
important from the point of view of many environmentalists is the 
effect on scenic values. Scenic canyons drowned by lakes are lost to 

ENERGY ECONOMICS AND POLICY 



view, and although the lakes behind the dams may be attractive at 
high water levels, variations in the water level over a period of years 
usually disfigure the shoreline by causing rock discoloration or 
changes in vegetation patterns. 

Nuclear Power 
While nuclear power plants do not give rise to air pollution, they usu
ally cause considerable thermal water pollution because of their low 
thermal efficiency and consequent need for large amounts of cooling 
water. Their effect on land surfaces is certainly less than that of coal 
mining since uranium mining requires much less excavation per unit 
of energy content of extracted fuels. Radiation pollution is of course 
the major drawback. While the actual pollution of air and water re
sources by nuclear plants may be kept to low levels, the long-run haz
ard of the storage of high-level nuclear wastes underground is hard to 
appraise. Additional environmental drawbacks concern other aspects 
of nuclear wastes: Their transportation between reactors and process
ing plants, with the attendant hazards of accidents, and the fact that 
in order to enrich uranium much electrical energy is needed, most of 
which is presently supplied by strip-mined coal with its own pollution 
complications. Public concern over nuclear reactor accidents in
creased greatly following the misadvantures at the Three Mile Island 
reactor near Harrisburg, Pennsylvania in March, 1979. In such reac
tors, the heat developed within the core must be controlled in order 
to avoid the escape of radioactive materials into the environment. Un
controlled overheating will ultimately lead to the meltdown of the nu
clear fuel mass, the destruction of the core, the probable melt-through 
of the reactor pressure vessel, and the possible breakthrough of the 
molten mass of the reactor material through the containment slab. 
While coolant failure will almost certainly trigger the shutdown of the 
reactor, catastrophic levels of radiation may escape. 

At Three Mile Island, multiple mechanical failures combined with 
staggering operator errors to produce serious reactor core damage. 
Fortunately, a meltdown was avoided and radiation emissions were 
minor. Study groups concluded that inadequate operator training (due 
in part to the feeling that automatic safety devices have made reactors 
"people-proof ') led personnel to manually override automatic safety 
devices due to their inadequate understanding of reactor operations. 
While better training programs will reduce such risks in the future, 
this incident provides a serious reminder that the probability of a nu
clear accident, although absolutely small, is not zero. 

New Energy Sources 
Although new energy sources are considered at length in Chapter 10, 
it may be useful to provide the student with some conception of their 
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comparative environmental effects at this point. Some of the new en
ergy sources rely upon combustion and thus have the same air pollu
tion potential as existing fuels, with one or two important exceptions. 
Other new sources bypass the combustion phase and thus reduce air 
pollution hazards. Still other sources avoid one type of pollution but 
aggravate other types. 

Synthetic liquid fuels from coal and oil shale can be processed to 
yield refined products more or less identical to those derived from 
crude oil. An important advantage of the synthetic approach, however, 
is that sulfur and other impurities can be removed from coal and shale 
during the basic conversion process, thus reducing sulfur oxide pollu
tion. But the underground and strip mining operations necessary to 
extract coal and shale will cause adverse solid waste effects in other 
parts of the environment. Oil shale has additional waste disposal 
problems that may give rise to air pollution. For each cubic foot of 
shale rock processed, more than one cubic foot of light mineral ash is 
produced; this ash is easily blown aloft by winds and could be dis
persed widely unless expensive control methods are employed. Both 
coal liquefaction and oil shale processing also use large amounts of 
water, which while physically available are relatively scarce in the 
western areas of the country where the mining would occur. Coal liq
uefaction will also result in large volumes of solid wastes, since not all 
of the coal can be liquefied, leaving solid residues that may not be 
marketable. Coal gasification poses environmental issues similar to 
those of coal liquefaction. 

The development of geothermal energy will give rise to relatively 
little air pollution since the heat is produced by steam rather than by 
fuel combustion, although there are sulfur and other impurities in 
some geothermal emissions. Geopressurized methane deposits will 
yield natural gas, but the cost of disposing of large volumes of hot salt 
water may be prohibitive unless these brines are suitable for disposal 
offshore in the Gulf of Mexico. 

Solar energy appeals to many because of its freedom from the usual 
pollution problems. Solar home heating units use the sun's energy to 
heat water directly without any air pollution—not even carbon diox
ide. Furthermore, there are no problems with water, solid waste, or 
radioactive pollution. In addition, energy production is decentralized 
and thus immune to failures of the distribution system such as oc
curred in New York City during the 1960s. Besides solar heating, a 
variety of other solar technologies exist. Even steerably mounted solar 
reflector panels for electricity production produce steam for electricity 
generation without the usual byproducts of air pollution. In sum, be
cause of solar's excellent environmental characteristics, many view so
lar as our most promising fuel source for the future. 

Breeder reactors will pose worse radioactive pollution hazards than 
the present generation of burner reactors, although the mining activi-
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ties necessary to support them will probably be less extensive. If and 
when the fusion reactor is commercially available, pollution hazards 
will decline dramatically, as will the dangers from reactor accidents. 
The pollution potential is reduced because the only radioactive sub
stance involved is tritium, which is only mildly hazardous. Per unit of 
possible power output, the radioactivity problems from fusion have 
been estimated at only 1/10,000 those of fusion. (Hence a fusion reac
tor would have to "leak" radioactivity about 10,000 times as much as 
a fission reactor in order to possess a comparable radiation hazard.) 

A fusion reactor will not melt down in case of an accident, and the 
mass of radioactive reactant present is simply insufficient to cause an 
explosion. Finally, due to very high operating temperatures, fusion re
actors might achieve thermal efficiencies of 50 to 60 per cent, about 
double those of fossil fuel power plants and much higher than nuclear 
fission reactors. Since higher thermal efficiency means less waste heat 
to be absorbed by the environment, there will be less thermal pollu
tion of air and water volumes. 

If technology advances to the point where solar cells and fuel cells 
are economical, pollution may also be greatly reduced. Solar cells con
vert sunlight to electricity directly, while fuel cells combine hydrogen 
and oxygen to generate electricity, with water as the only byproduct. 
In general, any energy conversion process that bypasses the combus
tion step will reduce air pollution, and such processes will also reduce 
water, thermal, and solid waste pollution. 

THE ECONOMICS OF 
POLLUTION CONTROL 

The Fundamental Problem 
A common logical error is to identify a source of pollution and auto
matically conclude the existence of a market failure and thus a welfare 
loss. Even though pollution examples are often used to illustrate mar
ket failures, there is no necessary causal relationship. Recall that ex
ternalities exist when private valuations of costs or benefits differ from 
social valuation of costs and benefits. But the existence of pollution 
need not automatically imply that the two diverge. First, if the af
fected parties are relatively few and property rights are well-defined, 
voluntary agreements between the polluters and affected parties can 
achieve the socially optimal outcome. These outcomes will rarely re
sult in zero pollution, because the costs would be prohibitive. Second, 
even when private transactions are not capable of equilibrating pri
vate and social valuations, governmental policies may. Even govern
mental solutions will generally not prohibit pollution, but rather re
strict it to socially optimal levels. Thus the critical policy question is 
not whether pollution exists but rather whether it occurs at socially 
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optimal levels. But how should policy makers go about determining 
whether optimal levels of pollution are being achieved? The economic 
approach to pollution control is to view clean air and water as com
modities like gasoline and air conditioning, to be provided according 
to the standard criteria applied to all goods. The last unit of clean air 
or water should confer a marginal social benefit just equal to the mar
ginal social cost of providing it. Let us consider how externalities can 
be built into the standard graphical analysis, with its implicit frame
work for applied welfare analysis. 

As an example, consider the case of a large electric power station 
located in a city in the western United States. This station costs $700 
million, generates 5.3 billion kilowatt-hours per year, burns 2.5 mil
lion tons of coal, and emits 365 million pounds of sulfur oxides into 
the atmosphere each year. Let us assume that in this city the coal-
powered electric generating station is the only appreciable source of 
sulfur oxide emissions (SO*). Furthermore, we shall assume that it is 
not feasible to move the town or the plant so that the sulfur oxides 
will not pollute the town. Initially, the plant emits 1 million pounds 
of SO* per day, as this is the amount of pollution emitted in the ab
sence of any public action. 

Figure 5.1 is a graph relating dollars per pound of SO* emissions 
abated to the total quantity of SO* emissions abated. Starting from a 
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Quantity of emissions abated (thousand pounds/day) 
FIGURE 5.1 The simple diagramatics of the pollution problem. 
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situation with unconstrained emissions of 1 million pounds daily, the 
question is how much clean air society should optimally purchase. 
Since every pound of emissions abated amounts to an equivalent unit 
of clean air, the horizontal axis is measured in terms of pollution 
abated, or cleaned up. The marginal damage function (MDF) in effect 
describes the demand for clean air. The MDF is measured by the price 
the public is willing to pay to have each pound of SO* reduced. The 
MDF curve slopes downward to the right as with any demand curve, 
reflecting the fact that additional units of abated pollution confer mar
ginally smaller benefits. Included in the marginal damage function are 
the health costs, property losses, and aesthetic costs associated with 
the SO* emissions. At initial levels of 1,000,000 pounds of SO* emis
sions, the public is willing to pay 67 cents per pound of SO* to reduce 
emissions from 1,000,000 to 999,999 pounds. On the other hand, if 
emissions had already been reduced to 1 pound, the public is willing 
to pay virtually nothing to have the last pound of SO* abated. This 
shape of marginal damage function implies that the marginal health, 
property, and aesthetic costs rise with increased concentrations of SO* 
and fall with decreased concentrations. 

The curve labeled MCC is the marginal control cost function, depict
ing the marginal cost curve of abating SO*. Also included in these con
trol costs would be the administrative costs associated with policing 
or enforcing the abatement. The marginal control cost function is en
tirely analogous to a supply schedule—in this case, the supply sched
ule for SO* abatement. The rising marginal control cost schedule re
flects the fact that relatively low-cost control technology is available 
when the first 100,000 pounds of SO* are removed. However, to elimi
nate all of the SO* emissions, the marginal control cost is indeed quite 
high. 

Figure 5.1 shows that the optimal quantity of emissions abated is 
400,000 pounds. For the 400,000th pound of SO* removed, the mar
ginal social benefit of clean air just equals the marginal social cost of 
providing it. Economic welfare, defined as the difference between so
cial benefits (OABQ) and social costs (OCBQ), is maximized (ABC) 
when Q = 400,000 pounds. Another way of seeing this is to ask how 
society can minimize the cost associated with SO* emissions. These 
costs associated with SO* emissions include the damage costs, re
flected in the MDF function, and the real resources devoted to pollu
tion control, measured by the MCC function. It is easy to see that 
when Q = 400,000, the sum of damage plus abatement costs is mini
mized. The abatement cost for 400,000 pounds is given by area OCBQ, 
and the damage cost on the remaining 600,000 pounds is QBE. Any 
other quantity of emissions abated raises the total cost arising from 
the pollution. For example, with zero emissions abated, the costs as
sociated with SO* would be measured by the entire area under the 
marginal damage function (OAE). Conversely, a pollution-free environ-
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ment would involve the costs under the marginal control cost function 
(area OCGE). This example reinforces the earlier point that even at 
the optimal level of pollution abatement, a remaining quantity of pol
lution will exist—in this case 600,000 pounds. On the other hand, 
there is no reason to believe that the unconstrained level of pollution 
generated by the market, resulting from no abatement, is socially op
timal. Thus informed governmental policies can generate potentially 
sizeable welfare gains. Let us consider the policy instruments. 

The Equivalence of Taxes, 
Standards, Transferable Pollution 
Rights, and Subsidies 
At a purely abstract level, the choice of pollution control instruments 
is a moot point. All achieve the same result and have similar implica
tions for energy markets. Consider the above example of the electricity 
generation plant. Furthermore, assume that (1) the shapes of both the 
MDF and the MCC function are known, (2) the administrative and pol
icing costs of pollution control instruments are negligible, and (3) nei
ther the plant nor the town can relocate. 

Pollution standards have long been the policy maker's most popular 
approach to pollution control. Pollution standards require explicit 
quantitative cutbacks in pollution. For example, in Figure 5.1, the op
timal pollution standard is one calling for a 400,000-pound reduction 
in SO* emissions. Under standards, the plant must pay OCBQ to in
stall the pollution abatement equipment. The public bears the cost of 
the remaining pollution damage (area QBE). 

A variant of the standards policy is the issuance of transferable pol
lution rights, which can be bought and sold among polluters. The idea 
of transferable pollution rights was first set forth by Dales,4 who visu
alized the possibility of markets for pollution rights just as we observe 
markets for offshore drilling rights, water rights, and so forth. Under 
the above assumptions, the plant could purchase the rights to emit 
600,000 pounds of SO* at a price of $.40 per pound. The firm would 
thus be required to cut back production by 400,000 pounds of SO*. 
Since only 600,000 pounds worth of rights are issued, standards and 
transferable pollution rights are identical in that they achieve the 
same quantitative reduction in SO*. The electric utility is forced to 
reduce pollution by 400,000 pounds per day and pay the control costs 
of OCBQ. 

Pollution taxes, based on equilibrating marginal damage and con
trol costs, also lead to the optimal level of abatement. In the case 
where the MDF and MCC functions are known exactly, the pollution 
control agency sets the optimal tax. Firms reduce the pollution up to 
the point that marginal control costs just equal the tax rate. Beyond 
that point, it is cheaper to pay the tax than to reduce pollution levels. 
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In Figure 5.1, the optimal pollution tax is 40 cents per pound of SO*. 
The firm consults its marginal control cost function, finding that it is 
cheaper to abate the SO* up to 400,000 pounds. For the remaining 
600,000 pounds of SO* it is cheaper to pay the 40 cents per pound tax. 
The public, via the public agency, receives compensation for the re
maining SO* emissions. Thus the efficiency aspects of taxes and stan
dards are the same in that Q = 400,000 is forthcoming in either event. 
The income distribution consequences do differ in that the public is 
more than compensated for the unabated emissions under the tax (40 
cents x 600,000 minus area BQE) while under the standard the public 
bears the cost of unabated pollution (area BQE). Overcompensation 
equals area BHE in Figure 5.1. 

Even under a subsidy system designed to bribe the plant to reduce 
emissions, a subsidy of 40 cents per pound results in abatement of 
400,000 pounds. In this case, receiving payment of 40 cents per pound, 
the plant is now selling two products—electricity and clean air. The 
plant can improve its profitability by producing clean air up to the 
point where P = MC. Clearly at Q = 400,000, marginal control costs 
just equal 40 cents per pound, the subsidy rate. Again the welfare ef
fects are identical to a tax or a standard. The only difference occurs in 
the income transfer. In this case, the public not only bears the cost of 
the unabated pollution (area QBE) but also the payment of the sub
sidy (40 cents x 400,000 pounds). The plant is a net beneficiary of 
added producer surplus of PBC. 

A Closer Look at Taxes, Standards, 
Transferable Pollution Rights, and 

Subsidies 
The preceding result, which emphasizes that all four instruments have 
identical efficiency attributes, is based on some very restrictive as
sumptions. Now it is time to release these assumptions and reconsider 
whether we should be indifferent among the choice of pollution con
trol instruments. The preceding analysis implicitly assumes that (1) 
the price of electricity is unaffected, (2) the utility could not relocate 
to a less densely populated area, (3) the shapes of the MDF and MCC 
are known with certainty, and (4) administrative and enforcement 
costs are zero for all three instruments. 

Effects on Related Fuel Markets: The Price and Output of Electricity. Not 
only should the selection of a pollution control instrument lead to the 
optimal level of SO* emissions, but the resulting electricity price 
should properly reflect the externalities involved in its production. In 
effect, the price of electricity should internalize these external costs. 
But do these four policy instruments achieve this? 

First, let us put aside the fact that the electricity generation indus-
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try is regulated and assume for the moment that it is a typical com
petitive industry. Associated with the last kilowatt-hour produced is 
the emission of .069 pounds of SO*. The .069 pounds of sulfur per kil
owatt-hour is obtained by dividing the original sulfur (1,000,000 
pounds per day) by the generation of electricity (14.5 million kwh per 
day or 5.3 billion kwh per year). But with a pollution tax, standard, or 
transferable pollution rights, the last pound of sulfur has a cost of 40 
cents, so the .069 pounds of sulfur associated with the last kilowatt-
hour raises the marginal cost of electricity by 2.8 cents per kwh. It is 
easy to see that in a competitive market, the marginal cost of genera
ting electricity would rise by 2.8 cents and the market price would 
rise from 10 cents to 12.8 cents per kwh, the marginal social cost of 
electricity. But is this true in the case of the subsidy? Under a subsidy, 
exactly what are the marginal private pollution control costs associ
ated with the last kwh of electricity generated? Absolutely zero. At 
400,000 pounds abatement, the marginal control cost exactly equals 
the subsidy rate—imposing no additional cost on the firm. Thus the 
subsidy prevents the price of electricity from internalizing the exter
nality costs of the SO* pollution. 

How do the results change if we now recognize that the electricity 
plant is subject to regulation that equates prices with average costs, 
not marginal costs? If a 2.8 cents per kwh price increase is desirable 
to equate the marginal social cost of generating electricity with its 
marginal social benefit, will this occur under regulation? 

In this case, taxes (and transferable pollution rights if they must be 
purchased) come closer to raising the price by 2.8 cents than do the 
other instruments. First, let us dispose of the subsidy. Under a sub
sidy, the electric utility earns producers' surplus of area PBC in Figure 
5.1, which amounts to $40,000 per day; divided by output of 14.5 mil
lion kwh, this yields a decrease in average costs of .28 cents per kwh. 
Thus a subsidy lowers the average cost and, under regulation, the 
price of electricity will diverge further from the marginal social cost 
of electricity. 

Under standards the electric utility must pay only for the abatement 
equipment (area OCBQ in Figure 5.1), which amounts to $120,000 per 
day. The effect of a $120,000 per day increase in total costs is to raise 
average costs by .8 cents per kwh ($120,000/14,500,000 kwh). Stan
dards or transferable rights would result in a price increase of .8 cents 
per kwh—far less than the optimal increase of 2.8 cents per kwh but 
far better than the subsidy. 

Under a tax, the electric utility pays the control costs (area OCBQ) 
plus a tax on the remaining pollution (area QBHE). Together these 
total $360,000 per day and increase costs by 2.5 cents per kwh. Simi
larly, costs will be identical for the firm purchasing transferable 
rights. Thus, under regulation, pollution taxes and possibly transfer
able pollution rights come closest to equilibrating price and marginal 
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social cost, but even here the increase of 2.5 cents per kwh falls short 
of the socially optimal increase of 2.8 cents per kwh. 

In sum, taxes, standards, transferable pollution rights, and subsidies 
have ramifications for electricity and other fuel markets in addition to 
the market for sulfur abatement, and it is important that these mar
kets price electricity and other fuels at socially optimal levels. On all 
scores, subsidies fail, often sending perverse price signals. In an unre
gulated competitive setting, taxes, standards, and transferable pollu
tion rights lead to efficient pricing; but under regulation, taxes and 
possibly transferable pollution rights come closer to internalizing the 
full marginal social costs into the price. 

Effects of Locational Choice. Another long-run consequence of pollu
tion control programs concerns their possible effects on locational 
choice. In the above example, the power plant and the public were 
assumed to be unable to relocate. This assumption is valid for most 
primary energy production because production takes place at the lo
cation of the raw energy form. Examples include oil and gas produc
tion, coal mining, uranium mining, and geothermal production. It is 
simply not possible to extract petroleum under the ocean without con
ducting offshore drilling and production. In these situations, the 
choice is clear-cut—to produce or not to produce. If the choice is made 
to produce, the location of the production is already decided. 

There are, however, numerous situations where location can be var
ied, particularly in the production of final energy. The locations of oil 
refineries and electricity generation plants are open to choice. These 
facilities can be located either near the primary energy source or near 
the market that the plant will serve. Similarly, large industrial users 
of energy with high pollution content have locational choice. 

Figure 5.2 depicts the situation in which the power plant in the pre
vious example has a locational choice. If the power plant were located 
in region B, outside the city, the marginal damage function for region 
B would be much lower due to the lower population density and the 
climatic conditions. The criterion of minimizing the costs associated 
with SO* emissions leads to relocating the plant in region B where 
combined damage and control costs are much less (area OCJK). Opti
mal abatement in region B is 100,000 pounds per day. In view of the 
lower costs associated with region B, economic efficiency calls for re
location of the plant from region A to region B. The sum of costs as
sociated with SO* would be reduced from area OCBE to area OCJK.5 

The question arises as to which instrument will encourage the plant 
to move to region B. First, consider a subsidy system. Would the plant 
leave region A with its subsidy of 40 cents per pound of SO* abated to 
relocate in region B, where the subsidy is only 25 cents per pound? 
The loss in producers' surplus would be appreciable. This illustrates 
an important defect of the subsidy. In order to receive the highest sub-
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FIGURE 5.2 The effects of locational choice. 

sidy, pollution-intensive industries move to the areas where the mar
ginal damage function is the greatest! 

In contrast, standards, transferable pollution rights, and taxes pro
vide incentives for relocation to region B. Under a standards program, 
after relocating to region B, the plant would have to reduce emissions 
by only 100,000 pounds per day, incurring control costs of OCJQB. In 
contrast, the control cost paid by the firm in region A is OCBQA. Thus 
there are incentives to relocate. A pollution tax usually provides even 
stronger incentives to relocate. Not only can the firm reduce its con
trol cost expenditure, but the taxes paid to the public agency can gen
erally be reduced by relocating to region B. In region B, the tax rate 
is only 25 cents per pound, leading to total taxes of $225,000 per day, 
which is well below the $240,000 per day paid in region A.6 

In view of these findings, we dismiss subsidies as a serious candi
date, despite their popularity with local chambers of commerce. 

Uncertainty About the Shapes of the MDF and MCC Curves. In reality, 
the public agency does not know the exact shapes of the marginal 
damage function and the marginal control cost function. There is wide 
diversity of opinion as to health and ecological effects of various forms 
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of pollution. Similarly, the cost and reliability of current and prospec
tive control equipment are subject to wide disagreement. A particu
larly germane example is the flue gas desulfurization technology ap
plied in electric power generation plants to control the SO* emissions 
from coal-fired plants. In 1972, some reports claimed that the technol
ogy was available at low cost while others claimed the feasibility of 
the technology had not even been established. By the late 1970s, com
mercial versions of such units were in operation, but the costs far ex
ceeded the initial estimates. 

Uncertainty no doubt plays an important role in many externalities 
associated with energy. These include the health and property damage 
effects of carbon monoxide, nitrogen oxides, sulfur oxides, and un-
burned hydrocarbons—all of which are associated with most fuel con
sumption. In offshore oil production, both the probability of an oil 
spill and the extent of its damages are very difficult to estimate. In 
nuclear power production, both the likelihood of an accident coupled 
with the failure of the emergency core-cooling facility and the extent 
of the resulting damages are difficult to assess. 

Even though the MDF and MCC curves are not known with preci
sion, policy agents must, nevertheless, make decisions. The question 
is, "What should be the basis for these decisions?" The answer is sim
ply that the MDF and MCC curves must be treated as random vari
ables and that policy agents must attempt to maximize the expected 
welfare gain. But does this have any implications for the choice of 
taxes versus standards? Both transferable pollution rights and stan
dards, if enforced, provide a precise quantity of abatement. Taxes, on 
the other hand, are much more flexible. The resulting abatement de
pends on where the marginal control cost function equals the tax rate. 
If the true MCC curve differs from the expected MCC curve, a tax can 
lead to a different level of abatement than standards (or transferable 
pollution rights). 

The question then becomes, "How serious is the loss of precision 
with a tax?" To answer this question we must consider the shape of 
the marginal damage function in the region in which MCC intersects 
it. Figure 5.3 illustrates two situations in which the imprecision of 
taxes has very different implications. In the first case, MCC*, the ex
pected marginal control cost function, intersects the expected mar
ginal damage function in a highly inelastic range. For example, such 
a situation might apply to some poisonous gas that becomes deadly at 
a given concentration. Since MCC* is not known with certainty, two 
dashed MCC curves denote a 95 percent confidence interval (MCC* + 
2σ, MCC* - 2σ) for the position of MCC*. In this situation, standards 
would require abatement of Q*. Similarly, an agency acting on the 
expected value for MCC* would set a tax at P*, which would be suffi
cient to reduce emissions by Q*, if indeed MCC* turns out to be cor
rect. 
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FIGURE 5.3 Precision of standards versus flexibility of taxes. 

In situations where the true MCC curve differs from the expected 
marginal control cost curve (MCC*), taxes give different outcomes 
from standards and transferable pollution rights. If the true position 
of the marginal control cost curve is MCC* - 2σ, then the tax of P* 
would result in abatement of only Q,*, compared to Q* resulting from 
the standard. All instruments result in a welfare loss, but the losses 
under the tax are greater. Under either standards or transferable pol
lution rights, the overly rigid standard Q* (assuming MCC* - 2σ is 
the true cost function) results in a welfare loss of the triangle BDE due 
to excessive control expenditures. However, the welfare loss associated 
with the tax, area ABC, is much greater. In the extreme case in which 
the MDF is vertical, the welfare losses from a tax approach infinity 
while those for standards or transferable rights approach zero. 
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Examples where the MDF function is highly inelastic involve nu
clear power production, poisonous gases, and so on. In these situ
ations, the precision of standards or transferable rights is very impor
tant because it prevents society from allowing pollution to fall into 
the very dangerous region where marginal damage costs rise rapidly. 
A tax lacks this precision and can consequently lead to disastrous re
sults. Suppose that authorities placed too low a tax on radioactive 
emissions from a nuclear fuel processing plant. The loss could be quite 
large. On the other hand, with a precise standard or a pollution rights 
system, the authority might err on the side of being overly cautious. 
Nevertheless, the welfare loss would be comparatively small. In sum, 
there are numerous situations where taxes simply are not appropriate 
and, while one may disagree with the abatement level selected for the 
standard or transferable rights, they remain conceptually superior 
policy instruments. 

Are there situations where the flexibility of a tax outweighs the ben
efits of precision with a pollution standard or transferable rights? Con
sider the case where the expected marginal control cost functions in
tersect the expected MDF over an elastic section. In Figure 5.3, MCC 
describes the expected value of the marginal control cost function. 
Based on the expected functions, standards or transferable rights call 
for abatement of Q' and taxes lead to a tax of P'. Of course, if the 
actual shape of the marginal control cost function is MCC, none of the 
policies would result in a welfare loss. But if the actual marginal con
trol cost function coincides with MCC - 2σ, the outcomes are quite 
different. Assuming MCC - 2σ is the true function, overinvestment in 
pollution equipment would result under either standards or transfer
able rights. The resulting welfare loss would be HIJ. With a tax of P', 
the tax is slightly lower than the optimal level; consequently the 
quantity abated is slightly less than the optimal quantity. The welfare 
loss under the tax, however, is only FGH. If the marginal damage 
function is perfectly elastic, it is easy to show that the tax will result 
in zero welfare loss while standards or transferable rights would result 
in a large loss. Thus in the situation where the marginal damage func
tion is believed to be relatively elastic, the precision of standards or 
transferable rights can lead to large welfare losses and the flexibility 
of taxes is a desirable attribute. 

Indeed, there are numerous situations where the flexibility of a tax 
is desirable and the precision of either standards or transferable rights 
is a liability. For example, most empirical research shows that the 
marginal damage function is horizontal over the observed ranges of 
SO* emissions. A tax set equal to the horizontal marginal damage cost 
would lead to an optimal outcome as firms would purchase abatement 
equipment up to the point at which the marginal control cost equals 
the tax rate. The public agency would be relieved of the problem of 
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estimating the expected MCC curve and setting pollution abatement 
levels, which will surely prove to be wrong. In contrast, a tax allows a 
flexible response. If low-cost control equipment is not initially avail
able, the quantity abated will be small. With the development of new 
low-cost technology, firms will automatically adopt these measures, 
leading to much greater levels of abatement. 

Seeming conflicts between energy production and environmental 
factors can be attenuated through taxes. The existence of pollution 
taxes assures that firms will reduce pollution to the level economically 
justified by the tax rate. In contrast to standards or transferable 
rights, which are typically enforced rigidly or altogether relaxed, taxes 
maintain a continuing incentive for compliance. Thus, if reductions in 
emissions are not realistic in the short run, taxes assure they are 
achieved in the long run. The relaxation of standards, or issuance of 
additional pollution rights, to deal with short-run exigencies may only 
invite long-run noncompliance. Alternatively, if the overly ambitious 
quantity limits are enforced in the short run, this may impose large 
welfare losses on energy producing and consuming industries. 

Administrative Costs with Numerous Polluting Firms. Pollution control 
instruments need not have similar administrative and enforcement 
costs, particularly when there are numerous polluters. Public agencies 
use real resources in acquiring the necessary technical information to 
adopt responsible policies. Additionally, they must also bear the cost 
of policing the policy adopted. Since both the information and polic
ing costs are sizeable, we are prompted to ask how taxes, standards, 
and transferable pollution rights may differ in this regard. 

Taxes generally involve less information cost on the part of the pub
lic agency. The obvious reason is that information on the aggregate 
marginal damage function and aggregate marginal control cost func
tion may be adequate to set optimal taxes. Once the tax rate is set, the 
agency's problem becomes one of collecting the tax, and detecting tax 
evaders. To reiterate, the agency's information requirements are lim
ited to estimating the intersection of the marginal damage and control 
cost functions. 

Under a standards policy, not only must the aggregate level of 
abatement be selected, but individual standards for each polluter 
must be assigned. The information costs of the latter are much greater 
even though the sum of the individual polluters' marginal control cost 
functions forms the aggregate marginal control cost function. It is pos
sible to have a good estimate of the aggregate without knowledge of 
every polluting firm's marginal control cost function. In order for the 
public agency to set optimal standards, standards for each polluter 
must be set so that the marginal damage cost of the last unit just 
equals the marginal control costs of each polluter. In reality, the num
ber of polluters may be large and the public agency does not have a 
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budget adequate to obtain this detailed information. The typical so
lution is to require all polluters to reduce emissions proportionally. 
This solution would be fine if all firms had similar marginal control 
costs. Unfortunately, due to scale economies in abatement technology, 
large-scale polluters can reduce emissions at lower unit costs than 
small polluters. The proportional rule forces all polluters to cut back 
proportionally, even though it would be more efficient if large pollu
ters would cut back a lot, while small polluters would practice only 
limited abatement. One study has been made using a linear program
ming model to analyze control cost differences in achieving a given 
reduction in biochemical oxygen demand (BOD) in the Delaware River 
estuary. A uniform tax yielded control costs 50 percent less than a 
standards policy requiring all polluters to achieve proportional reduc
tions.7 Thus a standards policy is likely to result in either quite high 
information costs to determine optimal standards for each polluter or 
unnecessarily high control costs resulting from a proportional rule. 

A system of transferable pollution rights overcomes the inefficien
cies of standards as they are usually implemented with proportional 
rules. The beauty of transferable pollution rights is that holders of 
rights who can sell the right for more than the cost of abatement have 
an incentive to do so. Likewise, those parties without pollution rights 
but with very high abatement costs will have an incentive to purchase 
the pollution rights. The end result is that through the market, those 
polluters with low abatement costs will find it cheaper to install 
abatement equipment whereas those polluters with high abatement 
costs will purchase the pollution rights. 

But exactly what are the potential cost savings from allowing the 
market to sort out high and low cost polluters? Tom Tietenberg sur
veyed 11 studies comparing the ratio of control costs under various 
standards policies to the least-cost optimum, and found that costs un
der standards ranged from 7 percent to 22 times greater than the 
least-cost solution, with the average being 6.1 times the least-cost op
timum.8 Numbers of this magnitude suggest that transferable pollu
tion rights overcome one of the major objections to standards and yet 
retain the precision of quantitative limits on total pollution. 

Comparisons of policing costs of standards, pollution rights, and 
taxes do not lead to simple generalizations. All three require policing 
to be effective. Since all are costly to the firm, there is an incentive to 
cheat and avoid compliance. In some circumstances, a tax can be the 
most expensive to administer and enforce. For example, a tax on in
cinerator emissions from apartment houses may be a good deal more 
expensive to administer than a standards policy with restrictions on 
incinerator designs and periods of use. Metering devices are likely to 
be quite expensive compared to annual inspections and spot checks on 
the time of legal burnings. On the other hand, there are situations 
where a tax appears quite easy to collect and enforce. Gasoline taxes 
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are easily collected with virtually no tax evasion. A sulfur tax would 
also be easy to collect as a metering device is not necessary. At the 
time of purchase of fuels, the producer of coal or fuel oil could collect 
the tax based on its sulfur content. The purchaser of the coal or fuel 
oil could receive tax refunds for the amount of elemental sulfur recov
ered through flue gas desulfurization, and so on. The difference be
tween the amount of sulfur in the fuel and that recovered is the quan
tity emitted to the atmosphere and would be the amount taxed. 

Institutional and legal practices tend to reduce the effectiveness of 
standards compared to taxes. Experience suggests that there are sev
eral necessary conditions for an effective standards policy. First, agen
cies must be sufficiently financed to generate their own technical data 
and to enforce the controls. Second, agencies must represent the pub
lic interest rather than the interests of the regulated. Third, proce
dures for prosecution of violators should motivate quick, decisive com
pliance under penalty of large fines for violations. 

Allen Kneese's discussion of direct controls on water pollution indi
cates frequent failures in all three aspects.9 He points out that for lack 
of manpower, regulators generally depend on firms for estimates of 
their discharges. It has been estimated that to pursue vigorous en
forcement activities in the Missouri basin states, a 25-fold staff expan
sion would be needed. Unless agencies adopt some ad hoc rules as to 
pollution reductions for all plants, individual negotiations with each 
discharger are necessary. Besides requiring significant administrative 
resources, individual negotiations invite special treatment and de
layed action, resulting in a serious conflict of interests. 

Developments in the last few years indicate that enforcement is 
being markedly improved. Major legislation and increased funding for 
environmental agencies suggest that inadequate resources are becom
ing a less binding constraint on enforcement. The National Environ
mental Protection Agency Act gives standing for public suits against 
agencies for failure to consider environmental impacts. This provides 
a check on regulatory action and brings into public view regulatory 
decisions that serve the interests of the regulated. Despite these ad
vances, it is unfortunate that taxes have not been applied more exten
sively. 

Do Environmental Regulations 
Actually Internalize the Externalities? 
There are grounds for doubting that existing environmental regula
tions actually equate marginal damage and marginal control costs, 
particularly in the air pollution control area. The preceding theoreti
cal models appear to play little if any role in the minds of policy mak-
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ers and administrators. This is due chiefly to the legislative preference 
for legal over economic criteria. Even under the best of circumstances 
the successful application of economic principles to pollution control 
will require some trial and error. If the trial is not made, however, 
errors of various sorts are likely to be universal. This point can be 
illustrated by taking a brief look at the framework of air pollution 
regulation. 

The Clean Air Act of 1967 provided the basic law governing air pol
lution control, with primary emphasis on mandated legal standards of 
air quality. A number of amendments made since that time have rein
forced the tendency to employ legal rather than economic means to 
control pollution. The basic act divided the country into a relatively 
small number of air quality regions, each of significant geographic ex
tent. Certain individual polluting substances were identified in the 
basic and later acts, and primary and secondary air quality standards 
were established with respect to each. In general, these standards pro
vide maximum pollution concentration levels, which are not to be ex
ceeded more than a certain number of times during a certain period, 
such as once per year. In regions where air quality is initially below 
the mandated standards, the intent is to employ various legal mea
sures to improve it. In regions where air quality is initially above the 
standards, the philosophy is to prevent any reduction in air quality. 
The long-term goal is one of air quality enhancement, to be achieved 
by improving air quality in areas of deficiency, and by preventing any 
degradation in areas with relatively clean air. These are certainly 
laudable goals in themselves, and like all laudable goals should be 
vigorously pursued if their achievement involves no costs. But since 
large costs are obviously involved, legislation that either ignores or at 
least makes no attempt to measure such costs will certainly occasion 
much inefficiency and inequity. 

The current regulatory approach is deficient in two major respects. 
First, mandated air quality standards are not selected on the basis of 
the optimal level of abatement (the intersection of marginal damage 
and control costs), but rather on arbitrary criteria of what is techno
logically feasible. For example, the idea of disallowing further degra
dation of the air quality in those areas meeting the national air quality 
standards eschews costs and benfits and simply sets the status quo as 
the desirable. The second problem involves the control costs of meet
ing the mandated standards. No effort has been made to require 
abatement by those polluters with low-cost control techniques. The 
end result is a system that deviates greatly from the ideal, but one 
that nevertheless represents an overall improvement over the previ
ously nonregulated situation. 

It is a sad commentary that no adequate studies of the economics of 
the costs and benefits of the control of each type of pollutant were 
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made before the existing laws were passed. Current knowledge sug
gests that the required standards are too strict (marginal costs exceed 
marginal benefits) in many instances and too lenient (marginal costs 
are less than marginal benefits) in others. 

Beyond that, air pollution control has had its political as well as its 
economic failures, and it is instructive to examine one major instance 
of each type of policy failure. Economically, it appears that regulation 
of pollution from mobile sources has been less efficient than that from 
stationary sources. Specifically, it has not yet been shown that the 
benefits of reducing carbon monoxide and hydrocarbon emissions 
from automobiles by requiring catalytic converters have exceeded the 
costs in terms of higher automobile expenses, higher nitrogen oxide 
emissions, and greater gasoline consumption. Lave and Seskin, among 
others, have shown that on the contrary, costs are likely to exceed 
benefits by a wide margin under existing regulations.10 Lave reports 
that control costs of between eight and eleven billion dollars result in 
benefits of only five billion dollars or less, implying a loss of economic 
welfare of at least three and perhaps more than six billion dollars. In 
order to reduce costs to the level of benefits, one could revise the law 
to require that only those vehicles to be driven in areas of high air 
pollution, such as Los Angeles and Chicago, be subject to the highest-
cost equipment modifications, which would mean that only about 37 
percent of all cars would be thus affected. Alternatively, since studies 
tend to show that nitrogen oxide emissions are harmful only in con
centrations above 2.0 grams per composite unit, a relaxation in this 
standard from the existing 0.4 gram to 2.0 grams would not raise dam
age costs, but would reduce control costs by several billion dollars. 
Either measure taken by itself would cut costs by about $5 billion, so 
that costs would no longer exceed benefits; adopting both would re
duce costs below benefits and allow the regulations to increase eco
nomic welfare rather than to reduce it. 

The greatest policy failure of a political nature occurred in 1977 
with the passage of certain amendments to Section 111 of the Clean 
Air Act, which deals with emission standards for new sources of pol
lution. Reducing air pollution from sulfur oxides requires among other 
things a reduction in the sulfur emissions from coal-fired plants. The 
lowest-cost solution on a national basis requires the substitution of 
low-sulfur coal for high-sulfur coal, creating more employment in low-
sulfur coal mines and reducing employment in high-sulfur coal mines. 
But if the full social cost of high-sulfur coal is internalized in the 
prices paid by utilities for coal and coal treatment, and in the prices 
paid by their customers for the electricity generated by the coal, high-
sulfur coal production becomes uneconomical. 

Enterprising labor and industry leaders in high-sulfur coal states 
succeeded in applying pressure to politicians, notably in Ohio and 
West Virginia, who in turn exerted the leverage necessary to secure 
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the passage of legislation that would force higher costs on all newly 
constructed electric power plants, whether or not they used low-sulfur 
coal. By requiring that all such plants use the most expensive means 
of sulfur removal—stack scrubbing—which is beneficial for high-sul
fur coal but unnecessary and uneconomical for low-sulfur coal, the 
1977 act artificially reduces the demand for low-sulfur coal and pre
vents the demand for high-sulfur coal from declining as much as it 
otherwise would. The result is a resounding policy failure, since the 
only benefits consist in protecting the incomes of some high-sulfur 
coal companies and their workers, while the losses in terms of higher 
costs and continuing air pollution are borne by the rest of the nation. 
According to the Congressional Budget Office, by the year 2000, na
tional electricity costs will be $3.4 billion higher per year with the 
scrubbing of high-sulfur coal than with the substitution of low-sulfur 
coal.11 The scrubbing technology is said to be so inappropriate for very 
low-sulfur coal that sulfur actually has to be added to the coal in order 
to facilitate operations. And it appears that those few states which 
benefit economically may suffer ecologically. Air pollution and acid 
rain may very well prove to be higher in Ohio, West Virginia, and 
neighboring states with the scrubbing of high-sulfur coal than with 
the use of less intensively controlled low-sulfur coal. Policy makers 
who yield to the pressure exerted by special interests prove to be very 
expensive people, since they inflict large and unnecessary costs upon 
the nation as a whole. 

Paradoxically, one of the most encouraging developments, markets 
for transferable pollution rights, has evolved as a consequence of the 
current bizarre regulatory framework. The general tendency, particu
larly in areas with initially adequate air quality, is to begin with a 
level of air pollution that is provisionally tolerated, but additional pol
lution is to be avoided under "nondegradation" doctrines. This in ef
fect gives existing polluters property rights in at least that part of 
their emissions that is tolerated, with economic impact similar to 
those of "grandfather clauses" that limit new entry into a particular 
field but sanction the continued operation of existing sellers. Initially, 
this meant that no new plants could be located in a given air quality 
region. But new entrants negotiated with existing plants to purchase 
their pollution rights, and a market for pollution rights has grown 
steadily despite early governmental opposition.12 

Furthermore, the fact that transactions have been growing rapidly 
suggests there are large gains from trade. Millions of dollars in control 
costs have been saved without worsening air quality, as low-cost emit
ters have incentives to control more while high-cost emitters have in
centives to control less. Society gains because this means that increas
ingly the low-cost polluters will sell their rights to the high-cost 
polluters, and total control costs will be minimized for that level of 
abatement. 
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1. Do you think a clean environment is a normal good with an income 
elasticity greater than unity? 

2. Discuss how you might go about determining the MDF curve. 
3. Can you show graphically that minimizing the damage plus control 

costs of a pollutant is equivalent to maximizing the welfare gain 
from cleaner air? 

4. Discuss the relative merits of taxes versus standards on the follow
ing energy-related pollutants: lead poisoning from gasoline, damage 
from strip mining, failure of emergency core cooling in nuclear re
actors, SO* emissions, refinery emissions, auto emissions. 

5. Suppose that uncertainty exists only in the MDF curve, and show 
that taxes, standards, and transferable rights yield identical welfare 
effects. Explain why. 

6. Explain why policies that promote relocation may be preferred in 
dealing with the long-term effects of C02. 

1. The most comprehensive summary of recent studies of hazards of 
C02 buildup in the atmosphere is contained in Changing Climate, 
W.A. Nierenberg, editor (National Academy Press, Washington DC, 
1983). 

2. A recent and highly readable discussion of the problems posed by 
acid deposition is Acid Rain, by Robert H. Boyle (New York: Nick 
Lyons Books, 1983). 

3. G.E. Gordon, "Acid Rain," Resources, No. 75, Winter 1984, 
pp. 6-8. 

4. John H. Dales, Pollution, Property and Prices (Toronto: University 
of Toronto Press, 1968). 

5. In terms of welfare, the shift to region B leads to a gain of OAE 
(the social benefits from no pollution in region A) less the costs 
inflicted in region B (area OCJK). 

6. If the control cost function were extremely price-elastic, tax pay
ments could be greater in region B than in A. In practice, this sit
uation seems unlikely. 

7. A.V. Kneese, S. Rolfe, and J. Harned, eds., Managing the Environ
ment: International Economic Cooperation for Pollution Control 
(New York: Ballinger, 1971), Appendix C. 

8. See T.H. Tietenberg, Emissions Trading: An Exercise in Reforming 
Pollution Policy (Washington: Resources for the Future, 1985), p. 42. 

9. A.V. Kneese, "The Political Economy of Water Quality Manage
ment," in Environmental Decay, J.S. Bain, editor (Boston: Little, 
Brown, 1973). 
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11. "The Clean Air Act, The Electric Utilities, and the Coal Market," 
Congressional Budget Office, Washington DC, April 1982. 

12. See Tietenberg, op. cit. 
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COPING WITH OIL SUPPLY 
DISRUPTIONS 

It seems obvious that no country desires to depend upon "insecure" 
(i.e., arbitrarily interruptible) foreign supplies of critically important 
economic inputs like energy. Nevertheless, such dependence is quite 
widespread in today's world and can develop in at least three ways. 
First, as long as the insecurity is merely latent, its potential for disrup
tion may be underestimated or entirely misperceived. Second, if inse
cure sources are very cheap, risks involved in their use may be ration
alized as justifiable. Third, if no secure sources are available, some 
risks are to be regarded as inevitable. Oil importer awareness of the 
insecurity of some OPEC oil supplies was dramatically heightened by 
the Arab oil embargo of 1973. A previously efficiently functioning in
ternational oil market showed sudden evidence of severe market fail
ure. Had competition simply been replaced by monopoly? Or were 
some OPEC members uneconomically tempering monopoly with the 
pursuit of political goals for their own sake? 

At the time of the 1973 embargo, two alternative interpretations of 
its motivation existed. To some observers, the political considerations 
involving the Arab-Israeli conflict merely provided the facade for the 
real concern of the embargo participants—exacting the monopoly 
price for oil. This view held that economic self-interest dictates the 
actions of OPEC members. Assuming this view is correct, and further 
assuming that the exporters are not subject to Soviet takeover, then 
the oil importers do not really have a national security problem; they 
face instead a monopoly problem. The oil exporters can be expected 
to charge the full monopoly price, but they would never want to 
charge a price in excess of this, nor prohibit oil exports so as to dam
age the economies of oil importing countries. The oil exporters, in this 
view, have a vested economic interest in peace and prosperity in the 
major consuming nations. If the reader regards this view as correct, 
then national security poses no problem, and he may pass on imme
diately to the next chapter. 

In contrast, most observers take the view that it was politics, A>t 



economics, that prompted the embargo of 1973. Strong nationalistic 
feelings regarding Arab-Israeli differences will in certain circum
stances dominate economic self-interest. Arab oil exporters may adopt 
oil production policies which, even though they inflict some loss upon 
themselves, inflict even greater losses on importing nations, in order 
to achieve political goals. The fact that these political motivations 
sometimes dominate the model of economic self-interest implies that 
the importers are faced at times with a rational, profit-maximizing 
cartel and occasionally with an "irrational" adversary desiring to in
flict greater losses than it sustains. Additionally, supply interruptions 
are not always the result of conscious decisions to embargo the im
porting nations, but are merely a consequence of war or political up
heavals in the producing regions. For example, the supply disruptions 
resulting from the Iranian revolution of 1978-79 and the subsequent 
Iran-Iraq war were merely unavoidable consequences of the war, 
rather than the motivation for the war. But whether due to calculated 
embargo or as a byproduct of war, from the importing nation's per
spective the effect is the same. 

Oil is the principal energy form in all of the major developed coun
tries, and most of these countries domestically produce only trivial 
quantities. On the eve of the 1973 embargo, oil products constituted 
roughly half or more of the energy consumed in the major oil import
ing countries. For most of the countries, these requirements were met 
predominantly by imports. For example, imports constituted the fol
lowing percentages of oil requirements in 1973: Canada (-11%), 
France (98%), Germany (93%), Italy (99%), Japan (100%), United King
dom (98%), and the United States (32%). Only the United States and 
Canada had substantial domestic production. It is noteworthy that the 
Arab oil embargo sent the world into its greatest economic decline 
since the Great Depression of the 1930s. Econometric studies of the 
United States economy by Fried and Schultz showed that it was al
ready headed into a minor recession, but that the embargo signifi
cantly deepened the recession and increased its duration. In the 
United States, unemployment rose from 4.7 percent in the fall of 1973 
to over 8.5 percent 16 months later. The inflation rate jumped from 
6.1 percent to an 11.4 percent annual rate over the same period. Their 
study showed that more than 53 percent of the loss in output and 29 
percent of the inflation could be attributed to the embargo. Moreover, 
it is noteworthy that these effects occurred in an economy far less de
pendent on imported oil than in other consuming countries, where the 
losses were greater. Despite the economic debacles of the 1973 em
bargo and the 1979 Iranian revolution and subsequent Iran-Iraq war, 
the major oil consuming countries remain heavily dependent on im
ported oil. For these countries, 1984 import levels as a percentage of 
total oil consumption have not changed appreciably, except for the 
United Kingdom with its added oil production from the North Sea. 

COPING WITH OIL SUPPLY DISRUPTIONS 



1960 1964 1968 1972 1976 1980 1984 

FIGURE 6.1 United States oil imports as a percentage of domestic oil con
sumption, 1960-1984 (total petroleum liquids basis). (Source: U.S. Bureau of 
Mines.) 

Figure 6.1 shows that percentage imports in the U.S. rose from 32% in 
1973 to 46% in 1977. Thereafter declining demand coupled with the 
completion of the Trans-Alaskan Pipeline helped reduce import depen
dence to 28% in 1982. Since then imports have resumed their increase, 
rising to 34% by 1984. A 1985 forecast by Standard Oil of Indiana 
estimates the percentage imports in the U.S. to be between 52 and 65 
percent by the year 2000. 

The Rationale for Government 
Intervention 
The fact that the industrialized nations are highly susceptible to fu
ture supply disruptions does not automatically prove that a market 
failure exists and that government intervention is called for. After all, 
the vagaries inflicted by the weather on many agricultural crops are 
neither less severe nor more predictable than supply disruptions for 
oil. There is no public outcry for strategic orange juice or wheat re
serves. What is so special about oil? Is it that oil is essential for life 
while wheat for bread is merely a want? No, obviously not, as we shall 
soon see. 

A close look at a wide variety of commodity markets such as wheat 
shows active futures markets and numerous speculators who maintain 
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substantial speculative inventories. Speculators acquire buffer inven
tories, which they hope to sell later at much higher prices. Is there 
any evidence that the levels of such speculative inventory holdings for 
these commodities are too small? After all, private investors can assess 
the probability of a shortage, weighing the probable gain against the 
inventory holding costs, just as accurately as the government can. 

In contrast, a look at U.S. private inventories of crude oil and petro
leum products reveals an inventory level just sufficient to enable the 
smooth day-to-day operations of the oil industry. The absence of large 
speculative inventories seems at first bizarre given the instability of 
the world oil market. But is there an explanation? The experience of 
domestic producers in the 1970s with oil price controls, and before 
that with natural gas price controls, suggests that price controls 
would likely be imposed in response to a supply disruption, prevent
ing one from reaping large speculative profits. 

Paradoxically, the primary argument favoring government inter
vention to increase emergency supplies is that private investors under-
invest because they assume that price controls would likely be im
posed to prevent their earning "obscene" profits. There is another 
prominent explanation given for the tendency to underinvest in inven
tories. The social value of emergency supplies during a disruption may 
well exceed the private value, which is the basis for the private firm's 
inventory level decision. For example, private demand schedules for 
oil may not include the external effects brought about by macroeco-
nomic linkages. Put another way, providers of emergency supplies 
may not be able to appropriate the full social benefits of their inven
tories. They may receive only a $20 per barrel profit due to the crude 
price increase, but the full social benefit of that incremental oil in an 
emergency situation may be $30 or $40 when the macroeconomic ef
fects are factored in. The deviation of social from private benefits re
mains an intriguing possibility about which little is known. 

VARYING CONCEPTIONS OF 
AND SOLUTIONS TO THE SUPPLY 

UNCERTAINTY PROBLEM 
Today, the problems associated with an oil embargo are viewed pri
marily in macroeconomic terms—the added inflation and unemploy
ment—and in political terms—restraints on foreign policy in the Mid
dle East. But in the past a disruption of oil supplies has meant quite 
different problems. Also, the methods chosen to deal with the supply 
uncertainty problem have changed dramatically from the present 
methods outlined at the end of this chapter. 

At the turn of the century, consuming countries did not regard oil 
import dependence as a matter for serious concern. Oil products met 
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only a small fraction of energy demand, and many geologists felt 
promising oil producing areas were restricted to the United States, 
Russia, and the Dutch East Indies. 

The advent of the First World War altered matters considerably, di
recting the attention of oil importers toward the changes that had oc
curred both inside their economies and in the world oil industry. All 
of the major belligerents had become significantly dependent upon pe
troleum fuels for both military and civilian activities. In particular, 
the importance of oil to power naval vessels, tanks, trucks, and air
planes was recognized. The security of oil supplies for military pur
poses became a paramount objective of national policy. As noted in 
Chapter 4, the major European powers—England, France, and Hol
land—tried to monopolize oil exploration in the Middle East. Efforts 
by the U.S. government finally provided the needed leverage for ob
taining the participation of U.S. companies in the European-domi
nated concessions that controlled access to oil lands in the former 
Turkish empire. 

The discovery of oil in politically and economically weak countries 
provided the major European oil importers with the assurance that 
they, through their resident oil companies, could receive preferential 
treatment in times of emergency. Only in the event of war among the 
major European powers, with attendant disruption of ocean traffic, 
did an importing country regard its resident companies' foreign oil 
reserves as less than securely available to it. Years of full availability 
of cheap oil in increasing volumes had led European oil importers to 
think that this situation would be permanent. Although supply inter
ruptions during the Arab-Israeli conflicts of 1956 and 1967 did occur, 
it was probably not until the Libyan negotiations of 1970 that import
ers began to pause and reflect. 

In contrast, the United States attempted to solve its national secu
rity problem by limiting import dependence. Of course, only the 
United States had sufficient domestic oil resources to make import 
limitation a viable option. Prior to about 1920, the United States was 
a net exporter of crude oil and refined petroleum products, and natu
rally had little interest in import control. During the 1920s imports 
exceeded exports, however, and the excess became very large in the 
depressed years of the early 1930s. In order to discourage imports, for 
economic rather than security reasons, a substantial tariff was passed 
in 1932 on crude oil and heavy product imports, aimed in particular 
at Venezuelan imports. From 1933 to 1944 export surpluses once again 
predominated for crude oil. 

During the 1950s, imports into the United States began to grow rap
idly as the price of Middle East oil fell during this period. As the price 
of Middle East oil fell below domestic prices, there were strong incen
tives to import oil. State regulatory agencies, which were set up in the 
1930s to promote conservation, controlled the production rate of do-
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mestic oil. Initially, they were able to stem the tendency toward lower 
prices by cutting domestic output by the amount of new imports. This 
naturally increased tensions between domestic and international com
panies. 

Thus, after the early 1950s, pressure grew to limit imports. In 1957 
President Eisenhower requsted all oil importers, large and small, to 
cooperate in a voluntary program of import limitation. When interests 
proved to be too divergent for the industry to limit imports on its own 
initiative, Eisenhower in 1959 made import limitation mandatory. 

The implementation of import quotas requires that a total import 
limit be set, and that the authority to import be distributed among 
the market participants. There is no point in limiting imports unless 
the allowed quantity is to be less than that which would prevail in a 
competitive market; hence any import limitation will reduce total 
supply in the importing country and raise prices paid by domestic 
buyers. The recipient of the import quota allotment thus receives a 
subsidy equal to the difference between the lower foreign price and 
the higher domestic price. Everyone clamored to be awarded import 
"tickets." Exporting countries such as Venezuela requested "country 
quotas" that would in effect raise the price of the imported oil to the 
domestic level and allow the import subsidy to be captured by the 
foreign exporters. Domestic refiners insisted that they should be given 
the tickets, since they were the "natural" buyers of imported oil—a 
contention that was historically true for some refiners but not others. 
Domestic producers argued that the benefits of import ticket subsidies 
should go to producers, who could then use the import subsidy re
ceipts to stimulate domestic exploration and thus reduce the long-run 
need for oil imports. 

As the system evolved, it so happened that imports were reduced 
below previous levels, that U.S. prices remained above world oil 
prices, and that the domestic oil industry was for a period of time 
shielded from the price competition of foreign oil. Although national 
security was given as the justification for the program, and although 
the program did contribute to the nation's security, there were a num
ber of inconsistencies and residual beneficiaries. 

As of 1959 the price of foreign oil was about $1.25 per barrel less than 
that of domestic oil. Imports east of the Pacific coast states were lim
ited to 9.0 percent of oil demand in that area, while West Coast refi
ners were allowed to import as much oil as was needed to equate sup
ply with demand at existing prices. (This division of the country was 
possible since there were no significant oil movements across the 
Rocky Mountains, and the West Coast was at that time running out of 
domestic supplies more rapidly than was the rest of the country.) Im
port tickets were given to refiners, on a scale that not only provided 
import allotments to inland refiners (which ordinarily did no import
ing) but also favored smaller refiners by giving them a higher quota 
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relative to refinery runs than applied to larger refiners. Since refiners 
now controlled the supply of import "tickets," nonintegra ted foreign 
producers had to make arrangements with refiners in order to market 
their oil. Refiners holding surplus import tickets "sold" these tickets 
to refiners who needed them; the value of an import ticket equalled 
the $1.25 per barrel price gap between foreign and domestic oil. On 
balance, the system acted as a subsidy to small and inland refiners. 
Moreover, it protected high-cost domestic oil producers from the com
petition from lower priced imports. The interesting feature of the oil 
import program is that foreign price fluctuations had no effect on do
mestic crude prices. The value of an import ticket would fluctuate in 
response to foreign prices, but domestic prices were set by domestic 
supply capabilities and the state regulatory agencies' control over pro
duction. After 1972 foreign oil prices rose above domestic levels and 
import tickets thus became worthless. 

Professors Douglas Bohi and Milton Russell have attempted to esti
mate the protective effect of the import control program during the 
1960s. They compared the actual situation with what they estimated 
would have occurred if free trade in oil had been achieved in 1960 and 
the U.S. price of $3.06 per barrel had fallen to the world price of 
around $2.00. Since the lower price would have stimulated domestic 
consumption and reduced domestic production, imports would cer
tainly have increased significantly. Bohi and Russell concluded that 
by 1970, imports would have risen to 3.5 billion barrels per year, com
pared with an actual level of only 700 million barrels. Imports as a 
percentage of domestic consumption would have risen to 61.4 percent, 
compared with an actual level of 14.6 percent. Furthermore, imports 
from the most insecure sources—Arab members of OPEC—would have 
amounted to 40 percent of all oil consumption in 1970, as compared 
with an actual rate of less than 5 percent under the control program.1 

Bohi and Russell estimated the resource cost of the mandatory oil 
import control program to be about $2.3 billion for the year 1969, the 
only year for which comprehensive cost data were available. Of this 
total, $1.4 billion was the estimated cost of carrying excess production 
capacity under conservation regulation, and $900 million represented 
the extra production costs of oil produced at costs above the world 
price level of $2.10 per barrel.2 

The mandatory oil import program is now history and the United 
States is grappling with new solutions to the security problem. But 
what lessons does it offer? There is no doubt that the mandatory oil 
import program increased national security during that period, in that 
domestic productive capacity was greater at the higher controlled do
mestic price than it would have been at world prices. If world oil 
prices had prevailed in the United States during the 1960s, U.S. pro
duction in 1973 on the eve of the Arab Oil Embargo would have been 
far less. Nevertheless, it does not follow that the program was either 
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optimal or even cost-effective. The program did not differentiate effec
tively among exporters as to their security prospects. All overseas im
ports were viewed as insecure regardless of country of origin. No one 
paused to ask if increased domestic production is the most cost-effec
tive method of achieving security. There is still the more fundamental 
question: What price premium is justified for secure oil supplies? Un
der the import control program, domestic prices could theoretically 
be allowed to rise far above the price of imported oil. Instead of $1.25 
per barrel, the security premium might be $5 or $10 per barrel. In 
order to answer these questions, we will now consider the determina
tion of an optimal import dependence reduction program. 

OPTIMAL METHODS OF 
REDUCING DEPENDENCE 

A Theoretical Basis 
The previous discussion of macroeconomic effects as well as military 
and political considerations suggests that oil supplies subject to pos
sible embargo should receive a lower social valuation than secure oil 
sources. If market prices were to reflect such a premium, there would 
be no policy concern. The problem is that due to a variety of govern
mental powers to ration oil during emergency situations, contracts to 
deliver "secure" oil could not be honored. Consequently, the structure 
of world oil prices cannot reflect any security premium. 

The supply uncertainty problem represents a market failure of the 
externality type where the true social cost of nonsecure oil is not re
flected in its price. An obvious solution from Chapter 5 is to impose a 
tax on those oil supplies subject to embargo. But in order to select the 
optimal tax, we must have information about the marginal damage 
function, the marginal control or security cost function, and adminis
trative costs. Thus we are forced to look at each of these and in effect 
to determine the optimal level of security. Our criterion in determin
ing the optimal level of security is the set of policies that minimize 
the sum of expected damage costs, control or security costs, and ad
ministrative costs. After all, if we minimize the sum of these costs, 
welfare must be maximized. 

Let us pose the question of how to purchase the optimal degree of 
security, so as to minimize the damage to the economies of oil import
ers during an embargo. Since many countries import oil, their security 
problem in the face of a common embargo is a group security problem 
rather than a collection of individual national security issues. Since it 
is obviously easier to analyze the problems of an isolated importer, let 
us approach the solution in a series of steps. We first assume a two-
country world, with one exporter and one importer, so that no imports 
are available during an embargo. We next assume two exporters and 
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one importer, where only one exporter indulges in embargo tactics. 
Third, we add a second importing country and investigate possible 
relationships between them during an embargo. 

The One Importer, One Exporter Case. Before proceding further, we 
must consider the basis for calculating the marginal damage function. 
Let us assume that the importing country consumes 10 million barrels 
per day. The marginal damage function in Figure 6.2 declines with an 
increasing quantity of secure oil available, and reaches zero when all 
oil consumption comes from secure sources. In this initial example we 
abstract from the extra-economic (military and political) costs of an 
embargo and assume that if all oil imports are cut off, and no domes
tic oil is available, the economy ceases to operate; then the total social 
cost of the embargo can be measured in economic terms equal to GNP. 
If the daily GNP is 10 billion dollars when daily imports are 10 million 
barrels per day, then the total social cost of an embargo is $10 billion 
per day. Thus during an embargo the area under the marginal damage 
function in Figure 6.2 from 0 to 10 million barrels per day must equal 
$10 billion. Clearly, the marginal damage function is likely to slope 
downward since the marginal effect of the loss of the first barrel of 
imports is much less than the loss of the 10 millionth barrel. A linear 
marginal damage function starting at $2000 per barrel for the loss of 
all crude oil and declining to zero for the first barrel of imports gives 
an area under the curve equal to $10 billion during the embargo. 

Figure 6.2 is not yet complete, even though the MDF schedule does 
show the economic losses in the event of a supply disruption. If there 
is no disruption, there is no damage, so the marginal damage function 
applies only during the probable fraction of time when disruptions 
occur. In Figure 6.2, the expected marginal damage function is calcu
lated by attaching probabilities to the damages corresponding to var
ious lengths of supply disruptions. The measurement of the expected 
marginal damage function is by no means a simple matter. Assessing 
even the macroeconomic effects of an embargo poses substantial diffi
culties because of the lack of supply-side detail in most macroeco
nomic models. Another problem is that the probability and duration 
of an embargo are simply not amenable to close estimation. For ex
ample, provision of emergency supplies for 120 days substantially re
duces the probability of a short embargo and raises the probability of 
one lasting more than 120 days. Admittedly, any effort to measure an 
expected marginal damage function is subject to great error; neverthe
less, some informed estimates are better than the alternative—disre
garding these damage costs altogether. 

In our present simple example, let us assume that the exporter is 
expected to embargo the importer for a six-month period every five 
years. Hence the expected marginal damages from an embargo at any 
time are equal to one-tenth of the actual damages that develop during 
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FIGURE 6.2 The marginal damage function at various levels of supply disrup
tion. 

the embargo. The expected MDF schedule in Figure 6.2 reflects this 
assumption. 

How can the importing country secure itself against supply inter
ruptions? Let us assume for simplicity that there are only two ways to 
obtain added domestic supplies during an embargo: either from stor
age of oil produced (or imported) in excess of consumption in previous 
periods, or from the production of oil from domestic fields that are 
kept on a standby basis, to be exploited only during embargos. Figure 
6.3 shows how the marginal security cost of relying upon each mea
sure alone, or on both measures together, varies with the rate at which 
these measures are relied upon for supply security purposes. Let 
method A be emergency storage, with a rising marginal security cost 
(MSÇ4), such that 1 million barrels per day can be produced at a mar
ginal security cost of $15 per barrel. Let method B be standby produc
tion, with more rapidly rising costs, such that only 0.5 million barrels 
per day can be produced at a marginal security cost (MSCß) of $15 per 
barrel. Let method C be the reliance upon both methods A and B 
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FIGURE 6.3 Combine various emergency oil supply strategies to achieve the 
lowest-cost supply-security program. 

jointly, thus permitting production of 1.5 million barrels per day at a 
marginal security cost (MSCC = MSCA + MSCß) of $15 per barrel. 

Combining the expected marginal damage function in Figure 6.2 
with the emergency oil supply strategies in Figure 6.3, we construct 
Figure 6.4. Figure 6.4 assumes that our hypothetical oil importer pro
duces domestically 7 million barrels per day and imports the remain
ing 3 million barrels, which is subject to supply disruption. 

Figure 6.4 shows three different marginal security cost schedules. 
Each of these begins on the horizontal axis where domestic output 
ceases at 7 million barrels per day. The marginal security cost of se
cure domestic oil is by definition zero, as no security premium is 
granted domestic suppliers. Estimates of marginal security cost are 
much easier to calculate than expected damage costs, since all that 
must be estimated is the cost of installing, maintaining, and operating 
the mix of "embargo insurance" measures to be actually employed. Of 
the three MSC schedules shown, MSCC (which utilizes both methods 
A and B) is obviously preferable since it involves lower marginal cost 
for additional secure oil than do the other policies or methods. MSCß, 
which utilizes only standby production capacity, is inferior to a policy 
using both standby production and storage. The "method" illustrated 
by MSCx is actually no method at all, and is drawn in simply to show 
what the total expected costs per day of an embargo would be if no 
defenses against it were undertaken. Under X, an embargo would re
duce oil consumption to 7 million barrels per day, and the expected 
marginal damage would be $60 per barrel. The total costs under pol
icy X arise entirely from damage costs. The total damages would be 
shown by the area of triangle ORX, which is equal to $90 million per 
day. 
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Using method B, the intersection of MSCß with the expected MDF 
schedule occurs at 8.2 million barrels per day. Thus there would be an 
additional 1.2 million barrels of oil available through standby produc
tion during the embargo. The implicit security premium is $36 per 
barrel since the marginal security cost of the 1.2 millionth barrel is 
$36. The total costs under this policy would be the sum of the areas of 
two triangles: (1) BVX, which shows the embargo damages resulting 
from reducing consumption from 10 to 8.2 million barrels per day 
($32.4 million per day), and (2) OBV, which shows the total cost of 
providing the added supplies during the embargo ($21.6 million per 
day), making the total costs $54 million per day under policy B, which 
is a savings of $36 million (area RBO) over the damages resulting from 
having no program at all. 

Using policy C, however, total supplies during an emergency are in
creased to 9 million barrels per day, with 2 million added by supply 
security measures. Remaining damages from reducing oil consump
tion are area AWX ($10 million per day) and total control or security 
costs are shown by area OAW ($20 million per day), so total costs and 
remaining damages are reduced to $30 million per day. Policy C yields 
a savings of $24 million (area OBA) over those a policy B and $60 
million (area ORA) over those of policy X. 

7 8.2 9 10 

Quantity of Secure Oil Available (106bbl/day) 
FIGURE 6A Determination of the optimal level of provision for secure oil, 
assuming exports totally embargoed 10 percent of the time, with only a single 
oil importing country. 
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It is thus apparent that a single importing country can protect itself 
to some degree against the damages of an embargo by employing var
ious embargo insurance measures. Figure 6.4 has some interesting im
plications for the price levels prevailing during supply disruptions. 
Under a policy utilizing MSCC, a production shortfall of 1 million bar
rels per day would force prices up to the society's value of a barrel of 
oil during an embargo. From Figure 6.4, the security premium is $20 
per barrel, but this is the expected marginal damage. During an actual 
supply disruption, Figure 6.2 indicates that a 1 million barrel per day 
shortfall would push market prices $200 per barrel above the pre-dis-
ruption price. A $200 per barrel price hike would indeed ensure the 
efficient use of oil resources during the embargo. But can the costs of 
the supply disruption be reduced or avoided by freezing prices? It is 
argued in Chapter 8 that when an emergency is of short duration, it 
may be preferable to impose temporary price controls and allocation 
procedures in the interest of minimizing the macroeconomic effects of 
a disruption. Let us assume that ideally efficient price controls and 
quantity rationing are employed, so that the price could stay at the 
pre-embargo price per barrel. The quantity rationing devices are as
sumed to distribute the 9 million barrels of oil available to the most 
productive 90 percent of all consumption. If this were accomplished, 
the total social cost of the embargo would still consist of the actual 
damages of $100 million per day (10 times area AWX) plus the control 
costs of $20 million per day (area OAW), for a total cost of $120 million 
per day during an embargo. 

The finding that the economic losses of a supply disruption cannot 
be avoided by imposing price controls is a very important result. Em
pirical support for this conclusion is found in a number of studies. For 
example, David Couts estimated that a 4 million barrel per day petro
leum shortfall (22% of 1978 consumption) lasting one year would, in 
the absence of price and allocation controls, reduce real GNP 4.4 per
cent and, with controls in place, between 5.5 and 15.8 percent (de
pending on the design and enforcement of nonprice rationing de
vices).3 Thus not only can the effects of a supply disruption not be 
avoided through price controls, but ill-conceived nonprice rationing 
procedures may even increase the loss in GNP. 

The One Importer, Two Exporters Case. Let us now assume that there 
are two exporting countries, one of which continues to export while 
the other indulges in a periodic embargo. The importing country is 
now able to maintain some level of imports during an embargo, al
though the price of these imports will certainly increase. Under these 
circumstances the importing country now has another way of mitigat
ing the damages during an embargo; i.e., it simply imports more than 
usual from the other exporter. While this element of added flexibility 
tends to further reduce the slope of the MSC schedule, it is still in the 
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interest of the importer to use other measures as well. Assuming an 
upward sloping supply schedule from the exporter who continues to 
ship oil, additional supplies will be available, but at higher prices. The 
incorporation of additional import supply from the nonembargoing 
country is shown in Figure 6.5. Since imports from the secure country 
of 1.5 million barrels per day continue along with domestic produc
tion of 7 million barrels per day, the marginal social cost schedules 
emanate from production of 8.5 million barrels per day instead of 7 
million barrels daily. Policy C, which is labelled as MSCC and involves 
using both standby capacity and oil storage, is no longer likely to be 
the lowest cost method. The optimal policy set is MSC/>, which in
volves the use of standby capacity, oil storage, and additional imports 
from the nonembargoing oil exporter. Figure 6.5 illustrates several im
portant points. First, the presence of a number of importers who are 
unlikely to participate in embargos and are relatively immune to po-

$/bbl 

$200 

δ 
Expected MDF 

,MSCC 

MSCr 

8.5 10 MMB/D 
Quantity of Secure Oil Available 

FIGURE 6.5 Security premium in case of embargo from only one of two ex
porters. 
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liticai disruptions lowers the security premium. Furthermore, addi
tional imports from such countries during disruptions should be a vi
tal component of an optimal security portfolio. 

The Two Importers, One Exporter Case. Let us consider the case of two 
oil importers, each capable of producing 7 MMB/D, and one oil ex
porter that supplies the other 3 million barrels daily to each importer. 
Importing country W, the wise country, has adopted policy set C in 
Figure 6.4 consisting of standby productive capacity and oil storage, 
so as to limit the expected security premium to $20 per barrel, or a 
$200 premium during an embargo. Country M, the myopic country, 
elects to do nothing, in effect placing a security premium of $60 per 
barrel, or a $600 premium during an embargo. 

In an isolated world, prices would rise by $600 per barrel during an 
embargo in country M, but by only $200 in country W. But in a world 
with free trade, such price differences would not persist; instead, only 
one price would be established roughly at $400 per barrel above the 
pre-embargo price. The critical question is whether it is desirable for 
country W to share part of its oil supplies with country M. The answer 
depends on the price. At a market clearing level of $400 per barrel 
above the pre-embargo level, the answer is clearly yes. The value of 
imports from country W to country M would clearly be greater than 
when country W's oil is reserved for its own exclusive use. The pro
ducers' surplus at $400 premium per barrel is clearly greater than that 
at a $200 premium. Not only would the sale to country M be profita
ble, it would help to lower the combined social cost of the embargo. 
To the degree that both countries were tied together in trade, country 
W would benefit indirectly from country M's improvement. 

Suppose instead that country W shared its emergency supplies with 
country M at the pre-embargo price. Despite the transfer at a zero 
security premium, the market price would soon reflect a $400 per bar
rel premium in both countries. Thus the only apparent effect is distri
butional. Country W has given country M one million barrels daily 
valued at $400 per barrel. Obviously, country W (if it is indeed a wise 
country) is unlikely to engage in such acts of generosity. But suppose 
international sharing agreements required such a transfer. Such ar
rangements would be counterproductive in the long run as they would 
provide little incentive for the myopic country M to provide its own 
emergency oil supplies, nor for the wise country W to benefit from its 
investments. 

There are several important implications following from this exam
ple. Free trade policies during an embargo reduce the total social cost 
of the supply disruption. Moreover, if intercountry oil flows occur at 
the prevailing market price, both the wise and myopic countries ben
efit, so that there is no reason for the wise country to hoard oil for its 
own use. Finally, transfers of emergency supplies at the prevailing em· 
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bargo price premiums provide a strong future inducement for country 
W to continue investing in emergency supplies and for country M to 
alter its behavior. 

Selection of the Optimal Set of 
National Security Policies 

Figure 6.4 indicates the fundamental problems facing an embargoed 
economy. With domestic production of 70 percent of requirements, 
how should one deal with a denial of 30 percent of a country's normal 
consumption? In Figure 6.4 the optimal policy set consisted of addi
tional emergency supplies of 20 percent and conservation for the re
maining 10 percent. Policy makers must assign the relative roles of 
conservation and emergency supplies. Within the set of policies la
beled emergency supplies, there is the decision as to what roles are to 
be played by increased domestic oil production, oil storage, reserve 
standby capacity, and so on. 

Conservation. An integral part of all national security programs for 
dealing with embargos is oil conservation. Fortunately, conservation 
does not necessarily require an elaborate bureaucracy because conser
vation naturally occurs as a consequence of higher prices. An impli
cation of Figure 6.4 is that as the price rises above the predisruption 
level, the marginal damage function reflects the value to society of 
that particular oil. Lower-valued uses of oil will necessarily be cur
tailed when the market price exceeds the value of such uses. 

A conservation program need not be limited to those actions which 
occur voluntarily in response to higher prices. Particularly when 
prices are controlled during a disruption, nonprice rationing devices 
must be used. Other conservation devices include quantity rationing, 
speed limit reductions, and mandatory thermostat reductions. Policies 
such as these were employed during the 1973 Arab oil embargo and 
probably will be utilized again in an impending disruption situa
tion. In this discussion we do not attempt to rank the various methods 
of achieving conservation, as these are discussed extensively in Chap
ter 7. 

The important point in a conservation policy is recognizing that it 
has limits. At current consumption rates, a small reduction in con
sumption can be achieved with minimal changes in life styles. In fact, 
the loss in social benefits is approximated by the market price, since 
at the margin the consumer is indifferent between purchasing an oil 
product and other goods worth the same money. As one moves up the 
demand curve, achieving greater and greater conservation, the fore
gone marginal social benefit of each additional percentage of oil saved 
becomes greater. At some point the foregone marginal social benefits 
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exceed the costs of providing for emergency oil supplies. This defines 
the limits to a conservation policy. 

Figure 6.4 shows that conservation should be used to achieve a re
duction of 10 percent. Over this range of oil use, the sacrifice in mar
ginal social benefits in oil consumption, as approximated by the mar
ginal damage function, is less than the cost of providing emergency 
supplies. In sum, conservation policies should be utilized up to the 
point that the marginal damage function equals the marginal control 
cost function consisting of the optimal set of emergency supplies. 

Self-Sufficiency in Domestic Oil Production: Drain the United States 
First. For Japan and the European countries, excepting the United 
Kingdom and Norway, domestic self-sufficiency in oil production is 
virtually an impossibility. Nature did not endow these countries with 
sizeable deposits of even higher cost oil. Consequently, to be self-suf
ficient in energy production, these countries would have to convert 
almost completely to other energy forms. At current price differentials 
among fuels and current technology, such a conversion would inflict 
impractical costs upon these economies. 

For the United States, the choice is a different one. Physical limita
tions on the petroleum resource base are not as serious. Significant 
conventional oil reserves and shale oil reserves can be developed pro
viding one is willing to pay the higher cost. Thus the United States 
probably has the physical reserves to raise domestic production 
enough to achieve self-sufficiency. Self-sufficiency would likely entail 
the rapid exploitation of existing conventional oil reserves, extensive 
exploration in offshore areas, and development of a large scale shale 
oil industry. The real question is not the physical capability, but the 
cost of this additional oil production. United States oil production is 
already high-cost compared to worldwide costs, and the additional oil 
production to reach self-sufficiency is likely to result in oil costs well 
above world prices. The domestic price of oil might have to be raised 
$15 to $30 per barrel above current world prices to achieve complete 
self-sufficiency. Thus while domestic self-sufficiency may be feasible, 
it is analogous to an MSC curve that is everywhere above other poli
cies. There exist other, lower-cost alternative methods of providing se
curity. 

Another difficulty with pushing domestic oil production up to self-
sufficiency is that, because it would exhaust the reserves of lower-cost 
oil, future generations would have to produce still higher cost reserves 
to achieve security. The policy of draining America first would signif
icantly increase the cost of national security for future generations. 

Drain OPEC First. If it is unwise to embark on self-sufficiency pro
grams that would drain America first, what are the merits of a secu
rity program that would drain OPEC first, leaving domestic reserves 

2 3 Q ENERGY ECONOMICS AND POLICY 



in the ground? While intuitively quite appealing, such a policy would 
shift the MSC curve in Figure 6.4 back to the left, so that it begins at 
0 percent self-sufficiency rather than 70 percent, since U.S. reserves 
would be left undeveloped in the ground in order to drain OPEC. 
After incorporating this change, this would significantly increase the 
current cost of national security. Even though undeveloped U.S. oil 
reserves would be formidable, the necessary oil wells, drilling equip
ment, and pipeline construction could not be developed instanta
neously in the event of an embargo. To awaken such a dormant indus
try might take many years. Thus in the event of an embargo, the 
United States would have to rely on other methods of achieving na
tional security. 

Even though this policy might make it possible for the United States 
to achieve self-sufficiency at a lower relative cost at some future date, 
the increased costs of complete vulnerability in the interim would 
seem to far outweigh any future benefits. Furthermore, this increased 
vulnerability would increase the probability of an embargo, raising 
the expected marginal damage function. Thus, just as "drain America 
first" makes no sense as a long-run strategy, "drain OPEC first" makes 
no sense as a short-run strategy. 

Fiscal and Monetary Policies. A student of macroeconomics is taught 
that GNP, employment, and inflation can be affected through fiscal 
and monetary policies. This suggests the possibility that fiscal and 
monetary policies can be used to offset the deleterious effects of an 
embargo. For example, to prevent GNP from falling, the government 
can adopt expansionary policies by lowering taxes, increasing govern
ment spending, and increasing the growth in the money supply.4 In 
situations where the economy is faced with insufficient aggregate de
mand, these policy prescriptions are quite effective. However, when 
the economy is supply-constrained due to a lack of oil, creating addi
tional aggregate demand is not likely to significantly improve the sit
uation. This does not imply that fiscal and monetary policy is com
pletely ineffectual. In the face of rising prices due to shortages during 
the embargo, there is a tendency to adopt restrictive policies to hold 
down inflation. Such policies can contribute to the loss in employ
ment, as both the supply and demand sides of the markets are driving 
output downward. But while fiscal and monetary policies cannot be 
expected to alleviate the effects of an embargo, if used properly they 
can prevent a worsening of the economic situation. 

Long-Term Contracts. From any one country's view, a seemingly com
plete solution to a supply disruption problem is to arrange long-term 
contracts with secure oil exporters. As in the case of Figure 6.5, long-
term supply contracts with reliable countries can effectively shift the 
MSC schedule to the right. In principle, for small importers, such 
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long-term contracts would provide complete insulation from a world
wide supply disruption. Since the long-term contract price would be 
set previously at pre-embargo levels, it would seem that a country 
with such contracts could be completely insulated from the apoca
lypse surrounding it. 

But such a narrow view of the world overlooks two basic realities. 
First, the world's existing oil production can be seen as coming from 
the same bathtub. Even though one country can establish the right to 
purchase some portion of the secure oil present in the bathtub, the 
total amount of secure oil is not increased. Consequently, from a world 
perspective, security is not enhanced. 

Second, it is unrealistic for a country to assume that it can remain 
unaffected by a worldwide supply disruption. As illustrated in the two 
importer, one exporter case, high worldwide oil prices during a dis
ruption will create arbitrage incentives that will result in equilibra
tion with world oil prices. Even if a country chose to hoard its oil, the 
severe macroeconomic dislocations affecting its trading partners 
would ultimately spread to it. 

There are situations where long-term contracts with secure produc
ers can actually enhance world security. Continuing the analogy of the 
bathtub, if the long-term contract puts more water (oil) in the tub, 
security is enhanced. Suppose the long-term contract leads to the de
velopment of additional productive capacity in secure areas. The ex
istence of such contracts could provide funds necessary for the devel
opment of additional productive capacity earmarked for purposes of 
fulfilling a long-term contract. 

International Sharing Agreements. The International Energy Agency 
was formed as the consuming nations' response to the 1973 Arab oil 
embargo. All of the major consuming nations except France have 
agreed that in the event of an embargo against any one member coun
try, all other members will share oil, so as to spread the effect of the 
embargo evenly over the various members. Additionally, each IEA 
member agrees to maintain oil storage equal to 90 days of imports, 
thereby significantly increasing the world's emergency oil supplies. In 
principle, such an agreement substantially reduces the cost of emer
gency supplies to any one country and reduces the probability of an 
embargo against any single country. Some might even argue that it 
completely resolves the national security problem because partici
pants would realize that an embargo against any one nation would 
not be able to cripple it, so the embargo tool would never be em
ployed. 

Doubts about the effectiveness of the IEA center on the political 
realities of an embargo and the problems with the pricing of shared 
oil.5 While the IEA is no doubt some deterrent to an embargo, agree-
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ments among sovereign nations are frequently violated with complete 
impunity. Suppose country A, a nonembargoed member of IEA, were 
threatened by embargoing nations that it too would be embargoed if 
it shared oil with country B, the object of the embargo. It is entirely 
possible that country A would withdraw from the IEA. 

The other objection raised about the IEA is the pricing of shared 
petroleum. Under the IEA formula, an embargoed country receives 
rights to purchase a predetermined quantity of the other members' 
crude oil. Apparently the price of the crude could be set by the IEA 
secretariat at levels well below world spot prices, giving incentives to 
purchase more crude than would be the case if world spot prices 
guided the decision. In effect, mechanical sharing formulas with 
prices set below world spot levels would only add distortions. An al
ternative to mechanical sharing formulas, which would fulfill the in
tended purpose of sharing, would be an agreement among IEA mem
bers that no country would impose limitations on its oil companies 
that would prohibit the reexportation of crude. In effect, the IEA could 
simply agree to a free market in crude trade among its member coun
tries—a novel idea! 

Reserve Standby Capacity. A frequently advocated policy offered by 
casual observers of the oil industry is to develop large quantities of 
reserve standby capacity. Owners of existing oil wells could be paid 
not to produce, saving this production for an emergency. Just as the 
agricultural soil bank took domestic farm land out of production, oil 
fields could be shut down until needed. Obviously, government pay
ments would have to be large enough to compensate producers to de
fer production and to maintain the pumping equipment and the pipe
line facilities to transport the oil to the refinery. 

The supply schedule based on these costs rises quite sharply and 
yields very high costs for stripper wells, which produce at a rate of 
only a few barrels per day. The maintenance cost of the stripper wells 
implies very high costs per barrel of daily production. The reason is 
quite simple—the maintenance costs for a well capable of producing 
500 barrels per day may be the same as those of the stripper well, yet 
the 500-barrel-per-day well delivers a much greater flow of oil. Thus 
only fields having the following characteristics are likely to have ac
ceptably low maintenance costs per barrel: high daily production 
rates, reasonably low drilling costs per well (to enable infill drilling to 
increase production), and a location near a major refining center. 
Clearly, even though Alaskan North Slope wells have high daily pro
duction rates, they are very costly to drill, and the expenses of main
taining the pipeline to Valdez on standby would be exorbitant. 

There are, however, some fields that meet these conditions, yielding 
reasonably low costs. Professors Mead and Sorensen show that the Elk 
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Hills field, a part of the Naval Petroleum Reserve located in southern 
California, could be economically attractive as a reserve standby facil
ity.6 By drilling wells in a much closer spacing pattern than is usually 
followed, this field could produce at a very high output rate during a 
temporary emergency period. The interesting economic feature to be 
noted about reserve standby capacity is that the cost per barrel of 
emergency supplies falls with the length of the embargo. Suppose for 
example that the annual cost of maintaining a well on standby capac
ity is $1000 and the rate of production is 100 barrels per day. If the 
embargo lasts for only one day, the reserve capacity cost is $10 per 
barrel. However, if the embargo lasts 100 days, the cost of the reserve 
capacity is only 10 cents per barrel. Particularly to the extent long 
embargos are expected, the economics of standby reserve capacity be
come more attractive. 

At present, production from the Naval Petroleum Reserve would 
add perhaps only 200,000 to 300,000 barrels per day to domestic pro
duction; in general, few fields would be suited for a standby-reserve 
basis. The huge Yates field in West Texas may be a promising candi
date. Geologically, Yates has all the desirable characteristics—low 
drilling costs due to a relatively shallow field, extremely prolific wells 
capable of producing 2,000 to 3,000 barrels per day, and a location 
near refining centers. Even though in 1984 Yates produced at a rate of 
144,000 barrels per day, reservoir tests indicated the field could pro
duce at 352,000 B/D with existing wells. With extensive infill drilling, 
it is not inconceivable that Yates could produce at a 600,000 B/D rate 
for 6 to 12 months. But probably the biggest argument is an economic 
one. Oil reserves in existing fields frequently sell for one-fifth to one-
fourth as much as oil that has actually been produced. In contrast the 
Strategic Petroleum Reserve (SPR) purchases oil at current market 
prices and then stores them in reservoirs akin to Yates. Imagine the 
U.S. government buying out U.S. Steel, the owner of Marathon Oil 
Company (which in turn is the virtually sole owner of Yates), keeping 
Yates, and selling U.S. Steel's steel plants to a Japanese steel com
pany! Since recent oil industry mergers have transferred oil reserves 
in the ground at effective prices of $5 to $6 per barrel, the U.S. govern
ment might obtain a ready-made SPR at a 75% discount off market 
price! 

Oil Storage. The single most important aspect of U.S. emergency sup
ply policy was the creation of a strategic petroleum reserve, using salt 
domes located along the Gulf Coast as huge storage facilities. After the 
mining of salt, great sealed caverns are left deep in the earth's crust 
that make excellent natural storage facilities with costs only a fraction 
of those of above-ground steel storage tanks. The major cost of these 
facilities is simply the interest cost of the stored oil. Standby pipeline 
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facilities are generally near refineries, so that transportation costs are 
not large. 

Oil storage has long been a favorite strategy of European countries, 
where it is not uncommon to see storage equal to more than 90 days' 
consumption. In Europe, oil refiners are required by law to maintain 
90 or more days' supply. Until explicit government action was taken, 
U.S. refiners held perhaps 20 to 25 days' consumption or less, which 
is the amount needed for standard operations. The National Emer
gency Petroleum Storage Act of 1976 provided for the creation of the 
Strategic Petroleum Reserve equal to one billion barrels, to have been 
achieved by 1980. But by 1983, the total stockpile was only about 325 
million barrels, and the total goal had been revised downward to 750 
million barrels to be achieved by 1989. By 1985, with reserves stand
ing at 500 million barrels, additional purchases were suspended in or
der to reduce the government deficit. At the 1985 oil import level of 
about 5 million barrels per day, the actual stockpile would replace 
fully embargoed imports for a period of 100 days. 

Since the supply of available salt domes is very large and imported 
oil can be purchased at a given price for storage, the long-run supply 
schedule of emergency supplies from this source tends to be flat over 
a considerable range. Recent estimates place the annual cost per bar
rel of this method of storage (including interest costs) at between $3.25 
to $4.00 per barrel. In effect, oil storage places a ceiling price on emer
gency supplies. Other methods, such as reserve standby capacity, 
should be utilized up to the point that their costs equal the ceiling 
implied by storage. 

Two major questions arise regarding the strategic petroleum reserve 
(SPR) as the primary element in the U.S. oil security plan. First, what 
is the optimal size of the SPR? Second, what is or should be the trig
ger mechanism to initiate withdrawals from the SPR? The answer to 
the question of the optimal SPR size requires a complicated analytical 
framework employing dynamic programming techniques together 
with a host of assumptions regarding the frequency, intensity, and du
ration of likely future embargos.7 Almost all studies recommend a re
serve greater than 750 million barrels and most recommend a reserve 
greater than 1 billion barrels.8 

The trigger mechanism to initiate withdrawals from the SPR cur
rently rests with the President. On the face of it, it would appear to be 
a simple matter to know when to begin selling oil from the SPR and 
at what rate, but imagine yourself as President of the U.S. facing the 
following situation: The Iran-Iraq war spreads as routed Iraqi troops 
pour into Kuwait and Iranian forces pursue, cutting off all oil ship
ments from Iran, Iraq, and Kuwait. The loss of 3 million barrels per 
day of oil supply from world markets sends spot prices up by $10 per 
barrel. Your economic advisors argue that since in the very short run 
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supply and demand are most inelastic, SPR shipments should begin 
immediately in volumes of at least 1.5 million barrels per day, offset
ting at least half of the shortfall. They argue that such a move would 
stabilize spot prices and bring about orderly supply and demand ad
justments. But your National Security Advisor and Secretary of De
fense argue that the SPR should be saved for potentially worse days 
to come. They fear the conflict will spread into Saudi Arabia, resulting 
in the loss of another 5 million barrels per day of production. In such 
event, they argue, war damage and sabotage of these fields will pre
vent any flow of oil from the Persian Gulf for at least two years. They 
argue that SPR reserves should be saved until the war picture is more 
certain. As President you opted for the "wait and see" strategy. The 
war is then confined to Kuwait and, by the time this becomes appar
ent, spot prices have risen by $30 above predisruption levels. By the 
time you begin production from the SPR four months later at a rate 
of .5 million barrels per day, the economic damage has been done. 

Due to the inherent tendency to underutilize the SPR, observers 
have attempted to formulate a simple set of rules regarding when and 
how much to withdraw from the SPR. It is extremely difficult to spec
ify the full set of rules that would apply for a large number of situ
ations. The most appealing plan uses the options market as a signal
ling device for the intensity and duration of supply disruption. Hor-
wich and Weimer go on to offer the following numerical example:9 

Operation of the options system can be illustrated with the simple 
example presented in Table 6.1. Imagine that the world price of oil 
is stable at thirty dollars per barrel in weeks 1 to 12. Each week 
during this period the SPR office offers options for purchase at a 
forward price of thirty-three dollars per barrel nine to twelve 
weeks in the future. Because most firms expect prices to remain 
stable, options for only about 1 million of the 12 million barrels 
offered each week are sold at the minimum acceptable bid of one 
cent per barrel. Also, because the world price of oil is lower than 
the forward price on options sold nine to twelve weeks earlier, no 
options are exercised. Now assume that in week 13 a major crisis 
with potential for disrupting regional oil supplies begins to develop 
in the Middle East. Spot prices rise to thirty-one dollars as firms 
seek to expand their stocks. At the same time, firms also seek to 
purchase options as an alternative to stocks, bidding the price up 
by ten cents per barrel in week 13 and twenty cents per barrel in 
week 14. In week 15 a war breaks out, reducing oil supplies from 
the Middle East. Spot prices rise to thirty-five dollars per barrel, 
making it profitable for those who purchased options in weeks 3, 4, 
5, and 6 to exercise them. The result is a drawdown of 4 million 
barrels. From week 16 through week 21, options of 1 million bar
rels per week are exercised. In week 22 the number of options ex
ercised jumps to 12 million barrels as options sold at the first 
threat of disruption in week 13 mature. Beginning in week 23, oil 
prices stabilize at forty dollars per barrel, and option prices once 
again fall to the minimum acceptable bid. In week 25 the spot 
price falls below the forward price for options sold nine weeks be-
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fore, so those options are not exercised, ending the options system 
drawdown, which had continued into weeks 23 and 24. For the first 
ten weeks of the disruption, an average drawdown of 657,000 bar
rels per day has taken place. The President could order direct auc
tions of SPR oil to continue the drawdown in week 25 or to supple
ment the drawdown at any earlier time. 

The option system has several advantages. First, it substitutes the 
aggregate of private sector expectations for those of the government 
as to future market conditions. A second advantage is that it would 
allow the private sector to anticipate SPR drawdowns and automati
cally ameliorate sharp upward swings in crude prices. But probably 
the major advantage of the options idea is that the oil is sold to the 
highest bidder, assuring that it would be used in its highest socially 
valued uses. 

IMPORT CONTROLS VERSUS 
TARIFFS 
Recall that formulating an optimal national security policy means 
minimizing the sum of emergency supply costs plus remaining dam
age costs. This means following the cost-minimizing set of emergency 
supply and conservation policies to minimize the area OAX in Figure 
6.4. The result of this calculation yields P*, the security premium per 
barrel of oil. 

Does the determination of the security premium have any implica
tions for the pricing of oil?10 The price axis in Figure 6.4 shows the 
opportunity cost of another barrel of nonsecure oil versus one less bar
rel of secure oil. In Figure 6.6 we add this security premium t0 to the 
supply schedule from nonsecure sources (Sns + t0), thereby reflecting 
the true social cost of this oil. At the price Pns + t0, the production 
from the secure areas equals S and that from nonsecure areas is NS. 
In principle, this outcome could be achieved by simply imposing a 
tariff on oil originating from countries likely to participate in an em
bargo. Imports from secure areas plus domestic production would not 
be taxed. In practice, the major difficulty in implementing this ap
proach is that the General Agreement on Tariffs and Trade prohibits 
discriminatory tariffs among GATT members, which include both ma
jor oil consumers and producers.11 As an alternative to a discrimina
tory tariff, import quotas equal to NS might be assigned to restrict 
imports from nonsecure countries. 

For national security purposes, does it really matter whether we use 
tariffs or import controls? If import controls are set at NS, the market 
price of oil is P^ + t0 and domestic supply is S. Similarly, with a tariff 
of t0 the market price is Pns + t0, domestic production is S, and im
ported oil is NS. Even if OPEC changed its price, one might argue that 
authorities could again solve Figures 6.4 and 6.6 for a new optimal 
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PNS + to r— 

Quantity of Oil 
FIGURE 6.6 Determination of the optimal consumption of nonsecure oil: Ss, 
secure source; Snst nonsecure source; Pnst nonsecure price; Pm + t0, secure 
price. 

tariff. Corresponding to the new optimal tariff is an optimal level of 
imports. Thus even with changing prices, it might be argued that the 
two are equivalent. 

But what if one assumes that the government is slow to recalculate 
the optimal tariff or import control level following an OPEC price 
change? Suppose instead that the tariff is left at t0 or import controls 
are left at NS. In this situation, tariffs and import controls have quite 
different implications. 

Consider the impact of a complete collapse of OPEC, with world 
prices falling back into the $2 to $3 per barrel range. Looking at Fig
ure 6.6, the reader could pencil in a new price inclusive of tariff that 
is far below the price P^ + t0. Under a tariff system, domestic prices 
would fall to the new OPEC price plus the tariff. Domestic production 
at the low price level would shrink to a very low level and imports 
would capture the bulk of the market. 

In contrast, under an import control system allowing imports of NS 
with the rights to import being auctioned off by the federal govern
ment, the domestic market price would remain at Pns + t0 because, 
under import controls, domestic supply conditions determine prices 
irrespective of OPEC actions. Even though the OPEC price fell, there 
would be no impact on domestic prices. The prices importers were 
willing to pay would suddenly rise from t0 to Pns + t0 less the new 
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OPEC price, but this money would enter the U.S. Treasury, having no 
effect on the domestic price. With unchanged domestic prices, domes
tic production would remain unchanged and national security costs 
would still be given by area OAX. 

Under the tariff system, the costs of national security are likely to 
rise sharply. Instead of domestic production providing 7 million bar
rels daily, the depressed domestic price means that production might 
fall back to 3 million barrels per day. Returning to Figure 6.4, visual
ize drawing a new marginal security cost function beginning at 3 mil
lion barrels per day and rising from that point. The reader can easily 
verify that both the sum of security costs and remaining damage costs 
are far greater than under import controls. 

In sum, import controls, unlike tariffs, leave domestic markets to 
determine prices. From a national security perspective, this is cer
tainly an important consideration. Obviously, this does not completely 
rule out the use of tariffs, but it does suggest they must be used flexi
bly. For example, in the event of a collapse of OPEC, the increase in 
national security costs could be avoided by raising the tariff to par
tially offset the price decrease. Given past experience with bureau
cratic lags, such actions cannot be taken for granted. On the other 
hand, there are welfare considerations other than national security 
that favor tariffs. Let us consider the effect of tariffs versus import 
controls on the OPEC cartel. 

An alternative diagrammatical exposition may serve to illuminate 
the contrast between tariffs and quotas as leverage devices to affect 
the price charged by the OPEC cartel. Figure 6.7 shows the compara
tive effects of tariffs and quotas on oil import demand from OPEC's 
point of view. Figure 6.7a shows supply and demand for oil in the 
importing country, with D representing importer demand and Sd do
mestic supply. It can be seen that if imports were completely prohib
ited, the equilibrium domestic price would be Pct with domestic out
put supplying total domestic demand at the quantity Qc. But if the 
world price is Pw and if imports are uncontrolled, total consumption 
is Qw, with Qa produced domestically, and an amount equal to Qw — 
Qa is imported. This amount is shown as Qm in Figure 6.7b. 

Let us assume that, in order to limit imports, a tariff in the amount 
of t0 per barrel is imposed, raising the price of imports to Pw + t0. At 
this price level, total consumption is Qr while total domestic produc
tion is Qb, with an amount equal to Qr — Qy being imported. This 
volume of imports is shown as Qe in Figure 6.7b. It thus appears that 
the imposition of the tariff has reduced total oil demand at the world 
price Pw from Qw down to Qr. This effect can be generalized by simply 
observing that the impact of a specific tax of a fixed number of dollars 
per unit on the demand curve for any commodity is determined 
merely by reducing its demand schedule by the amount of the tax per 
unit at every price level charged. Thus, domestic demand for oil after 
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(a) (b) 
FIGURE 6.7 Comparative effects of tariffs and quotas on oil import demand. 
(a) Supply and demand for oil in the importing country with oil demand 
shown before and after the imposition of a tariff on oil imports, (b) Import 
demand for oil in the importing country, where D - Sdis import demand with
out quotas or tariffs, Dt is import demand with a tariff, and Dq is import de
mand with a quota. 

the imposition of the tariff (which of course is just a per-unit import 
tax) falls from D to D - tQ. 

Figure 6.7b shows the import demand for oil in this par t icular im
porting country as seen by the OPEC cartel. In the absence of a tariff, 
import demand would be determined by merely subtracting total do
mestic supply Sd from domestic demand D, as shown by the schedule 
labeled D - Sd. Since D = Sd at Pc, import demand is zero at the price 
Pc, but increases steadily as price falls below Pc and domestic produc
tion falls while demand increases. (Some students will recognize D-
Sd as constituting the excess demand schedule for oil.) The imposition 
of a tariff of t0 dollars per barrel then reduces import demand for oil 
to the schedule Dt shown in Figure 6.7b. This schedule is derived by 
subtracting domestic supply from domestic demand minus the tariff, 
as shown in Figure 6.7a. Therefore, Dt is simply D - t0 - Sdt and 
represents the net excess demand for oil imports after the imposition 
of the tariff. 

Returning now to Figure 6.7a, we see that total imports under the 
tariff amount to Qr - Qb, or the amount Qe shown in Figure 6.7b. This 
reduction in imports could have been obtained either by imposing the 
tariff t0 per barrel of oil imported or by imposing an absolute quota 
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limit on imports of the same amount Qe. At the current world price 
Pw, either a tariff of t0 per barrel or an import quota of Qe would have 
the same effect on prices, imports, domestic production, and con
sumption. But the demand curve for imports under the quota limit Qe 
is shown by the two-segment schedule Dq in Figure 6.7b. We derive Dq 
by the following reasoning: Imports cannot exceed Qe in any event; 
therefore, imports would be equal to Qe at all prices below the world 
price plus the tariff. But if prices were to rise above Pw + t0, imports 
would be reduced, since the import demand schedule D - Sd calls for 
less than Qe imports at prices that high. Hence we have very different 
import demand schedules for OPEC oil under the two systems, since 
Dq = Dt only at the point where world price remains at its current 
level Pw. 

It can be seen that the quota system gives the OPEC cartel the in
centive to raise prices at least to the level Pw + t0, since demand is the 
same at Pw and at Pw + t0. If OPEC were to raise prices still higher, it 
would be limited by the elasticity of the demand curve Dq above that 
price, since Dq = D - SD above a price of Pw + t0. In any event, the 
imposition of the import quota Qe should by itself motivate OPEC to 
raise the price to the importer by the amount of the tariff ί0· The dif
ference here is that OPEC could get the tariff revenue rather than the 
importing country. 

But if the importer first imposes the tariff t0, then the demand for 
OPEC oil is reduced to the schedule Dt in Figure 6.7b. OPEC's profit-
maximizing oil price will be lower with a tariff than with a quota 
because of the downward shift on the entire import demand schedule 
that results from the imposition of the tariff. 

The Magnitude of the Optimal Tariff 
If a tariff is preferred because of the effects on OPEC, exactly what 
should be its magnitude? As the previous section shows, it depends on 
the OPEC price. The lower the world oil price, the higher the appro
priate tariff and vice versa. At current price levels, most studies place 
the optimal tariff in a range from $2 to $10 per barrel. Professors Hor-
wich and Weimer favor a tariff of $2 per barrel as sufficient to inter
nalize the marginal social cost of the strategic petroleum reserve. Oth
ers advocate higher tariffs on the grounds that it would drive down 
world oil prices and offer an effective vehicle for consuming countries 
to recapture part of the producer surplus gained by OPEC in the 
1970s. 

QUESTIONS 1# Explain why, in minimizing the total costs of providing security, 
we should use expected damage costs rather than the actual dam
age costs occurring during a supply disruption. 
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2. Draw a graph similar to Figure 6.7 assuming a new OPEC price of 
$5 per barrel, and solve for imports and domestic production under 
a tariff. Then redraw Figure 6.6, showing the increase in security 
costs. 

3. Suppose that OPEC raised the price instead of lowering it. Assume 
that the tariff is $2 per barrel and OPEC raises the price by $2. How 
much will prices go up under a tariff and under an import control 
system where the rights to NS imports are auctioned? Show that in 
this situation, a tariff will actually reduce national security costs 
compared to import controls. 

4. If OPEC collapsed, would this signal the end to any possibilities of 
supply disruptions? 

5. For the two importer, one exporter case, draw graphs similar to 
Figure 6.5 for countries W and M and show how an implicit pre
mium of $40 per barrel would be established under free trade. 

6. Besides Horwich's and Weimer's option method for drawing down 
the SPR, what other mechanisms might you design? Evaluate the 
strengths and weaknesses of each. 

7. In what sense do high world prices reduce security costs? 
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CONSERVATION 

INTRODUCTION 
On the face of it, energy conservation is a very simple, noncontrover-
sial concept. Furthermore, unlike increased energy production, which 
for environmental reasons may be unpopular, energy conservation 
would appear to be a completely benign policy. A class poll will 
quickly demonstrate the acceptability of energy conservation, since by 
inference anyone opposed to conservation must be in favor of waste. 
But is it really such a simple matter of favoring conservation over 
waste? 

Let us begin by setting forth three definitions of energy conserva
tion, which we will label the layman's definition, the engineering def
inition, and the economic definition: 

(1) The Layman s Definition. Energy conservation is the amount by 
which energy consumption is reduced from the level that would have 
occurred otherwise. For example, conservation would be the energy 
saved from switching off a light or buying a more fuel-efficient car. 

(2) The Engineering Definition. Engineers tend to establish a technical 
benchmark as a standard against which to measure how well energy 
is being conserved. For example, if it is technically feasible to produce 
air conditioners with an energy efficiency rating (EER) of 12, energy 
conservation would be measured in terms of how close the EER rating 
of air conditioners actually produced approached the feasible techni
cal limit of 12. 

(3) The Economic Definition. Like engineers, economists prefer a well-
defined benchmark against which to measure conservation. To the 
economist, conservation occurs at the consumption level where the 
marginal social benefit equals the marginal social cost of energy. By 
this definition, the actual level of energy consumption can be too large 
or too small depending on marginal social costs and benefits. Thus, in 



contrast to the layman's, and engineer's definitions, conservation to 
the economist could actually involve consuming more energy, not less. 

If there is a common thread running through all three definitions of 
energy conservation, it is that all three measures compare existing en
ergy consumption against some benchmark. To the layman, the 
benchmark is the energy consumption level that would otherwise have 
occurred. To the engineer, the benchmark is the most technically ad
vanced equipment with the highest EER rating. To the economist, the 
benchmark is the consumption level at which marginal social benefits 
and costs are equated. Any of the three definitions would be quite ac
ceptable except for the fact that instinctively we think of conservation 
as the opposite of waste and, therefore, inherently desirable. For the 
time being, let us just adopt the layman's definition of conservation to 
gain some idea of the potential for reducing energy consumption. 

THE MATHEMATICS OF ENERGY 
CONSERVATION 
For the period from 1965 to 1973, worldwide consumption of primary 
energy grew along a 5 percent per year trend line. Consequently, many 
forecasters preparing their forecasts in 1973 applied that same 5 per
cent trend line for the period 1973 to 1983. Ten years later they found 
to their surprise that the annual energy growth rate over this period 
dropped to 1.6 percent. Figure 7.1 shows that over the period from 
1965 to 1973, energy consumption grew from 79.2 million barrels per 
day of oil equivalent energy (MMB/DOE) to 118.7 MMB/DOE in 1973 
and then for the next 10 years (labelled - 1 0 to 0) grew only to 139.1 
MMB/DOE. Now imagine yourself the perplexed energy forecaster re
quired in 1984 to look ahead not 10 years, but 50 years. Does it really 
matter whether you adopt a 5 percent annual growth rate or a 1.6 
percent annual growth rate? Figure 7.1 forcefully illustrates the con
cept of compound growth. At 5 percent per year, energy consumption 
doubles every 14 years, quadruples in 28 years and so on. But at 1.6 
percent per year, energy consumption doubles only every 44 years and 
quadruples every 88 years. At a 5 percent per year growth, world en
ergy consumption reaches almost 1,700 MMB/DOE in 50 years, but at 
the 1.6 percent growth rate, consumption in 50 years reaches about 
310 MMB/DOE—a level one fifth as much as the 5 percent path.1 

Clearly, if the long term growth rate can be lowered from 5 percent 
to 1.6 percent annually, the potential for energy savings is phenome
nal. The shaded area showing potential energy savings in Figure 7.1 
amounts to 7.5 trillion barrels of oil equivalent energy—a sum almost 
twice the 3.9 trillion barrels of oil equivalent energy actually con
sumed over this period if consumption is held to the 1.6 percent 
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growth path. In effect, for every barrel actually consumed along the 
1.6 percent growth path, two barrels were saved.2 

EVIDENCE ON THE POTENTIAL 
FOR CONSERVATION 

The above mathematical example is quite impressive in demonstrat
ing that in principle energy conservation could vastly stretch the 
world's energy supplies. But the previous example may be a bit de
ceiving in that it assumes that the trend growth rate can realistically 
be lowered from 5 percent annually to 1.6 percent annually. Even 
though an annual growth rate of 1.6 percent was recorded for the 10 
year period from 1973 to 1983, it may not be sustainable over 50, 100, 
or 1000 years, especially when one considers that this period was de
scribed as an "energy crisis." This section addresses the question: "Can 
the long-run trend growth in energy be materially reduced and at the 
same time allow for a growing full employment economy?" 

In the early 1970s, this question was largely unanswered. Many felt 
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that energy and economic activity were tied together by a fixed en-
ergy-GNP ratio. To these researchers, the elephant/rabbit stew dis
cussed in Chapter 1 would taste distinctly rabbit. A variety of argu
ments were offered to support this view. The popular input-output 
analysis predicated on a Leontief technology would claim a zero elas
ticity of substitution, as shown in isoquant Ix in Figure 1.1a. This 
meant that to produce a dollar's worth of output all material inputs, 
including energy, must be combined in fixed proportions. Conse
quently, a 1 percent reduction in energy input translated into a 1 per
cent reduction in output. Furthermore, work at Resources for the Fu
ture by Schurr and others focussed on the energy-GNP ratio.3 While 
Schurr and his colleagues demonstrated this ratio appeared to change 
modestly over time in response to technical changes and structural 
shifts in the macroeconomy, the implicit presumption was that the 
energy-GNP ratio was not particularly substitutable against other in
puts. Thus increases in the price of energy relative to other inputs 
would not induce any appreciable substitution of labor, capital, or 
materials for energy. Finally, when one compares per capita energy 
consumption in 1973 across countries as in Figure 7.2, we see that a 
strong positive correlation between per capita energy consumption 
and the standard of living, measured by per capita real gross domestic 
product (GDP). (GDP differs from GNP only in that the former ex
cludes net factor payments from abroad.) While correlations do not 
prove causation, Figure 7.2 suggests that energy consumption and the 
standard of living are closely and perhaps inextricably intertwined. 
Therefore, it may not be possible to achieve the U.S. standard of living 
with the per capita energy consumption of Greece, Turkey, or Spain. 
Many felt that a permanent lowering of the energy consumption 
growth rate would only result in a similar lowering of the growth in 
GNP—an unacceptable price to pay when minimal levels of food, 
housing, medical attention, and consumer goods are yet to be attained 
by most of the world's inhabitants. If correct, the implications of such 
a view are ominous. Energy conservation could not be expected to oc
cur as a natural result of increasing scarcity, reflected in rising prices. 
Rather, any reduction in energy consumption, to the degree it is 
achievable at all, must come from mandated changes in energy con
suming behavior and an alteration of the mix of products produced to 
favor a less energy-intensive mix. 

Even though the above arguments might seem conclusive, there are 
some disquieting reasons why we might expect the energy-GNP ratio 
to respond to economic stimuli. First, our training from principles of 
economics offers the warning that "needs" are on closer inspection 
only "wants." In turn, if energy is only a want rather than a necessity, 
it must respond to the same price mechanism that helps us order our 
purchases of other goods and services. A price increase in energy, tak
ing everything else as given, will lead to a decrease in its consumption. 
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consumption (based on 1973 data). 

In effect, the law of demand should apply to energy just as it does to 
all other goods. 

A second troublesome observation is that if the energy-GDP ratio is 
fixed by technical factors, why does it vary so markedly across coun
tries? Table 7.1 reports the energy-GDP ratio for eight major indus
trialized countries. In 1982, the energy-GDP ratio varied from a low 
of 28,400 Btu per dollar of GDP in Japan to 70,900 Btu per dollar in 
Canada. Now, a variety of factors could explain the differences in en
ergy-GDP ratio other than the price of energy relative to other inputs 
such as labor, capital, or raw materials. First, in order to calculate 
GDP in a common currency, exchange rates must typically be used, 
but exchange rates are not representative of the prices of nontraded 
goods. Hence, energy-GDP ratios can vary simply due to differences 
between the exchange rates and the true purchasing power of a coun-
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try's currency. Second, sectoral differences, reflecting the differing rel
ative sizes of the industrial, agricultural, commercial, and residential 
sectors, are quite pronounced between countries. Those economies 
with a large fraction of industrial products are likely to be more en
ergy-intensive per dollar of GDP than a more service-oriented econ
omy. Third, a Btu of one fuel may have the same calorific value for 
heating water as a Btu of another fuel, but energy is used for much 
more than heating water. In effect, the thermal efficiency of convert
ing energy to useful work varies considerably depending on the en
ergy-consuming equipment and its specific fuel requirements. For ex
ample, it takes 5 Btu of coal to power a steam locomotive whereas 1 
Btu of diesel fuel in a diesel locomotive accomplishes the same work. 

Another intriguing explanation for at least part of the differences in 
energy-GDP ratios in Table 7.1 is price. Is it merely an accident that 
Canada, the economy with the highest energy-GDP ratio, also tended 
to have relatively cheap energy? Conversely, Japan has the lowest en
ergy-GDP ratio and appears to have high-priced energy. 

The Arab Oil Embargo of 1973 and the subsequent oil price in
creases raised all energy prices, providing a grand but costly experi
ment. Would the energy-GDP ratios fall owing to price-induced sub
stitution responses, or would they remain fixed in the absence of 
mandatory restrictions on energy use? Figure 7.3 shows the result of 
the experiment for the period 1973 to 1983 for the same eight key in
dustrialized economies. Note that all eight economies significantly re
duced their energy-GDP ratio. The U.S. recorded the largest absolute 
drop in energy-GDP, falling from 64,600 Btu per dollar of GDP in 1973 

TABLE 7.1 Energy-GDP Ratios in 1982 and Selected Fuel Prices3 

Norway 
Canada 
United Kingdom 
United States 
Germany 
Italy 
Sweden 
Japan 

1982 Primary 
Energy/GDP 
(103 Btu/$) 

67.4 
70.9 
59.1 
48.9 
38.1 
40.0 
36.1 
28.4 

Gasoline 

19.50 
10.14 
16.76 
10.40 
17.43 
22.32 
16.16 
21.87 

Selected Fuel Prices 
($/104 Btu) 

Heating 
Oil 

9.52 
6.15 
8.56 
8.62 
9.16 
9.57 
8.12 

12.42 

Electricity0 

10.07 
9.03 

22.51 
20.11 
27.18 
19.97 
10.65 
36.71 

Natural 
Gas 

c 

.034 

.053 

.049 

.089 

.084 
c 

.161 
aUsing 1984 exchange rates. 
Residential electricity rates. 
cNo consumption. 
SOURCE: OECD, Energy Statistics and International Energy Agency, Energy Prices and Taxes. 
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FIGURE 7.3 Energy-GDP trends over time for eight major energy consuming 
countries. 
SOURCE: See text. 

to 48,900 Btu per dollar of GDP in 1983. These results provide com
pelling evidence that price-induced substitution effects are capable of 
significantly reducing a country's energy-GDP ratio and play a large 
role in explaining the differences in energy-GDP ratios between coun
tries. Thus, as the U.S. and Canada face rising energy costs they will 
adapt their energy using habits to be like those of other countries such 
as Japan, where energy has long been used quite sparingly. In turn, 
even Japan has found additional energy substitution possibilities and 
recorded a 31.6 percent reduction in its energy-GDP ratio over the 
decade. 

While policy makers may have been surprised by the sharp reduc
tion in the energy-GDP ratios, economists were not. Advances in 
econometrics by the mid-1970s had demonstrated that strong long-run 
substitution possibilities existed between energy and other inputs. The 
development of the translog production function by Christensen, Jor-
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genson, and Lau4 enabled researchers to test for the degree of substi
tution among inputs rather than merely to assume a Cobb-Douglas 
technology (which implies an elasticity of substitution of unity) or a 
Leontief technology (which implies an elasticity of substitution of 
zero). Ernest Berndt and David Wood first applied this technique in 
1975 to a translog production function where output (Q) depends on 
the level of inputs of capital (K), labor (L), energy (£), and materials 
(Λί):5 

(7.1) Q = f(K,L,E,M) 

Their findings demonstrated strong long-run substitution possibilities 
between labor and energy and between materials and energy. Overall, 
the price elasticity of energy demand was found to be .45. Their re
search also indicated that energy and capital were complements 
rather than substitutes. This latter finding has prompted a good deal 
of controversy and is still unresolved.6 But the important point is that 
even with energy and capital complementarity, the substitution re
sponses working through labor and materials were strong enough to 
provide an overall price elasticity of .45. If energy and capital are also 
substitutes, the energy/nonenergy substitution possibilities are even 
greater. This implies that whereas in the short run the elephant/rabbit 
stew tasted distinctly of rabbit, in the long term with a reconfigured 
stock of energy-consuming equipment, the stew tastes overwhelmingly 
elephant. 

If the reader is still unpersuaded by the decline in the energy-GNP 
ratio and the findings of Berndt and Wood and others, perhaps a little 
introspection into the decision to insulate one's home would be con
vincing. As the anecdote "What Goes Into a Conservation-Investment 
Decision" indicates, there is a tradeoff between buying energy and 
buying insulation. Figure 7.4 shows the menu of energy-saving invest
ments possible and their corresponding dollar savings in home heat
ing costs. Clearly, it pays to do the cheapest things first—turn down 
the thermostat, then insulate the ceiling, then the walls, and so forth. 
The point is that at 1976 prices, it may have paid to stop with insulat
ing the ceiling, but at 1981 fuel prices, it becomes economic to take 
additional steps such as insulating walls and perhaps installing storm 
windows. 

EVIDENCE ON THE POTENTIAL 
FOR INTERFUEL COMPETITION 
If the long-run possibilities for substitution of nonenergy inputs for 
energy are appreciable, what are the possibilities for the substitution 
of one fuel for another? In the short run, the choice of fuel is dictated 
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Turn Back Thermostat, 
J2eFto70°F. COST$0 

Insulate Ceiling, 
VCOST $360 

P 600+ 

Install Storm Windows, 
COST $490 

Install Clock Thermostat, 
COST $100 

FIGURE 7.4 Annual space heating costs of a representative San Francisco Bay 
Area family versus energy saving investment costs. (Source: Lee Schipper and 
Jack Darmstadter, "The Logic of Energy Conservation/' in Technology Review, 
January, 1978, p. 42.) Costs are typical figures for the mid-1970s. 

almost entirely by the configuration of the energy-consuming equip
ment. It is as impossible to burn diesel fuel in a gasoline engine as it 
is to use coal in the breakfast toaster, although burned toast can taste 
like coal. But over the longer time as fuel-consuming equipment can 
be modified, the interfuel substitution possibilities can in some cases 
become much greater. 

To some, the question of long-run interfuel substitution is obvious— 
the long-run elasticity of substitution among fuels is infinite. In effect, 
the presumption is that energy is fungible. A Btu is a Btu is a Btu. But 
if this is true, why is it that we observe a wide variety of fuels being 
consumed even though electricity costs three times more than heating 
oil? If all fuels are perfect substitutes, we should expect to observe 
only the lowest cost fuel being consumed. 

What Goes Into a Conservation-Investment Decision? 
Some conservation decisions—say, repairing a dripping hot-water 
faucet—require little deliberation. Others require a lot. Suppose a 
household wanted to reduce heating costs and determined that: 
• The house consumes, on the average, 125 million Btu of natural 
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gas per heating season which, at the area's prevailing price of 
$4.50 per million Btu, costs $562.50. 

• A $400 investment in improved insulation (assumed to last at 
least fifteen years) will yield annual natural gas savings of 20 per
cent—which translates into 25 million Btu or $112.50. 
This turns out to be a worthwhile investment. (Indeed, if one had 

access to the capital, one should consider an even larger outlay.) 
For with an assumed interest rate of 10 percent paid on a three-
year, $400 home-improvement loan— 
• The unit cost of saving energy works out to roughly $2.10 per 

million Btu, significantly below the price of gas at $4.50 per mil
lion Btu. 

• The simple payback period required to recoup the investment is 
approximately four years, substantially less than its expected life
time. 

• The benefit-cost ratio, which is the result of dividing the cumu
lative dollar value of the energy savings by the cost of bringing 
those savings about, comes to a positive and healthy 2 to 1. 

• The average annual return on investing the $400—the homeown
er's net profit—works out to about 14 percent over the life of the 
investment. 
An investment producing these benefits and recouped in four 

years is very respectable. True, there are people who—in economic 
jargon—"discount the future" heavily, placing much greater value 
on having money now rather than later. They are frequently im
patient with the prospect of even that attractive a payback. 

Still other factors figure in the conservation decision. Those who 
expect future energy prices to rise will, if they turn out to be right, 
benefit from still greater savings. Depending on one's tax bracket, 
availability of certain federal or state conservation tax credits and 
the fact that energy savings obviously cannot be taxed (being a re
duction in money that would have had to be spent rather than in
come received) are further pluses. (Hence the 14 percent return on 
investment is likely to be understated.) 

But some aspects of the decision can be problematical. Will the 
house, if put on the market, command a price reflecting the value 
of the conservation investment? What about the quality of the in
sulation or even possible health effects—for example, indoor air 
pollution from "overtight" insulation? 

Big conservation investments—for example, solar hot-water sys
tems—demand still more careful analysis. Consumers are now able 
to obtain professional advice and information on these matters, but 
the whole conservation field has not entirely emerged from its 
shakedown stage. 
SOURCE: J. Darmstadter, H.H. Landsberg, H.C. Morton, M.J. Coda, Energy 
Today and Tomorrow (Englewood Cliffs, N.J.: Prentice-Hall, 1983), p. 42. 

Figure 7.5 shows the fuel mix in final consumption for eight OECD 
countries in 1983. The wide differences in mix indicate the consider
able flexibility that exists in fuel choice. Obviously if all fuels were 
perfect substitutes, relative fuel prices would completely dictate fuel 
choice. It is true that relative fuel prices are the primary determinants 
of the mix of fuels, but they are not the sole determinants. Per capita 
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FIGURE 7.5 Intercountry differences in the mix of fuels delivered to final de
mand in 1983. 

income plays a role because of the superior convenience and cleanli
ness of some fuels. As income rises, there is a transition to these "lux
ury" fuels. Also, some differences in the fuel mix between countries 
can be attributed to differing output mixes which require specific 
fuels. In addition, climate and cultural and institutional differences 
play lesser roles. These factors can be seen by a brief discussion of the 
fuel shares in Figure 7.5. 

Coal, the dominant fuel throughout the nineteenth century, suffered 
a marked decline in use during the twentieth century, particularly af
ter the Second World War. As a final energy form for use in industry, 
transportation, residential, and commercial purposes, it is now of mi
nor importance. Even in traditional coal mining areas such as the 
United Kingdom and West Germany, coal has only about 11 percent 
of the market. For the other countries without appreciable indigenous 
coal production such as Canada, Norway, and Sweden, the percent
ages range from 2 to 6 percent. 

In 1925, when coal provided 96 percent of all primary energy in 
Western Europe8 and 74 percent of primary energy in the United 
States, few scholars would have predicted the importance today of 
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natural gas. At the time, natural gas was nonexistent in Western Eu
rope, with manufactured gas relegated to a small portion of the resi
dential market. In the United States, natural gas was utilized by in
dustries and residential users only in areas of Appalachia and the 
Southwest, which were fortuitously located near natural gas fields. 
These data stand in sharp contrast to the situation today. In most Eu
ropean countries, gas is now more important than coal. In the United 
States, Canada, and the U.K., gas is a major energy form because of 
significant domestic production. The extreme variability in the share 
of gas (both natural and manufactured gas), from less than 1 percent 
in Sweden and Norway to 32 percent in the U.K., suggests that gas is 
a highly substitutable energy form depending primarily on price and 
the volumes available. Gas is substitutable against other energy forms 
as a source of process heat and is also a very clean and convenient fuel 
for residential and commercial use. 

Although not as dramatically as the growth of gas, the share of liq
uid petroleum fuels has expended markedly in all of the developed 
economies over the 50 years prior to the Arab Oil Embargo. As a per
centage of primary fuels input in Western Europe, Darmstadter et al. 
report that liquid petroleum fuels grew from 3.2 percent in 1925 to 
54.3 percent in 1968. In North America, the growth has been less im
pressive but still significant, expanding from 18.9 percent in 1925 to 
43.6 percent in 1968. In Japan, the share of oil expanded from 4.4 per
cent in 1925 to 67.1 percent in 1968.9 

Figure 7.5 reveals that crude oil and its derivatives are still the dom
inant fuels in virtually all of the OECD countries despite the price 
increases of the 1970s. The oil percentage is the lowest in the U.K. 
(43%) and Canada (49%), where natural gas is relatively cheap, but 
even in these cases it constitutes a major piece of final energy con
sumption. A partial explanation for the large share of oil products is 
that gasoline and diesel fuel are used extensively in the transportion 
sector where interfuel competition is not important. In the United 
States, gasoline accounts for almost half the liquid share. On the other 
hand, gasoline provides only about 10 percent of final energy con
sumption in most European countries. Even allowing for diesel fuels 
consumed by railroads and trucks, it is clear that a significant portion 
of oil products are used for process heat. As a source of process heat 
in the industrial sector, heavy fuel oil competes with coal and gas. 

As a share of final energy demand, electricity is roughly equivalent 
to coal. Figure 7.5 reveals that the share of electricity in final energy 
consumption ranges between 14 and 19 percent with the exception of 
Sweden and Norway (29 and 45 percent), where abundant hydroelec
tric power makes electricity extremely cheap (see Table 7.1). Again it 
is no coincidence that in countries such as Sweden and Norway, 
where electricity is cheap relative to other fuels, electricity is used 
extensively for home heating and even rail transportation. 
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TABLE 7.2 Comparison of Percentage Petroleum Useage to Total Primary 
Energy Input in 1973 and 1983 

Denmark 
Japan 
Italy 
Ireland 
France 
Turkey 
Spain 
Sweden 
Switzerland 
Belgium 
W. Germany 
U.K. 
U.S. 
Canada 
Netherlands 
Norway 

1973 
Percentage 

Share 

90.9 
78.2 
74.8 
74.3 
69.2 
68.9 
68.2 
63.0 
62.3 
62.2 
57.7 
50.9 
46.3 
45.7 
32.0 
36.0 

1983 
Percentage 

Share 

67.8 
63.7 
65.5 
52.7 
51.7 
59.0 
63.2 
51.0 
47.7 
49.4 
46.2 
39.4 
42.9 
33.8 
45.6 
23.0 

Change i 
Percenta 

Share 

-23.1 
-14.5 
- 9.3 
-21.6 
-17.5 
- 9.9 
- 5.0 
-12.0 
-14.6 
-12.8 
-11.5 
-11.5 
- 3.4 
-11.9 
-13.6 
- 8.0 

SOURCE: BP Statistical Review of World Energy, June 1984. 

To gain some idea of the potential magnitude of interfuel substitu
tion, we contrast the share of petroleum as a percentage of total pri
mary energy on the eve of the Arab Oil Embargo and 10 years later. 
(Note that primary energy input is not equivalent to final energy con
sumption.) Table 7.2 shows that for 16 developed countries the share 
of petroleum has been reduced appreciably. For example, Denmark 
reduced its petroleum share from 90.9 percent to 67.8 percent over the 
decade. The U.S. recorded the smallest percentage reduction, but even 
the relative drop from 46.3 percent to 42.9 percent is noteworthy. 

In sum, while energy is not fungible, the long-run substitution pos
sibilities are appreciable so that the fuel mix depends critically on fuel 
prices. These results are particularly encouraging since, when inter-
fuel substitution effects are added to the energy/nonenergy substitu
tion effects, the long-run potential for reducing the consumption of 
petroleum is indeed great. 

THOUGHTS ON THE POLICY 
IMPORTANCE OF DEFINING 

CONSERVATION 
For policy purposes, does it really matter whether we adopt the lay
man's, the engineer's, or the economist's definition of conservation? 
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After all, wouldn't a policy that would be desirable by one definition 
of conservation also be desirable by some other? 

By both the layman's and the engineer's definitions, reductions in 
the energy-GDP ratio are desirable. In fact, reducing the energy input 
to the technological minimum energy-GDP ratio would seem to be a 
worthwhile goal. 

But economically, is minimizing the energy intensity of output so
cially desirable? Consider Figure 7.6, depicting the isoquant for the 
production of some good produced from labor and energy. The curved 
isoquant shows the various combinations of labor and energy that can 
be used to produce 100 units of output. The standard economic solu
tion is that society should minimize the cost (C = PLL + PEE) of pro
ducing 100 units by finding the isocost line, L = (C/PL) - (PE/PL)E, 
that lies closest in to the origin. Since the labor intercept is CIPL with 
PL given, J:he isocost line lying closest to the origin minimizes costs 
(C). Figure 7.6 depicts the standard economic solution leading to the 
choice of L* labor and E* energy. Furthermore, if we assume that the 
prices of energy (PE) and labor (PL) reflect their marginal social cost, 
then any deviation from E* and L* would lead to a welfare loss. 

Now consider the implications of selecting the least energy intensive 
output mix, given by E° energy and L° labor. Unfortunately, using less 
energy implies using more labor, resulting in a greater total cost of 
purchasing input combination E°L° than at combination £*L*. 

Only if we make the assumption that only energy has value can the 
factor combination E° energy and L° labor be socially justified. Is 

C/PL 

L° 

ex 
.S 
o 

JD 
2 

L* 

L' 

E° E* C/PE E' 

Energy input 

FIGURE 7.6 Society's choice of optimal inputs. 
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there any evidence to suggest that energy is the only scarce input fac
tor? Clearly, a visit to the supermarket will remind one that many 
items are scarce. The fact that a good commands a positive price 
proves that it is scarce. 

It is interesting that the assumption necessary to justify minimizing 
the energy/output ratio (i.e., only energy has value) is entirely analo
gous to Marx's labor theory of value, except that "Btu" has replaced 
"labor." Marx argued that the value of a good depended on the 
amount of labor embodied in its production, since according to Marx, 
labor is the only scarce factor of production. Because energy embodies 
only minor labor input in its production, it would command a very 
low value while labor would have a high price. The labor theory of 
value would seek to minimize labor input and maximize energy input 
by choosing factor combination E' energy and V labor. Thus the prop
osition that the energy/output ratio should be minimized rests on a 
new version of the labor theory of value where energy replaces labor 
as the scarce input factor. 

The advantage of the economist's definition of conservation is that 
it defines the optimal level of energy conservation with respect to an 
economic benchmark. This benchmark recognizes the scarcity of all 
inputs and not just energy. E* is the optimal level of energy consump
tion because at that level the marginal social benefit of the last unit 
equals its marginal social cost. For a variety of reasons, observed en
ergy consumption need not equal E*. Perhaps it is now time to con
sider causes for these failures. As we shall see, the failures arise as 
much from governmental actions as from market failures. 

1. In selecting input combination E°L°, what is one assuming about QUESTIONS 
the price of energy relative to labor? Conversely, at E'L', what are 
the implicit relative prices? 

2. In the face of externalities, will the market prices properly reflect 
marginal social costs? If not, should the energy/output ratio be re
duced? 

3. List examples of market failures that might justify policies to re
duce energy consumption. While price controls on fuel in the 
United States were not examples of market failures, do they violate 
the conditions for conservation? 

EXAMPLES OF MARKET FAILURES 
AND GOVERNMENT 

REGULATORY FAILURES 
Do observed market outcomes generally result in the conservationist's 
ideal—in the pricing of energy such that for the last unit, the marginal 
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social cost equals the marginal social benefit? While the detailed an
swer to this question goes beyond our purposes here, the following 
examples should be adequate to show that both government regula
tory and market failures often prevent the ideal of conservation from 
being obtained. 

Government Regulatory Failures 

Price Controls on Oil and Natural Gas. A distinguishing feature of U.S. 
and Canadian energy policy of the 1970s was price controls on oil and 
gas, which resulted in much lower domestic fuel prices than would 
have occurred in a free market. The subsequent chapter provides a 
detailed history and analysis of these policies, but for now we simply 
note their effects on conservation. The effects of price controls are ob
vious. By setting the market price at a level below the true marginal 
social benefit of that fuel, domestic oil and gas production was artifi
cially constrained. At the control price, producers were willing to pro
duce only that output where the price equalled the marginal social 
cost. But at that production rate, the amount demanded exceeded the 
amount available. In effect, the marginal social benefit of the last unit 
substantially exceeded the marginal social cost of the last unit, and 
our conservationist ideal was violated. 

Failures in Nonprice Rationing Rules. The failures of price controls 
were compounded by arbitrary rationing rules, which prevented oil 
and natural gas from being allocated to their highest valued uses. In 
markets where prices are free to rise, only those uses with marginal 
benefits in excess of or equal to the market price are observed. But in 
a shortage situation with price controls, authorities must make the 
decision as to who gets what and how much. The shortage of natural 
gas became increasingly severe in the winter of 1978. Authorities did 
the obvious things first. Electric power plants that could switch from 
natural gas to other fuels were ordered to do so. But with the advent 
of cold weather, the shortage worsened. The decision seemed simple 
enough—force industrial gas customers to curtail operations, freeing 
up gas for residential customers. After all, gas customers vote but fac
tories do not. In late December 1978, the factory workers in the huge 
north Georgia carpet industry received a surprise Christmas gift from 
the Department of Energy. The D.O.E. curtailed gas sales to the carpet 
mills, forcing the companies to lay off their workers. The mills were 
shut down and workers went to homes where they could consume all 
the natural gas they wanted. There was just one problem—the work
ers had no paychecks. Had the workers been given the choice of pay
ing higher gas prices and reducing their residential consumption to 
enable the factories to continue in operation, they would surely have 
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done so. But they were never given the choice. Some fourth or fifth 
line bureaucrat at the D.O.E. made it for them. 

Fuel Tax Policies in Europe. Americans and Canadians visiting Europe 
are astonished to observe very high prices on gasoline. This seems 
strange, because petroleum products are traded worldwide and one 
might expect more-or-less similar prices worldwide. But European 
governments have historically placed high consumption taxes on gas
oline. The intrinsic logic has little to do with equating marginal social 
costs and benefits. Rather, gasoline taxes are an important source of 
tax revenues. The taxes are easily collected without appreciable eva
sion. Furthermore, it is a progressive tax to the degree that upper in
come individuals tend to drive larger cars and commute over greater 
distances. In sum, gasoline taxes are a convenient taxing mechanism. 

European citizens do pay a price for this taxing system. When taxes 
are set far above any level justified by externalities or national secu
rity considerations, the marginal social benefit of gasoline appreciably 
exceeds its social cost. Consumers are being forced to restrict con
sumption below the economically efficient rate of consumption. 

Market Failures 

Externalities. While not all fuels are subject to appreciable environ
mental problems, certain fuels pose serious environmental problems. 
As noted in Chapter 5, policies to internalize these externalities (so 
that the price of those fuels includes the full marginal social cost) have 
met with mixed success. In particular, the prices of those fuels giving 
rise to high sulfur oxide emissions may not internalize their full envi
ronmental costs. To the degree the prices of such fuels tend to under
state the true marginal social cost, consumption of these fuels occurs 
at too high a rate. 

Consumer Inertia and Ignorance. Perhaps one of the most perplexing 
market failures rises not because of a false market (price) signal, but 
rather because of the apparent lack of response to that signal by home 
owners. In the case of an externality, the price signal set by the market 
failed to reflect the true marginal social cost of the fuel; here, however, 
the concern is that consumers somehow fail to respond fully to the 
price signal sent. 

According to Lee Schipper, the typical homeowner has adapted 
slowly and incompletely to higher fuel prices.10 His studies show that 
the American homeowner significantly underinvests in energy-saving 
devices that could be economically justified. In effect, homeowners 
could invest in additional energy saving devices that could yield a re
turn of perhaps 15 percent, but instead, they choose not to. This raises 
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the interesting question: "Why?" Is the consumer incapable of com
puting the costs and benefits? This seems paradoxical since, in the 
case of automobiles, consumers adjusted rather quickly to rising gas
oline prices in the 1970s. Even though federal standards set minimum 
levels of miles per gallon for new cars, the public demanded a mix of 
vehicles with even higher miles per gallon. Still another explanation 
is that most homes are built by contractors and then sold to the pub
lic. But if these additional energy-saving devices are worthwhile, why 
didn't the contractor offer such cost-saving devices to astute home 
buyers? Perhaps even the astute home buyer is reluctant to demand 
such construction, since at some time in the future when he sells the 
house to some nondiscriminating buyer, he will be unable to recoup 
the money paid for the energy saving devices. It should be apparent 
that information is a commodity itself and, particularly with respect 
to some energy-saving devices, it can be quite costly to acquire. The 
exerpt from "What Goes Into a Conservation-Investment Decision" il
lustrates the various factors involved. 

METHODS OF ACHIEVING 
ENERGY CONSERVATION 
Let us proceed on the assumption that governmental authorities have 
identified a situation in which conservation is not being achieved. For 
example, assume that the marginal social cost of energy exceeds the 
marginal social benefits. Energy consumption must be cut back to the 
economically optimal level. But what policy instruments are to be 
used? The subsequent sections illustrate that there are a variety of 
possible conservation policy instruments, each with quite different ef
ficiency implications. We shall separate these policy instruments into 
two categories: those relying on price methods and those relying on 
nonprice methods. Within each group, there are alternative policies 
with various efficiency attributes. 

Nonprice Methods of Conservation 

Direct Quantity Rationing. In a planned economy, energy conservation 
would probably be achieved by explicit quantity rationing of fuels 
among various users. Planners would simply reduce fuel deliveries to 
those sectors where the fuel is viewed as a "low-priority" use. If our 
planners were "democratic," the cutbacks might be proportional 
across all industries and homes. Even in relatively market-oriented 
economies, direct quantity rationing of energy is usually considered a 
viable alternative. Even in noncrisis times, the United States has em
ployed direct quantity rationing to ban all consumption of natural gas 
in electric utilities beginning in 1985. 
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FIGURE 7.7 Alternative conservation methods. 

What are the advantages and limitations of direct quantity ration
ing? Figure 7.7 depicts a standard demand schedule for a given fuel. 
Quantity Q0 depicts current consumption and Q\ depicts the econom
ically efficient consumption level. The difference Q0 — Q\ shows the 
desired reduction in consumption. At the quantity Q0, the prevailing 
market price is $3 (P0 = 3). If prices, instead of direct quantity ration
ing, were used to promote conservation of AQ, authorities would sim
ply add a tax sufficient to raise the price from $3 to $4. As a conse
quence of the price rising from $3 to $4, those fuel uses which had 
social benefits in excess of $4 would continue to be bought, while 
those fuel uses with social benefits between $3 and $4 would drop out, 
and some other fuel or good would be consumed in its place. 

Did the price mechanism assure that the lowest-valued uses of the 
fuel were curtailed? Obviously this is the case, as the loss in social 
benefits from conservation of AQ is smallest for this area. From the 
graph, the loss in social benefits from the conservation policy is $3.50 
times AQ. Suppose instead that nonprice rationing selected the first 
AQ units lying between $6 and $7 rationed; the loss in social benefits 
would be $6.50 times AQ. Clearly, the price system identifies and ex
cludes the AQ units lying at the margin (between $3 and $4) and 
thereby minimizes the loss in social benefits. Now if the goal of con
servation is to maximize the welfare gain or minimize the welfare loss, 
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any loss in social benefits must be minimized, which is exactly what 
the price rationing system does. 

But how would a direct quantity rationing scheme work? Can it also 
minimize the loss in social benefits? The answer is no, unless govern
ment planners are omniscient. To assure that only uses with marginal 
social benefits of less than $4 are rationed, planners must know each 
firm's and individual's demand schedule. Knowledge of the aggregate 
market elasticity of demand is not enough, since quantity rationing is 
performed at the micro level. Not having this information, planners 
typically try to approximate the market result by labeling certain fuel 
uses to be rationed as "low-priority," such as the consumption of nat
ural gas by electric utilities. What this approach amounts to is the 
assumption that the price elasticity of demand facing the "low-prior
ity" users is extremely high while the elasticities for the "high-prior
ity" users are very low. One need only consider the case of a southern 
California utility subject to sulfur oxide problems from coal and heavy 
fuel oil coupled with nuclear plant location difficulties to realize that 
natural gas is not a low-priority fuel. 

Despite these efficiency problems, direct quantity rationing remains 
popular because it avoids the income distribution effects of higher en
ergy prices. Consumers of the remaining quantity Qi of fuel avoid pay
ing the additional $1 per unit tax under a quantity rationing scheme. 
Particularly in the short run when demand is highly price-inelastic, 
price rationing can involve substantial income transfers. Let us sup
pose that at the time of the 1973 Arab oil embargo, it had been 
deemed necessary to cut gasoline consumption by 10 percent. Assum
ing a very inelastic short-run price elasticity of 0.1, prices would have 
to double to achieve a reduction in gasoline consumption of 10 percent 
in the short run. Based on the 1973 average price of 36 cents per gal
lon, the price would have risen to 72 cents per gallon. If 1973 con
sumption had been reduced by 10 percent, consumption would have 
fallen to 92.8 billion gallons. In this example, consumers would be 
paying $33 billion more than previously. Based on the 1973 labor 
force, the income transfer per worker would amount to $360 per year. 
Even though this money would have resulted in increased government 
tax revenues and could have been used to reduce personal income 
taxes, consumers were understandably skeptical. 

Public Exhortation. Economists, reasoning from the model of the util
ity-maximizing individual, generally tend to smile when one advo
cates the use of public exhortation. Without some method to force 
compliance through either higher prices or direct quantity controls, 
the standard model of microeconomic theory would predict zero com
pliance. On the other hand, politicians have viewed public exhortation 
as a sometimes quite effective policy tool. One need only look back to 
the Second World War for a variety of examples where public exhor
tation proved quite effective. Well, then, who is right? 
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During the 1973 Arab oil embargo, President Nixon together with 
the press and TV urged the public to voluntarily conserve electricity 
by turning down the lights. General Electric (GE) undertook a study 
of this episode11 to see if these public exhortations had any effects on 
consumption and, if so, whether their effects were transitory or per
manent. The GE study showed that voluntary conservation achieved 
fairly significant gains during the embargo, reducing the demand for 
electricity by about 5 percent. Another interesting finding of the GE 
report is that when the embargo ended, consumption rates quickly 
returned to normal levels, despite continued but less intensive public 
exhortation to conserve energy. It appears that public exhortation can 
achieve significant effects, particularly if the public views the crisis as 
genuine and of a fairly short-run nature. 

As a short-term solution where the crisis aspects are obvious, vol
untary conservation has a role to play in achieving at least modest fuel 
reductions. Since the short-run price elasticity of fuels tends to be 
quite low, voluntary methods avoid the large income transfers associ
ated with the use of market prices and the unnecessary welfare losses 
from arbitrary quantity rationing schemes. 

Fuel Efficiency Standards. An increasingly popular nonprice method of 
conserving energy is mandating that energy-consuming equipment 
have certain efficiency characteristics. For example, in the United 
States, auto manufacturers were required by law to market a mix of 
cars averaging 20 miles per gallon in 1980 and 27.5 miles per gallon 
by 1985. Fitting under a similar rubric is home insulation standards 
to meet FHA requirements. Federal legislation has already required 
producers of home appliances to report the unit's energy efficiency 
ratio (EER). Subsequent legislation could require that selected appli
ances meet certain minimum standards for fuel efficiency. This would 
mean that cheap, inefficient window air conditioners, refrigerators, 
and so on would be banned from the market. Germany has already 
instituted standards for industrial boilers, and Canada has a manda
tory minimum furnace efficiency program.12 

The rationale for fuel efficiency standards is twofold. First, as with 
all nonprice methods of conserving energy, the income distributional 
effects of higher fuel prices are avoided. Second, it corrects market 
failures due to imperfect information that could lead people to choose 
more fuel-inefficient equipment than they otherwise would. Presum
ably, when low-fuel-efficiency appliances and autos are banned, the 
consumer is forced to buy the fuel-efficient model. Similarly, local 
housing standards as in Sweden requiring triple-glazed windows 
(three glass panes with air spaces between them) overcomes problems 
of consumer and contractor ignorance. 

But efficiency standards may prove much less desirable than they 
first appear to be. Fuel inefficiency does not necessarily imply eco-
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nomic inefficiency. For example, consider the choice between buying 
a high-efficiency air conditioner for $275 or a low-efficiency model for 
$200. Is it irrational to buy the low-efficiency unit? Assuming similar 
repair costs and appliance life, the answer clearly depends on the 
present value of electricity cost savings over the life of the unit. If 
these cost savings exceed $75, the high-efficiency unit should be pur
chased; the reverse is true if the savings are less than $75. A critical 
element in the calculation is the anticipated utilization rate of the air 
conditioner. If the consumer lives in Connecticut and needs air condi
tioning only 5 to 10 days in the summer, the low-efficiency unit is 
probably preferred, while a resident of the Southwest would choose 
the high-efficiency unit, which would be in operation for 3 to 4 
months. 

There remains the problem that while the high-fuel-efficiency appli
ance may be optimal, it may not be purchased. The Southwestern con
sumer may irrationally choose the low-fuel-efficiency model unless 
prevented by law. Even with energy efficiency ratings displayed on the 
appliances, the fuel savings from such an appliance are by no means 
apparent. The average consumer is ill equipped to measure kilowatt-
hour savings and then to convert these to dollar savings. Opponents of 
efficiency standards would argue that this problem could be corrected 
by providing more readily accessible government information show
ing annual dollar savings for various localities. To them, the remedy 
is more information, not less consumer choice. 

Price Methods of Achieving 
Conservation 

Fuel Taxes. A prominent aspect of European energy policy is the pri
mary reliance on fuel taxes, as indicated by the gasoline and heating 
oil prices shown in Table 7.1. Taxes on gasoline exceed $2.00 per gal
lon in many countries. Smaller but nontrivial taxes have been levied 
on other petroleum products. The popularity of fuel taxes is due pri
marily to their ease of collection and their large revenue potential. In 
addition, taxes on petroleum products afford some protection to the 
domestic coal industries. The United States stands in sharp contrast, 
with Federal taxes of only 13 cents per gallon on gasoline and smaller 
state gasoline taxes. 

As has been shown above, a fuel tax is the most economically effi
cient method of achieving a given reduction in energy consumption. 
Opposition to fuel taxes is typically centered on two interrelated prop
ositions. The first is that fuel taxes will result in large income distri
butional effects. The second is that because the demand for the fuel is 
so price-inelastic, taxes are not effective in achieving conservation. 

2 5 6 ENERGY ECONOMICS AND POLICY 



The two propositions are interrelated in that the more price-inelastic 
the demand schedule, the larger the income transfer, and the smaller 
the reduction in quantity demand. 

A little introspection will amply convince us that in the short run, 
the demand for energy is highly inelastic with respect to price. In the 
short run, the stock of energy-consuming equipment is fixed. In addi
tion, its efficiency characteristics are given, leaving only the utiliza
tion rate to be varied. In the winter of 1973, we were struck with the 
old gas guzzlers; the only choice was to drive less. Therefore, it should 
come as no surprise that most econometric studies place the short-run 
price elasticity of gasoline and other fuels quite low. Therefore, the 
taxes required to reach a given conservation target are likely to be 
indeed high, resulting in appreciable income transfers. 

Econometric evidence suggests that the long-run price elasticities 
are indeed much greater than the short-run elasticities.13 In the long 
run the magnitude of the taxes required to achieve a given quantity 
reduction is not nearly so large, implying much lower income trans
fers. Before turning to actual elasticity results, consider why the long-
run elasticities could be much larger than the short-run elasticities. In 
the short run, the only channel of response is through varying the uti
lization rate. With time, both the size of the stock of energy-consum
ing equipment and its fuel efficiency characteristics are variable. For 
example, approximately every ten years the stock of cars is turned 
over, allowing the substitution of fewer cars or more fuel-efficient cars 
or both. For many other users of energy, such as industrial boilers, the 
long run is an even longer period, as these facilities tend to be longer-
lived than autos. 

Table 7.3 reports long-run price elasticities for four major fuel cate-

TABLE 7.3 Long-Run Price Elasticities for Energy and Fuels* 

Sector 

Industrial 
Transportation 
Residential and 
commercial 

Electricity 
generation 

Energy 

0.4 
1.1 

0.93 

0 

Petroleum 
Products 

0.71 
.96b 

1.24 

4.27 

Gas 
(Natural and 

Manufactured) 

1.14 
0.71 

2.26 

0.98 

Coal 

1.17 
0.71 

NAC 

0.86 

Electricity 

0.46 
0.71 

0.88 

NA 
aBased on U.S. data, average elasticities, 1960-1972. 
bMotor gasoline only. See Baltagi and Griffin, "Gasoline Demand in the OECD," European Economic Review, 
1983. 
CNA = not applicable, as there was very little consumption of the fuel in this sector. 
SOURCE: J. M. Griffin, Energy Conservation in the OECD, 1980 to 2000 (Cambridge: Ballinger, 1979). 
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gories: coal, gas, petroleum products, and electricity. Since the price 
elasticity may vary depending on the sector in which the fuel is con
sumed, separate elasticities are reported for the industrial sector, the 
transportation sector, the residential and commercial sectors, and the 
electricity generation sector. These results show the elasticities for the 
United States, which was one of the 18 OECD countries included in 
the study. Notice that many of the elasticities exceed unity, and even 
the most inelastic response (electricity in the industrial sector) has a 
price elasticity of 0.46. Perhaps the most surprising result is that the 
long-run elasticity of gasoline (transportation sector) is 0.9 as con
trasted with the short-run elasticities ranging around 0.1. The reader 
should be cautioned that these long-run responses may take ten to 
twenty years to achieve. 

Let us return to the example of gasoline consumption and examine 
the income transfers associated with the use of gasoline taxes to pro
mote conservation. We choose a more conservative estimate of the 
long-run price elasticity for gasoline from a study by Professor James 
Sweeney of Stanford University. Professor Sweeney's study is of meth
odological interest because his model separately explains the choice of 
auto stock, fuel efficiency, and vehicle miles (utilization). Sweeney 
found a long-run price elasticity of 0.78.14 His long-run elasticity is 
based on replacing the current stock of automobiles with a more fuel-
efficient auto fleet. 

Recall that in 1973, with a short-run price elasticity of 0.1, a 100 
percent price increase is needed to achieve a 10 percent change in 
gasoline consumption, resulting in a $33 billion income transfer. Now 
suppose society is concerned only with reducing consumption by 10 
percent over a time horizon of, say, 10 years. Assuming a price elastic
ity of 0.78, gasoline prices would have to rise by only 13 percent rather 
than 100 percent. In this case, the long-run income transfer is $4.2 
billion, or about $45 per worker. The problem of the large income 
transfer aspect is reduced by a factor of 8, suggesting that fuel taxes 
can play effective and politically palatable roles in long-run conserva
tion policies. 

Taxes on Energy-Consuming Equipment, There are a variety of meth
ods of taxing energy-consuming equipment, including taxes on the 
stock of equipment and taxes on equipment with low fuel efficiency. 
In Europe, it is common practice to pay a substantial excise tax at the 
time of purchase of a new car. In addition, some countries such as 
France encourage the use of more fuel-efficient autos through a horse
power tax. In many states in the United States, annual automobile 
registration fees are based on the weight of cars. 

General taxes on energy equipment, unlike fuel taxes, do not neces
sarily minimize the loss in social benefits for a given degree of fuel 
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conservation. Whereas a fuel tax works through all three channels of 
substitution—stock, fuel efficiency, and utilization—a tax on fuel-con
suming equipment works through at most two of the channels. For 
example, a tax on autos raises the price of autos, causing a reduction 
in the stock of cars. There is no reason to expect the auto tax to im
prove either the efficiency of the stock or the utilization rate. Auto 
utilization may even increase with fewer cars on the road. 

Nevertheless, a tax on the efficiency of autos is not always inferior 
to a fuel tax. One proposal considered by the U.S. Congress was to 
reduce gasoline consumption through an efficiency tax on new car 
sales. For example, for each mile per gallon below some threshold 
level, say 25 miles per gallon, a $100 tax would be applied. A car get
ting 20 miles to the gallon would pay a tax of $500 at the time of its 
purchase. It is also possible to subsidize purchasers of small cars with 
this tax revenue. For example, a subsidy of $100 could be paid for each 
mile per gallon that exceeded the threshold level of 25 miles per gal
lon. Thus the purchase price of a 35-mile-per-gallon Toyota would be 
reduced by $1000. 

Viewed in a long-run context, Professor Sweeney's analysis found 
that gasoline taxes work almost entirely through the efficiency of the 
auto fleet—the same mechanism as the efficiency tax. Assuming these 
findings to be valid, the fuel efficiency tax would yield welfare char
acteristics similar to the gasoline tax—both would minimize the loss 
in social benefits from the reduction in consumption. Furthermore, it 
would avoid the large income transfers associated with a gasoline tax. 
In sum, there appear to be situations where taxes on the energy-con
suming equipment or its fuel efficiency are economically efficient and 
stand a better chance of obtaining congressional approval than a sim
ple fuel tax. 

1. Explain in words why price rationing is more economically efficient QUESTIONS 
than quantity rationing. 

2. What are the necessary conditions for a successful program of pub
lic exhortation? What are its relative strengths and weaknesses 
compared to a direct quantity rationing and a fuels tax? 

3. Use a numerical example to show that the income transfer is in
versely proportional to the price elasticity of demand. 

4. Discuss how a gasoline tax could be phased in over time to achieve 
the desired long-run adjustment in auto efficiency and yet avoid the 
large income transfer in the short run. 

5. Suppose gasoline prices affected only the miles driven. Can you sug
gest a tax that would have the same effect as a gasoline tax? Would 
it involve smaller income transfers? 
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ENERGY CONSERVATION ON 
THE SUPPLY SIDE: 
CONSERVATION IN 
PRODUCTION 
Conservation is no easier to define for production than for consump
tion. Laws requiring adherence to conservation practices generally de
fine conservation as the "avoidance of waste" in the production of en
ergy resources. Ultimately, however, waste must be defined in 
economic rather than physical terms. Let us first consider the impli
cations of defining conservation in a physical or engineering sense as 
the maximization of recovery of an energy resource from a given de
posit. For example, a program for maximizing physical recovery of oil 
and gas would include four elements. First, one or more development 
wells would have to be drilled in most cases to supplement the discov
ery well and drain those portions of the reservoir which will yield 
spontaneous fluid flows, referred to as "primary production." Second, 
at various subsequent times it would be necessary to install additional 
equipment to stimulate further production by augmenting or replac
ing natural reservoir drive mechanisms. Pumps would be placed in 
wells that had ceased to flow naturally. Reservoir pressure could be 
maintained by "secondary recovery" techniques such as injecting wa
ter or gas into the productive formation. Third, at later times, chemi
cals or heat could be introduced into the reservoir in "tertiary recov
ery" programs. Finally, the complete recovery of all hydrocarbons 
would require mining oil-bearing rock and extracting the oil from the 
rock by physical and chemical means. This is clearly an extreme no
tion of conservation, since such procedures could easily use more en
ergy than they produce. A more sensible definition of waste must be 
sought. 

Consider our economic definition—produce oil until the marginal 
social benefit equals the marginal social cost of the last barrel. Stated 
differently, we wish to recover all the oil and gas that costs no more 
to produce than it is worth to society. Assuming perfect competition 
and no externalities, the use of such a definition would maximize the 
present discounted value of a reservoir. Furthermore, in seeking to 
maximize the present value of the resource, private producers will 
also maximize its social value.15 

Note that the use of the economic definition does not imply (1) the 
absolute minimization of total costs, (2) the maximization of produc
tion, or (3) the minimization of the reservoir's productive life. One 
could minimize costs by drilling only a single well, but this would 
either reduce total output or increase the total time required to drain 
the reservoir, or both. Similarly, it will never be economical to maxi
mize total output by wringing the last drop of oil from the reservoir 
sponge. Given present technology, the actual mining of reservoir sedi-
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ments is not economical, and tertiary recovery technology has not 
been widely applied until quite recently. Finally, while a barrel pro
duced today is worth more than a barrel produced tomorrow, it is not 
economical to minimize the time required to produce the contents of 
the reservoir. Rapid production not only requires a larger investment 
in well drilling but also greatly reduces the effectiveness of the reser
voir's natural drive mechanisms, reducing ultimate recovery from the 
reservoir. 

Still, the physical and economic definitions of conservation are not 
totally opposed. While they imply different concepts of "waste," there 
is agreement that easily avoidable physical waste implies economic 
inefficiency. The advantage of the economic definition is its recogni
tion that increased recovery is costly in that society's other resources 
must be diverted to increase recovery, and this should not be done un
less the resources you get are more valuable than the ones you give up. 

Although the wastes of oil and gas production practices in the early 
decades of the industry's history can readily be exaggerated by dwell
ing only upon the very worst instances, purely physical waste was, by 
current conservation standards, remarkably high during that period. 
In the early decades of the oil industry in the United States, many oil 
and gas fields were found in settled areas where the land was held by 
numerous small owners. In most countries, accepted legal doctrine 
gives the rights to subsurface minerals to the state; hence the temp
tation for private investors to explore for minerals is minimized. But 
in the United States the owner of the surface also owns the subsurface 
with whatever minerals it may contain. Hence a discovery well in an 
area of numerous small farms could, and often did, provide the occa
sion for a drilling spree, as adjoining landowners drilled as rapidly as 
possible to prevent the discoverer from exclusively draining the com
mon oil reservoir that might underlie the surface properties of many 
farmers. Such overdrilling and rapid production led to wasteful dissi
pation of the natural reservoir energy that normally will propel oil to 
the surface for a period in a new flush field. This sharply raised costs 
and lowered ultimate recovery. As long as each landowner felt that his 
neighbors were draining the oil that was rightfully his, however, he 
felt compelled to drill as many wells as he could, and produce as rap
idly as possible, in order to prevent the possibility of adverse drainage. 

The legal system might have stepped in at this point and exerted its 
influence to prevent landowners from draining their neighbors. After 
all, if each landholder owned only the oil and gas beneath his acreage, 
it would be illegal for him to drain petroleum from beneath the prop
erty line of others. But the relevant question—How much oil is located 
under each surface tract?—could not be answered at that time with 
any confidence by reservoir engineers, to say nothing of judges. If no 
one knows where the oil came from, who owns it? An ingenious judge 
soon identified an applicable simple principle: the rule of capture. 
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This legal notion was developed centuries earlier in England to han
dle disputes over the decoying of wild game. Such animals in their 
free state constitute a scarce but unowned resource, since they freely 
migrate across property lines. It was understood that one might le
gally capture game animals if they "trespass" on one's own property, 
but one might not shoot them over the fence while they were on an
other's land. The issue in this dispute was different: Is it permissible 
for a landowner to entice wild game from the property of a neighbor 
onto his own land, using decoys or lures? Once across the fence, the 
game could legally be captured. The rule of capture holds such decoy
ing to be legal. From this precedent it was an easy leap to construe oil 
and gas in the reservoir as scarce, unappropriated natural resources, 
which could be lured from beneath one's neighbor's land by locating 
well bores as hydrocarbon decoys. Judges thus gave landowners the 
signal to drill as rapidly and intensively as possible if they were to 
prevent their wild hydrocarbons from being lured away by their 
neighbors' wells! In fairness to judges, this was the only practical so
lution because it was, and is, impossible to determine the original lo
cation of oil produced from a reservoir. Under this solution, though, it 
was logical for adjoining landowners to drill a row of "offset" wells all 
along their fence lines, their wells being directly opposite those of 
their neighbors. When oil was discovered within city limits, in certain 
small east Texas towns, the multiplication of derricks on tiny town lot 
plots provided a ridiculous spectacle. Although the rule of capture 
may have been a godsend to judges burdened with heavy case loads, 
it was anathema to the goal of economic efficiency. 

What should have been done? Had all the judges been trained and 
dedicated economists, how might they have ruled? The fundamental 
unit of petroleum production is the reservoir, not the well. If it were 
possible to ascertain all the economically relevant characteristics of a 
reservoir shortly after discovery, a judge could engage as consultants 
a staff of engineers and economists who could formulate a unified plan 
for reservoir development, alloting each landowner the proper share 
of the reservoir. While the field must be developed as a unit, several 
operators could act as cooperating managers. The operators would co
operate in production within a particular field but would be free to 
compete with each other as regards production from other fields, and 
would of course compete directly in downstream operations. As long 
as there were a large number of individual reservoirs with different 
firms acting as operators, no abridgment of competition need arise 
from the unitization of individual reservoirs. 

Unitization Versus Rule of Capture: 
A Hypothetical Example 
Perhaps it is useful to construct a hypothetical example contrasting 
unitization with the rule of capture. Let us begin by assuming 25 ad-
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joining square tracts of land, each 100 acres in extent, covering a total 
area of slightly under four square miles. Each tract is owned by a 
different individual. Let us further assume that an initial discovery 
well is drilled in the very center of the central tract, and as soon as oil 
is discovered, the characteristics of the reservoir are correctly inferred 
(even though such knowledge is usually obtainable only after enough 
time has passed to permit a substantial amount of development drill
ing to be done, and production experience to be analyzed). 

Assuming that the state has a compulsory unitization law, the field 
can be developed efficiently with a minimum number of wells. The 
spacing, depth, and recovery from each well will depend on many fac
tors, including the nature of the reservoir drive mechanism. Let us 
consider a simple gas-cap drive formation, as shown in Figures 7.8a 
and 7.8b. The oil sands are trapped in a gap between two masses of 
non-oil bearing rock, occupying the space between a lower cone of 
rock and the underside of another cone of non-oil rock. Since gas is 
lighter than oil, there is a cap of gas on top of the oil sands. When the 
oil reservoir is penetrated by well bores, the difference between the 
reservoir pressure and the pressure at the wellhead causes the hydro
carbons to flow naturally out the well bores. As oil is produced, the 
gas cap expands very slightly in response to the reduction in reservoir 
pressure. Thus the reservoir mechanism is driven by the pressure of 
the gas cap expanding from above, and over time as more oil is pro
duced the gas-oil interface falls. The optimal number and placement 
of wells calls for 13 wells in two concentric circles about the discovery 
well A. The discovery well A is assumed to be on a tract containing 4 
percent of total reserves (see 4 in lower right corner of the tract). But 
it would be a mistake to produce well A, since the loss of the gas cap 
would severely reduce reservoir pressure and reduce recovery of the 
other 12 wells. Therefore, under unitization, well A is plugged until all 
the oil in the reservoir is produced; then it can be re-opened to pro
duce the gas, since the gas can no longer serve the purpose of expelling 
the oil. Even though the eight tracts adjacent to the central tract con
tain 48 percent of reserves, the four wells Βχ through B4 will produce 
only 20 percent of total production (5% for each well, as shown in 
upper left corner of tract), being plugged when the gas-oil interface 
reaches that depth. The outer tracts, containing 48% of reserves, ulti
mately produce 80 percent of reserves (10 percent for each well) 
through the eight wells denoted as C\ through C8. The reason for the 
large recovery by the structurally low wells is that as the gas cap ex
pands with production, oil from interior tracts will migrate to the 
outer wells, Ci to C8. 

The optimal production strategy from the gas-cap reservoir implies 
that the production resulting from wells located in a given landown
er's tract does not closely match what the landowner receives. The 
allocation of shares in the unit is based on the original determination 
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FIGURE 7.8(a) and (b) Optimum well configuration for achieving maximum 
economic recovery of oil and gas from a simple gas-cap drive formation. 

of oil underlying each tract. For example, the central tract receives 
payment for 4 percent of oil production even though well A is plugged 
for later gas production. Of the eight inner tracts, the four with wells 
located on them produce 5 percent each of total reserves and yet re
ceive payment for 6 percent shares, while the four tracts without wells 
receive payment for 6 percent shares even though there is no produc
tion on the tract. Similarly, for the other tracts, those without wells 
receive 3 percent shares for producing nothing while those tracts with 
wells produce 10 percent of reserves yet receive only a 3 percent share. 
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Consequently, the unitization agreement requires substantial redistri
butive transfers among the 25 tract owners, but this transfer will oc
cur since, by assumption, the oil reservoir has been subject to compul
sory unitization. 

Let us now ask what would happen if there were no compulsory 
unitization law, and drilling took place under the rule of capture. 
Would we expect rationality to prevail so that the 25 tract owners 
agree to unitize the reservoir voluntarily, with each party receiving 
the shares outlined under the compulsory unitization agreement? Ex
perience clearly shows the answer to be no. The rule of capture would 
instead result in large overdrilling and the recovery of only a fraction 
of the oil recovered under unitization. First of all, numerous addi
tional wells would be drilled, with an average of perhaps as many as 
10 wells on each of the 25 tracts. The strategy is to locate wells along 
property lines to prevent drainage of one's reserves by adjoining land
owners. In turn, the adjoining landowner is likely to drill offset wells 
across the fence to prevent the neighbor's wells from draining his 
tract. Thus instead of 13 wells draining the 250 acres, we might easily 
observe 250 wells or more. To place this excess drilling problem in 
perspective, Morris Adelman estimated in 1964 that excessive drilling 
costs were running about $4 billion per year.16 For just one field, the 
Slaughter field in West Texas, excessive well costs were estimated at 
over $150 million. The severity of this problem is also revealed in in
ternational well and output data. In 1980, the U.S. had 88 percent of 
the world's active oil wells but only 14 percent of world oil produc
tion. 

Coordinated field development through unitization not only can re
duce such costs, but will also lead to substantial increases in ultimate 
oil recovery. Under competitive development, production rates are 
very high. Firms try to drain oil from the neighboring area by produc
ing too rapidly, which lowers pressure in the vicinity of the well-bore, 
attracting oil from surrounding higher pressure areas. With rapid pro
duction, however, natural gas (which can move more rapidly than oil 
through the reservoir rock) pushes past the oil, and the ratio of gas to 
oil production rises. Less gas in the reservoir means that the remain
ing hydrocarbons are more viscous and it will take more pressure to 
move them through the rock. Lowered gas also means less pressure. 
Since gas is much less valuable than oil, the gas that is produced will 
ideally be reinjected back into field, reducing hydrocarbon viscosity 
and raising pressure. Such recycling activities, however, are quite 
costly and in practice are seldom found in reservoirs that are not uni-
tized. As a result, early unitization sharply increases oil recovery, from 
two to ten times in solution gas fields. Despite these large gains, in 
practice unitization is difficult to achieve, particularly early in a field's 
productive life when the potential gains from reduced drilling costs 
and increased recovery are greatest. 
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But if the increased recovery and savings in drilling costs are so 
large, why doesn't voluntary unitization occur? If the relevant parties 
couldn't reach a unitization agreement, why wouldn't it pay someone 
to buy up all of the leases in a field and then unitize it? Curiously, 
private contracting breaks down severely for one principal reason— 
uncertainty.17 The central problem with voluntary unitization lies in 
the inability of firms to reach agreement on relative lease values so 
that unit shares can be assigned. A lease's value is determined by the 
amount of hydrocarbons originally in place and the net migration the 
lease could achieve under open production. It is quite difficult to as
sess this value early, and sometimes even late, in field life. An oil field 
varies like ordinary surface terrain, and the only information about 
the structure of the pool comes from the well bores. It is extremely 
difficult to construct a composite map of the reservoir from the 13 well 
bores in Figure 7.8b. In Figure 7.8b, line / , measuring thickness of the 
oil sand, is just as plausible based on the available data as are the 
straight lines shown. If line J is the true reservoir boundary, however, 
the outer leases have much more oil than the inner leases. The choice 
between J as the boundary and the original straight line could reallo
cate millions of dollars across firms. Voluntary unitization is not a 
very effective solution to the common pool problem because of these 
types of difficulties. The only time it works very well is when almost 
nothing is known about the reservoir. In that case firms do not get 
into disputes about the reservoir's exact shape and can reach agree
ment. This occurs frequently on federal lands in Wyoming and other 
Western states, but is uncommon elsewhere. The result of the failure 
to unitize voluntarily is prorationing regulation. Prorationing is a 
much less efficient way than unitization to develop an oil field but is, 
nevertheless, much more efficient than open production. 

Prorationing: A Second Best Policy 
With the legal doctrine of the rule of capture in the ascendancy, the 
only way out seemed to be the adoption of specific laws that would 
supersede that doctrine. The first state conservation laws were passed 
before 1900, and covered such matters as avoidance of ground water 
pollution and excessive flaring of natural gas. Not until after the First 
World War, however, were the major producing states motivated to 
pass laws attacking both the physical and economic problems of 
wasteful production practices. Texas in 1919 first passed laws prevent
ing extremely close spacing of wells. This law, however, was generally 
ineffective because it did not provide a way to stop dense drilling on 
small tracts. Landowners on these tracts gained exemptions from 
spacing rules because they had a legal right to the hydrocarbons under 
their land even if it were no larger than a single lot in a town. The 
only solution was to force these small landowners together to form a 
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drilling unit—a grouping of land large enough to merit its own well. 
Texas law did not permit this and so was ineffective at stopping dense 
small-tract drilling. Oklahoma solved this problem in 1935 by passing 
compulsory "pooling" laws that permitted small tracts to be forced 
together, making spacing laws effective. 

Besides spacing rules, the largest factor in limiting common pool 
abuses was prorationing—limitation of output rates in a reservoir gen
erally, but still permitting individual lease owners to operate their 
own leases. Prorationing first developed voluntarily on the huge Yates 
field in West Texas.18 Yates initially had only nine operators and one, 
Mid-Kansas (later Marathon), had over 60 percent of the field. Ini
tially, there was also only one pipeline into the field, owned by Hum
ble. Given the very concentrated nature of holdings, and pressure from 
Humble, the firms were able to reach an agreement that restricted 
drilling and production. This led to a sharp reduction of drilling costs, 
and the field's output was maintained because natural pressure was 
not dissipated from overly rapid production. The lesson was not lost 
on the industry—soon there were similar efforts to control production 
in a large number of fields. Few fields, however, were blessed with 
Yates' highly concentrated ownership. In these less concentrated fields 
agreements were negotiated, but they broke down repeatedly as indi
vidual lease owners cheated to increase their output shares. In the face 
of repeated failure of private contracting for prorationing controls, 
firms petitioned state authorities to impose controls. 

Oklahoma first promulgated a statewide prorationing law, permit
ting the state regulatory commission to determine total state output 
and allocate the total well by well. Texas followed suit in 1930, order
ing that state production be limited to market demand. 

In 1932 the United States Supreme Court upheld the Oklahoma law 
on grounds that limiting production to market demand prevented 
physical waste, with any price effects being merely incidental. During 
the next few years the basis for market demand prorationing was es
tablished by both state and federal action. The major producing states 
adopted conservation statutes that included the market demand pro
vision, and the federal government passed the Connally "Hot Oil" Act, 
making illegal the interstate shipment of oil produced in excess of 
state quotas. By 1935 the system of conservation laws was working in 
such a way as to stabilize prices and production and to eliminate some 
of the extremes of physical waste experienced in earlier years. But the 
emphasis was obviously more on price stability than on waste preven
tion. Gas continued to be flared in significant volumes until after the 
Second World War. 

The early prorationing approach was to look at the status quo, count 
the number of wells in the field, and divide the total output quota for 
the field more or less equally among all wells. If a particular well did 
not have the productive capacity to make its quota, the tendency on 
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the part of regulators was to serve the interests of "equity" by reduc
ing the output from the entire field to the point at which the least 
productive well could obtain its "fair share" of total field output! Such 
inefficiency-promoting inclinations came naturally to state regulators 
who, being elected officials, were understandably sensitive to the pref
erences of the numerous groups of small operators and royalty owners. 
But practical considerations usually prevented egalitarian programs 
from being carried to ridiculous extremes. Wells with very low poten
tial could be granted blanket exemptions on grounds that these excep
tions would not compromise the total program. Furthermore, wells 
with greater productive capacities could be given higher production 
"allowables" if some factual basis existed for legally rationalizing de
cisions that might increase economic efficiency. There were three ma
jor ways in which a well could qualify for a higher-than-average pro
duction quota: (1) deeper production; (2) wider spacing; or (3) a higher 
maximum efficient rate (MER) of production due to reservoir charac
teristics.19 

The rationale for granting larger allowables to deeper wells was 
simply that such wells had higher costs and therefore should be re
warded with higher output quotas. But this is not necessarily econom
ically efficient; relative subsidies to deeper drilling are desirable only 
if deeper drilling is fundamentally more promising. Allowables based 
on acreage might have a firmer basis. The general rule in the early 
days of prorationing was to give every existing producer at least some 
guaranteed market access through the awarding of an output quota. 
But if allowables were to be awarded strictly on a per-well basis, more 
wells would be drilled than were necessary to develop a field. To re
duce rewards for overdrilling, regulators increased the production 
rates for more widely spaced wells. Such acreage allowables were eco
nomically defensible as long as all the acreage in question was oil-
bearing. Shrewd operators, however, might drill at the edges of a field 
and include substantial amounts of "scenery" acreage in their leases, 
thus obtaining acreage allotments for nonproductive land. 

Both economists and reservoir engineers would be likely to select 
MER as the single most valid basis for conservation regulation, al
though they might disagree as to its precise definition. Engineers 
might take the absolute conservationist (or preservationist) view that 
ultimate physical recovery should be maximized. The MER would 
thus be defined as the production rate just below that which causes a 
decline in total recovery. The chief reservation of the economist to this 
approach is that too slow a production rate may be required; it is 
better to produce 20 million barrels over 20 years than to produce 22 
million over a century. The economist would prefer that MER be de
fined as that rate of output which maximizes the present discounted 
value of the stream of net future receipts from oil production in the 
reservoir. The chief difference is the role of the price of oil. Under the 
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engineering approach the price level does not enter explicitly into the 
calculations, while it is of crucial importance in the economic defini
tion. A regulatory commission employing an economic definition of 
MER would not only be compelled to consider prices very closely, but 
would also tend to affect prices by its decision. 

In practice, not enough is known about the characteristics of most 
reservoirs to permit more than a general estimate of even an engineer
ing-based MER. Adequate studies may be performed on the largest 
and most important reservoirs and fields, but rule-of-thumb estimates 
may have to suffice for most smaller reservoirs. Under market demand 
prorationing, the MER merely serves as an upper limit on production 
levels; during the years when output was curtailed to stabilize domes
tic prices, allowables in major fields might be only a small fraction of 
engineering-based MERs. 

What can be concluded regarding the impact of conservation regu
lation on prices and recovery rates? Before 1930 (particularly in the 
early years) there was much physical waste in the field production of 
oil and gas. After 1935 such wastes were considerably reduced. What 
factors were responsible for this improvement? Technological ad
vances probably played the largest role, with conservation regulation 
having a complex impact on production practices, on the nature of the 
market, and on the direction of technological innovation. Technologi
cal developments were particularly important in the conservation of 
natural gas. Until methods were developed to transport large volumes 
of gas economically through long-distance pipelines, the gas that 
could not be sold locally was generally flared. "Sour" natural gas with 
its high sulfur content could not be transported or burned in conven
tional equipment because of its corrosive effects. Hence vast quanti
ties of sour natural gas were burned in very-low-productivity uses like 
the production of carbon black until technological innovations al
lowed the economical desulfurization of sour gas. Furthermore, inno
vations in secondary recovery operations permitted the recycling of 
natural gas to maintain field pressures and thus cut down on the vol
umes of gas vented and flared. 

At some point, however—perhaps between 1910 and 1925—advanc
ing technology could have laid the foundation for better conceived 
conservation laws. Compulsory unitization could have been imposed 
upon large reservoirs at the earliest possible date. Compulsory uniti
zation would have enabled the earlier introduction of secondary recov
ery techniques, which would have significantly increased ultimate re
covery from these reservoirs. As for conservation of natural gas, early 
emphasis could have been on recycling. In recent years, most of the 
producing states have passed mandatory unitization laws that apply 
to newly discovered reservoirs. Nevertheless, considerable production 
still originates from many of the older fields, which have not under
gone unitization. 
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1. Under a rule of capture, what type of market failure do we observe? 
2. Discuss the following: "Efforts by state conservation agencies to 

limit well drilling, increase the spacing of wells, and reduce produc
tion represented treatment of the symptoms of the disease and not 
the cause of the disease." 

3. Even though unitization was not mandatory, why wouldn't the eco
nomic self-interest of the leaseholders in a reservoir lead to volun
tary unitization? 

SUMMARY 
Conservation in the consumption and production of energy is best 
thought of in economic terms. We define conservation as that output 
or consumption rate at which the marginal social cost just equals the 
marginal social benefit. This condition is generally satisfied in a com
petitive market, free of externalities. On the production side, this im
plies that producers should follow production strategies that maxi
mize the present value of the resource. 

The potential for altering energy consumption in the long run is 
enormous. Historical experience reveals that energy and economic 
growth are causally related, but prices and technology can signifi
cantly alter the energy-GDP ratio over time. International evidence 
on interfuel substitution likewise suggests that within fairly broad 
limits one fuel can be substituted for another, confirming the feasibil
ity of fuel-specific energy conservation programs. 

Using less energy is not always better, particularly if the marginal 
social benefits of added production exceed their marginal social costs. 
As an example, the Btu theory of value is an outgrowth of the mis
taken view that only energy is scarce. Nevertheless, there are legiti
mate instances where markets fail to equate marginal social costs and 
benefits. Policies of price controls, noninternalized externalities, and 
consumer inertia are but a few examples on the consumption side. 

The discussion of policy instruments emphasizes the importance of 
using price methods of allocating energy. Arbitrary rationing rules 
may reduce the redistributive consequences of higher prices, but suf
fer from being highly inefficient. Other policies such as fuel efficiency 
standards and public exhortation have more limited roles, being ap
plicable in a much narrower set of circumstances. 

In the production of oil and gas in the United States, the "rule of 
capture" coupled with private ownership of subsurface minerals has 
resulted in a serious market failure. Unitization, the first best ideal, 
fails to occur voluntarily despite the huge gains. The large redistribu
tion that must occur under unitization, and the uncertainty in ascer
taining reasonable estimates of oil underlying each tract, prevent vol
untary unitization from occurring despite the huge possible gains. 
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Given the failure of voluntary unitization and the belated application 
of compulsory unitization to new fields, a second best policy described 
as prorationing regulation has evolved. Prorationing seeks to remedy 
the symptoms of the inefficiency—excessive drilling, overproduction, 
and flaring of natural gas—rather than the underlying illness—the 
failure to achieve unitization through efficient contracting. 

1. For example, to solve for production after 50 years with a 5 per
cent annual growth rate, we solve the equation: 

Qt = Qoe005' 
Setting t = 50 and setting base year consumption Q0 at 139, we 
get: 

Oso = 139e0O5(50) 

InQso = In 139 + .05(50) 
In Q50 = 7.43 
Qso = 1693 

By a similar technique one can solve for Q50 when the growth rate 
is 1.6 percent per year. 

2. To compute cumulative production over the 50 year horizon, we 
integrate the equation defining consumption at every year over the 
period: 
Cumulative = Q0So50e005tdt 

= ^fo5°e005<d(0.05t) 

_ Qo ΓΛ0·05ίη 50 
" 0.05 Le Jo 

- I l ? _ |>0.05(50) _ „On 
0.05 Le J 

139 
" O B " 2 · 1 8 - 1 1 

= 31,087 MMB/DOE. 
The multiplication of this daily rate by 365 days per year yields 

a total of 11.4 trillion barrels of oil equivalent energy over 50 
years. Similarly, one can show that cumulative production along 
the 1.6 percent trend is 3.9 trillion BOE, yielding a difference be
tween the two paths of 7.5 trillion BOE. 
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FEDERAL TAXATION AND PRICE 
REGULATION OF ENERGY 

PRODUCTION 

INTRODUCTION 
Students of the price histories of commodities have long observed that 
the prices of raw materials tend to fluctuate more sharply and more 
frequently than those of consumer goods in their final manufactured 
forms. Such fluctuations are not welcomed by either producers or con
sumers, and attempts at price stabilization or regulation have been a 
recurring feature in a number of raw materials markets. The initiative 
may come from producers, with or without the support of their na
tional governments, as in the case of cartels. The initiative may also 
come from consumers, who have price controls as their goal. At its 
most ambitious reach, international commodity agreements may be 
undertaken to stabilize prices or limit price movements, with the par
ticipants including producers, consumers, and national governments 
of both importing and exporting countries. 

Crude oil and natural gas are characterized by very inelastic short-
run demand and supply schedules, which when coupled with substan
tial fluctuations in both supply and demand, lead to considerable fluc
tuations in market-clearing prices. This chapter undertakes to discuss 
the measures that the federal government in the United States has 
taken to control prices and producer income in the crude oil and nat
ural gas markets in the last fifty years, with emphasis on the post-
embargo period. The chief methods used have been price controls to 
place relatively low ceilings on producer receipts, or, when prices are 
decontrolled, taxes to recapture part of the producer surplus resulting 
from higher prices. In the more distant past, prices were stabilized 
indirectly through state production control. While this chapter re
counts the U.S. experience with price controls and windfall profits 
taxes, U.S. policy is not unique. Canadian price and tax policies ap
pear closely related to U.S. practices, and methods of taxing producer 
surplus in numerous other producing countries are similar in many 
respects to U.S. tax policy. 



A prominent aspect of U.S. energy policy has been government reg
ulation of the prices charged for crude oil and natural gas. During the 
1970s price regulation held the prices of oil and gas well below the 
levels that would have prevailed in a free market. By the late 1970s, 
however, the costs of underpricing domestic energy resources—over-
consumption, underproduction, and higher OPEC oil imports—began 
to be more apparent to policy makers in the federal government, and 
phased-in price decontrol for oil and for some categories of natural gas 
was contemplated. In 1977, for example, the average price paid for 
domestically produced oil was $9.55 per barrel compared to the world 
price of $14.53 per barrel. The price received for natural gas at the 
wellhead committed to the regulated interstate market (gas sold to 
buyers in other states) was $1.42 per thousand cubic feet (mcf) in 
1977. In the unregulated intrastate market in Texas, the average price 
was $1.93 per mcf in 1977. Price discrepancies were even larger in 
earlier years. During this period, activities in Congress provided the 
basis for various degrees of price decontrol. The Natural Gas Policy 
Act of 1978 provided for the gradual decontrol of most natural gas, 
and the Windfall Profit Tax Act of 1980 facilitated the price decontrol 
of crude oil. 

From newspaper reports of congressional deliberations during the 
1970s it might appear that price regulations were new policies inau
gurated in the 1970s. During the 1960s, there was little congressional 
concern with price regulation. Furthermore, given congressional ac
tion in the late 1970s to decontrol oil prices and to gradually deregu
late most natural gas prices by the mid-1980s, it might even appear 
that price controls were a short-lived aspect of energy policy, incon
sequential in the future. But this would be an incorrect conclusion. 
Government price regulation had its roots in the 1930s and has had a 
pervasive effect on U.S. energy supply and demand during much of 
the period since. Today, even though oil and most gas prices have 
been freed from controls, the Windfall Profit Tax remains and the ad
vocates of price controls are both influential and politically strong. 
Thus, price regulation as a policy alternative is likely to remain a dis
tinct possibility. 

This chapter is best thought of as a five-course dinner with the fol
lowing courses: (1) as a cocktail, a taste of post-embargo developments 
in oil price regulation; (2) as an appetizer, a similar account of recent 
gas price regulation; (3) as the main entree, a discussion of the condi
tions under which price controls may or may not increase economic 
welfare; (4) as dessert, an evaluation of the difficulties faced by price 
regulators, and (5) a final sobering cup of coffee to remind the dinner 
guests that distortions of the market arise not only from market fail
ures but also from regulatory failures. 
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OIL PRICE REGULATIONS 

A Brief Overview 

The history of governmental price regulation can be divided into three 
distinct eras roughly spanning the periods 1935 to 1970, 1971 to 1980, 
and 1980 to present. During the period 1935 to 1970, government pol
icies led to prices above what they otherwise would have been. Over 
this period, the role of government in determining price was subtle, 
but nevertheless quite effective. The discovery of huge oil fields in 
Texas and Oklahoma in the 1920s and early 1930s coupled with flush 
production under the rule of capture sent oil prices plummeting to 
$.67 per barrel in 1933. As noted in Chapter 7, statewide prorationing 
regulations were instituted to control production. Even though such 
regulation was ostensibly designed to promote conservation, control
ling quantity is equivalent to controlling price. In this scheme, the 
federal government played a less apparent but quite supportive role 
by outlawing the sale of oil produced in excess of state production 
allowables and staunching the flow of cheap imported oil in 1959 
through the Mandatory Oil Import Program. 

Just as the first era resulted in oil prices above competitive levels, 
the era 1971 to 1980 led to prices well below an unregulated market 
outcome. In an unregulated setting, competitive fringe producers 
would have received sharply higher prices for their oil in accord with 
OPEC price increases, but this was not the case in the U.S. Price con
trols on domestic crude oil coupled with an "Entitlements Program" 
equalized the price of foreign and domestic crude to refiners, so that 
consumers ultimately paid a weighted average price based on the 
prices of foreign crude oil and domestic price-controlled crude oil. By 
the late 1970s, the effects of price controls were obvious—price con
trols artificially stimulated consumption and discouraged domestic 
production, increasing U.S. dependency on oil imports. Because of 
these perverse incentives, it has even been suggested that the legisla
tion creating and extending price controls might better be renamed 
the 'OPEC Assistance Act." 

Finally, the third era was born in 1980 with the arrival of the Wind
fall Profit Tax. With the Windfall Profit Tax came decontrol of crude 
prices and an excise tax placed on domestic crude to capture part of 
the "windfall profits" that would occur as a consequence of decontrol. 
Compared to the previous era, the welfare loss from overconsumption 
was corrected and the distortions from domestic underproduction 
were attenuated. Nevertheless, the question remains: "Why should an 
oil producer be penalized for finding oil domestically by facing an ex
cise tax on domestic oil production through the Windfall Profit Tax?" 
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Historical Origins 
Regulation of the price of crude oil initially came about indirectly due 
to an interaction of state and federal regulations. As noted in Chapter 
7, in the 1930s, in order to conserve crude oil, the oil-producing states 
created state regulatory agencies to limit the rate of crude oil produc
tion. A byproduct of this conservation policy, termed prorationing, 
was to restrain total production and thereby to set price indirectly. 
This control over price was unchallenged until the mid-1950s, when 
the cost of imported oil fell appreciably below domestic prices. Sud
denly, imports restrained the power of the regulatory agencies to set 
prices. Following an unsuccessful attempt to restrict imports on a vol
untary basis, President Eisenhower in 1959 imposed mandatory im
port controls, using national security considerations as a justification. 
Oil imports east of the Rocky Mountains were limited to 12.2 percent 
of domestic requirements. With imported oil no longer the marginal 
source, the large producing states, Texas and Louisiana, once again 
found themselves in a position not unlike that of Saudi Arabia in the 
dominant firm model of Chapter 4. With Texas and Louisiana supply
ing the marginal crude oil and their state regulatory agencies able to 
restrict production, the domestic price of oil was artificially main
tained $1.00 to $1.50 per barrel above the price of imports delivered 
to the United States.2 Thus federal regulations limiting imports cou
pled with the state regulatory commissions' control over domestic 
production meant that crude oil prices were effectively set by state 
regulatory commissions. 

Beginning in 1971, control over oil prices was gradually transferred 
from the state to the federal level. Oil prices periodically fell under 
President Nixon's wage and price control policies. Under Phase IV of 
wage and price controls, a system was devised that attempted both to 
encourage increased exploration and development of additional oil 
production, and also to protect consumers from rising prices of petro
leum products. Production from a given property up to 1972 produc
tion rates was categorized as "old" oil, receiving a price of 35 cents 
per barrel above the May 15, 1973 price. "New" oil consisted of pro
duction in excess of 1972 levels or from new properties, and its price 
was not controlled. A third category of oil called "released" oil was 
created to encourage increased production. For each barrel of new oil, 
a company would be allowed to release one barrel of old oil from price 
controls. 

Post-Embargo Price Controls 
As the price of imported oil skyrocketed during the embargo of the 
winter of 1973-74, the price controls on domestic oil kept U.S. prices 
well below world prices. The average price of domestic oil in early 
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1974 stood at $7.18 per barrel compared to $12.52 for imported oil. 
Demand in early 1974 was at elevated levels, due to panic buying as 
motorists continually kept gasoline tanks full, fearing that shortages 
might materialize at any time. As long as demand was very high, re
finers who used higher-priced imported oil could pass on their high 
crude oil costs in the prices of their refined products, and still find 
adequate numbers of customers. Price controls on refined petroleum 
products such as gasoline were also improvised during the embargo 
period, such that prices were limited to costs plus a certain pre-em
bargo profit margin per gallon sold. This meant that gasoline refined 
from domestic oil could be sold at ceiling prices that were much lower 
than those allotted to gasoline refined from higher-cost imported oil. 
It is obviously inefficient to charge different prices for the same good, 
but as long as demand was at elevated levels, customers not able to 
buy gasoline from lower-priced sellers would purchase from higher-
cost outlets, and the sellers of higher-priced gasoline were able to sell 
at the ceiling prices allowed under regulation. 

With the cessation of the embargo and the restoration of greater 
confidence in future gasoline supplies, the demand for gasoline de
clined appreciably during 1974. Now the sellers of gasoline refined 
from imported oil could no longer market their product at the regu
lated ceiling price. After buyers purchased available supplies from 
sellers of gasoline refined from lower-cost "old" domestic crude oil, 
there was not enough demand to support higher prices by the sellers 
of gasoline derived from "new" domestic oil and oil imports. The re
finers and sellers of products derived from high-cost oil faced a crisis. 
The crude oil price control scheme had broken down at the level of 
refined products demand. 

To regulators, the "solution" was easy: equalize the cost of crude 
across all refiners. The "entitlements" scheme was thus born. This 
scheme in effect transferred the title to a large percentage of old do
mestic oil from its actual producers to those who imported oil. Let us 
assume for the purposes of a simple example that half of the oil pro
cessed by U.S. refineries is domestically produced old oil, which is 
price controlled at $5 per barrel, and other half is imported oil costing 
$10. (We disregard new domestic oil because of its relative unimport
ance.) Under the breathtaking doctrine of entitlements, every refinery 
in the country was "entitled" to process a mix of oil that is 50% low-
cost domestic and 50% imported oil. Since we are assuming that half 
the U.S. refineries in fact processed their own domestic oil, and half of 
them exclusively processed imported oil, entitlements generated huge 
income transfers. An entitlement was issued with each barrel of im
ported oil, allowing the purchase of one barrel of low-cost domestic 
oil. Refiners processing essentially domestic oil had to purchase enti
tlements in order to buy domestic oil. In this example domestic oil 
producers refining their own oil in their own refineries were incensed 
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at being compelled to buy entitlements from oil importers for the 
"privilege" of refining their own oil. 

Despite the obvious equity problems, the entitlements scheme did 
equalize the per-barrel crude oil costs of all refiners and thus allowed 
all sellers to charge the same legal maximum price for petroleum 
products. In the present example it works this way: For every 100 bar
rels of crude oil refined, suppose 50 barrels are imported at $10 per 
barrel and 50 barrels are purchased domestically at the controlled 
price of $5. Hence the 100 barrels costs $750, so the average cost of 
crude oil is $7.50 per barrel. Now suppose refiner A processes only the 
50 barrels of domestic crude, while refiner B processes the 50 barrels 
of foreign crude. In the absence of entitlements refiner A's crude costs 
are $250 and refiner B's crude costs are $500. To equalize crude costs 
across refiners, with each barrel of imported oil went the entitlement 
to purchase a certain amount of low cost domestic oil. In this case, 
with imports equalling domestic production, for each barrel of im
ported crude an entitlement was issued to purchase one barrel of low 
cost domestic crude. In principle, each refiner could process a 50-50 
mix of foreign and domestic crude with an average cost of $7.50 per 
barrel. But in reality, refiner A would simply purchase refiner B's 50 
entitlements to domestic oil at a price of $2.50 per entitlement and 
continue operating as before. In either case, the average cost to both 
refiners would be $7.50 per barrel. 

Welfare Analysis of Price Controls 
Per Se 
A reasonably simple diagram will suffice to show the welfare losses 
resulting from price controls on crude oil in early 1974, and from the 
price controls plus the entitlements scheme in late 1974. Figure 8.1 
shows U.S. demand in early 1974 as the schedule Dus, while demand 
in late 1974 is shown by the demand curve Dus. The curve Dus lies to 
left of Dus due to the decline in demand in late 1974 as shortage fears 
subsided. The horizontal line labelled POPEC indicates that at $12.52 
per barrel the U.S. can purchase whatever quantity of imported oil it 
desires. The domestic supply schedule S reflects the long-run supply 
curve of a competitive industry free from price control, and producing 
outputs limited only by marginal production cost relative to demand. 
In the absence of price controls, domestic oil would be bid up to price 
parity with OPEC oil, domestic suppliers would produce a quantity 
Qs, and imports of Qd - Qs would meet that part of demand which 
could not be domestically supplied at the OPEC price. In this case 
domestic oil producers would earn producer surplus equal to the area 
OAB, the difference between total revenues and the total production 
cost, represented by the area under the domestic supply curve. 
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FIGURE 8.1 The effects of price controls and entitlements on the U.S. crude 
oil market. (DJS = U.S. demand in early 1974; Dus = U.S. demand in late 
1974.) 

If we assume that all price-controlled oil sold for an average value 
of $7.18 per barrel in early 1974, and all imported oil for $12.52 per 
barrel, it can easily be shown what impact price controls had on eco
nomic welfare in the crude oil market. Consumers purchased oil pro
duced domestically under price control in the amount of Q's barrels 
per day, receiving additional consumer surplus equal to the area 
AEFG, or about $45.4 million per day. The consumers realized this 
saving because they were able to buy about 8.5 million barrels of oil 
per day at $7.18 instead of the world price of $12.52. Producer surplus, 
on the other hand, was more greatly reduced under price controls, 
from area OAB down to area OEF. The loss in producer surplus (area 
AEFB) was about $53.1 million per day. Hence economic welfare in 
the crude oil market declined by area F GB or about $7.7 million per 
day ($2.8 billion per year). Of the $53.1 million daily decline in pro
ducer surplus, $45.4 million per day represented a direct transfer to 
consumer surplus through underpricing the actual level of production 
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realized with regulation; the deadweight area of net reduction in eco
nomic welfare, area FGB, represented domestic producer surplus lost 
due to the reduction of U.S. production below its competitive level, 
and amounts to the $7.7 million per day mentioned above. Note that 
under price controls per se, the welfare loss, area FGB, arises entirely 
from domestic underproduction. There is no loss from underconsump
tion, since for the marginal barrel of imported crude the marginal so
cial benefit equals the marginal social cost. 

Welfare Analysis of Price Controls 
Plus Entitlements 
Now let us see what happens when demand falls in late 1974 and en
titlements are imposed. Let demand fall from DJJS to Dus. The market 
equilibrium without controls would now be at point / , where the new 
lower demand curve intersects the world supply-price schedule at 
POPEC == $12.52. This would reduce total demand to Qd, eliminating oil 
imports in the amount of Qd — Qd- It was this loss in their business 
volume at the world price that the oil importers successfully pre
vented by securing the adoption of the entitlements scheme. With en
titlements the marginal price to the consumer was reduced to PAVG* 
which was a weighted average of imported oil costing $12.52 per bar
rel and domestic oil selling at $7.18. The lower price approximately 
restores consumption to the original early 1974 quantity of Q .̂ With 
total domestic production at Q's and total imports at Q'd - Q's> the ratio 
of domestic production to total demand was about 64.4 percent. The 
weighted average of domestic and total demand costs was $9.07 per 
barrel, so under the entitlements program the costs of refinery input 
to refiners producing low-cost domestic oil had to be increased by 
$1.89 per barrel ($9.07 minus $7.18) and the costs to refiners purchas
ing imported oil had to be reduced by $3.45 per barrel ($12.52 minus 
$9.07). This was easily accomplished by issuing 1.81 entitlements (the 
right to purchase 1.81 domestic barrels) for every barrel of imported 
oil. [The 1.81 ratio is arrived at by taking the ratio of the percentage 
domestic oil to imported oil (1.81 = 0.644/0.356)]. With the market 
value of one entitlement at $1.89 per barrel [the difference between 
the average price ($9.07) and the domestic control price ($7.18)], every 
barrel of imported crude received a subsidy of 1.81 entitlements worth 
$3.45 per barrel of imported oil. The entitlements program resulted in 
a substantial income transfer of $16.1 million per day as refiners of 
domestic crude were forced to pay $1.89 per barrel times 8.5 million 
barrels per day for the right to refine their own domestic crude. The 
$16.1 million dollars paid out to "buy entitlements" is of course used 
to subsidize the importation of foreign oil. In Figure 8.1, area CEFK is 
the cost of entitlements to domestic refiners, and the exactly equiva
lent area GKHI is the subsidy received by refiners of imported oil. The 
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per-barrel subsidy to importation is higher than the per-barrel tribute 
paid by domestic refiners, since the volume of imports is smaller than 
the volume of domestic production under price control: the $16.1 mil
lion in question is now divided by only 4.7 million barrels, so the per-
barrel subsidy to importers is $3.45, bringing the net cost of imported 
oil down to equality with the net cost of domestic production, at $9.07 
per barrel. Curiously, the entitlements scheme had the perverse effect 
of underpricing domestic oil and then subsidizing imports by lowering 
the net price of imported oil to U.S. refiners. The regulation cut the 
effective import price by $3.45 per barrel on the amount of oil actually 
imported into the U.S. 

In the previous section, we saw that price controls prior to entitle
ments resulted in a welfare loss of FGB or $7.7 million per day. Refer
ring back to Figure 8.1, it is clear that in the absence of price controls, 
U.S. oil consumption would decline from Q'D to QD as demand shifts 
from D's to Ds, with a constant OPEC price of $12.52. One of the main 
purposes of equalizing crude oil costs among refiners, however, was to 
prevent the decline in consumption. Unfortunately this could only be 
done by pricing imported oil at a marginal private cost that is below 
the true marginal social cost by the amount of the subsidy. Thus, in 
addition to the existing welfare loss of $7.7 million dollars per day 
that prevailed under simple domestic price control with U.S. demand 
at D', there is an additional deadweight loss due to the overconsump-
tion resulting from pricing imports at less than their true marginal 
social cost. This loss is shown by the area JIH (or $2.6 million per 
day), which is obtained by subtracting the incremental social benefits 
of quantity Q'D - QD from the incremental social costs. This brings the 
total deadweight loss of price controls plus entitlements to $10.3 mil
lion per day, or $3.8 billion per year. 

The "equilibrium" achieved under entitlements is short-run in na
ture, since the basis for paying entitlements depends upon the total 
supply of price-regulated domestic oil, as well as upon domestic de
mand and the OPEC price. Even if domestic demand and the OPEC 
price were to remain constant over time, the supply of "old" domestic 
oil will steadily decline through natural depletion and through disin
centive effects of price control on optimal maintenance programs. As 
the captive supply of underpriced oil declines, the weighted average 
price (PAVG) will rise, and total consumption will fall. The average en
titlement per barrel paid on old oil will rise (as the weighted average 
price rises with the controlled price constant) while the average enti
tlement received per barrel imported will decline. In the long run, 
when domestic production is extinguished, entitlements would disap
pear and the domestic price would rise to the world price. Had the 
program been allowed to run its fatal course, it would have succeeded 
in transferring consumer surplus from producers to both consumers 
and oil exporters in the intermediate run, but in the long run would 
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have hastened depletion of domestic reserves and left consumers at 
the mercy of the oil exporters. 

Events Leading to the End of Price 
Controls and Entitlements 
The program was not allowed to persist indefinitely, however, for sev
eral reasons. First, regulatory loopholes led to widespread abuses of 
the program. The increase in OPEC prices after the Iranian revolution 
of 1978-79 created huge incentives to transform old, low-priced oil 
into high-cost new oil. The "daisy chain" scam was invented by crude 
traders who amassed fortunes overnight. Under entitlement regula
tions, crude oil "reselling" was allowed to enable crude to move from 
the field to refineries. An allowed maximum resale profit of approxi
mately 50 cents per barrel was stipulated for each transaction. But 
regulations did not limit the number of transactions! Thus the same 
barrel of oil could usually be legally "resold" many times, with the 
price rising about 50 cents on each resale. Most such resales were sim
ply paper transactions. A crude trader could set up three or four 
wholly owned corporations and create paper crude transactions be
tween them, taking a barrel of old oil originally purchased at a price 
of $6 or $7 and making about 50 cents per barrel on each transaction 
in the daisy chain until finally the crude was sold to a refiner at the 
highest price allowed on new oil. At least one reseller legally earned 
more than one billion dollars—the first "regulatory billionaire" in eco
nomic history. 

The Department of Energy was even more embarrassed by the 
courts. Many cases brought against affluent resellers were lost, since 
the law invited and even encouraged such actions. Legislation under 
President Carter had called for crude oil price decontrol and an end to 
entitlements by October 1981, but President Reagan terminated the 
program still earlier, shortly after his inauguration in January 1981. 

Other factors also contributed to the political battle to end oil price 
control and the entitlements regime. Economists generally were 
against it, as were those who were concerned with national security. 
European critics were also very numerous. But powerful oil importers 
resisted forcefully. Since inefficient regulation creates vested interests 
in resource misallocation, those oil companies that on balance gained 
by the program tended to oppose its elimination. Nevertheless, it 
seems likely that the single most important force behind the ultimate 
demise of oil price controls was the desire of various governmental 
groups, both federal and state, to transfer consumer surplus into gov
ernment tax revenues. Thus in 1980, Congress replaced price controls 
with the Windfall Profit Tax. 

Consumers had been more or less passive beneficiaries of the price 
control program. The political unpopularity of oil companies, partic-
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ularly in the period of the Arab oil embargo and the first big OPEC 
price hike, helped consumers to obtain a large transfer of consumers' 
surplus in their favor with little organized effort on their own. But 
since consumers are too large and heterogeneous a group to organize 
effectively, their ability to preserve their sizeable short-run gains 
proved inadequate over time. Economists argued that domestic prices 
should be raised to the OPEC level in order to achieve price-induced 
conservation, increase domestic production, and reduce oil imports. 
Politicians heard part of the message. Higher prices to consumers 
would reduce consumption, and conservation was good—but why re
ward producers with higher prices, when the difference between the 
OPEC price and the short-run domestic production cost could be heav
ily taxed without obvious immediate effects on domestic supply? A 
windfall profit tax would yield enormous revenues over a long period 
of time that could be used to fund the Synthetic Fuel Corporation, a 
fund to enable poor people to receive assistance from energy bills, and 
large sums of uncommitted revenues for a variety of federal projects. 

The Windfall Profit Tax of 1980 
The "windfall profit tax" as finally passed by Congress should perhaps 
have been called more accurately the "windfall revenue act" since the 
tax was not placed upon profits as such, but is more akin to a per-
barrel excise tax, where the tax rate varies depending on the sale price 
of the oil. The act itself is tedious beyond belief, impossible to compre
hend in economic terms because of logical inconsistencies, and repre
sents perhaps the single most complicated tax law category in the en
tire Internal Revenue code—which is saying a very great deal. The 
windfall profit tax liability of production from any particular well de
pends upon more than fifty variables relating to real and imaginary 
characteristics of a historical, geological, technological, geographic, 
and purely regulatory nature. Thus it is impossible to discuss the tax 
without radical simplification of its endless complexities. The most 
pertinent data are summarized in Table 8.1. 

It is apparent that a major distinction is made between old and new 
oil, and a further distinction exists between old oil from marginal 
"stripper" wells and old oil from supramarginal flowing wells. Old oil 
generally is taxed at a 70 percent rate applied to the difference be
tween the price received by the seller and the base price given in Ta
ble 8.1. Furthermore, the base prices in Table 8.1 will vary from crude 
to crude and escalate with price inflation over time. In 1980, at the 
time of the passage of the Windfall Profit Tax Act, the average base 
price of all nonmarginal old oil (Tier 1 oil) was about $12.85. Thus if 
it were anticipated that prices after decontrol would rise to the OPEC 
level of perhaps $40 per barrel, the federal government anticipated a 
bonanza. From a price of $40, the base price of $12.85 would be de-
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TABLE 8.1 Federal Windfall Profit Tax: 1980 Rates and Base Prices 

Tier 1980 Average 
Number Type of Oil Production Tax Rate Base Price 

1 Old oil (discovered before 1979) 70%* $12.85 
2 Stripper well oil 60%* 15.15 
3 New oil (discovered after 1978) 30%* 16.60 

(Also applies to heavy oil and to oil 
produced from tertiary recovery 
processes) 

*The tax rate is only 50% for old oil and 30% for stripper oil for the first 1,000 barrels 
per day of output by nonintegra ted producers. 

ducted, leaving taxable income of $27.15 per barrel. A 70 percent 
windfall revenue tax would thus yield $19.00 per barrel to the federal 
government. For Tier 2 oil (old oil from stripper wells), the tax rate is 
60 percent and the average base price is $15.15, so at $40 per barrel 
the government tax take would be $14.91 [0.6 x ($40.00 - 15.15)]. 
For Tier 3 oil (new oil) the tax rate is only 30 percent and the average 
base price in 1980 was about $16.60, so at $40 per barrel the govern
ment tax take would be only $7.02. Thus the windfall profits tax acted 
to increase government tax revenues and to reduce consumer surplus. 

Exemptions from the windfall profit tax were accorded to oil owned 
by state and local governments, Indian tribes, and certain charities, 
as well as new oil in most of Alaska. The original legislation also pro
vided that once cumulative revenues reached $227.3 billion, the tax 
would be phased out over a period of 33 months, but complete phase-
out could not arrive before January 1, 1988 or after January 1, 1991. 

Hopes in Washington were high that a tremendous revenue bonanza 
would flow from the windfall profit tax, but actual experience has not 
satisfied such sanguine expectations. Over $16 billion was collected in 
1981 from major integrated oil companies, but OPEC prices weakened 
in 1982 and the price cut to $29 in March 1983 disappointed the ex
pectations of fiscal authorities that OPEC prices would continue to rise 
year by year. Instead of prices in the $50 range during the early 1980s, 
the prospect was for prices below $30 per barrel. In addition, the rel
atively low tax rates on heavy and tertiary oil stimulated considerable 
production increases in the Tier 3 categories, which reduced the aver
age per barrel windfall profits tax revenues. 

Economic criticism of the windfall profit tax centers on several 
points. In the first place, the tax is an excise tax, not a true profits tax, 
and thus tends to discourage domestic exploration and encourages the 
premature abandonment of marginal oil wells. For example, there are 
drilling prospects that are economic at $30 per barrel, but which be
come unattractive after subtracting $10 per barrel for windfall profits. 

2 9 4 ENERGY ECONOMICS AND POLICY 



Additionally, on stripper wells, production declines slowly and pro
ducers must balance marginal costs with marginal revenues to com
pute the economic limit—the level of oil production below which op
erating costs exceed revenues. The windfall profits tax raises the 
minimum production rate necessary to continue production and forces 
earlier abandonment of existing oil reservoirs. In the second place, the 
bulk of the tax revenues should probably be devoted to the develop
ment of new domestic sources of energy. Original plans at one time 
called for the financing of the Synthetic Fuels Corporation to the ex
tent of over $80 billion from windfall profit tax revenues—an entirely 
appropriate idea, provided that financing could be limited to suffi
ciently promising projects. But, as subsequently noted in Chapter 9, 
the Synthetic Fuels Corporation had done very little by the mid-1980s, 
partly due to a negative attitude on the part of the Reagan adminis
tration toward public financing of research and development of new 
fuels. 

It would be instructive to devise a diagram similar to that of Figure 
8.1 to show the impact of the windfall profits tax on economic welfare, 
as contrasted with a competitive market and with price controls and 
entitlements. Unfortunately, the impact of the tax on different cate
gories of oil is too complex to permit simple diagrammatical represen
tation. To a first approximation it would be feasible to show the im
pact of the tax on each type of regulated oil, but the information 
required to construct the relevant supply schedules is lacking. The 
best compromise might be to compare the impact of price controls in 
early 1974 with a hypothetical windfall profit tax imposed in 1974 at 
1974 OPEC prices and at the tax rates adopted in 1980, but with a cost 
basis appropriate to 1974 costs. Figure 8.2 shows the results of such 
an exercise. 

Welfare Effects of the Windfall Profit 
Tax 

It is assumed that all oil supplied in 1974 is initially classified as Tier 
1, old oil, so the domestic supply function is the supply function for 
old oil. It is assumed that the base price allowed in 1974 would have 
been the actual average price of old oil under price controls in 1974, 
or $7.18 per barrel. Since the OPEC price is $12.52, a tax of 70 percent 
of the difference between $12.52 and $7.18 is a tax of $3.74 per barrel, 
which it is assumed will be paid by all domestic oil producers. Hence 
the demand curve for oil, as seen by domestic producers, is reduced 
by the amount of the unit windfall tax of $3.74, and thus declines to 
$8.78. At this price, domestic output amounts to QJ, producer surplus 
is increased by area MEFN, and government tax revenues by area 
AMNL. This outcome represents a considerable welfare gain over price 
controls set at $7.18 with an output of Q's. Economic welfare is in-
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FIGURE 8.2 The estimated impact of a windfall profit tax on the U.S. crude 
oil market in early 1974. 

creased by the value of area GFNL, or by about $5.7 million per day. 
Area GFNL shows, for an increase in domestic production of Q" - Q's, 
that incremental social benefits exceed total social costs. Relative to 
the price control situation, consumers lose while producers and the 
federal government gain. Consumer surplus is reduced by area AEFG, 
a total of $45.4 million per day. At the same time, producer surplus is 
increased by area MEFN for $14.8 million per day and tax revenues 
increase by area AMNL for another $36.3 million per day. Thus the 
gain in economic welfare is the previously identified area GFNL, for 
$5.7 million per day. 

Still, the windfall profit tax is inferior in welfare terms to a situation 
in which there are no taxes or price controls. Moving to a competitive 
equilibrium for domestic production at point B, tax receipts would fall 
by area AMNL ($36.3 million per day) while producer surplus would 
rise by area AMNB, or $38.3 million per day. Thus the loss in eco
nomic welfare is given by area LNB ($2 million per day) which repre
sents reduction in producer surplus not compensated for by an in
crease in federal tax receipts. Hence, given the situation in early 1974, 
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the welfare loss under price regulation was $7.7 million while that 
under a comparable windfall profit tax would be only $2.0 million. In 
later 1974, with a decline in demand and the adoption of entitlements, 
the welfare loss rose to $10.3 million, while with a windfall profit tax 
domestic and imported oil would sell at the same price, avoiding any 
opportunity of subsidizing oil imports. Thus the welfare loss would 
remain at $2.0 million per day. 

Even so, it must be repeated that the windfall profit tax is still in
ferior to a no-tax situation, or to a perfectly designed tax on true pro
ducer profits, each of which would increase domestic output to point 
B in Figure 8.2, and eliminate welfare losses entirely. Although the 
windfall profit tax statute calls for it to phase out by 1993, most stu
dents of the political process doubt this. In the meantime, we are left 
with a tax that discourages domestic exploration and production, im
plicitly sending the signal that domestic oil production is inferior to 
imported oil. 

1. Given the shares of domestic and imported oil, show that every $1 QUESTIONS 
increase in OPEC's crude price increases the average price of crude 
to the consumer by roughly $.35 per barrel under entitlements. Can 
you show that this reduces the U.S. demand elasticity for imported 
crude by roughly .35? 

2. Explain why area CEFK in Figure 8.1, the amount paid for entitle
ments by refiners of domestic crude, will just equal area GKHI, the 
receipts of refiners processing imported oil. 

PRICE CONTROLS ON NATURAL 
GAS 

A Brief Overview 
Regulation of oil and natural gas prices evolved through quite differ
ent channels. The Natural Gas Act of 1938 established the Federal 
Power Commission (FPC) and empowered it to regulate the transpor
tation fee a gas pipeline could charge for interstate deliveries. Ini
tially, it was presumed that the Natural Gas Act regulated only the 
interstate pipelines. Since long-run average costs decline as pipeline 
diameters increase, the pipeline industry was obviously characterized 
by natural monopoly, and was therefore an appropriate target for tra
ditional public utility regulation. In 1954, the Supreme Court (Phillips 
vs. Wisconsin) interpreted some ambiguous language in the 1938 stat
ute to mean that the FPC's responsibility to regulate price extended 
back to the wellhead and thus the price charged by gas producers 
(Phillips). Following a subsequent Supreme Court decision, in 1959 the 
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FPC instituted an area-wide pricing scheme. The area-wide pricing 
scheme at first created two vintages of gas. "New" gas supplies could 
be sold at the level of the highest price at which a sale in the area has 
been previously certified. "Old" gas supplies received the average 
price for all sales in the areas.1 Subsequently, the commission found 
it necessary to create additional vintages of new gas supplies, each 
selling at a still higher price. 

The umbrella of FPC price regulation did not extend to intrastate 
gas sales, where separate markets flourished free of regulation. During 
the 1960s, intrastate gas buyers, which were not subject to interstate 
price regulation, were able to purchase all their requirements by offer
ing a slight premium over the FPC price for the latest vintage of inter
state gas. With intrastate buyers getting first choice, interstate mar
kets absorbed the residual or left-over gas. Over the 1960s, interstate 
buyers purchased the marginal supplies; therefore, intrastate prices 
were only slightly above the price set by the FPC in the interstate 
market. But, beginning in the early 1970s, the rapidly growing intra
state demand for gas in the southwestern states had become more 
than sufficient to absorb the available supply of newly discovered gas 
at a price considerably higher than that set by the FPC. With the FPC's 
interstate price well below the intrastate price, consumers outside the 
Southwest were effectively cut off from new gas supplies and had to 
face increasing shortages as demand increased. In 1978, compromise 
legislation both extended price controls to intrastate gas, and at the 
same time set up a timetable for a phased decontrol of most gas 
prices. 

The Early Period: 1938-1960 
In view of the discussion of oil price regulation, one might think it 
difficult to find a market that has been more thoroughly distorted by 
regulation than the crude oil market, but such is not the case. The 
natural gas market has been even more systematically deformed, dis
figured, and wrenched out of shape as a result of a longer period of 
even more perverse price controls than ever existed for crude oil. 

Until the 1930s, natural gas was in excess supply relative to market 
demand, since the technology necessary for building long-distance gas 
pipelines had not yet been developed. Most of the large quantities of 
associated gas produced with crude oil was simply flared at the well
head. With gas as a joint product produced in fixed proportions with 
oil production, its marginal production cost could be regarded as zero, 
and gas was marketed on a byproduct basis for whatever price it 
would bring. Relatively little gas was reinjected to maintain reservoir 
pressures in the early days, and the small volumes that were sold were 
generally marketed to nearby industrial plants. Prices were typically 
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in the neighborhood of one cent per thousand cubic feet—the Btu 
equivalent of 5 cents per barrel of oil! 

Following World War II, gas pipeline technology advanced, opening 
up the huge Northeastern market for natural gas produced in the 
Southwest. But excess supply still prevailed, and the first pipelines 
were in a position to dictate their own terms: low prices, long-term 
contracts (20 years was standard), and usually no provisions for price 
escalation even over as long a time period as two decades. 

Demand continued to grow phenomenally as new pipelines were 
completed and producers began reinjecting gas back into producing 
formations in order to increase total oil recovery. The market price of 
gas increased briskly as demand rose and the supply surplus disap
peared. Petroleum exploration activities became more gas oriented. 
During the middle and later 1950s the old gas supply contracts came 
up for renewal after 20 years, and something like a ten-fold price in
crease was registered, from an original 1.5 cents to about 15 cents. 
Pipelines and consumers were unduly upset, and they naturally pre
ferred arrangements that would continue indefinitely the low prices 
established in past years. Lawyers for the State of Wisconsin success
fully argued that some ambiguous wording in the Natural Gas Act of 
1938 required that the Federal Power Commission (FPC) regulate the 
wellhead price of natural gas. Until this time, the FPC had assumed 
that the intent of the language was to regulate only the gas pipelines, 
which, like other utilities with aspects of natural monopoly, had be
come subject to public utility regulation. But in 1954 in Phillips vs. 
Wisconsin, the court ruled that the FPC must regulate and approve 
the prices charged by natural gas producers in the fields. 

Once the FPC began to implement the court's mandate, the natural 
gas industry was transformed from a growing and dynamic market 
into a cemetary plot consisting of three graves, in which, side by side, 
the remains of three separate sub-markets were to be mummified: the 
gas production business, gas pipelines, and gas utilities. It is under
standable that gas pipelines and gas utilities would be subject to pub
lic utility regulations. Gas pipelines were originally regulated by the 
Natural Gas Act of 1938 as natural monopolies, due to their decreasing 
cost characteristics. Between any two points, one large pipeline would 
have much lower costs than ten smaller pipelines. Gas utilities were a 
"natural monopoly" of a somewhat different type than pipelines. Al
though gas distribution costs do not necessarily decline steadily as gas 
consumption increases, it is quite true that gas distribution costs will 
be higher and increase more rapidly as the number of gas utility com
panies increases, due to the duplication of fixed investment and its 
relative underutilization. Gas utility price regulation aimed at pre
venting the exploitation of consumers through the setting of monopoly 
rates. 
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But the occupant of the third grave had no natural monopoly char
acteristics, and such regulation would not work for field production of 
gas. Cost-based price regulation was infeasible since gas producers 
had very different cost structures depending on their past fortunes in 
oil and gas exploration. Paradoxically, rewarding a high-cost seller 
with higher prices would simply price him out of the market relative 
to lower-cost competitors. Conflicts were endless, and during the pe
riod 1954-1960 over 2000 unresolved rate case proceedings piled up 
at the FPC. 

Area Rate Regulation: 1960-1978 
With the case-by-case approach rendered hopeless by economic facts 
in the market, the FPC after 1960 began a series of attempts to regu
late gas prices on an "Area Rate" basis, whereby the U.S. was divided 
into a small number of gas producing areas, and the goal was to set a 
separate rate for each area at a level that would provide the average 
producer with a reasonable rate of return on his formula-based aver
age costs. In practice, this process took several years, during which 
time costs were steadily increasing. A proceeding begun in 1961 might 
be completed by 1964, but would only cover a certain "vintage" of gas 
production. New proceedings then might begin in 1964, covering a 
later vintage of gas discovered and developed at higher costs. The 
prices that were eventually allowed tended to be below the true long-
run marginal cost, so over time gas exploration efforts declined and 
new supplies fell at the same time that demand for the underpriced 
commodity was increasing. 

There was, however, one safety valve: the intrastate market. Until 
1978, only interstate prices were controlled because the Natural Gas 
Act of 1938 regulated only interstate gas sales. Before 1978, new 
gas reserves were increasingly committed to the intrastate market, 
where competitive prices still prevailed. But as mentioned earlier, 
these competitive intrastate prices were not necessarily higher than 
those prevailing under regulation, particularly in the early years. In 
the 1960s, most of the demand was in the interstate market, while 
supplies made available to the interstate market steadily increased. 
For a number of years intrastate prices were only marginally higher 
than interstate prices, but intrastate markets were still the preferred 
outlets for new gas since price escalation clauses were permissible in 
the intrastate market, and sources of additional flexibility existed. 

Intrastate prices rose significantly above interstate prices after 1971, 
and new supplies to the interstate market dried up. Energy-intensive 
industries increasingly relocated in the states where gas was available, 
even at a higher price. To regulators, the "solution" was obvious: reg
ulate the intrastate market, seeing that gas is shared equitably be
tween the two groups of consumers. 
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Natural Gas Policy Act of 1978 

This conflict was one of the major strands leading up to the passage 
of the Natural Gas Policy Act of 1978. Political pressures for gas decon
trol had been mounting. Interstate consumers were now willing to pay 
higher prices just to get some new gas. Many in the government 
wanted more gas production to bolster the domestic energy sector and 
reduce oil imports. Producers were bitter over the extent of gas under-
pricing, particularly for some old gas which received less than 30 
cents per mcf while new gas was selling for seven times as much. 
Economists were eager for the long-overdue decontrol, and differed 
chiefly in their preferences either for immediate decontrol or for a 
phased-in deregulation to lessen the shock, which might otherwise 
have to be absorbed by a sluggish economy. 

The act that emerged from lengthy deliberations did provide for a 
phased-in price decontrol of many categories of gas, but in general 
compounded pre-existing confusion by multiplying the number of 
pricing categories. No less than 27 separate primary price categories 
were now provided for a homogeneous commodity. While certain cat
egories of new gas were to be decontrolled by January 1, 1985, old gas 
would never be released from regulation. Prices were to be allowed to 
rise by an inflation factor, and for some categories of new high-cost 
gas, found at depths below 12,000 feet, complete decontrol occurred 
immediately. To gain the support of eastern legislators, the intrastate 
gas market came under the price controls umbrella, assuring imme
diate supplies of gas to the Northeast. 

The general expectation of the 1978 act seems to have been that new 
gas prices would rise to their true competitive wellhead values, while 
old gas would continue to be underpriced for the benefit of the con
sumer as long as it lasted. These expectations were not to be realized. 
Gas prices increased more rapidly than had been anticipated, largely 
because pipelines with large quantities of cheap old gas could bid 
above-market prices for new gas and pass the higher average cost of 
supplies along to utility companies. The utilities in turn could cover 
these charges by averaging in the cost of this new gas with other old 
gas supplies they might have from other pipeline contracts and pre
senting a higher gas bill to their consumers. Gas pipelines could do 
this because their profits depended upon maintaining a high percent
age of pipeline capacity utilization, and not upon the margin between 
purchase cost and resale price, which was closely regulated. Natural 
gas prices also increased for other reasons. The Federal Energy Regu
latory Commission (successor to the FPC in gas price control matters) 
favored gas price increases for reasons of economic efficiency, and took 
a number of steps to facilitate price hikes, especially for new gas. The 
most important categories of new gas were completely decontrolled 
by FERC action in 1979, and prices of old gas began to rise in ways 
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that, although economically beneficial, have yet to be explained by the 
FERC. By mid-1982, for example, over 10 percent of all old gas was 
selling at prices above legal ceilings. Deep gas had skyrocketed to over 
$9.00 per mcf by 1980, contrasted with certain vintages of old gas that 
were selling for $.50 per mcf. Thus a combination of higher prices for 
both new and old gas increased natural gas prices quite significantly 
during the period 1978-84, and it is very interesting to investigate the 
reasons for these increases. 

Much of the blame for the rapid increase in the price of new gas has 
been directed at gas pipeline companies, particularly those with large 
supplies of underpriced old gas, but in a broader context these pipe
lines acted as agents rather than principals. The more fundamental 
causes of pipeline imprudence are (1) the whole scheme of gas price 
regulation, which over a period of years systematically underpriced 
new as well as old gas and hence created continual excess demand for 
any gas available at regulated prices; (2) inefficient price regulation of 
utility companies, which should have been required to charge prices 
based on the marginal cost of gas supplies rather than the weighted 
average cost; (3) less than optimal regulation of pipeline companies, 
such that their incentives to operate efficiently were impaired; and (4) 
a legal tradition of very inflexible long-term contracts for the sale of 
gas to pipelines. 

Let us return to our graveyard analogy. Regulation had by 1978 
been extended to all phases of the natural gas market. Regulators were 
responsible for setting rates that provided a "reasonable" return to 
each of the three phases of the industry. Since gas was persistently 
underpriced in the market, whatever could be produced could readily 
be sold. Regulated companies often lead a rather sheltered life. They 
focus their skills on the manipulation of the regulators, and not on 
keeping abreast of the whole market at all times. Why bother to pin
point total potential gas demand when you can sell all you can pro
duce, or resell all you can buy? Since the early 1960s, many forces had 
combined to produce an increasing excess demand for gas, including 
environmental regulations that placed a premium on gas as a fuel be
cause of its freedom from major air pollution problems. Pipelines in 
particular were convinced as of 1978-80 that the gas shortage would 
be perpetual, since they felt oil prices would continue to rise over 
time, and under the new regulations, gas prices would never quite 
catch up. Thus it followed that they should control as many gas re
serves as they could: get the gas reserves under contract, regardless of 
price or contract terms. 

After deregulation of high-cost new gas, supplies increased sharply 
in response to the very high prices offered by pipelines. A gas pipeline 
company with large reserves under contract at less than 50 cents per 
mcf could afford to contract for new reserves at $5.00 or more per mcf 
and still keep its weighted average of acquisition costs at or below the 
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price that a utility company could pass on to its customers—at least, 
to its residential customers. 

Not only did the price of new and deep gas increase sharply, but the 
gas producers insisted upon contract terms, other than price, that 
were very favorable to them: high deliverability rates, favorable "take-
or-pay" provisions (under the terms of which pipelines were obligated 
to pay for specified volumes of gas each month, even though they did 
not take them), "most favored nation" clauses, which guaranteed that 
higher prices paid to anyone else in a field would automatically trig
ger an increase to all producers in that field, and similar provisions. 

The pipeline companies' strategy was based on the assumption that 
gas consumption would never fall, since OPEC prices would always 
rise and gas prices would always lag behind oil prices. But gas con
sumption eventually fell. By the 1980s, high OPEC prices had induced 
energy conservation efforts everywhere. Initially oil consumption suf
fered before gas consumption declined. By late 1981 oil prices were 
slowly falling and gas prices were still rapidly increasing under the 
provisions of the 1978 gas act. It is apparent that some time in 1982 
oil and gas prices converged and the gas market finally cleared. For 
the first time in roughly 20 years, excess demand for gas no longer 
existed. Furthermore, gas demand then declined somewhat as oil 
prices continued to fall. But FERC regulation prevented gas price de
creases, and in fact guaranteed ceiling prices that included a monthly 
inflation escalation adjustment for all gas. Oil began to recapture 
some of the industrial market from gas. The domestic petrochemical 
industry's demand for gas fell as foreign competition, using low-cost 
Middle East natural gas, displaced much U.S. petrochemical output. 

Within a surprisingly short period of time, gas prices came to be 
determined by competition and not by regulation. Under these cir
cumstances, guaranteed price escalation under inflation adjustment 
clauses became a disadvantage, and the "take-or-pay" contracts signed 
in earlier years by pipeline companies became the casket in which 
pipelines were to be buried. 

Analytics of "Rolled In" Pricing 
Perhaps the following simplified example in Figure 8.3, describing the 
demand for natural gas by gas utilities, will illustrate the dilemma 
facing pipeline companies. Our hypothetical pipeline had long-term 
contracts to purchase 10 units of old natural gas at a price of $1 per 
mcf with a perfectly inelastic supply of old gas (S0G)- The obvious 
strategy is to sell only the 10 units to the gas utility for $3.40/mcf, 
collecting monopoly profits of $24. But rate of return regulation pre
vents the pipeline from such behavior. Regulation requires that gas be 
resold to gas utilities at cost. The pipeline's only source of profit is the 
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FIGURE 8.3 Hypothetical determination of natural gas market equilibrium, 
when a gas pipeline has contracts for 10 units of old gas at a price of $1.00 
per mcf. 

transportation charge based on the volume of gas transported to the 
gas utility. 

Another obvious outcome is for the gas utility to purchase only the 
10 units and resell the gas to residential and industrial customers for 
a huge profit. But again, this is impossible. Gas utilities must resell 
the gas to the public at its average cost. Since the gas utility's profits 
are tied to the total volume of gas provided to the public, there is 
again an incentive to acquire more than the 10 units of old gas. 

The total supply (ST) of gas to the market is made up of old gas 
supply (SOG) plus new gas (SNG)> which is assumed to be deregulated 
and competitively supplied. According to Figure 8.3, the solution is to 
purchase 10 units of new gas at $3/mcf, which together with the 10 
units of old gas at $l/mcf gives an average gas price (PAVG) of $2/mcf. 
The combination of a $2/mcf average price and 20 units of gas is just 
sufficient to clear the market demand. Equilibrium is achieved at 
point E, since this is the intersection between the demand curve and 
the weighted average price of old and new gas. Note that at the equi
librium solution, the below-average price paid to old gas is used as a 
subsidy for new gas production. Area AFGH, the amount by which old 
gas is underpaid, just equals the area ABCE, the subsidy to new gas 
production. The regulatory framework utilizing average cost pricing 
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for gas requires that these two areas must always be equal. This pric
ing system is called "rolled in" pricing, as the price of new supplies is 
simply rolled into the cost base together with old gas prices. 

From an economic perspective, "rolled in" pricing is obviously 
wasteful. The welfare loss is JEC since the socially optimal production 
level is where ST intersects D, but that is not the point of the story. As 
long as demand was shifting to the right, implying excess demand at 
the average price PAVG, the pipelines were justified in paying higher 
and higher prices for new gas. Furthermore, with growing demand, 
granting "take or pay" provisions to new gas producers on the new 
high-cost gas was seemingly costless, since there would be no reason 
not to purchase this gas. 

In 1982, suddenly the world changed: there was no excess demand, 
and the demand for gas shifted inward as oil prices fell, presenting 
pipelines with an impossible dilemma. It was not possible to renego
tiate the price of new gas and at the same time reduce purchases. Both 
price and delivery quantities of new gas had been set in concrete with 
fixed prices and the "take or pay" provision. 

What did the pipelines do? Seemingly, the only option was to fight. 
If pipelines had to pay for gas they could not sell, it was clearly less 
expensive to them to pay for unpurchased cheap gas than for unpur-
chased expensive gas. So in the early 1980s, the natural gas market 
witnessed the paradox of low-cost reserves being shut-in or under
produced, while high-cost new gas was being produced as close to ca
pacity as demand would permit. Such a policy maximizes total supply 
cost rather than minimizes it! Nevertheless, it was perfectly logical for 
pipelines to behave this way under existing legal, regulatory, and mar
ket constraints. 

This was no solution, however, because as old gas was shut-in, the 
average price of gas to the consumer rose, causing additional reduc
tions in natural gas consumption. As gas consumption fell further, 
pipelines were finally forced to cut purchases of high-cost new gas, in 
violation of contract terms, and lawsuits rapidly multiplied. If con
tracts on new gas were enforced, many pipelines faced bankruptcy. 
Bills were introduced in Congress to abrogate the terms of gas con
tracts already in existence, a rather novel proposal in the context of 
orthodox contract law. As the January 1, 1985 deadline for gas price 
deregulation approached, demand was falling, prices to consumers 
were rising, gas producers were suffering from a burden of shut-in pro
duction, many pipelines were grasping at the straws of legal doctrines 
such as force majeure to save them from ruin, and the FERC was hav
ing difficulties explaining how old gas prices could have risen so rap
idly under continued price regulation. 

The fundamental cause of all these market dislocations was the tra
dition of underpricing gas through regulation. As long as gas was un-
derpriced, excess demand existed and it was obviously more impor-
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tant for the gas industry to forecast FERC policy than to forecast gas 
demand. Once the all-embracing nature of the regulatory context is 
understood, the self-confessed "imprudence" and "stupidity" of the 
pipelines becomes more comprehensible. Through 1980, gas produc
ers, pipelines, and utility companies were guaranteed fixed rates of 
return on all the business volumes they could generate, and if the 
FERC could be induced to raise prices somewhat, the market demand 
was there because of the continuing fact of excess demand at an arti
ficially low price. Producer profits could be increased without cutting 
rates earned by pipelines and utilities, and so on. But once the gas 
market cleared, no such price slack existed, and higher earnings in one 
phase of the gas market could only be achieved at the expense of lower 
earnings elsewhere. 

Gas industry policy has been in need of complete redirection for 
decades, and the crisis of the mid-1980s presents opportunities for 
basic changes. It is to be hoped that these changes will embody major 
reforms rather than a new set of blunders. What are the alternatives? 
Paradoxically, the partial gas price decontrol of 1985 may help to 
lower prices, not to raise them, through the ending of continuous infla
tionary adjustments and certain other upward movements in some 
categories of price-regulated gas. 

It is straightforward to prescribe where policy should ultimately 
take us. It is less obvious how to get there. From Figure 8.3, it should 
be clear that "rolled in" pricing coupled with differential pricing of 
new and old gas creates gross market distortions. Given "rolled in" 
pricing, policy should aim for a single price of gas, irrespective of 
when it was found or how difficult it was to find. Does this mean im
mediate decontrol of all gas vintages still held under controls? In the 
event of complete decontrol, gas producers individually would be mo
tivated to exploit all the terms in existing contracts to maximize price 
hikes, particularly those relating to receiving prices equal to the high
est price received by any producer in a given field. If high-cost new 
gas production exists with contract prices well above competitive lev
els—and such production is rather widespread, as shown in previous 
examples—then gas producers will simply price themselves out of the 
market. Not only would utility companies be unlikely to recognize 
such high prices, when passed on to them by the pipelines, as eligible 
for inclusion in the rate base, but utility demand itself would dwindle 
away as final user demand proved inadequate to sustain consumption 
levels at much higher prices. Industrial users would switch first, leav
ing residential users with a higher fixed cost allocation (for both pipe
line and utility investment) to be covered in their rates. This in turn 
would provoke revolt by residential users, with the probable passage 
of laws in some states that would regulate gas utilities more harshly. 
There would be demands everywhere for fresh legislation to "solve" 
the new gas price problems. 
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Thus a worst-case scenario can readily be devised that would result 
in disaster. On the other hand, gas producers as a group may see rea
sons to act more temperately. Since the gas pipelines are their only 
customers, it would not seem optimal to take steps that would destroy 
them. Voluntary renegotiations, contract by contract, might lead to 
more efficient resource allocation than the passage of extremely de
tailed national laws changing the terms of individual gas contracts. A 
major problem with voluntary renegotiations is that producers may 
be less willing to negotiate than pipelines. Existing contracts seem to 
give them an advantage in the event of decontrol; the market realities 
of excess supply at existing prices mean that they are likely to lose 
revenues at the present time, to the extent that prices are exposed to 
short-run competitive forces. Most producers believe that currently 
depressed prices will disappear in the long run as the present gas sur
plus is worked through, so they feel that delay will work in their in
terest. Under such circumstances negotiations may not begin readily 
or proceed rapidly. 

The foregoing discussion of the disastrous results of oil and gas price 
regulation should not necessarily be construed as implying that price 
regulation is necessarily a mistake in any and every market context. 
We turn now to an examination of the arguments for and against price 
regulation, beginning with an assessment of the arguments that favor 
regulation. 

1. Can you explain how price controls on natural gas increased the QUESTIONS 
demand for crude oil, and imported crude in particular? 

2. Show that the welfare loss in Figure 8.3 of area JEC could be 
avoided by allowing all natural gas to sell at a similar price, thus 
equating the "rolled in" price and the price for marginal supplies. 

3. Another alternative is to retain differential pricing for gas but aban
don "rolled in" pricing. One possible approach would be to set 
prices at marginal costs for new gas supplies and allow savings on 
inframarginal gas to be passed along to customers via a reduction 
in the fixed overhead charge. Can you sketch out some of the de
tails of such a plan? Do you think it should be administratively 
practical? 

THE AFFIRMATIVE RATIONALE 
FOR PRICE CONTROLS 

Preventing Macroeconomic 
Dislocations 

In 1973, U.S. price controls on domestic oil were motivated by the 
awareness that domestic crude oil prices would rise sharply as these 
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were bid up in competition with imported sources. In turn, the rising 
price of domestic oil would raise the price of energy generally, since 
the short-run supply schedules for other fuels tended to be quite in
elastic. During 1973, inflation fires had been damped as the U.S. con
sumer price index increased by only 2.5 percent. By 1974 the inflation 
rate had jumped to 7.1 percent, and in 1975 reached 11.4 percent per 
year. During 1974 and 1975, the price of energy rose sharply despite 
the effects of price controls. By 1975, the average price of oil (includ
ing imports) had reached $10.38 per barrel. This was a substantial 
increase over the 1973 average of $3.94 per barrel. The average price 
of electricity paid by residential users increased from 2.38 cents per 
kilowatt-hour in 1973 to 3.2 cents per kwh in 1975. The average cost 
of coal increased from 41.9 cents per million Btu in 1973 to 86.4 per 
million Btu in 1975. 

The subsequent story is quite predictable: The rising costs of living 
in turn led workers to escalate wage demands in order to maintain the 
same real standard of living. The rising wages force all prices upward, 
prompting government policies to slow the economy in an attempt to 
control inflation. By 1975 unemployment averaged 8.5 percent, giving 
the United States the worst of both worlds—high inflation and high 
unemployment. Since many other factors were also at work during 
this period, it would be incorrect to assign all of the blame to the 
OPEC oil price increase. Econometric studies of the U.S. economy 
have shown that about 28 percent of the increase in inflation over this 
period can be ascribed to rising energy prices.4 Thus a case for price 
controls can be made to avoid the macroeconomic dislocations coming 
from rapidly rising energy prices. 

Protecting Consumers 
While energy does not constitute as high a fraction of consumer expen
diture as housing or food, it is nevertheless significant, and energy 
price increases can be expected to lower society's real standard of 
living. In 1972, U.S. consumers, either directly through the energy 
purchased or indirectly through the energy contained in products pur
chased, spent $446 per capita.5 Based on a per capita personal dispos
able income of $3836, energy expenditures accounted for 11.6 percent 
of the consumer budget. Certainly with the price increases since 1972, 
this fraction is considerably higher today. To the extent that energy 
price increases can be avoided, consumers maintain the consumer sur
plus they would otherwise lose with the price increase. As noted ear
lier, the system of crude oil price controls in effect during 1971-80 
permitted a large-scale transfer of income from producers to consum
ers. Recall that Figure 8.1 illustrates the situation for price controls 
on crude oil in the United States using 1974 data. The horizontal line 
labeled POPEC indicates that at $12.52 per barrel, the United States 
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could purchase whatever quantity of imports it desires. In the absence 
of price controls and entitlements, domestic oil would be bid up to 
parity with OPEC oil, domestic suppliers would supply that quantity 
Qs, and imports of Qd - Qs would meet unfilled demand. Domestic oil 
producers would earn producers' surplus of area OAB. 

The effect of price controls with entitlements is to transfer a large 
portion of that producer surplus to consumers in the form of consumer 
surplus. By placing price controls of PControi on domestic oil at $7.18 
per barrel, regulators can average down the price of oil to $9.07 per 
barrel by mixing the imported oil at POPEC ($12.52) with domestic oil 
at Pcontroi ($7.18) through the entitlements program. 

The gain in consumer surplus resulting from price controls with en
titlements is area ACHJ, which amounted to $45.4 million per day or 
$16.6 billion annually, which is about $76 for every American. 

As indicated previously, price controls on natural gas did not result 
in such simple redistributions from producers to consumers. Unlike 
oil, there were no appreciable quantities of imported gas. Further
more, regulators did not allow the market to clear. Consumers could 
not buy all the natural gas they desired at some market price. The 
demand curve for natural gas was in fact artificially shifted back to 
distinguish two classes of consumers: Those rationed customers ex
cluded from the market and those unrationed customers permitted to 
continue purchasing gas. Figure 8.4 describes these two demand 

Quantity of natural gas 

FIGURE 8.4 Price controls in the natural gas market. 
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schedules. Derestricted shows what demand would materialize in the 
absence of any rationing. /̂ restricted shows the demand schedule for that 
group of consumers able to purchase gas at the controlled price. In 
effect, regulators set the price that results in a forthcoming supply of 
Qc. Next, they define the group of consumers eligible to purchase the 
gas such that the restricted demand schedule just intersects at that 
quantity. 

As anticipated, price controls lead to a loss in producers' surplus of 
P*PCCD. Those consumers lucky enough not to be excluded are able to 
buy gas at Pc instead of P*. They enjoy a gain in consumer surplus of 
P*PCCG. Thus, as in the case of crude oil, producers are subsidizing 
consumers. However, this is not the complete story. Those consumers 
excluded from purchasing gas at Pc who would have been willing to 
pay P* suffer a loss in consumer surplus of area FGD. In practice, the 
excluded consumers consist of new homeowners wishing to use natu
ral gas and industrial users. Since the former is a reasonably small 
group and the latter are nonvoting consumers, there is a tendency to 
overlook this effect, yet these consumers suffer real welfare losses. 

Avoiding Monopoly Profits and 
Improving Resource Allocation 
For the sake of argument let us assume, as many citizens do, that the 
domestic oil and gas industry is a monopoly. Even though there are 
numerous firms in the industry, we saw in Chapter 4 that if firms 
shared markets equally and faced similar costs, a monopoly solution 
could occur. Beginning with the monopoly assumption, we can show 
that price controls enable monopoly profits to be transferred to the 
consumer and output to be expanded, thereby improving resource al
location. Figure 8.5 assumes the natural gas industry is a monopoly 
and investigates the effect of price controls. The monopolist would se
lect that output level Qm where the marginal revenue schedule MR 
intersects the industry's long-run marginal cost schedule LRMC. The 
resulting monopoly price is Pm. 

Even a competitive industry would have earned producers' surplus 
owing to the user costs and rising costs of a nonrenewable resource, 
but the monopolist foregoes the standard producers' surplus of OPcB 
to gain the higher level of producers' surplus OPmAC The area PcP^AE 
of producers' surplus arises not from the increasing cost nature of the 
industry, but from the monopoly power of the producers. 

Paradoxically, price controls not only can eliminate this monopoly 
profit, but can improve resource allocation in the process. Assuming 
the regulated price is set at Pc, the monopolist's marginal revenue 
curve now becomes horizontal at price Pc for outputs up to Qc. Since 
the monopolist cannot sell at a price higher than Pc, each additional 
unit commands the same price and marginal revenue for outputs up 
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FIGURE 8.5 Effect of price controls on a monopoly. 

to Qc. The profit-maximizing monopolist facing price controls sets 
marginal revenue (Pc) equal to marginal costs, leading to output Qc. 
Under price controls, the monopolist actually increases output, lead
ing to greater supply and elimination of the distortion caused by mo
nopoly! Furthermore, the monopoly profit PçPmAE is put into the 
hands of consumers in the form of a gain in consumer surplus of 
PcPnAB. 

THE EVIDENCE TO SUPPORT OR 
REJECT THESE RATIONALES 

The Macroeconomic Effects of Higher 
Energy Prices 

It is obvious that a sudden large increase in energy prices can have 
deleterious macroeconomic effects. In situations such as the Arab oil 
embargo of 1973, policy makers assumed they were facing a tempo
rary price increase and felt justified in attempting to minimize the 
macroeconomic dislocations through the use of price controls. In ef
fect, the short-term macroeconomic gains of avoiding an inflationary 
push may well offset the microeconomic welfare losses from nonprice 
rationing mechanisms, particularly if the duration of the price con
trols is only a few weeks or months. 
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The problem is that policy makers can seldom distinguish between 
temporary price changes and permanent price changes, but perma
nent price controls can inflict serious distortions as we have seen ear
lier. Furthermore, price controls actually impede the forces that 
would otherwise cause the price increase to be temporary. For exam
ple, price controls with entitlements actually increased the demand 
for OPEC crude oil, making it less likely that price would fall com
pared to the nonprice control policy. 

The experience of the 1970s suggests that policy makers are unlikely 
to be able to make such distinctions. Remember that temporary oil 
price controls imposed in 1971 lasted until 1981, and even then re
quired the implementation of a Windfall Profit Tax that may expire in 
1993. 

Protecting the Consumer 
There is little doubt that price controls generally lead to a subsidiza
tion of consumers by producers. The relevant question though is 
whether this subsidization is socially desirable. Let us return to Figure 
8.1 and recompute the efficiency effects of this subsidization. The price 
controls in effect in 1974 definitely distorted resource allocation by 
lowering the price of oil in the United States below its marginal social 
cost. Note that while the social costs to OPEC of a barrel of oil may be 
only a few dollars, for U.S. welfare calculations, the relevant social 
cost is POPEO a s this measures OPEC's command over real U.S. re
sources. Note that since PAVG is less than POPEO o n e effect of U.S. price 
controls in 1974 was to artificially stimulate consumption from Qj to 
Qd. The resulting welfare loss is the triangle JIH. 

There is an additional welfare loss on the supply side of the market. 
Figure 8.1 shows that even with price controls, producers' surplus or 
profits have risen sharply over 1973 price levels. If firms are already 
earning some windfall profits, why should one believe that still greater 
profits through price decontrol would increase production from Qs to 
Q's? The answer lies in the fact that profits are high on low-cost oil 
found many years ago. However, to create the investment in new high-
cost exploration or tertiary recovery on oil fields, a price increase to 
^OPEC is necessary to elicit the additional production Qs - Q's. Since 
the United States is importing this additional oil at a real cost of POPEC 
and domestic suppliers could produce the additional amount Qs— Q's 
at a lower marginal social cost, a second source of welfare loss is evi
dent. Focusing on the output interval Qs - Q's, we see that the differ
ence in marginal social costs between imported and domestic oil is 
the triangle GBF. Thus the welfare loss from price control is the sum 
of the two triangles JIH and F GB. From the previous welfare calcula-

ENERGY ECONOMICS AND POLICY 



tions, area F GB was estimated to be $7.7 million per day and area JIH 
was estimated at $2.5 million per day. Together the two areas imply a 
welfare loss of $3.8 billion annually. 

In sum, the consumer protection argument in support of price con
trols results in a misallocation of resources and significant welfare 
losses. The logic in support of artificially low petroleum prices could 
equally apply to food, housing, or automobiles. For example, suppose 
government authorities decided to subsidize interest rates to home
owners by borrowing money at 10 percent and loaning it to homeown
ers for 2 percent. Homeowners would benefit from the reduced mort
gage payments, but taxes would have to increase to pay for the 
mortgage subsidy, reflecting the truism that "there ain't no such thing 
as a free lunch." 

The only difference between the mortgage example and petroleum 
price controls situations is that in the latter it is the oil companies, 
rather than the government, that bear the cost of the subsidy. But do 
the oil companies ultimately bear the cost of the subsidy? The fore
gone producers' surplus would be taxed by the U.S. Treasury at a rate 
of 46 percent. In addition, the producers' surplus from new federal 
offshore leasing would tend to be captured by the government in the 
form of higher lease bonuses or royalties paid by the oil companies. 
The remainder would accrue to the stockholders either in the form of 
retained earnings to support new exploration or as dividends paid to 
stockholders. Increased dividend payments would be subject to per
sonal income taxes, and the increased value of stock shares owing to 
successful exploration would be subject to personal income taxes at 
the time the stock is sold. Thus the seeming free lunch provided by 
the oil companies no longer seems so free! 

Nevertheless, stockholders in oil companies and the U.S. Treasury 
are not identical with the average consumer, and crude oil price 
decontrol after 1980 did involve substantial income transfers. Prior 
to decontrol, reluctance to accept the impact of such income trans
fers occasioned substantial and continuous welfare losses through 
distortions of resource allocation in the U.S. oil market. But at no 
time was the issue simply one either of distorting resource allocation 
or of permitting substantial income redistribution. Rather, turning to 
the equity versus efficiency discussion in Chapter 2, these two issues 
can clearly be separated by selecting price policies to promote eco
nomic efficiency and at the same time using tax policies to modify 
income redistribution effects. A cut in personal income taxes, made 
possible through higher tax revenues from increased oil company 
profits, would have been one plausible solution. The actual solu
tion — price decontrol with a substantial windfall profit tax—was 
merely one of many possible alternatives, and inferior to most of 
them. 
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1. Suppose that a tax equal to the difference between foreign and do
mestically controlled crude prices had been imposed in 1974. Can 
you show that the welfare loss would be limited to area FGB? Were 
efforts to distinguish old and new oil helpful in reducing the welfare 
loss? 

2. Recall the assertion that price controls on perfectly inelastically 
supplied products have no effects. Many would argue that since the 
supply of previously discovered reserves is inelastic with respect to 
current prices, there are no welfare losses from price controls. Is 
this true? Consider how producer expectations regarding the con
ditions under which today's newly discovered reserves may be de
veloped and produced in the future have been influenced (and per
haps undermined) by experience during the period of price controls. 

3. Utilizing the welfare loss formulas, can you show that implicit in 
the calculation of a welfare loss for area FGB of $7.7 million per 
day was an elasticity of supply estimate of 0.44? Also, can you show 
that if area JIH equals $2.6 million per day, the implied price elas
ticity of demand is 0.3? 

The Monopoly Profits Argument 
The earlier discussion showed that if the oil industry acts as a monop
oly, then price controls can redistribute the monopoly profits back to 
consumers and at the same time improve resource allocation by in
creasing output. In Figure 8.5, the welfare gain resulting from price 
controls is triangle ABC. If the monopoly assumption is correct, there 
is a legitimate case to be made for price controls or some other policy 
to reduce prices and increase output.6 

The fact that the monopoly assumption is critical to the whole jus
tification for price controls is seen by comparing the consumer protec
tion argument with the monopoly profits argument. The consumer 
protection argument was not based on monopoly power. Rather, in 
Figures 8.1 and 8.4 the industry was assumed to be competitive. Un
der competitive assumptions, price controls lead to lower domestic 
outputs and significant welfare losses. On the other hand, when one 
assumes a monopolistic rather than competitive market structure, we 
saw in Figure 8.5 that price controls led to a welfare gain and in
creased output. 

In sum, the only economic justification for long-run price controls 
rests on the assumption that the industry is characterized by monop
oly behavior. Stated differently, the critical policy question is whether 
the oil industry approximates the competitive behavior posited in Fig
ures 8.1 through 8.4 or the monopoly behavior in Figure 8.5. Let us 
now investigate the validity of this assumption. 
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THE DOMESTIC PETROLEUM 
INDUSTRY: BASICALLY 

COMPETITIVE? 

The Industrial Organization 
Framework of Analysis 

In order to assess the competitive nature of the petroleum industry, 
we shall adopt the framework of analysis employed extensively in the 
industrial organization literature to examine such questions.7 This ap
proach calls for a detailed look at the structure, conduct, and eco
nomic performance of the firms in the market. Under market structure 
we consider such variables as entry conditions and the number of pro
ducers, because monopoly and competition are quite different in these 
respects. After having defined the basic structural conditions within 
which firms operate, one must examine the conduct of firms vis-à-vis 
one another. Are there certain industry practices or institutional ar
rangements that tend to be exclusionary and anticompetitive? Finally, 
one must also look at the industry's economic performance. Economic 
theory would suggest that monopoly will manifest itself through ex
cess profits. Therefore, one test of economic performance is whether 
the industry earns monopoly rents. A second test involves the indus
try's research and development (R&D) performance, and how it might 
change if industry structure were altered. It is well established that 
the diffusion of new technology occurs at a faster rate in a competitive 
market structure. Even though large firms are typically necessary to 
incur the costs of innovation, there is generally little support for the 
proposition that the largest firm is the most technologically progres
sive. Therefore, R&D performance is likely to be the highest in a mar
ket characterized by numerous firms of a size large enough to carry on 
vigorous R&D programs.8 

Before embarking on an analysis of structure, conduct, and perfor
mance, we must pause to ask: "In what market?" There is a tendency 
to be imprecise in this definition, with the end result being a faulty 
analysis. The relevant market must be defined in terms of both the 
product and the geographic market. For purposes of examining the 
price controls issue, we shall define the relevant products as crude oil 
and natural gas, which are frequently jointly produced. Excluded, 
then, are finished petroleum products such as gasoline, heating oil, 
and so on. Since crude oil is sold in market transactions to refiners, it 
is not necessary to examine market conditions in the refining and re
tailing of petroleum products, even though most large oil companies 
perform these activities. Natural gas is sold directly to the pipeline 
companies. Critics of the industry, such as Allvine, have noted that 
competition in gasoline marketing among major oil companies is typ
ically restricted to nonprice methods such as advertising, service sta-
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tion location, service, and so on, resulting in considerable economic 
waste.9 The analysis here focuses only on crude oil and natural gas 
production, since it is at this level that the standard competitive sup
ply response is relevant for the price controls question. In the follow
ing chapter, we consider whether an oil company should be allowed 
to perform these various activities, but this question is not critical to 
the analysis here. 

There remains the geographic definition of the market. The critical 
question posed by Figures 8.1 and 8.4 versus Figure 8.5 involves the 
existence of competition in domestic markets. Since there are no ap
preciable imports of natural gas because of its high transportation 
costs, domestic conditions clearly set price and output. In contrast, in 
the market for crude oil, OPEC effectively sets the price, but the ques
tion is whether domestic oil companies are coconspirators or in
dependently minded competitive fringe producers. In the monopoly 
case, domestic price controls will raise production, as in Figure 8.5, 
while under competition, price controls will lower production, as in 
Figure 8.1. 

The domestic oil and gas market will be analyzed at a national level. 
The rationale is that crude oil produced in the Southwest is sold to 
refiners in the Midwest and Northeast. Similarly, there is an extensive 
grid of natural gas pipelines throughout most of the United States, 
allowing natural gas to be sold in a virtual national market. Thus both 
crude oil and natural gas produced in different regions are likely to 
compete with similar fuels produced in other regions, so that appre
ciable price differentials, reflecting more than transportation costs, 
cannot persist for extended periods. 

Structural Evidence 
To many experts in the field of industrial organization, market struc
ture is more important than conduct or economic performance be
cause if structural conditions preclude a competitive market situation, 
the results on conduct and economic performance are foregone conclu
sions. Tests of market structure frequently center on the entry condi
tions and the number and relative importance of existing producers. 

Entry conditions are of vital importance because monopoly profits 
cannot persist over the long run if there are no significant barriers to 
entry. Entry barriers can occur in the form of scale economies, large 
capital outlays, specialized technology, and institutional restraints on 
access to promising lands or a market. 

In the onshore exploration for oil and natural gas, there have been 
virtually no entry barriers, as evidenced by the fact that in 1982 there 
were 3478 producers of crude oil and natural gas. The existence of a 
competitive group of service industries makes the necessary technol
ogy, manpower, and equipment readily available to independent oil 
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operators. Seismographic and geologic evaluations along with the 
drilling, logging, and equipping of wells can all be contracted. In fact, 
even the major oil companies generally contract for these services. 

Exploration firms generally have equal access to promising proper
ties. Promising oil formations can be leased from the numerous pri
vate land owners or, in the case of government-owned mineral rights, 
tracts can be leased from the government in competitive lease sales. 
Another potential constraint, the capital to conduct a given explora
tion activity, seldom exceeds $5 million. Such funds could be raised 
through banks and the sale of working interests to private investors. 
Finally, state laws typically assure all producers of a market for their 
oil. So-called "rateable take" laws require that if a refiner purchases 
oil in a given oil field, it cannot discriminate against any producer in 
the field by refusing to purchase its oil. For example, any crude oil 
purchaser buying in a given field must be willing to purchase the 
same percentage of production, irrespective of who produced the oil. 
Thus if Texaco elects to purchase all of its own crude oil in a given 
field, it must also be willing to take crude oil at the same rate from 
other producers in the field. 

Even though the bulk of production still comes from onshore, off
shore and Alaskan oil production is becoming increasingly important. 
Offshore exploration and production is subject to more stringent entry 
conditions, as players in this game may have to expend $10 or $20 
million just to obtain a government lease on an offshore tract. In 1982, 
an offshore well in Louisiana at a depth of 8700 feet cost an average 
$1,976,000, contrasted with a cost of $568,000 for the same well on
shore. Since a field could easily involve 15 or 20 wells, the table stakes 
for the offshore game are many times the cost of the onshore game. 
The major difference, however, appears limited to the cash outlays. 
The service industries available for onshore drilling have expanded 
into the offshore market, so that offshore technology, equipment, and 
manpower do not appear to offer a significant entry barrier. Similarly, 
access to government leases is through competitive auctions. 

Some indication of the number of offshore competitors is given by 
the fact that the number of participants in government offshore lease 
sales has increased from 33 bidders in the first sale in 1954 to over 100 
in lease sales during the 1980s. One explanation for why as many as 
100 firms could participate in such a high-stakes poker game is risk 
sharing. By selling fractional interests in an offshore tract, companies 
can spread the risk and reduce their maximum loss to some manage
able level. It is for this reason that many smaller firms participate in 
bidding combines, taking a fractional interest in a number of offshore 
tracts rather than assuming complete ownership of just one tract. 

Let us assume that instead of the relatively minor entry barriers 
suggested by this analysis, we found that entry barriers were such that 
no new firms could enter. This would raise the question of whether 
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there exists enough competition among existing firms for the industry 
to be competitive. A simple count showing 3478 gas producers ob
scures the fact that there could be one firm with 99 percent of the 
market and 3477 firms sharing only 1 percent of the market. For this 
reason, economists have frequently calculated concentration ratios, 
showing the percentage of the market controlled by the largest four 
firms, the largest eight firms, and so on. The conventional wisdom is 
that when such ratios are relatively low, the likelihood of tacit collu
sion to achieve a monopoly outcome is indeed low. Thus even if entry 
were blocked, low concentration ratios would indicate that the stabil
ity and permanence of any collusive agreement among firms to limit 
output would be fragile indeed. Recall from Chapter 4 that firms with 
small market shares face an extremely elastic demand schedule, con
ducive to output expansion. On the other hand, if the largest four 
firms controlled 95 percent of the market, they would probably rec
ognize the interdependence of their pricing and output actions and 
thus tacitly collude to raise price and restrict output. Obviously, much 
research has focused on the relationship between concentration and 
profitability. Some studies find a positive linear relationship between 
the two. Others show a dichotomous response—no relationship until 
some threshold concentration level is reached, beyond which a posi
tive linear relationship between concentration and profitability exists. 
Those studies showing a threshold effect typically place the threshold 
measured in terms of the four-firm concentration ratio somewhere be
tween 50 and 70 percent. Still other studies claim there is no relation
ship!10 In view of these disparate findings, one should be careful in 
drawing strong inferences. For concentration ratios below the 50 to 70 
percent threshold level, the empirical findings do agree that the ten
dency for collusion is weak, if present at all. 

A study by the Federal Trade Commission shows that concentration 
is relatively low in the production of oil and natural gas. Table 8.2 
shows various concentration ratios for crude oil as they have changed 
over the period from 1955 to 1981. Over the 26-year period, concentra
tion increased from 18.1 to 26.2 percent in 1981. In 1981, the largest 
producer, Exxon, had less than 10 percent of the market. Nevertheless, 
the concentration ratios are well below the average for all manufac
turing industries, which was 41 percent for four firms and 62 percent 
for eight firms in 1981. Additionally, the market shares of the 15 major 
oil companies have changed markedly over time, suggesting firms do 
not collude to share markets. For example, in 1955 Phillips was the 
major interstate gas producer, followed by Standard Oil of Indiana, 
Exxon, Union, and Cities Service. Gulf Oil was a distant ninth. By 
1968, Exxon had moved into first, and Gulf was third. Phillips had 
fallen to fourth, Union to eighth, and Cities Service to fourteenth.11 

Even allowing for future increases in the concentration ratio as off
shore and Alaskan production increases, these data are certainly not 
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TABLE 8.2 U.S. Net Crude Oil, Condensate, and Natural Gas Liquids 
Production Concentration Ratios 

4 Firms 
8 Firms 

15 Firms 
20 Firms 

1955 

18.1 
30.3 
41.0 
46.3 

1960 

20.8 
33.5 
44.2 
49.1 

1965 

23.9 
38.5 
50.3 
55.0 

1970 

26.3 
41.7 
57.1 
60 

1974 

26.0 
41.7 
57.9 
61 

1981 

26.2 
41.4 
57.8 
61.6 

SOURCE: U.S. Federal Trade Commission, Concentration Levels and Trends in the En
ergy Sector of the U.S. Economy, 1984; and corporate annual reports. 

suggestive of the small-numbers situation in which tacit collusion is 
likely to occur. Almost 40 percent of the industry's production comes 
from independent producers, no one of which controls more than 1 
percent of the market. These operators offer vigorous competition to 
the major companies. It is precisely for these reasons that numerous 
mergers involving major oil companies in the 1980s have not been 
challenged by the Reagan Administration's Justice Department. Some 
of these mergers have involved very large producers (Standard Oil of 
California's acquisition of Gulf and Texaco's purchase of Getty). How
ever, the view was that while such mergers will raise concentration, it 
remains relatively low and other structural factors point to ease of 
entry. In sum, structural tests point to a basically competitive market 
structure, despite the trend toward increasing concentration. 

1. Contrast the results of concentration ratios for the international oil 
market in Chapter 4 with those in Table 8.2. What can you conclude 
about the likelihood of tacit collusion in each market? 

2. Are entry barriers similar in the Middle East and in the U.S. do
mestic market? Contrast technology, lease acquisition, and avail
ability of markets. 

Conduct 
The battle lines separating the industry's critics from its defenders are 
typically centered on the subject of conduct. Even though the large 
number of producers is probably sufficient to prevent tacit collusion, 
it does not rule out overt collusion or noncompetitive industry prac
tices. In particular, we shall consider conduct as it relates to joint 
ventures, product exchange agreements, and state prorationing regu
lation. 

Joint Venture Activities. Joint venture activity in the petroleum indus
try is a widespread phenomenon, manifesting itself in joint lease ac-
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quisition, joint ownership of pipelines, joint ownership of and produc
tion from oil and gas leases, and international joint ventures. From 
the discussion in Chapter 4, recall that international joint ventures 
and the concessionary system created interdependencies among pro
ducers that substantially weakened the incentives for independent 
competitive actions. On the other hand, monopolization is not the 
only motive for participating in joint ventures. Joint ventures permit 
the sharing of unusually large risks, enabling smaller firms and inves
tors to jointly enter an industry they would not be able to enter indi
vidually. The ability to spread risk by selling fractional interests in 
leases and production can be an important factor in facilitating entry. 
A second justification is that in situations involving economies of 
scale, separate operations would involve inefficient operations. In pe
troleum exploration and production, the reservoir or even the entire 
field is the optimal unit of operation. Parties owning wells in a given 
field can enhance ultimate recovery and reduce operating costs by 
jointly operating the field as a unit. As noted in Chapter 7, unitization 
or operation of the field as a single unit has strong support as a con
servation device. Also, scale economies in pipeline size make it less 
costly for 10 firms to own a pipeline jointly than for 10 firms to build 
separate lines each one-tenth the size. 

From a public policy perspective, the most fascinating questions re
volve around joint bidding for offshore oil and gas leases. Joint ven
ture bidding has become a prominent characteristic of government 
offshore lease sales. Even though 100 or more firms may participate in 
a lease sale, the number of bidding units is much smaller; moreover, 
not all bidding units submit bids on every tract offered. This raises 
the question of whether joint bidding serves as a vehicle to reduce the 
number of potential bidders, thereby lowering the winning bid prices 
and allowing oil companies to earn the producers' surplus that would 
otherwise go to the government. John Wilson, a harsh critic of the oil 
industry, stated in congressional testimony in 1973: "My own view is 
that the offshore leasing program, as currently administered by the 
Interior Department, has become one of the most onerous anticompet
itive cartelization devices at work in our domestic gas producing in
dustry/'12 

Joint bidding could potentially promote anticompetitive effects 
through two mechanisms. The first mechanism occurs through inter-
group competition for desirable leases. Joint bidding may reduce the 
number of bidding combines to such a small number that groups will 
collude, agreeing to share leases on some predetermined basis. All of 
the evidence rejects this type of intergroup collusion. For example, in 
the March 1974 offshore Louisiana lease sale, the winning bidders 
paid $2.09 billion, while the next highest bids totaled $1.33 billion. 
The winning bidders paid $763 million more than they would have 
needed to if they had colluded. 

ENERGY ECONOMICS AND POLICY 



The second potentially anticompetitive mechanism associated with 
joint bidding is that it reduces the number of potential bidders on any 
given tract, resulting in a winning bid that might not include all of 
the producers' surplus. 

Presumably a major economic justification for joint bidding is in
creased risk sharing, thereby enabling greater participation. The asset 
position of a firm is critical to showing whether or not its participa
tion would be much more limited if it were limited to the submission 
of solo bids. Prior to 1975, joint bidding was a common practice, even 
among the largest 16 oil companies in offshore operations. If a firm is 
sufficiently large, it is probably indifferent between owning 100 per
cent of one lease or a 50 percent interest in two leases. For these firms, 
the requirement of solo bidding will typically add more bidders and 
potentially increase the total bids. However, for firms with low asset 
positions, a requirement to submit solo bids would effectively pre
clude many firms from bidding. For small firms bidding indepen
dently, the cost of obtaining geological information may be prohibi
tive. As a member of a bidding combine, the risk-averse firm can act 
in a fairly risk-neutral manner, but if forced to bid solo, its bids would 
always be less than the expected present value of excess profits from 
the lease. 

Recognition of these two divergent tendencies led the U.S. Depart
ment of the Interior to change its bidding policy in 1975 to forbid joint 
bidding among companies with worldwide oil equivalent (oil and nat
ural gas and natural gas liquids) production in excess of 1.6 million 
barrels per day. In 1977, these companies included Exxon, Shell, Tex-
aco, Standard of California, Gulf, Mobil, and British Petroleum. Firms 
in this category are believed to have sufficient production that they 
can be risk-neutral while solo bidding. For firms below this level of 
production, joint bidding is encouraged as a means of spreading risk 
and increasing both the number and magnitude of bids. While one can 
disagree about the particulars of the production level set by the De
partment of Interior, the reform appears definitely an improvement 
over past practices. 

Barter Exchange Agreements. An intriguing and perhaps poorly under
stood industry practice is that of engaging in barter transactions such 
as crude oil swapping. As in the case of joint ventures, there are legit
imate economic justifications for such exchanges. For example, crude 
oil transactions (either sales or exchanges) can reduce transportation 
costs by allowing refiners to process nearby oil rather than to pur
chase its own oil from a distant field and to transport it to the refinery. 
Similarly, crude swapping enables cost saving in refining because dif
ferent refineries are designed to process different types of crude oil 
(sweet or high-sulfur sour crudes with varying degrees of viscosity). 
By engaging in crude swaps, refiners can balance the mix of crude 
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input to the specifications of their refinery design, enabling lower cost 
and a greater fraction of the high-valued, lighter petroleum products. 
In addition, the ability to swap crude oil enables refiners to maintain 
lower inventories and also to avoid supply disruptions caused by tem
porary shortage/surplus situations. There seems little doubt that these 
are legitimate transactional efficiencies, beneficial to the firms and so
ciety in terms of lowering social costs of production. 

On the other hand, the fact that these transactions generally involve 
exchanges for like products rather than cash sales raises the possibil
ity of anticompetitive motives. Are barter exchange transactions mo
tivated for efficiency reasons or for exclusionary reasons? The fact that 
transactions occur in terms of oil, rather than dollars, raises the ques
tion of whether these agreements erect a type of entry barrier. One 
explanation is that barter is a means of precluding small producers 
and refiners who have nothing to swap, but would like to sell or buy.13 

To the extent that oil is a preferred medium of exchange to dollars, 
small operators cannot enjoy the savings associated with such ex
changes. Future research should be able to ascertain to what degree 
barter is a preferred medium of exchange and the extent to which 
these practices preclude smaller operators. 

State Prorationing Regulation. State regulatory commissions have 
played curious roles in both fostering competition and precluding it. 
State "rateable take" laws assure independent producers of a market 
for their crude oil. On the other hand, it was noted that since the 
1930s state regulatory agencies regulated production, thereby effec
tively setting the domestic price of crude. In effect, state regulatory 
agencies were able to accomplish what the oil companies could not 
achieve on their own initiative.14 The predictions of the monopoly 
model are entirely consistent with prorationing over this period. By 
restraining production, price could be increased. Conversely, lower 
prices corresponded to greater output. 

Complete unitization of all the various oil fields would eliminate the 
need for state prorationing, as the producers in each field could collec
tively choose the efficient rate of production. While progress is being 
made in the unitization area, it is not likely to be complete, leaving 
the state regulatory commissions with considerable potential power 
over supply. Whether this power is exercised or not depends in part 
on the presence or absence of import controls. If import quotas were 
once again imposed, then domestic prices would be determined by 
domestic production.15 Since the state regulatory commissions can set 
production, there is the distinct likelihood that they might exercise 
this monopoly power, just as they did in the 1950s and 1960s, when 
import controls were in place. 

If there are no quantitative limitations on imports, the domestic 
price level will be determined, as in Figure 8.1, by the world oil price 
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plus transportation and tariff costs (if any). In this situation, the reg
ulatory commission has no power to fix prices. Production cutbacks 
would only increase imports, leaving OPEC's price unchanged. There 
would be no incentive to cut back production, since state severance 
taxes increase with output (holding price constant), so that they can 
be expected to allow all-out production. In fact, market demand pro-
rationing was abandoned by the Texas Railroad Commission in 1973. 

1. What differences exist between the type of joint ventures in the 
Middle East and those for United States federal offshore drilling? 

2. Show graphically that import controls would place the state regu
latory agencies in a position to fix price, while with a tariff system, 
the domestic price level is set by OPEC plus the relevant tariff and 
transport costs. 

Industry Performance 
The standard measures of performance, profitability, and R&D activ
ity are generally supportive of the industry's claim of being workably 
competitive. In measuring profitability in the petroleum industry, it is 
important to remember that absolute levels of profitability reflect the 
size of the industry, not monopoly power. Petroleum companies by 
any standard of measurement are large. They account for five of the 
top 10 corporations on Fortune's list of the 500 largest industrial com
panies in the United States. Ten of the top 20 firms and 15 of the top 
50 are petroleum companies. Therefore, it is not surprising that in 
1983, the five largest oil companies showed profits of $6.6 billion. For 
policy purposes, it is not the absolute level of profits, but rather the 
rate of return on capital, that is important. The received wisdom is 
that industries permanently able to earn rates of return well in excess 
of the average do so because of monopoly power or their own effi
ciency. One caveat should be added. Chapter 3 showed that even firms 
in a competitive industry producing a renewable resource will earn a 
producers' surplus owing to the user cost of the resource. 

For our purposes, the optimal measure of profitability would be the 
industry's rate of return on capital invested in domestic exploration 
and production activities. Unfortunately, the profit statements of firms 
distinguish neither between foreign and domestic earnings nor be
tween the vertical stages of integration at which profits are earned. 
Thus the profits of the petroleum industry include foreign operations 
and earnings associated with refining. The effect of including foreign 
exploration earnings is clearly to bias upward the average rate of re
turn. This may be partially offset by lower earnings in domestic mar
keting and refining, so that the latter could conceivably cancel the 
former effect. Another problem arises in that historical data measure 
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TABLE 8.3 Return on Equity of Petroleum Companies, 1965-1982a 

Percentage Return on Equity 

Year 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

Petroleum 
Industry 

11.9 
12.6 
12.9 
12.9 
12.1 
10.9 
11.2 
10.8 
15.6 
19.6 
13.9 
14.8 
14.2 
12.9 
15.4 
16.5 
15.6 
14.1 

All Manufacturing 

13.8 
14.1 
12.6 
13.2 
12.7 
10.3 
10.9 
12.1 
14.5 
15.2 
12.6 
15.0 
15.0 
14.1 
13.9 
14.8 
14.4 
14.1 

aExcludes transportation companies, public utilities, and financial corporations. 
SOURCE: Citibank (New York). 

the rate of return on stockholders' equity, thus excluding the debt 
component of capital. To the extent that industries with very different 
ratios of debt to equity are compared, this can also bias the results. In 
this particular example, the conclusions do not appear to be affected 
whether one uses return on capital or return on stockholders' equity.16 

With these qualifications in mind, Table 8.3 shows the average rates 
of return on stockholders' equity for the period 1965-1982 for both the 
petroleum industry and all manufacturing industry. For the period be
fore the Arab oil embargo in 1973, the petroleum industry exhibits 
lower returns than the average for all industry. This is somewhat sur
prising, since producer surplus owing to user costs should have 
pushed profits at least above the average. 

Industry critics have been quick to point to industry profits since 
1973 as proof of monopoly power. These profits would no doubt have 
been even greater in the absence of price controls and the Windfall 
Profit Tax. Even purely competitive markets can exhibit excess profits 
during market disequilibrium, and certainly the events since 1973 in
dicate such a situation. Even under price controls, the producers' sur-
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plus earned on low-cost oil found 20 and 30 years ago suddenly be
came quite large. As firms explore for high-cost oil, the rate of return 
on equity (a mixture of equity invested 20 years ago and recent invest
ments) would be expected to fall back toward normal levels. This 
would appear to be the pattern in 1975-1977 and 1981-1983. The 
OPEC price hikes of 1979-1980 again caused oil industry profit rates 
to rise above those of all manufacturing industries in 1979-1981, but 
by 1982 the earnings rates were again the same. 

Another indicator of the competitive performance of the industry is 
the increase in drilling and exploration activity as prices increased 
under price controls in the 1970s. Recall that under the monopoly 
model, rising prices reduce oil demand and thus the need to add to 
productive capacity via drilling activity. In contrast, under competi
tion, rising prices encourage producers to develop previously uneco
nomic oil deposits. Conversely, falling prices discourage drilling activ
ity. Figure 8.6 plots the number of wells drilled in the U.S. for the 
period from 1965 to 1983. The dashed line shows the average price 
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FIGURE 8.6 The relationship between U.S. average crude oil prices and drill
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paid for U.S. crude. Visual inspection is sufficient to convince one that 
crude prices and drilling activity are strongly positively correlated. 
The supply response is entirely consistent with the competitive para
digm that the supply curve of a competitive industry slopes upward 
and higher prices should evoke a substantial increase in oil explora
tion activity. 

Another prominent measure of industry performance is the research 
and development (R&D) activity of the industry. Generally, the U.S. 
exploration and production industry is thought to be highly progres
sive in generating new technology. Prominent examples over the last 
25 years have been the advances in offshore exploration technology 
and enhanced secondary and tertiary recovery techniques. Offshore 
exploration can now be conducted in water depths greater than 2000 
feet. Oil fields that would typically yield only 15 to 20 percent of the 
oil present in the reservoir now yield 50 percent and more due to ad
vanced recovery techniques. These advances would not have been 
forthcoming without major commitments to R&D expenditure. In 
1982, petroleum companies spent $960 million, of which about 70 per
cent went for energy R&D. 

What is the result of these expenditures? In measuring R&D perfor
mance, it is desirable to measure the outputs in terms of successful 
innovations rather than just the dollar expenditures. Also, it would be 
desirable to weight successful innovations based on their commercial 
importance. Teece and Armour have performed half the task by com
piling a list of 85 important innovations over the period 1959-1976 in 
exploration and production and identifying the firm or firms first to 
commercialize the new innovation.17 Table 8.4 summarizes the Teece-
Armour results. The results for the firms were ranked based on each 
firm's 1970 rank as a domestic crude oil producer. By comparing the 
innovative activity of the top four, top eight, and top 20 crude produc
ers, we can assess the relative R&D performance of these firms. In 
effect, did the top four crude producers account for a greater fraction 
of innovations than their share of crude production? Table 8.6 shows 

TABLE 8.4 Exploration and Production Innovations, Total Innovations, and 
Domestic Crude Petroleum for Top 4, Top 8, and Top 20 Firms (by Crude 
Production) for 1959-1976 Percentage of Total Industry 

Top 4 firms 
Top 8 firms 
Top 20 firms 

Percentage of 
Crude Production 

in 1970 

26.3 
41.7 
60.5 

Total Number 
of Innovations 
Participated In 

37 
70 
86 

Percentage of 
Innovations 

29 
69 
79 
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that the largest four oil producers with 26 percent of the market ac
counted for 29 percent of the innovations. The top eight were particu
larly impressive, accounting for 69 percent of the innovations and only 
41.7 percent of production. The top 20 producers, with 60.5 percent of 
the crude production, accounted for 79 percent of the innovations. 
I lese results are quite supportive of the R&D role played by the large 
oil companies. In addition to the R&D performed by oil companies, 
the oil field service industry has also tended to conduct vigorous R&D 
programs. In fact, the remaining 21 percent of innovations not ac
counted for in TaMe 8.4 are attributed to service companies such as 
Schlumberger, GSI, and Dresser-Atlas. 

A Brief Recapitulation 
If the sole economic justification for permanent price controls on 
crude oil and natural gas is monopoly power, one would expect over
whelming evidence in support of this hypothesis. Particularly given 
the existence of other industries containing obvious monopoly power 
and yet continuing to operate in the absence of price controls, one 
would expect a strong case. The evidence we and most other students 
of the industry have examined provides little support for the monop
oly power hypothesis. The major anticompetitive questions center on 
the new merger wave, state prorationing regulation (which has benign 
effects in the absence of import controls), and possible barter ex
change agreements. These questions hardly seem serious enough to 
justify price controls. They could be more effectively dealt with on an 
individual basis through unitization reform and antitrust relief. While 
we believe this conclusion would be broadly supported by students of 
the industry, a majority is not immune to error. Therefore, the inter
ested student is urged to delve deeper, reviewing the original re
search,18 and taking a particularly close look at the works of the in
dustry's most ardent critics.19 

PROBLEMS IN ADMINISTERING 
PRICES 

One difficulty in policy deliberations regarding price administration is 
that there may be a tendency to compare the pricing performance of 
an idealized, omniscient government agency with the market result of 
an industry that only roughly approximates the competitive ideal. The 
former always wins. Recall that in Figure 8.5, the pricing authority 
somehow set the optimal price that equated marginal social costs and 
benefits, leading to a significant welfare gain. The natural gas pricing 
performance of the Federal Power Commission (FPC) affords an excel
lent opportunity to discover inherent difficulties in government price 
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administration. The FPC experienced difficulties in (1) taking a long-
term perspective, (2) obtaining reliable estimates of supply and de
mand elasticities, (3) resisting external political pressures, (4) dealing 
with divergent producer expectations, (5) administering in the pres
ence of external market forces, and (6) devising efficient corrective pol
icies. 

Difficulties in Taking a Long-Term 
Perspective 
If government agencies are to administer gas prices effectively, a long-
term perspective must be used in setting prices. Even though supplies 
may be adequate to meet demand at current prices, this does not as
sure future supply/demand equilibria. In oil and natural gas explora
tion, there are considerable lags between price increases and the sup
ply response. First, higher prices lead to increased exploration and 
leasing activity, after which exploration drilling confirms or rejects 
the existence of reserves. Subsequent development drilling is neces
sary to delimit field size and increase productive capacity. At this 
point, the producer is able to make these reserves available to inter
state pipelines on long-term supply contracts. This complete process 
can easily take 7 to 10 years. Unless authorities adopt such a long-
term perspective, price regulation can itself cause welfare losses by 
creating surplus/shortage situations. Figure 8.7 presents data for the 
period 1964-1983 for interstate production capacity, demand, and the 
prices allowed for new gas sales. The right-hand axis shows FPC pric
ing behavior. Beginning in 1961, the FPC adopted a vintage method of 
pricing. Even though new vintages of gas were created in 1961, 1968, 
and 1971, the price was virtually frozen over the period 1961-1971. 
The left-hand axis measures productive capacity and demand in the 
interstate market. As late as 1964, capacity was almost twice as large 
as demand. In 1972, just eight years later, demand exceeded produc
tive capacity. Since FPC rationing rules were in force between 1972 
and 1981, one cannot know unrestricted demand. The dotted line for 
demand after 1972 is only a rough projection based on past demand 
growth. 

From the behavior of prices over the period 1964-1972, the commis
sion appears to have been completely myopic. Only in August 1971, 
six months before physical shortages were reported, were the wellhead 
prices increased—an increase that proved trivial compared to the in
creases granted in 1974 and in 1976. 

In retrospect, it is difficult to understand why the commission did 
not anticipate the shortage and act to increase prices in the mid-
1960s. Note that over the period 1964-1967 productive capacity in
creased, but at a much slower rate than demand. This fact alone 
should have indicated a future shortage. Beginning in 1969, the hand-
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FIGURE 8.7 Natural gas wellhead prices, demand, and productive capacity 
under FPC regulation. Estimates of productive capacity are based on a re-
serves-to-production ratio of 11 prior to 1972. 
(SOURCE: Federal Power Commission Annual Yearbook, Washington D.C., annually.) 
1983 data are preliminary. 

writing was on the wall, but the commission was unable to read it. 
Productive capacity was now declining as reserves declined because 
production exceeded additions to reserves. 

Difficulties in Obtaining Reliable 
Estimates of Suppy and Demand 

Elasticities 
While it may have been apparent that the FPC should have moved far 
sooner to increase prices, the question then becomes how much. Un
like the idealized situation in Figure 8.5, where the supply and de
mand schedules are known, regulators do not know the exact magni
tude of the price elasticities of supply and demand, which are so 
critical to setting optimal prices. Also, the effects of economic growth 
and inflation complicate the analysis. Inflation increases exploration 
costs, shifting the supply schedule upward over time. At the same 
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time, inflation and economic growth shift the demand schedule out
ward. To further complicate matters, the price behavior of substitute 
fuels such as coal and oil products affects gas supply as well as de
mand. Consumer choices to switch from one fuel to another are influ
enced by relative prices and may take many years. In addition, the 
price of crude oil affects the supply of natural gas, since about one-
third of the gas found is "associated gas," that is, gas produced in 
association with oil. Oil prices influence the rate of exploration activ
ity, which in turn affects the amount of gas and oil discovered. Thus, 
crude oil is a joint product with natural gas on the supply side and 
yet is a substitute for natural gas in customer markets. For these rea
sons, econometric model builders face perhaps the most challenging 
problems in the natural gas market. A number of econometric models 
have been constructed and applied to estimate the market clearing 
price where supply equals demand. As an example, an econometric 
model developed by Professors Edward Erickson and Robert Spann 
first appeared at the time of the FPC deliberations leading to a price 
increase from 20.5 cents to 26 cents in August 1971. In 1971, the Erick-
son/Spann model showed that a price between 24 cents and 30 cents 
per mcf could be appropriate to eliminate the estimated shortage.20 As 
shown in Figure 8.7, subsequent price increases and widening short
ages lend an element of comedy to these and other forecasts. In sum, 
because of the complexities of the crude oil and natural gas markets, 
it is unrealistic to think that governmental planners can rely exten
sively on models to set prices in an optimal manner. 

Difficulties in Resisting External 
Political Pressures 
Examination of the factors affecting FPC pricing policies over the pe
riod shows that politics dominated economics. Federal Power Com
mission commissioners appointed by President Eisenhower generally 
felt quite strongly that the FPC had no business regulating gas prices. 
Over the period 1954-1960, the commission in effect approved mar
ket-determined prices. This practice came under severe criticism in a 
report on regulatory agencies to President-elect Kennedy. James Lan-
dis, author of the well-known report, had this to say: "The Federal 
Power Commission without question represents the outstanding ex
ample in the federal government of the breakdown of the administra
tive process."21 Other reports, including those by Nader's Raiders, 
echoed the same trenchant criticism. 

In view of these criticisms, it is not surprising that the new commis
sion would feel compelled "to make regulation work." Out of this 
evolved an "in-line" price formula, which effectively put a lid on price 
increases. The commission no doubt came to view the pricing issue as 
an adversary proceeding, with producers on one side wanting higher 
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prices and consumers on the other wanting lower prices. The "in
line" pricing formula set price on the basis of average costs, based on 
production and exploration outlays. In effect, this approach is analo
gous to setting price equal to marginal production cost, as in the ex
amples in Chapter 3. Completely absent from the calculation of costs 
is any allowance for user costs, reflecting the inherent scarcity of this 
nonrenewable resource. Consumers during the 1960s were, of course, 
the major beneficiary of regulation, but today's consumers can hardly 
claim to benefit. Artificially low prices stimulated overconsumption 
during this period, allowing natural gas to serve extensively as a 
boiler fuel for electricity generation. These low-cost reserves are now 
depleted, forcing production out of much-higher-cost reserves today. 
The regulatory experience over this period suggests an important les
son: unregulated markets cannot overlook the user cost component in 
arrriving at costs, while regulators can and will. 

Difficulties with Divergent Producer 
Expectations 

The fact that natural gas, unlike perishable foods, can be stored for 
future sales, adds another complicating element. In seeking to maxi
mize the present value of gas reserves, must we necessarily look at the 
user costs of gas in the current period as well as the future? Recall 
from Chapter 3 that producers want to maximize the present value of 
their gas reserves. How does the firm behave under price regulation? 
Obviously, if the FPC allowed prices to rise so that the present value 
of user costs was the same at every point in time, gas producers would 
have no incentive to hold back production. However, FPC price regu
lation meant that once the gas is committed to contract, its price is 
likely to remain fixed forever. However, there was the likelihood that 
the "newest" gas committed to contract in that year would have a 
higher price than "older" gas committed the previous year. Two ex
treme situations can occur, depending on producers' expectations 
about present and future contract prices. If producers believe contract 
prices in future years will be identical to existing prices, they will rush 
to sign production contracts in order to produce the gas as quickly as 
possible. In this case, the user cost in the current period U0 equals the 
user cost in all future periods [/z [see equation (3.6)]. But since firms 
look at the present value of user costs, U0 is clearly the highest. Thus 
if producers expect constant contract prices on new gas in the future, 
accelerated current production will occur. 

On the other hand, suppose producers expect that the FPC will offer 
higher contract prices in the future. Producers may very well decide 
to wait before signing a production contract. In effect, producers will 
wait to commit gas in the period when they think the present value of 
the reserves will be the highest. Because user costs are only a fraction 
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of total marginal costs, expectations that next year's contract price 
will be 4 or 5 percent higher may be sufficient to defer current pro
duction. 

What lessons do producers' expectations offer about the current gas 
shortages? Between 1972 and 1981, contract prices of gas rose from 26 
cents per mcf to over $6.00 per mcf. The obvious cause of the persist
ing shortage is that inexpensive onshore gas is no longer available. But 
producer expectations have been an important contributing factor. 
Having witnessed such tremendous price increases over this period, 
wasn't it likely that producers expected even higher future prices? The 
greater the expectation of higher future prices, the lower the current 
production; consequently, the more likely the future price increase be
comes! 

The market mechanism has an important advantage over a regula
tory commission in dealing with price expectations. Unlike the FPC, 
the market leaves open the possibility of lower prices in the future, so 
that the producer does face a downside risk from waiting. With the 
FPC setting prices, producers assumed the FPC would never lower 
prices. With a perception of trivial downside risk from lower prices, 
the case for waiting is indeed strong. 

Administering in the Presence of 
External Market Forces 
The FPC's power to regulate the wellhead price of gas applied only to 
gas sold for resale in interstate markets. Until the Natural Gas Policy 
Act of 1978, natural gas produced and consumed in the intrastate mar
ket did not fall under the commission's regulatory umbrella. The ex
istence of an unregulated market capable of competing for the same 
natural gas desired in the FPC-controlled interstate market created 
added difficulties for the FPC.23 Figure 8.8 shows that if the FPC sets 
too low a control price, the shortage in the interstate market is mag
nified. In Figure 8.8 the total demand for gas, Dtotai, is the sum of in
trastate demand Z)intra and interstate demand £>inter. The supply sched
ule S depicts the long-run supply schedule for a competitive industry. 
At equilibrium price P*, total supply and demand are equilibrated at 
output Q*. Of the output Q*, Q* is sold in intrastate markets and Q* 
is sold in interstate markets. 

In the situation in which the FPC sets a lower than equilibrium 
price Pr, producers will supply only Qr since the cost of producing 
additional units exceeds the market price. Since total output is re
duced to Qr, clearly regulation in the case of a competitive industry 
leads to lower production. The existence of an unregulated intrastate 
market exacerbates the shortage. Because of the lower price Pr, intras
tate producers actually increase consumption from Q* to Qr

at leaving 
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Quantity of natural gas 

FIGURE 8.8 Regulation in the presence of an unregulated market. 

only Qr - Çfa for interstate markets. In sum, FPC price regulation of 
Pr resulted in Q* - Qr less gas being produced. Not only was this 
shortage absorbed by the interstate market, but additional gas going 
to intrastate users Qr

a - Q* came from supplies that would have oth
erwise gone to interstate consumers. It is surprising that it took until 
1978 to recognize the untenable situation interstate consumers found 
themselves in. 

Devising Efficient Corrective Policies 
By 1978, it was apparent to everyone that price controls had failed. 
Regulation had failed to protect consumers and had entombed the gas 
producers, the pipeline companies, and gas utilities. A sad feature of 
our legislative system is its inability to wipe the regulatory black
board clean. Instead the Natural Gas Policy Act of 1978 was a political 
compromise between forces favoring increased regulation and propo
nents of deregulation. The Act offered something for each group—it 
extended price controls over the intrastate market and at the same 
time set in motion a formula for partial decontrol in 1985. While com
promises in the political arena are a socially beneficial manner of 
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weighing opposing interest groups, in the economic policy sphere 
compromise may distort resource allocation even further. The provi
sions for complete decontrol of deep gas and rapidly rising prices of 
new gas set in motion incentives to produce and contract for high-cost 
gas with stringent "take or pay" provisions. The result was even 
higher prices to consumers and widespread default on gas purchase 
contracts with the likelihood of numerous bankruptcies. By 1985, the 
question was what type of corrective legislation, if any, is appropriate 
to deal with the latest fiasco. 
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ENERGY SOURCES FOR THE 
TWENTY-FIRST CENTURY 

A persuasive case can be made for developing new sources of energy 
without undue delay. Reduced to its essentials, the reasoning is as 
follows. Since the industrial revolution, the availability of relatively 
cheap energy sources has been an important factor in facilitating long-
term economic growth. Economic history reveals that the age of fire
wood was superseded by the age of coal, which was in turn superseded 
by the age of petroleum beginning in the 1920s. Today, over two-thirds 
of world energy consumption still comes from oil and natural gas. But 
since the OPEC price hikes of 1973-80, petroleum is no longer a cheap 
fuel. Furthermore, even at the higher energy prices, we are not replac
ing world petroleum reserves as rapidly as they are being consumed. 
Even though real oil prices may decline for a time with OPEC's dimin
ished market power, over a longer horizon of 20 to 50 years the results 
of Chapter 3 are inescapable—in the absence of major technological 
advances, the real price of petroleum will rise. The rate of increase 
over this period is likely to depend on technological advances in ex
tracting existing energy sources and the price at which backstop fuels 
become available. Given the long lead times in research and develop
ment, our R&D decisions today will affect the economics and avail
ability of these backstop fuels for the twenty-first century. 

Not only is the development of new lower cost energy sources im
portant for future generations, it can be important today, even though 
the new technology may not be implemented for 10 or 20 years. But 
how can a technology that will not be economic for 20 years be of any 
benefit to current energy consumers? Recall from Chapter 3 the dis
cussion of the Hotelling price path and the backstop fuel price. Figure 
3.5 shows that the price will rise at rate r until it hits the backstop 
fuel price, and thereafter the availability of the new backstop fuel in 
infinitely elastic supply constrains price to be constant. In Hotelling's 
framework, conventional oil production ceases at the instant the price 
path reaches the backstop price because the user costs no longer rise 
at rate r, meaning that the present value of production during the pe-



riod of backstop fuel production will be less than during the earlier 
period when prices were rising at rate r. Therefore, a conventional oil 
producer would never choose to sell his reserves at a lower present 
value. Combining the results that (a) prices must rise at rate r until 
reaching the backstop and (b) conventional oil reserves must be just 
exhausted at the point of reaching the backstop price, we know that 
there can be only one price satisfying both conditions. If the price path 
is set too high the backstop will be reached too soon with oil left over; 
consumption rates at the higher prices will not be sufficient to use up 
conventional oil reserves. Conversely, if prices are set too low today, it 
will take a longer period for the rising price path to reach the back
stop. Furthermore, along the lower price price path, consumption will 
proceed at a faster rate, using up conventional oil reserves well before 
the price path would normally reach the backstop. 

Figure 9.1 examines the effect on today's fuel (P0) of a technological 
breakthrough reducing the backstop fuel price from PB to PB'. Corre
sponding to the new backstop fuel price will be a new price path low
ering today's fuel price from P0 to P0'. The new price path will lie 
below the old price path because along the lower price path consump
tion rates will be faster, thus assuring that conventional oil reserves 
will be produced by period tB't when the price reaches the new lower 
backstop. 

The implication of this result is quite profound: Technological 
breakthroughs can significantly lower the current price path even 
though the new backstop may not be reached until many years in the 
future. The welfare gains from technological breakthroughs are poten
tially large. To the degree that new technology lowers the marginal 
social cost of conventional oil, society receives a major welfare gain. 

Old Backstop 

0 t'B tB 
Time 

FIGURE 9.Î Effects of lowering the backstop fuel price. 
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The welfare gain is analogous to the area between two supply curves— 
the old supply curve, based on the old backstop technology, and the 
new supply curve, based on the new backstop technology. For these 
reasons, new energy technologies are exciting subjects about which to 
speculate. 

This much seems clear and reasonable. But what is the most prob
able candidate for a backstop fuel? What sort of transition from oil 
and gas to one or more backstop fuels is most likely? The ideal scenar
io, less popular with economists than with journalists, is a swift tran
sition from dirty, dangerous depletable fuels to clean, benign, nonde-
pletable energy sources, achieved in a single decisive step. There are a 
number of "magic words" in the energy debate. The two words with 
the greatest "white magic" power are "conservation" and "solar." Con
versely, the "black magic" of the energy rhetorician is most powerfully 
evoked by the words "pollution" and "nuclear." Five to ten years ago 
everyone "knew" the solution to the energy problem: conservation in 
the short run, and solar energy in the long run. The many uncertain
ties regarding the length of the transition period involved and the eco
nomic feasibility of solar power were glossed over, to the point where 
a skeptical observer might say that the program was largely taken on 
faith. 

There are only two nondepletable sources of energy, solar power in 
its various forms and nuclear fusion. Based on current cost estimates, 
neither of these promises to be fully developed as a comprehensive 
substitute or backstop for petroleum in the next 20 to 50 years. More 
likely, the evolution of the world energy sector will pass through two 
or more complementary and sequential backstop fuels before the tran
sition to nondepletable sources is achieved. The following list of can
didates for backstop fuels, in their order of economic promise, might 
serve as a point of departure: 

1. Synthetic fluid fuels (liquid and gaseous) from nonpetroleum 
sources: 
a. Oil shales 
b. Tar sands 
c. Coal 

2. Various forms of solar energy, usually suitable more for stationary 
than for mobile power source applications: 
a. Solar thermal energy conversion: heating and cooling; power 

generation 
b. Photovoltaic cells 
c. Ocean thermal energy conversion 
d. Biomass, wind power, wave action, and other solar energy ap

plications 
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3. Fuel cells and related technologies 
4. Nuclear power developments 

a. Improved burner reactors 
b. Breeder reactor prospects 
c. Nuclear fusion prospects 

5. Other sources, usually classed as "exotic"—a hydrogen-based fuel 
sector, geo thermal, tidal power, etc. 

Just as mineral reserves do not disappear all at once, new energy 
sources will not appear immediately and cause instant abandonment 
of old sources. Over the life of an energy form, the unit cost of a fuel 
is likely to follow a U-shaped pattern, declining at first, then rising in 
the latter years. Initially, the unit costs of the new energy source usu
ally decline from high to moderate levels as technological problems 
are solved and learning effects accumulate. Over time, however, the 
resource base becomes increasingly depleted and higher raw materials 
costs are experienced, raising costs as a function of the cumulative 
production from the resource itself. Figure 9.2 shows the possible time 
path of replacement of one backstop fuel by another as production 
costs slowly rise for each fuel. Thus with several fuels utilized over 
time, jointly and in sequence, the curve of increasing energy costs does 
not follow those that would be imposed by exclusive reliance upon a 
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FIGURE 9.2 Unit cost of energy (converted to dollars per barrel of oil equiv
alent) from various fuel sources as a function of time. 
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single fuel, but rather rises in a slower fashion, with the suggestion of 
a scalloped configuration, as in Figure 9.2. 

Figure 9.2 embodies one possible forecast of future energy source 
reliance. As crude oil becomes higher in price, synthetic fuels are 
phased in, but after an extended period even this source experiences 
higher costs. Solar energy then becomes more widely economical, but 
at some point in the future there is a breakthrough in nuclear fusion 
technology that enables fusion power to be used very widely, and at 
lower costs than most other energy forms. This is merely one possibil
ity and should not be regarded as a high-probability forecast. 

SYNTHETIC FLUID FUELS 
Some creatures, such as snakes and locusts, periodically shed their 
skins. Other creatures such as turtles do not. It is often efficient for a 
growing or changing organism to shed its skin, but to shed one's skel
eton is not conducive to survival—it is just biologically too extrava
gant. Analogous reasoning would suggest that an industrial nation's 
energy "skeleton" of pipelines, refineries, and liquid and gaseous fuel 
distribution systems should not be unnecessarily abandoned as the na
ture of the energy economy changes. Unless vast investments in such 
facilities are to be written off as a total loss, synthetic fluid fuels must 
be developed to replace natural petroleum as input into existing en
ergy systems. 

Synthetic fluid fuels can be supplied in either liquid or gaseous 
forms, and can be derived from a variety of raw materials, such as oil 
shales, tar sands, and various types of coal. In order to serve as a back
stop fuel, the material must be sufficiently plentiful to allow large-
scale production for a period of many decades or even centuries. Coal, 
oil shales, and tar sands all possess enormous volumes of physical re
sources, enough to last for well over a century at a minimum. Process
ing costs are more difficult to predict. Several large plants are cur
rently producing synthetic crude oil from tar sands deposits in Canada 
at production costs low enough to allow substantial profits at current 
world oil prices. Production is certain to increase in the future, but 
the volumes involved, although absolutely large, are as yet far from 
sufficient to permit tar sands oil to supply a substantial fraction of the 
energy consumption now provided for by crude oil. Shale oil would 
seem to be the next most promising source of synthetic fuels, but since 
commercial-scale plants have yet to be constructed, the economics of 
oil shale processing has not been established. Finally, the least prom
ising of the three types of synthetics is synthetic crude and gas pro
duced from coal. As we shall see, without major technical break
throughs, oil prices must rise significantly before they will become 
economic. 
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Tar Sands 

Tar sands are petroleum deposits that are so viscous that primary oil 
production is impossible. The petroleum material in tar sands may be 
solid or semisolid. This description typically includes the tar sands of 
Canada as well as the heavy oil reserves of California and Venezuela. 
The potential reserve base for tar sands is large compared to existing 
reserve estimates for oil (26.8 billion barrels in 1983). For example, 
heavy oil in place is estimated at over 100 billion barrels in California 
and 700 to 3,000 billion barrels in the Orinoco River Basin in Vene
zuela. Estimates are that 20 billion barrels may be recovered in Cali
fornia and up to 500 billion barrels in Venezuela. The world's largest 
tar sand deposits are estimated at 1,000 billion barrels in the Atha
basca tar sands of Alberta, Canada. Even the tar sands of Eastern Utah 
contain resources roughly equal to existing U.S. oil reserves (30 billion 
barrels). 

Tar sands economics has already been proven, at least for surface-
mined reserves with the characteristics of those currently being ex
ploited in Canada. Here the nature of the resource permits lower min
ing and processing costs than are likely to prevail for the typical tar 
sands project. Sun Oil first began tar sands production in 1967, but it 
appears that the process was carried on at a loss until the price hikes 
of the 1970s made tar sands oil definitely profitable. Since that time, 
additional large new plants have been built, or are under construc
tion, and the chief barrier to entry at present is the restrictive licens
ing policy of the Provincial government of Alberta. Beginning in 1978, 
Syncrude of Canada has operated a much larger project on an adjoin
ing lease to Sun's operation with an allowable output limit of 129,000 
barrels per day. With a peak mining rate of 300,000 tons of tar sands 
material per day, the Syncrude plant represents the largest mining 
operation in the world. In 1979, Alsands, a consortium of nine major 
oil companies, received provisional approval to construct a similar 
plant to produce 140,000 barrels per day by 1986. It has been esti
mated that the Athabasca deposits alone contain more than 60 billion 
barrels of oil at depths sufficiently shallow to make strip mining eco
nomical. Such a resource base would permit a production rate of sev
eral million barrels per day. To this could be added the output that 
would be obtainable from the Cold Lake and Peace River deposits. 
While deeper mining would increase costs, it is clear that the eco
nomic potential of Canadian tar sands oil is quite significant. This fact 
makes current and prospective future Canadian energy policy failures 
very expensive to the world at large. 

Strip mining of Athabasca tar sands involves extraction of the pre
dominately loose and moist rocky deposits and mixing them with hot 
water to separate the bitumen material from the mineral in the rock 
matrix. Vast volumes of water are required—about a ton of water for 

ENERGY ECONOMICS AND POLICY 



a ton of tar sands rock—and large ponds must be provided to allow 
the process water to precipitate finely divided clays before it can be 
reused. The tar sands themselves are about 85 percent sand and clay, 
5 percent water, and only 10 percent bitumen. About 90 percent of the 
bitumen is recovered by the hot-water process, and the resulting 
heavy oil is upgraded to a lighter product status by delayed coking. 
Environmental problems are sizeable but are not unmanageable in the 
Alberta wilderness. Water is superabundant in this land of lakes and 
marshes, and there is ample space for large process water treatment 
reservoirs. Disposal of solid wastes is another large volume problem, 
since the production of one ton of tar sands oil leaves about 10 tons of 
solid residue, largely sand and clay. Again, ample waste disposal space 
exists in the sparsely inhabited regions that are involved, and a land
fill configuration that minimizes water flow through the residue, cou
pled with re vegetation arrangements, is usually required. 

It is difficult to generalize about costs, but an order of magnitude 
estimate would place both capital and operating costs in the range of 
about $10 per barrel, before allowing for overhead costs and the var
ious contributions to governments. At a wellhead price of roughly $30 
there is room for profit, although periodic cost escalations remain 
likely and the prospect for price reductions cannot be ruled out. The 
fact of rapidly increasing investment constrained only by the Albertan 
government testifies to the confidence of producers in the ultimate 
profitability of tar sands in Canada. 

The prospects for heavy oil development likewise appear promising. 
In California, advances in thermal recovery techniques involve the in
jection of steam into heavy oil sands to improve the viscosity of the 
oil sufficiently to recover it by artificial lift wells. By 1990, the Na
tional Petroleum Council estimates, heavy oil production will reach 
2.1 million barrels per day. 

Oil Shales 
The historical description of oil shale economics is that it "is always 
economic at $5 per barrel more than the prevailing price at that 
time." Even when oil prices were $3 per barrel, oil shale was "right 
around the corner" as illustrated in Professor Steele's 1957 Ph.D. Dis
sertation, which projected large-scale production by 1966! Today, oil 
shale is still "right around the corner." Perhaps oil shale enthusiasts 
have been so mesmerized by the immense potential of U.S. shale de
posits that they have underestimated its costs and environmental lim
itations. In the Green River Formation in the adjoining corners of Col
orado, Utah, and Idaho, all grades of oil shale represent 1,800 billion 
barrels, enough to supply the U.S. for 339 years at 1984 consumption 
levels. But as we shall see, potential is not reality and oil shale may 
remain "right around the corner" without significantly higher prices. 

ENERGY SOURCES FOR THE TWENTY-FIRST CENTURY 3 4 3 



The technology of oil shale is not particularly exotic, which is an 
advantage. All that is required to separate the kerogen from the marl-
stone is enough heat to drive off the volatile compounds and the 
proper facilities for collecting them in liquid and gaseous form. The 
chief problems are those of materials handling: how to crush and con
vey the shale rock; how to secure the optimal exposure of the shale to 
the heat in the retort so as to maximize kerogen yields, and so on. 
Heat must be supplied to initiate the thermal distillation process. Hy
drogen must be added to the liquid output to obtain a product suit
able for petroleum refineries. Water must be obtained to facilitate op
erations and support resident populations. 

But conventional mining of shale oil has two environmental prob
lems reducing its popularity. In the retorting process, the byproduct 
shale actually expands in volume, exacerbating the land reclamation 
problems. Every cubic yard of shale extracted is converted into 1.2 
cubic yards of spent shale. Additionally, the high water requirements 
coupled with the limited water supplies of the West and economically 
suboptimal water use legislation limit the size of such an industry to 
1.5 to 2 million barrels per day. To expand the industry above this 
level would require pipelining water in from the Missouri River Basin. 
Because of these difficulties, experimentation with in situ processes 
has long captivated technological interests. The idea is that by light
ing underground fires, the oil component can be liquefied and can 
then be pumped to the surface, avoiding the shale disposal and large 
water requirements problems. Unfortunately, in situ processes have 
proved difficult to operate on a commercial scale and must await fur
ther technical breakthroughs. 

It appeared in the later 1970s that the era of shale oil had finally 
arrived. Large OPEC price hikes in 1973-79 stimulated considerable 
research and development in shale oil. As of early 1978 about eight 
major projects were in various stages of investigation, the most impor
tant of which was the Colony project, a joint venture between Exxon 
and Arco, which had an output goal of 45,000 barrels per day. Then in 
1980, the federal government established the Synthetic Fuels Corpo
ration (SFC) with a budget of over $80 billion to support private in
vestment in this area. In the early 1980s, output goals were estab
lished: 500,000 barrels per day of synthetics would be produced by 
1987 and 2 million barrels per day by 1992. But within a few years it 
was obvious that those goals would never be met. At the time the SFC 
was established, hopes were high in some quarters that rising oil 
prices would provide enough stimulus for private companies to pro
duce synthetics without public subsidy. But falling oil prices and de
clining oil demand suddenly changed the climate. In the spring of 
1982 Exxon withdrew from the Colony project, citing, in addition to 
the obvious burdens of lower oil price projections, high interest rates 
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and escalating cost projections. The original cost of $3.5 billion had 
doubled by 1982. 

At the same time, during the Reagan administration the philosophy 
was adverse to such subsidy. Of an original total of $88 billion ulti
mately authorizable, amounts available dropped to a maximum of $20 
billion, and then to less than $15 billion for synthetics. An upper limit 
of $3 billion for any one project was imposed. As of mid-1984, less 
than one billion dollars of subsidies had been committed, all in the 
form of loan or price guarantees. By 1984 SFC had extended price 
guarantees to only a handful of projects, totalling about $750 million. 
Under such arrangements the SFC stands ready to provide a certain 
maximum amount of subsidy payments if market prices for synthetics 
should drop below the guaranteed price. Such fixed limits would 
cover a large volume of production at a higher market price, but lesser 
volumes at lower market prices due to the greater unit subsidy re
quired. In addition to the very small number of projects in operation, 
another dozen or so proposals were under consideration in 1984. The 
total output goal of the four approved shale oil projects was only 
65,000 barrels per day. The approved projects were of various types. 
The largest is the Union Oil Company of California's Colorado shale 
oil project, with 10,000 barrels per day output for phase I and 40,000 
more barrels per day for phase II. Phase I production has a price guar
antee of $42.50 per barrel. The Cathedral Bluffs project of Tenneco and 
Occidental, also in Colorado, has an output goal of 15,000 barrels per 
day. 

The prognosis for a shale oil industry seems clear. Until oil prices 
demonstrate more firmness and an unmistakable upward trend, shale 
oil projects will continue to receive much study and research, but no 
new plants will be built. There is a widely held view that oil prices 
will resume their upward trend in the 1990s. If these predictions are 
correct, a shale oil industry may await the turn of the century. 

Coal Liquefaction and Gasification 
If shale oil awaits the turn of the century, synthetic oil and gas from 
coal seem likely to be in for a still longer wait. The huge reserves of 
coal in the U.S. and worldwide suggest that synthetics could serve as 
a backstop fuel for many years. But the question is: "How high is the 
backstop price?" The answer seems to be higher than for shale oil, 
although the prospects of coal gasification appear considerably more 
encouraging than for coal liquefaction. Since coal can be mined and 
used directly as a boiler fuel for process heat, it would be uneconomic 
to liquefy it and then burn it as a stationary power source. Coal liq
uefaction becomes economical only when there is a demand for liquid 
fuels per se, as in the transportation market. It will always cost more 
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to produce a Btu of energy from liquefied coal than from unprocessed 
coal, and the cost of processing is high. 

Even though shale oil seems more promising economically, coal liq
uefaction does have some advantages over shale oil. Coal deposits are 
widespread, and exist closer to markets and water sources than do oil 
shale reserves. Waste disposal costs should be lower. Desulfurization 
of high-sulfur coal during liquefaction should make such coal much 
more attractive in markets where air pollution is a problem. But coal's 
disadvantages are considerable. The technology of processing presents 
more difficulties and has not been demonstrated on a large scale. The 
ratio of hydrogen to carbon in the solid coal input (.5 to .9) is lower 
than the desired ratio in the synthetic fuel output (1.5), so during pro
cessing hydrogen must be added or carbon must be thrown away, and 
both alternatives are expensive. In contrast, the ratio of hydrogen to 
carbon in oil shale (1.6) is higher, so the problem will not be as large 
for shale oil. 

Coal liquefaction can be achieved by a variety of methods. One pro
cess begins with the gasification of coal into a mixture of hydrogen, 
carbon monoxide, and methane. This gas is then converted into liquid 
form by catalytic means. The hydrogénation process requires the mix
ture of powdered coal with coal-derived oil and hydrogen gas and the 
exposure of this mixture to a catalyst at high temperatures. This re
action yields oil, liquefied coal, and a residue of ash and nonliquefied 
coal called char. The chief technical difficulties lie in separating the 
solid and liquid components of this mixture. 

Coal gasification is somewhat more complex, the actual complexity 
depending upon whether the goal is to obtain a low-Btu-content gas 
that must be used locally, or a high-Btu gas that can be transported 
by pipeline. In coal gasification, the carbon and hydrogen content of 
the coal is separated from its other constituents and converted into 
gas. Crushed coal is treated in a gasifier under pressure with oxygen 
and steam. If a low-Btu gas is desired, the output from the gasifier is 
cleaned by removing tar, dust, and sulfur, and the resulting product, 
a mixture of carbon monoxide and hydrogen, is used locally for power 
generation. The waste product is coal ash. If a high-Btu gas similar to 
natural gas is desired, the output from the gasifier is further pro
cessed. Methods differ, but in general the low-Btu gas is combined 
with fresh steam, which reacts with the carbon monoxide in the gas 
to yield hydrogen and carbon dioxide. A catalyst is then employed to 
facilitate the formation of methane, the chief constituent of natural 
gas, by accelerating the combination of hydrogen with the remaining 
carbon dioxide. 

Under the regulatory framework of price controls, a coal gasification 
industry was almost born. Under price controls, domestic gas supplies 
in the United States declined and utilities sought alternative sources 
of supply such as gas from coal. In the mid-1970s a number of pro-
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cesses were under active investigation, which ranged in cost from $3 
to $7 per million Btu. This price was considerably higher than the 
average cost of natural gas under regulation—but when no new natu
ral gas was available, this price seemed reasonable to utilities. Utili
ties would be able to pass the higher costs of gasified coal along to the 
final consumer rather gradually by averaging in this higher-cost gas 
with their lower-cost natural gas under price controls. A utility could 
pay $5 per million Btu for synthetic gas to cover 10% of its sales as 
long as the price on the remaining 90% of gas contracts was $2 per 
million Btu. The effect on the average price facing gas customers was 
to raise the price from $2.00 to $2.30 per million Btu. 

Conditions began to change after the Natural Gas Act of 1978, which 
provided for much higher prices for newly discovered gas and even 
increases for some older gas under contract. As the average price of 
natural gas rose, the marginal value of synthetic gas declined. Plans 
for producing gas from coal were accordingly postponed or aban
doned. Nevertheless, the SFC has enabled a few projects to escape can
cellation. 

The Great Plains project, in the start-up phase in 1984, has a 
planned capacity of 23,000 barrels per day oil equivalent of synthetic 
natural gas. The Dow Syngas project in Louisiana has an output rate 
of 5,000 barrels per day of oil equivalent, and the Cool Water project 
adds another 4,000 barrels per day in the form of synthetic gas. The 
coal gasification projects are primarily cases involving special circum
stances where the coal is partly gasified, the solid residue being 
burned in boilers and the coal gas being used to run gas turbines. Over 
the longer term, the prospects for coal gasification are more promis
ing. The fundamental situation is similar to that of shale oil. Future 
demand for fuel in gaseous form is certain to increase due to the low 
air pollution potential for such fuels. High-sulfur coal can be desulfur-
ized during gasification and the clean gas can be transported to indus
trial and utility markets. By the first decade of the twenty-first century 
coal gasification should be increasingly resorted to. Rising energy 
prices will hasten the advent of coal gasification as well as shale oil. 

Coal liquefaction presents greater technological problems than shale 
oil production or coal gasification, and its commercialization seems 
farther in the future than that of the other synthetic fuels derived from 
resources abundant within the borders of the United States. During 
the period of rapidly rising crude oil prices, however, several alterna
tive processes were studied intensively: the solvent-refining process of 
Gulf Oil, a hydrogénation process by Hydrocarbons Research and Ash-
land Oil, and the Exxon donor-solvent process, involving both solvent 
refining and catalytic hydrogénation. None of these investigations in
volved commercial-scale plants; the largest pilot plant was designed 
to handle only about 500 tons per day of throughput. These projects 
were also postponed or abandoned when the world oil price declined 
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in the early 1980s. The Exxon process, for example, proved a technical 
success but an economic failure. Exxon spent a total of $341 million 
to build and operate a 250-ton-per-day pilot plant in Baytown, Texas. 
Between 1980 and 1982, 90,000 tons of coal were successfully con
verted into about 65,000 barrels of synthetic oil and gas equivalent. 
Only about three-quarters of a barrel of fluid was produced per ton of 
coal. The actual cost of the fluids produced translates to $5,246 per 
barrel! But it was estimated that on a commercial plant scale a cost 
of $50 (in 1980 dollars) per barrel could be achieved. Technological 
advances of this sort insure that if oil prices rise high enough, coal 
liquefaction will be economical on a substantial scale. Thus liquefied 
coal will be another backstop fuel for future energy needs in the twenty-
first century as energy prices rise and as advancing technology stead
ily reduces costs. 

OTHER BACKSTOP FUELS: CERTAIN 
APPLICATIONS OF SOLAR ENERGY 
It is safe to assume that synthetic fluid fuels will serve for an extended 
period of time, probably during the twenty-first century, as a backstop 
fuel when backstop fuels are essential. But it will not be the only back
stop fuel. As mentioned earlier, a chief appeal of synthetic fluid fuels 
is that they can substitute closely and on a very large scale for petro
leum fluid fuels throughout the range of mobile and stationary energy 
applications. It is, in a sense, a single "one hundred percent" solution. 
But as energy prices change relative to other prices, the whole struc
ture of the energy sector changes, in consumption as well as in pro
duction. In the absence of a single 100 percent solution, ten 10 percent 
solutions or twenty 5 percent solutions may have to suffice. Solar en
ergy as a backstop fuel offers not so much a blanket substitute for 
existing fuels as a number of partial substitutes in a wide variety of 
different applications. Let us now turn to solar energy, and appraise 
its potential as a backstop fuel in all its various manifestations. 

Solar energy certainly has great power to seize the imagination of 
the general public. Its chief advantage is its inexhaustibility, and free
dom from pollution effects. But there are some drawbacks. Sunlight is 
two-dimensional; it has a natural surface intensity, but achieving 
power concentrations comparable to those easily obtained from three-
dimensional fossil fuels requires elaborate and expensive focusing. 
Sunlight is also intermittent, and the storage of solar power in concen
trated forms (similar to the concentrated chemical potential energy of 
fossil fuels) requires much ingenuity and expense. Nevertheless, while 
solar energy is no panacea, the sun is here to stay, and we should look 
at the economic potential of solar energy in all its forms. 

The sun is essentially a huge fusion reactor which supplies the earth 
with electromagnetic radiation with an energy content of roughly 1 
kilowatt per square meter at the earth's surface during daylight hours. 

ENERGY ECONOMICS AND POLICY 



Man has used this radiation for light and heat, and of course has ben
efited from the plant and animal products of photosynthesis, but has 
yet to harness sunlight to provide economical energy in mechanical, 
chemical, or electrical form. Solar energy can more readily be em
ployed in thermal form, where the major problem is to store excess 
heat provided during daytime in order to raise temperatures at night. 
Most solar energy processes currently under investigation contemplate 
the use of solar heat to operate heat engines of various types and ac
complish mechanical work. Other processes aim at the direct conver
sion of sunlight to electrical energy through photovoltaic cells. Still 
other processes contemplate even more exotic use of solar energy. 

Solar Heating. The distinction between passive and active solar heat
ing is indeed important economically. Whereas active solar heating 
requires elaborate solar collector plates and the circulation of heated 
water as a source for home heating, passive solar heating involves a 
number of simple architectural changes. Passive solar techniques are 
today widely applied in new home construction. Most of the tech
niques involve at least placing windows along the southern exposure 
of the home to catch the winter sunlight. Floor surfaces may be brick 
or tile to collect this heat for use later in the evening when the sun 
goes down. 

Active solar heating units can range from simple solar hot water 
heaters to complete home heating units. Solar hot water heaters are 
becoming increasingly popular and economic in many regions for sev
eral reasons. First, many hot water uses such as running the dish
washer or bathing children can be adjusted to match peak water pro
duction. Secondly, the cost of adding a backup electric heating 
element is rather small; this is needed to cover those periods when 
solar heated water production is inadequate. Paradoxically, it is pre
cisely for these reasons that the economics of solar home heating is 
much less encouraging. Using flat plate solar energy collectors on roof
tops, the average house would require an outlay of perhaps $20,000 to 
$30,000 to generate enough energy to supply 50 percent of annual 
heating needs. This in itself is very costly, but an additional full-ca
pacity conventional system would have to be installed for use during 
shady days. The main difficulty is that solar energy for heating is most 
abundant in those sunny areas such as Arizona where heating demand 
is naturally low. Due to high cost, relatively few solar-heated homes 
exist today, and market prospects are best for high-priced homes 
where solar heating is a prestige feature. 

It is likely that the costs of certain elements, such as the flat plates 
themselves, can be reduced as a result of development of mass produc
tion techniques. But this must await the appearance of a mass market, 
and major companies are postponing the risk of entry into a market 
that may not be there until the provision of government subsidy pro-
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grams to solar energy system buyers. Even with considerably reduced 
costs there is no assurance that solar heating will prove economical 
until fossil fuel prices rise considerably above current levels. 

Solar Cells. One of the most compelling goals of solar power research 
is the development of an economical solar cell. Solar cells convert ra
diant energy directly into electricity, taking advantage of the photo
voltaic properties of certain materials such as silicon, cadmium, and 
gallium. When sunlight is absorbed by these materials, some electrons 
are separated from their atoms. If these electrons can be induced to 
move in one direction and the positively charged ions in the other, a 
small electrical field (about 0.5 volt) is created in each cell. If a large 
number of solar cells are connected in series, useful power levels re
sult. Capital cost is the big drawback. At present the silicon cells re
quire the use of crystalline silicon, produced at great expense in small 
batches and assembled by hand in individual cells. By 1984 the cost 
for flat arrays of cells had fallen to $7.00 to $10.00 per watt, which 
compares quite unfavorably with levels of $0.45 to $0.60 per watt for 
fossil fuel and nuclear power plants. Further cost reductions are likely 
if the use of amorphous silicon in place of expensive crystalline silicon 
becomes possible—a development that is already under way. 

Solar cells enjoy great support from public authorities because of 
their environmental advantages. Their impact is largely benign, they 
use an essentially undepletable source of energy, and they can be built 
in sizes down to those appropriate for use in individual residences. 
Use of solar cells (if cheap enough) could simplify complex energy sys
tems of generation, transmission, and distribution, and to a consider
able extent decentralize the control of energy consumption. This as
pect of solar cells is of interest to political and social observers as well 
as economists. 

There is evidence that costs are declining. Competitive bids for 250-
350 kilowatt solar cell concentrator systems were $6.00 per watt in 
1978 and $4.25 per watt in 1984. Further significant breakthroughs in 
the use of amorphous silicon appear necessary before solar cells can 
become economic at today's oil prices. 

Solar Thermal Energy Conversion. Solar thermal energy conversion is 
another way of using solar power. It requires less research and devel
opment than solar cells, since the cost gap is less and the methods and 
materials used are already familiar in other applications. The basic 
idea is simply to collect heat from the sun by reflection from mirrors 
and concentrate it by focusing it on vessels containing heat exchange 
elements, which will heat a fluid capable of operating a steam-electric 
generating plant. The problems encountered in this application are 
similar to those of solar heating of residences: solar radiation contains 
diffuse energy in relatively low concentration, and since sunlight is 
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intermittent there must be either adequate power storage or an alter
native source of energy. 

Solar thermal energy conversion first became a reality when the ex
perimental 10-million-watt Bars tow, California plant began opera
tions in 1982. In this installation 1818 heliostats, each with a reflecting 
area of about 400 square feet, surround a tower about 300 feet high 
and reflect solar radiation to a boiler atop the tower. Water is the heat 
exchange fluid and superheated steam is produced. The output from 
the plant is connected to the Southern California Edison grid, and 
enough power is developed to supply the needs of about 7,000 people. 
The technology is extremely land intensive, as this plant covers 130 
acres and produces 1 percent of the output of a standard nuclear 
plant. 

Several factors influence costs. First, there is the relatively large col
lection area that is needed, roughly 1 square mile for every 100 million 
watts. Second, there is the need to concentrate solar radiation to 
achieve the 1000°F temperature needed for the solar boiler. Storage is 
another important factor. The storage of energy in any form is a rela
tively costly and inefficient process; storage "bargains" are hard to 
come by, and even hydropower dams and batteries have high capital 
costs. Storage is doubly important for solar power plants, since they 
face fluctuations both in demand and in energy supply. A solar ther
mal plant might conceivably employ pumped storage, pumping water 
into an elevated reservoir during periods of slack demand when gen
eration capacity would otherwise go unused, and then recapturing the 
potential energy of the elevated water by letting it run downhill into 
turbines during periods of high power demand. But this requires 
much water, which is typically very scarce in the desert areas best 
suited for solar power. 

The environmental impact of solar thermal conversion would ap
pear to be generally benign. The main barriers are economic. The En
ergy Research and Development Agency estimated that their 100-mil-
lion-watt demonstration plant, planned for the 1980s, will cost about 
$5500 per kilowatt in 1984 dollars, or about ten times the capital cost 
of more conventional generating plants. Since solar fuel costs are close 
to zero, higher capital costs would tend to be partially offset by lower 
operating costs. But even with major capital cost breakthroughs, solar 
thermal power will be a regional rather than a national industry. 

Ocean Thermal Energy Conversion. The solar energy which strikes the 
earth's surface is largely expended in heating the oceans. But oceans 
and seas are of unequal depths, and are situated at different latitudes. 
Temperature differences between tropical and polar waters create 
slow currents, such as the Gulf Stream, which are thousands of miles 
in length. Visionaries have suggested placing huge turbines in the Gulf 
Stream, which through rotation in the 5-mile-per-hour current would 
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generate electrical power—hydroelectric plants without dams. Solar 
energy also creates sea waves and winds, which might conceivably be 
harnessed. However, solar energy could more readily be tapped by 
taking advantage of the temperature gradients between the surfaces of 
the oceans and their lower depths. Solar radiation heats the oceans 
from above, and the heat is gradually transferred to greater depths by 
convection. In tropical and subtropical latitudes there may be a tem
perature difference of 40°F between the surface waters and those one-
half mile or more below the surface. Although this is a relatively small 
difference in temperature, the volumes of water available are so great 
that it might be economically feasible to design huge heat engines to 
generate electrical power by employing heat exchangers to exploit this 
temperature difference and drive turbines and generators. But the 
thermal energy efficiency of this system would be quite low owing to 
the small difference in temperature between the inlet and outlet 
streams. Maximum efficiency would be about 6 percent, but in prac
tice only 2 or 3 percent efficiency is expected. 

Such plants might produce more than electricity. Generating plants 
could transmit their current through large ocean-bottom power lines. 
But in other plants all or part of the output could be chemical in na
ture. The electricity could be used to produce hydrogen electrolyti-
cally from seawater, and the hydrogen could be sent to shore by pipe
line, where it could be used in fuel cells and for other energy purposes. 
The plants could also produce oxygen, methanol, ammonia, and other 
industrial chemicals. 

Even though these plants do not involve any novel technology, scale-
up risk is present, since these plants will be much larger than any 
other heat-exchange facilities ever built. The development of econom
ically corrosion-free materials for the exchangers is also a matter of 
uncertainty. Nevertheless, the promise of ocean thermal energy con
version is sufficiently attractive that the Department of Energy is 
funding a 100-million-watt demonstration plant with a 1987 operation 
date. The chief attractions of this method are that it is the only solar 
energy system which can operate continuously at full power and that 
the problems of collecting and storing solar energy have already been 
solved by virtue of the oceans' serving as a giant solar heat sink. But 
the costs that have been projected have a wide range of uncertainty, 
and projections may prove to be on the low side. Current costs lie in 
the range from $2000 to $3000 per kilowatt for capital costs, much 
above those of conventional and nuclear plants and solar thermal en
ergy projects. 

Wind Energy. Solar energy provides the driving force for atmospheric 
currents, and thus is responsible for wind power. The atmosphere acts 
as a huge heat engine which is heated from below, in contrast to the 
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surface heating of the oceans. Solar heating warms the air at the 
earth's surface, and this warmer air rises until increasing distance 
from the earth cools it. But the atmosphere is heated unevenly be
cause of the variable distribution of clouds, moisture, and surface to
pography. Uneven heating means that air masses achieve different 
temperatures and rise, fall, or shift position, thus creating wind cur
rents. Winds seldom move at uniform speeds, but accelerate and de
celerate, arise and disappear. 

The technology is reasonably simple. Propellers mounted on shafts 
rotate in response to air currents and the shaft turns a generator. Due 
to the sporadic nature of winds, no one considers the use of wind 
power to generate base-load electrical power. Instead, wind generators 
would be used to supplement other sources of power. In large-scale 
applications, storage of generated electricity would be an important 
feature. The velocity and directional constancy of winds increase with 
altitude above the earth, but so do the costs of windmill construction. 
Costs per kilowatt-hour depend critically upon the speed of the wind. 
Small wind generators are currently on the market, which can supply 
1 to 10 kilowatts at wind speeds of 10 to 18 miles per hour at costs 
between $5000 and $15,000. Costs per kilowatt-hour might be in the 
range of $0.07 to $0.18 with such devices. Some of the smaller ma
chines incorporate storage through batteries or compressed-air facili
ties. 

The U.S. federal wind power program has fostered the development 
of both large and small wind power machines. Mod 2, for example, 
built by Boeing, has a tower height of 200 feet and a blade span of 300 
feet, and is rated at 2.5 million watts in a moderate wind. Boeing es
timated that in quantity production the one hundredth machine 
would cost about $2.5 million in 1980 dollars, or about $1000 per kil
owatt, which is reasonably competitive with other new energy 
sources. However, due to the variability of winds in some areas, only 
about one-third of the rated full capacity of a windmill may be 
achieved on average. But windmill designs have yet to be optimized, 
for either large or small scale applications. In 1981 a 4-million-watt 
wind dynamo was built in southern Wyoming, marking the beginning 
of what may become the widespread supplementation of hydroelectric 
power with wind power, where wind power is generated when the 
wind is strong, and the water in the reservoir can be saved to generate 
power when the wind is weak. 

In the early 1980s several utility companies began to install wind 
power units on wind "farms/' particularly in regions of California 
where strong sea breezes prevail. Southern California Edison began 
with the construction of a 3-million-watt windmill near Palm Springs. 
By the mid-1980s, numerous wind power installations were present in 
the breezy areas of Southern California, with estimated costs of $0.05 
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per kilowatt hour. Hawaii Light and Power contracted for the instal
lation of 80 million watts in the northeastern part of Oahu. 

Biomass Cultivation. The conversion of solar energy into plant mate
rials by photosynthesis and the further conversion of stored plant and 
animal materials into more concentrated forms such as coal and pe
troleum resulted over millions of years in the formation of fossil fuels. 
Total fossil fuel reserves at present (including oil shales and tar sands) 
represent, however, only about two weeks' supply of solar energy. The 
reason for this low ratio is that only a very small fraction of the sun's 
energy is captured through photosynthesis, and only a tiny fraction of 
this amount is subsequently concentrated in fossil form. It might be 
useful to try to obtain more fuels from photosynthetic processes by 
discovering and cultivating improved plant species that would maxi
mize the production of biomass, or organic solids in the form of car
bohydrates and hydrocarbons. This biomass could be processed into 
fuels, or biologically converted by bacteria to yield methane. Hydro
gen might even be produced directly by enzyme action on biomass. 

Vegetable crops cultivated for food typically convert sunlight into 
biomass at very low efficiencies, ranging from 0.1 to 0.5 percent. Many 
plants, such as weeds and trees, have much higher conversion efficien
cies, in the range of 3 to 5 percent. Tree farming for biomass harvest
ing would require drying of the fuel and would result in fuel costs at 
the power plant of $3.25 or more per million Btu of heat content. 
While land plants in natural ecosystems show a net productivity of 
about 5 to 25 tons of dry biomass per acre per year, water plants show 
greater productivity where nutrients are abundant. Water hyacinths 
yield up to 85 tons per year. Water plants can be grown in shallow 
ponds, and with the addition of nutrients such as plant and animal 
wastes, very high yields result. But even if the entire U.S. corn crop 
were converted to alcohol fuel, it would replace about one-fourth of 
current U.S. oil consumption. 

Hydroelectric Power. Hydroelectric power is another manifestation of 
solar energy, since the sun's energy is required to evaporate water and 
condense it into the rainfall which provides the stream flow harnessed 
by power plants. Hydroelectric power generated at very large dam or 
waterfall sites is currently produced at very low costs. There are many 
environmental advantages: no air pollution, little waste heat, and no 
need to mine mineral fuels. The chief drawbacks are perhaps esthetic: 
scenic river canyons are drowned, favoring the activities of sedentary 
outdoor types (fishing and boating) over those of more energetic incli
nation (hiking and climbing). Unfortunately, the potential for 
expanded hydroelectric power in the developed countries is quite 
limited. 
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NUCLEAR ENERGY DEVELOPMENTS 
In the 1970s, most observers felt that nuclear would be the backstop 
fuel to replace petroleum, but experience since the Three Mile Island 
accident suggests otherwise. Both in Europe and in the U.S., the com
mitment to build new nuclear plants has dwindled. But nuclear's de
cline in popularity depends critically on the public's perceptions of 
safety, and public perceptions have been known to be fickle. Thus it is 
instructive to look at nuclear fuels as potential backstops, depending 
on public perceptions and so forth. Fission reactors may provide us 
with nuclear power for decades or for generations, depending upon 
the long-run supply of uranium. Breeder reactors, if made technically 
and politically acceptable, could prolong the era of fission reactors 
from generations to perhaps centuries. But the prospects of literally 
unlimited nuclear energy—from the human point of view—must 
await the perfecting of the fusion reactor. We will consider each 
source of nuclear energy in turn, paying attention to both advantages 
and drawbacks. 

The main thrust of federal energy R&D has been in nuclear energy. 
This policy has long been criticized on grounds that the comparative 
promise of nuclear energy has never been proportional to the share of 
funds allocated, and that a more balanced and comprehensive federal 
program should have been pursued. Early enthusiasm for atomic en
ergy was based largely on Utopian thinking. But even though a kilo
gram of uranium-235 could release enormous energy, the energy cost 
of finding and concentrating the raw materials necessary to produce 
that kilogram exceeded the useful yield of energy in generating elec
tric power in 1945, and continued to do so until the 1970s. Thus 
atomic energy was for a long time a net consumer of energy rather 
than a producer. 

Despite this fact, there was never any chance that nuclear power 
would fail to receive continuing public subsidy. The permanent in
volvement of the military in the production of weapons-grade ura
nium (93 percent U-235) insured a capability for producing the much 
less concentrated reactor-grade uranium (3 percent U-235), and there 
was the sanguine expectation that "peaceful uses" of atomic power 
would be a salutary byproduct of military necessities. 

Burner versus Breeder Reactors. Current reactors "burn" U-235 to pro
duce heat, which is then used to produce steam, turn turbine blades, 
and generate electricity as in more conventional utility plants. Com
mercial development of the burner reactor came as a byproduct of 
military efforts to develop nuclear power plants for submarines. Fed
eral nuclear R&D funds have in contrast long been focused on the de
velopment of "breeder" reactors, which not only consume U-235 as a 
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fuel, but also convert other radioactive substances such as uranium-
238 and thorium-232 into fissile compounds as the result of neutron 
absorption. In naturally occurring uranium only seven atoms in every 
thousand are in the form of the isotope U-235. Their concentration to 
30 per thousand is necessary to make current burner reactors operate. 
The appeal of the breeder reactor is precisely its ability to transmute 
U-238 atoms, which are plentiful, into U-235, greatly increasing the 
fraction of elemental uranium metal that can be fissioned. The origi
nal promoters of nuclear energy in the 1940s foresaw breeder reactor 
production of electricity as the goal and regarded burner reactors as a 
temporary expedient. 

While the promise of the breeder reactor from this perspective is 
impressive, the economic advantages of "breeding" are actually 
smaller, since the cost of the uranium input itself is very small relative 
to the total cost of nuclear power generation. The reasons for intense 
government emphasis on breeders are other than economic, and are 
not entirely clear. Scientific interest developed out of the enthusiasm 
of physicists and engineers for developing a complex new technology 
for its own sake. Justifying the spending of public funds, however, re
quired other reasons. It was possible to assert that the supply of ura
nium was desperately limited, so that breeders would be needed 
within a few decades due to resource depletion. Such arguments seem 
overstated and without substantial merit. Uranium is not naturally 
abundant, but it is very widely distributed in low concentrations. 
There are numerous regions in the United States where uranium ores 
are found. The relatively brief period of active widespread exploration 
in the 1950s resulted in the discovery of so much uranium ore that 
further exploration was discouraged for a number of years. Although 
proven reserves are currently not excessive relative to anticipated de
mands in the future, the United States is now in about the same posi
tion with regard to uranium resources as it was with regard to oil in 
the 1920s, when little systematic exploration had been done relative 
to the entire resource base and much more oil remained to be discov
ered than had been found up to that time. 

Although increasing amounts of electricity have been generated by 
burner reactors since the late 1950s, the operation was economically 
subsidized and was in fact even a deficit process in energy terms until 
the late 1960s. While energy was naturally required to mine uranium 
ore and construct the reactor plant and equipment, the largest energy 
input was in the concentration or "enrichment" of the uranium ore, a 
process that required very large quantities of electric power. Econo
mists tend to smile at scientists who look at energy balances, prefer
ring themselves to look at profitability as reflected through supply and 
demand. Assuming rational energy pricing, it is true that any process 
which operates at an energy deficit is very likely to operate at an eco
nomic deficit. But nuclear energy has been heavily subsidized in four 
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ways: (1) all R&D work is done at public expense; (2) utilities are sup
plied with enriched uranium at prices that do not cover the total cost 
of enrichment: (3) radioactive wastes are disposed of at public ex
pense; and (4) utilities are supplied with public liability insurance at 
rates below those that would be charged by private companies, as
suming that the latter ever felt in a position to offer such insurance. 
The magnitudes of these subsidies are difficult to estimate, but they 
are very significant. The enrichment subsidy, for example, is particu
larly resistant to estimation. The government's cost of uranium en
richment is a closely guarded secret, as are all details of the federal 
nuclear program. 

Until the Arab oil embargo of 1973, the economics of nuclear power 
had always been uncertain. Utility companies did not begin to order 
nuclear reactors in any volume until the major equipment suppliers 
undertook a policy of promotionally low pricing in the early 1960s, 
hoping that economies would materialize as business developed and 
experience grew. Such hopes were not justified, and utilities and con
tractors were both disappointed as costs rose above estimations, de
lays occurred in construction, and reliability proved inadequate. Nev
ertheless, the plants were eventually built, and after the energy price 
increases since 1973, nuclear power generation appeared to be eco
nomically viable. Federal regulations penalizing the use of high-sulfur 
coal, the decline in domestic natural gas supplies under federal price 
control, and the high cost of low-sulfur fuel oil deflected utility plant 
investment away from fossil fuels and toward nuclear installations. 
But by the time this trend was well under way, it had become very 
difficult to obtain the necessary sites and permits for new nuclear 
plants due to increasing opposition on safety and environmental 
grounds. 

There are a number of paradoxes, technical and otherwise, about 
nuclear power. While nuclear energy is regarded by the layman as 
embodying the most sophisticated sort of technology, the burner re
actor now in use in the United States is essentially a glorified water 
heater, extracting less than 1 percent of the total energy in the ura
nium input and converting that extracted heat energy into electricity 
at a relatively low thermal efficiency of only about 32 percent. But 
nuclear enthusiasts insist that even after all this inefficiency it is still 
wondrous that so much energy is obtained from so little mass. Lay
men generally have been misled by the apparent accessibility of the 
relationship between matter and energy, as given in Einstein's special 
theory of relativity: E= mc2. Here E is energy, m is mass, and c is the 
speed of light (i.e., the speed of electromagnetic radiation). From this 
equation it readily follows that the conversion of 1 pound of mass into 
energy would yield 38.9 trillion Btu, or enough to raise the tempera
ture of 4 cubic miles of seawater by 1 degree Fahrenheit. But the fal
lacy is that matter cannot in practice be entirely converted into en-
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ergy. Protons and neutrons cannot be destroyed. Nuclear energy is 
released by a rearrangement of the subatomic particles in the nuclear 
fuel. This rearrangement results in a small loss of mass. In the com
mercial fission reaction, only 0.1 percent of the mass of the nuclear 
fuel is actually converted into energy. Thus mass is far from being 
totally annihilated in the fission reactor—by a factor of 1000 to 1. 

Will the advent of the breeder reactor greatly reduce energy costs? 
This is not very likely, since the cost of uranium today is only a small 
part of nuclear energy costs, and cutting uranium costs all the way to 
zero would not exert much downward leverage on total costs. If a true 
shortage of uranium ultimately develops, then of course uranium costs 
would eventually increase and the breeder would make a real contri
bution in retarding the date of arrival of some genuine future uranium 
shortage. But breeding is an expensive and relatively slow process, 
which has hazards all its own. The term breeder is itself misleading, 
since it conveys the impressions that the reactor actually creates new 
mass, so that the more fuel it uses the more surplus fuel it creates, and 
that the longer it runs the greater the supply of fissionable isotopes 
becomes. On the contrary, 140 pounds of uranium, for example, will 
never under any circumstances provide more than 140 pounds of fis
sionable fuel. Of this 140 pounds, only 1 pound will be U-235. With 
burner reactors only this pound (and not even all of it) could be used. 
With breeder reactors, all of the 139 pounds of U-238 might conceiva
bly be converted into plutonium-239 to be used as fuel in the breeding 
process. Given present technology, and abstracting from economic 
limitations, only about 60 percent of the U-238 could be converted into 
reactor fuel. This still implies that perhaps 84 pounds of fissile mate
rial could be obtained from 140 pounds of uranium. A multiplier of 84 
to 1 would seem to provide a lot of leverage for the uranium supply. 
Still, it is not infinite. By the time the 84th pound of fuel is consumed, 
there is no further fuel produced. Hence the term breeder is funda
mentally misleading. The reaction is more like a jailbreak, where sta
ble atoms are liberated by being converted into more usable fissile 
forms, allowing energy to escape. The term jailbreak reactor would be 
preferable, since only so many prisoners can be liberated from a given 
jail. 

The breeder reactor provokes widespread opposition on both safety 
and economic grounds. Not only is there some small danger of cata
strophic reactor accident, but the operation of a system of breeder 
reactors involves the accumulation of surplus plutonium fuel that 
must be periodically removed from the reactor and shipped to other 
plants for fuel use. Plutonium is one of the most lethal of all the radio
active byproducts of nuclear power generation, and as such it has a 
natural appeal to terrorists and to nations unable to make nuclear 
bombs by concentrating U-235. Furthermore, plutonium bombs are 
easier for nuclear amateurs to make. It is difficult to assess the mag-
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nitude of risk from this hazard, but it seems only prudent to award it 
a significant value. 

As described in Chapter 5, the operator-error mishap involved in the 
Three Mile Island burner reactor, although resulting in remarkably 
little apparent damage, was enough to discredit nuclear power safety 
entirely in the eyes of millions of observers. Thus the ranks of nuclear 
industry critics, already large, were further swollen. Still, this was the 
first potentially serious accident in a burner reactor after several 
hundred reactor-years of operation. But the safety record of the as yet 
commercially unborn breeder reactor industry in the United States is 
far worse. In 1961, one of the three experimental liquid metal fast 
breeder reactors suffered a core meltdown in Idaho, killing three 
workers, and in 1966 the experimental Enrico Fermi plant near De
troit was shut down after part of its core melted down following a 
cooling system blockage. 

Economic criticisms center around two issues. While breeders 
promise lower long-run fuel costs, their capital costs are much higher 
than those of burner reactors, making total costs higher. If there is no 
real shortage of uranium, the breeder is a white elephant. Second, the 
gestation period of a breeder reactor may be disappointingly long. The 
"doubling times" of breeders now under consideration range from 10 
to 20 or more years, but the longer the time required for a breeder 
with a given fuel charge to generate an equal additional fuel charge, 
the less promising the economics. 

Nuclear Fusion. Nuclear energy can be obtained not only by the fis
sion of heavy elements but also by the fusion of lighter elements. Here, 
however, more work must be done on the system in order to achieve 
an energy output, and the technical problems are much more formi
dable. In the economically most promising reaction, two hydrogen iso
tope atoms are combined to produce a single helium atom, together 
with the release of energy. The amount of mass converted into energy 
is about 0.37 percent of the mass of the two original hydrogen isotope 
atoms—almost four times as much as in the fission reaction. But there 
are many difficulties. First, the fuel inputs consist of deuterium (hy-
drogen-2) and tritium (hydrogen-3). Although the abundance of deu
terium is only about 1 atom in 6500 atoms of ordinary hydrogen, the 
supply of hydrogen from sea water is superabundant, and the ease of 
separation of deuterium from hydrogen is so great that the cost of 
obtaining deuterium for fuel use is not significant. Tritium, however, 
is of only microscopic abundance in nature and must be obtained by 
nuclear bombardment of lithium, itself an element of rather limited 
occurrence. Thus the fusion reaction must also depend upon the fis
sioning of lithium to yield tritium. But of still greater importance is 
the very high temperature required to achieve thermonuclear fusion, 
roughly 100,000,000°C. While thermonuclear fusion is the source of the 
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sun's energy, the sun's fusion reaction (somewhat different from those 
employed on earth) takes place at a much lower temperature—per
haps 15,000,000°C—but at pressures higher than have yet been 
achieved on earth. 

Heating the deuterium-tritium fuel mixture to 100,000,000°C con
verts it into a plasma state (dissociation of electrons from atomic nu
clei), which is intensely unstable and difficult to contain. But the 
plasma must be contained to permit the reaction to proceed; it must 
be stable in order to be contained, and it has to possess the necessary 
density in order for the reaction to be sustained. The most promising 
reactor contains the plasma in a doughnut shape by magnetic forces 
for a sufficiently long time period at a sufficiently high temperature 
and at a sufficiently low density to achieve the reaction. So far the 
three problems of time interval, temperature, and density have not all 
been solved simultaneously. While it has proved possible to achieve 
temperatures of over 100,000,000°C, they have not been maintained 
long enough to permit the fusion reaction to begin. And while the 
plasma state has been stabilized for a sufficient time interval and at 
sufficiently low densities, the heat achieved has not been adequate. So 
far the only significant energy release from fusion has been from hy
drogen bombs (using atomic bombs to initiate the reaction), where 
there is of course no concern for containment or sustaining a con
trolled reaction. 

A perfected fusion reactor would have enormous advantages. Most 
inspiring is the virtually unlimited supply of seawater for providing 
hydrogen fuel. The oceans become a fuel resource, with each gallon of 
seawater having a recoverable energy content equal to that of 300 gal
lons of gasoline. Pollution and safety problems are also much reduced. 
There will not be a sufficiently large mass of hydrogen in the reactor 
at any one time to permit an explosive reaction. There are no radio
active byproducts that require transportation to other sites for pro
cessing or fuel use. The only radioactive product is the tritium isotope, 
which is only mildly harmful, has a short half-life, and is not biologi
cally active as a gas. The only real hazard is that of tritium combining 
with oxygen to produce radioactive water, but good reactor design 
should reduce this hazard to an acceptable level. Since fusion reac
tions take place at high efficiencies, perhaps on the order of 60 per
cent, there will be less thermal pollution in the form of waste heat. 

The commercial success of the fusion reaction probably lies decades 
away unless an entire series of currently unanticipated major techni
cal breakthroughs occur very soon. While the coordination of any very 
large-scale joint research and development program presents many or
ganizational problems, those in fusion research appear particularly se
vere. The general problem is that there can be only so much flexibility 
in a given project design, and each of the groups involved tends to 
appropriate for itself all of the design flexibility, leaving other groups 

3 6 Q ENERGY ECONOMICS AND POLICY 



with virtually impossible tasks to perform. It is as if every input factor 
employed in a process yielding a commodity that could be sold at a 
profit tried to appropriate the entirety of that unit profit for itself 
alone. 

OTHER ENERGY SOURCES 

Fuel Cells. Most processes for converting fuels into electric energy are 
unable to achieve a net efficiency of more than about 40 percent since 
they convert chemical potential energy into thermal energy and then 
convert the thermal energy into mechanical and finally into electrical 
energy. The fuel cell, however, is able to convert chemical potential 
energy directly into electrical energy and thus avoids the inefficiency 
of thermal conversions. 

The fuel cell principle is the reverse of electrolysis. Hydrogen and 
oxygen can be electrolytically separated from water by supplying 
enough energy to break the bonds between those two elements. In the 
hydrogen fuel cell, hydrogen and oxygen are combined to produce wa
ter and the energy released by the reaction is obtained in the form of 
electricity. The cell is constructed like a battery and contains a porous 
fuel electrode (anode), through which the hydrogen is fed, and another 
porous oxidizer electrode (cathode), through which the oxygen is in
troduced. These electrodes are separated by an intermediate electro
lyte. Chemical reactions within the cell create electrical voltages at 
the electrodes. These can be utilized by connecting an electrical load 
to these electrodes. 

Fuel cells have not been widely used outside the space program for 
economic reasons. High capital costs and relatively short operating 
lives mean expensive electricity. In addition, the cost of hydrogen fuel 
is significant and is likely to increase if hydrogen continues to be pro
duced from natural gas and light petroleum liquids. But there is 
surely room for cost reduction. Early fuel cells built for the space pro
gram cost from $100,000 to $400,000 per kilowatt; those used in mili
tary applications cost about $30,000, but firms today are doing re
search on utility applications with a goal of costs in the $500-per-
kilowatt range, which would be competitive. In 1984 costs had been 
apparently reduced to the range of $1500 to $2000 per kilowatt. By 
the mid-1980s, several dozen fuel cell projects were being operated on 
an experimental basis, and it was hoped that production and operat
ing experience would bring about further cost-saving innovations. 
Current efforts, which do not involve mass production, have already 
lowered capital costs and have increased operating life significantly. 
True mass production for larger markets would greatly increase the 
probability of achieving the cost reductions needed to make fuel cells 
competitive. Once fuel cell costs are cut to competitive levels, their 
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use should spread very rapidly; they could be used in central genera
tion stations, high-output power plants to supplement central station 
facilities, low-output power plants for remote locations and unat
tended operations, and units for on-site conversion of hydrogen to 
electricity in residences and small commercial installations. 

Initial fuel cell installations have been made in applications where 
there is a premium on reducing air pollution further in an already 
polluted airshed, or in which users are attracted to a self-contained 
modular energy system embodying clean and advanced technology, as 
in schools, gymnasiums, and municipal centers. In the former cate
gory, we find new municipal power generating plants in the United 
States and Japan. The Manhattan plant in New York City has a capac
ity of 4.5 megawatts, obtains hydrogen by reforming naphtha, and op
erates at an efficiency of 37 percent, before allowing for thermal en
ergy recovered from process heat and hot water byproducts. The 
Tokyo plant, of equal wattage, began operations in 1983. In the latter 
category, the U.S. Department of Energy sponsored 40 smaller wat
tage demonstration units, such as the two 40-kilowatt units providing 
light and heat at Racquetball World in Fountain City, California. 

The new units embody the best of current technology, but second 
generation cells with exotic components could operate with efficien
cies near 90 percent. Westinghouse plans to install two 7.5 megawatt 
prototype electricity plants by 1988, and commercial utility plants on 
larger scales are projected for the United States and Japan in the 
1990s. Federal government support for fuel cell development was over 
$30 million per year in the mid-1980s. 

Energy from Recovery of Wastes. A limited but still useful amount of 
energy could be recovered from the processing of municipal, indus
trial, and agricultural wastes. The economic return to such activities 
is very sensitive to the cost of collecting these wastes, however, and a 
combination of the services of garbage disposal and fuel production 
might make an otherwise unpromising venture economically viable. 
In this respect processing municipal garbage may be profitable since 
many cities have run out of sites for disposal of garbage by conven
tional landfill operations, and incineration without unacceptable pol
lution is costly. Power plants could offer to dispose of municipal gar
bage at a price marginally less than the city's cost of otherwise 
disposing of these wastes, and thus obtain its fuel input at a negative 
price. Processing this input, however, would be more or less costly 
depending upon the method employed. The simplest way is direct in
cineration in a water-wall burner, a chamber the walls of which con
tain water-filled pipes. Burning the unprocessed garbage generates 
steam for a power plant or for other uses, but the ashes that remain 
must be disposed of at some cost. 
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Depending upon the price received for accepting city garbage, the 
cost of generating energy from trash conversion appears to be between 
$2.70 and $3.60 per million Btu in 1984 dollars. Progress in trash con
version is slow, however, since this activity requires close cooperation 
among municipal governments, conversion contractors, and utility 
companies, within a context where there are no precedents or guide
lines for cooperating. For these and other reasons, including the fact 
that many cities still have adequate land for garbage disposal by 
dumping and filling, it is unlikely that garbage conversion will add 
greatly to national fuel resources in the next 10 or 20 years. Even if all 
the municipal solid waste in the nation were converted to fuel, it 
would provide the energy equivalent of only about 1 million barrels of 
oil per day, some 3 percent of energy use. Apart from municipal gar
bage, it appears that perhaps 72 million tons of organic biomass might 
be reclaimed from other wastes originating in the agricultural, indus
trial, and municipal sewage sectors. At the rate of about 1.25 barrels 
of oil per ton of wastes, this would provide a maximum of about 
250,000 barrels of oil per day. Again, this is not a very large part of 
total national energy consumption, and the economics of processing 
these nonmunicipal wastes is even more uncertain than that of munic
ipal trash conversion. 

Geothermal Energy. Inside the earth is an enormous amount of inter
nally generated and stored heat, which cannot be overlooked as an 
energy source. If molten rock or magma extends in isolated columns 
to within a few kilometers of the earth's surface, the adjoining rocks 
are subjected to great heat. If water is trapped above the magma in a 
permeable stratum between two impermeable strata, the water may 
be converted into superheated steam, which can escape through fis
sures in the upper stratum. This steam can escape in the form of a 
surface geyser, and we have a dry steam field. The magma may also 
heat other bodies of subsurface water to lesser temperatures such that 
a mixture of steam and water is produced, creating what is called a 
wet steam field. At still lower temperatures the water is hot but below 
the boiling point. Finally, there are dry geothermal reservoirs consist
ing of large masses of very hot rocks (up to 700°F), which contain no 
water. 

At present only the dry steam fields appear to be economically at
tractive, but research is proceeding on ways to use other geothermal 
resources as well. A dry steam field is developed in a manner analo
gous to that for an oil field. The field must contain steam heated to at 
least 350°F and should not be more than about 10,000 feet deep. Wells 
are then drilled into the steam formation and the steam is fed directly 
to a generation plant. Only a single field is now in operation, the Gey
sers field in California, but it is increasing its capacity rapidly and 
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may achieve an output of 3 billion watts. (An oil input of about 75,000 
barrels per day would be required to generate this much electricity at 
average fossil fuel plant thermal efficiencies.) 

The total energy potential of geothermal sources is impressive, and 
much of it should be economically feasible at present energy prices. 
But geothermal steam resources are depletable. Only a finite amount 
of water is trapped above magma intrusions. How long a given field 
will last is a matter of speculation. The large Lardarello field in Italy 
has been producing increasing energy since 1904. For most geothermal 
sites an estimated life of 50 years is regarded as conservative. 

Geopressurized Methane, Geopressurized methane is a potentially very 
important geothermal resource. Oil- and gas-bearing sedimentary bas
ins line the Texas and Louisiana Gulf coasts. Much evidence indicates 
that there are sedimentary deposits lying below these oil and gas fields 
but above intrusive masses of heated magma, which contain trapped 
hot water, steam, and natural gas. Drilling into these deposits might 
make available vast amounts of energy in the form not only of steam 
but also of methane dissolved under pressure in the heated water. 

It is believed that the geopressurized methane fields along the Gulf 
Coast were originally deep oil and gas reservoirs that were later sub
jected to intense heating by the approach of magma bodies from be
low. Under great heat and pressure the oil that originally existed in 
these reservoirs was broken down into methane gas, which saturated 
the salt water content of the reservoir rocks. When these waters be
come so saturated with gas that no more could be contained, the ex
cess gas leaked upward, forming the shallower gas fields along the 
coast. The problem therefore is to drill deeper, below the known 
coastal gas fields, and penetrate the geopressurized methane fields, 
producing enough of the hot water to lower the formation pressures 
sufficiently to bring the gas up out of solution. Once gas production is 
initiated in this manner it can probably be continued for a long period 
of time, since the estimated volume of geopressurized methane on the 
Gulf Coast is enormous—perhaps 50 quadrillion cubic feet, or about 
250 times the current proved reserves of gas. 

Despite such potential, efforts to date have been disappointing. The 
water/methane gas ratio has been higher than expected, reducing 
yields and raising water disposal costs. In the absence of major tech
nical breakthroughs, gas prices of two to three times 1985 levels may 
be necessary before geopressurized methane becomes economic. 

Tidal Energy, Tidal energy is derived from the combined kinetic and 
potential energy of the sun-moon-earth system and is not a variety of 
solar energy. Total power capable of generation at a given site varies 
with the area of the enclosed tidal basin and with the square of the 
height of the tide, or tidal range. The United States contains only two 
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regions with tides of over 15 feet: Passamaquoddy Bay in Maine and 
Cook Inlet in Alaska. The Maine bay is bounded by Canada so that its 
development would involve all the tensions inherent in international 
cooperation, and the amount of energy obtainable from the U.S. sector 
is quite small—only about 1.8 billion kwh per year. The potential tid
al energy of the Alaskan Cook Inlet is much greater, at 75 billion kwh 
per year, but water depths of 300 feet at the mouth of the inlet, the 
presence of drift ice and silt, and the possibility of earthquakes make 
it very unlikely that this area will be developed in the next 25 years. 
Abroad, prospects are not much better. There are only two tidal power 
plants operating in the entire world, one in France and one in the 
Soviet Union, which is an indication of the difficulty of harnessing 
such a diffuse and episodic energy source as tides. 

Hydrogen as a Fuel. In addition to being an ideal fuel for fuel cells, 
hydrogen is needed to produce synthetic liquid and gaseous fuels from 
coal by increasing the ratio of hydrogen to carbon in the input mate
rials. Hydrogen is also needed to refine petroleum and shale oil, and 
it is possible to make such fuels as methanol or gasoline out of hydro
gen and atmospheric carbon dioxide. Hydrogen itself can be used as 
fuel; with its high heat of combustion it can be burned to produce 
thermal energy for heating or for steam-electric generation. If a fuel 
storage system could be devised, hydrogen could even be used to 
power motor vehicles. 

The chief obstacle in the path of movement toward a "hydrogen 
economy" is the high cost of producing hydrogen from sources other 
than petroleum. While hydrogen can be generated relatively inexpen
sively from natural gas and light oils, these fuels are themselves scarce 
and the opportunity cost of using them for hydrogen production is 
high. The major reserves of hydrogen are in seawater, but at present 
its electrolysis takes as much or more energy than can be obtained 
from the subsequent combustion of the hydrogen output. The perfec
tion of an economical solar cell would provide a good source of energy 
for water electrolysis—low-voltage direct current—and solar cells 
might be used to make hydrogen on a large scale. Ocean thermal en
ergy conversion plants could also use the energy they generate to pro
duce hydrogen and oxygen from seawater. Since the capital costs of 
solar energy plants are high and the fuel costs are practically zero, it 
is optimal to utilize these plants as continuously as possible. Hence 
capacity not used to generate power during periods of slack demand 
could be employed in the production of hydrogen, which could be 
stored as a gas to be used at a later time, in fuel cells or in other 
devices, to supplement the output of solar plants during periods of 
peak demand. 

If electricity costs $0.10 per kwh, then hydrogen produced by elec
trolysis would cost in the range of $3.65 per million Btu. Still, cheaper 
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ways of producing hydrogen must be found before its use as a fuel can 
become widespread. At present it appears unlikely that the necessary 
breakthroughs will be made in time for hydrogen to play a major role 
as an energy source per se before the end of this century. But it is 
likely that increasing resources will be devoted to hydrogen research, 
since the use of hydrogen in the production of synthetic fuels and in 
refining will become increasingly necessary in coming decades. 

IMPLICATIONS FOR FEDERAL 
RESEARCH AND DEVELOPMENT 
POLICY 
The review of the previous list of energy sources provides both the 
private and public sectors with an extensive R&D menu. The question 
becomes, "How should the federal government allocate its energy 
R&D expenditures among the various alternatives, given that there is 
already much R&D performed in the private sector?" It is important 
to remember that the justification for government expenditure rests 
upon a market failure argument. Because an innovating firm cannot 
typically appropriate all of the social benefit from a new innovation, 
it will tend to underinvest. Stated differently, the social rate of return 
exceeds the private rate of return, so that government R&D is needed 
to increase investment up to the point where the social rate of return 
equals the market rate of discount. 

Does the appropriability argument mean across-the-board expendi
tures on all technologies? Some energy technologies are so far from 
becoming economic and the likelihood of new breakthroughs so lim
ited that the social rate of discount falls below the market rate of dis
count. Such projects are poor R&D bets. It is only those projects 
where the expected social rate of return exceeds or equals the market 
rate of discount which are eligible, and then only to the extent that 
appropriability is a problem. Moreover, the appropriability problem 
is likely to be more serious for basic research involving the invention 
of a new technique than for a firm engaged in the commercial devel
opment of a new technology. The latter is almost certain to capture a 
sizeable part of the benefit from the new technology, while the former 
has yet to prove the viability of the new technology. For this reason 
the appropriability problem is likely to be more serious in basic and 
applied research than in development. Federal funds should be allo
cated accordingly. 

Part of the costs and uncertainties facing an innovating firm are the 
direct result of government policies, but these costs and uncertainties 
may not represent true social costs. By eliminating or reducing such 
barriers, government can accelerate the development of new energy 
technology and enhance economic welfare. Examples of such barriers 
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include a host of bureaucratic licensing requirements and uncertain 
future environmental regulations. Even if very stringent environmen
tal restrictions were placed on shale oil operations that would apply 
for the life of the plant, investors would prefer this to a situation 
where restrictions change every few years. Investors are reluctant to 
invest $2 billion or more on a project that could be made uneconomic 
at the whim of some federal agency. Since government imposes these 
costs, there is no reason the government cannot eliminate them. 

We have an interesting asymmetry between the reactions of busi
ness and of government to market uncertainties. If the public sector 
wishes to hasten the development of new energy technologies, it ap
propriately seeks to provide the private sector with various induce
ments and guarantees that are aimed at reducing the adverse gap be
tween marginal social benefits and marginal private benefits that 
usually prevails in matters of innovating new technologies. If both 
business and government forecasts of future market conditions are 
consistent, then an incentive package can be arranged that will be 
sufficient to initiate the desired projects. If conditions later change, as 
they did in 1982-85 with conditions becoming more adverse, the pro
ject is in jeopardy unless the incentives can be adjusted satisfactorily. 
Often this is administratively impossible, and the private contractor 
can minimize losses only by postponing or cancelling the project. If 
the government agency still desires the innovation of the new technol
ogy, it may come to feel that there is little alternative to direct public 
involvement if projects are ever to get off the ground. It may reason 
that there is a long-term public interest in the establishment of new 
energy technologies, and that industry should not be in a position to 
abort operating programs on the basis of what may prove to be short-
run signals from changed current market conditions. Consequently the 
government may desire to be very much the senior partner in joint 
ventures where private companies essentially supply the hardware 
packages. This attitude is understandable and is defensible if govern
ment goals focus upon "information and insurance" objectives; these 
can be satisfied by building facilities large enough to throw light on 
the technology, economics, and possible hazards of new projects, but 
not large enough to contribute significantly to total energy supply. For 
commercial-scale plants, obviously future market conditions are cru
cial and, to the extent that these can be inferred from present condi
tions, either caution or enthusiasm might properly be displayed by 
private firms. 

The government's task is thus in part to provide steadily funded pro
grams that will yield valuable information regardless of current short-
term trends in market conditions. It is a sad commentary that govern
ment R&D policy is perhaps even more changeable than oil prices. 
Rather than reducing governmentally imposed costs and attempting 
to provide long-term support for projects providing valuable informa-
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tion, policies appear schizophrenic, varying with administrations and 
swings in oil prices. Under President Carter, the emphasis was on 
spending vast sums to reach arbitrarily determined levels of synthetic 
fuels production by 1990. Under President Reagan, support for energy 
R&D has languished with no clear objectives. While declining oil 
prices in the mid-1980s may have contributed to a general feeling of 
malaise about energy R&D, the development of low-cost backstop 
fuels could produce a welfare gain of enormous proportions. 

QUESTIONS *· ^ e u s u a " justification given for public R&D expenditures is the 
nonappropriability problem. Simply stated, a successful innovator 
seldom appropriates the full economic benefits of his innovation. 
Consequently, the firm's private rate of return is less than the social 
rate of return, and additional public R&D is justified to offset the 
underinvestment in the private sector. Think of examples of the 
nonappropriability problem. Are patent laws designed to mitigate 
the problem? What types of R&D projects are likely to pose the 
most serious appropriability problems? 

2. Suppose a major technical breakthrough lowered the backstop fuel 
cost from $70 to $50 per barrel. What effect would this have on 
today's energy price and economic welfare? 

3. Imagine yourself the director of the Synthetic Fuels Corporation 
with a fixed budget. What criteria should you use in funding var
ious projects? Is it useful to set explicit targets for synthetic fuel 
production by the year 2000? 

NotOS ** ^ e c o s t e s t i m a t e s that are presented have been drawn from a va-
riety of sources, including interviews with companies pursuing 
R&D efforts in new energy sources. The most valuable single source 
is Energy Futures by Herman and Cannon (New York: Ballinger, 
1976). Another useful source is the two-volume work Modern Energy 
Technology edited by Fogiel (New York: Research and Education 
Association, 1975). 
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SUGGESTED POLICY DIRECTIONS 

By now, the reader should be convinced that the energy problem can
not be distilled to a single well-defined problem such as characterized 
in the narrow and simplistic viewpoints outlined in Chapter 1. The 
challenge to any discipline is the ability to analyze a set of complex 
and interrelated problems and propose workable remedies. We hope 
that by now you, the reader, share with us the conviction that eco
nomics offers a powerful and exciting conceptual lens through which 
to observe and analyze energy markets. This book suggests that rather 
than there being only one energy problem, there are at least six energy 
problems, corresponding to the six previous chapters. In looking at 
each energy problem area, it was a straightforward procedure to pro
pose remedies for each problem viewed in isolation. But how is policy 
to be fashioned when we recognize all six energy problem areas? So
lutions to one problem may exacerbate related problem areas while 
ameliorating still others. 

Before surveying these six policy problem areas, however, it is nec
essary to devote some attention to two often overlooked aspects of pol
icy formulation: time horizons and international relationships. Too of
ten the phrase "public policy" is practically synonymous with the 
short-run domestic policy of a particular nation. In retrospect, it 
seems little short of ridiculous that major oil importing nations in Eu
rope and North America persisted in regarding energy policy as a 
purely domestic issue right up to and even beyond the Arab oil em
bargo of 1973, despite the fact that their dependence upon imported 
oil had been steadily increasing for a number of years. Some European 
oil importers, for example, considered the major energy policy issues 
of the late 1960s and early 1970s to be confined largely to the degree 
of subsidization of domestic coal producers and the extent of taxation 
of other energy industries operating within their own borders. But 
some of the most important energy policy areas are primarily inter
national in scope, such as importer policies to cope with OPEC, with 
oil supply interruptions, and with global environmental problems 
such as air pollution and the buildup of atmospheric carbon dioxide. 



As to time horizons, it is characteristic of the practical programs 
used to implement all public policies, energy and nonenergy alike, 
that the focus is on short-run expediency at the expense of long-run 
program integrity. Combating and containing existing disequilibria 
always seems more urgent that the less dramatic tasks of preventing 
future disequilibria. Thus when short-run scarcities materialize, it is 
virtually certain that too much effort will be expended in devising 
short-run price control and rationing systems, and too little attention 
will be devoted to laying the foundations for a more appropriate bal
ance between long-run supply and demand in the future. These weak
nesses of preoccupation with the short run and with national rather 
than group objectives must be kept in mind in the ensuing survey of 
the interrelationships among the six policy problem areas discussed in 
the last six chapters. 

Chapter 4 demonstrated that OPEC monopoly power, while variable 
in intensity, is quite real and that world oil prices are well above the 
level consistent with existing world oil reserves. As an offset to the 
welfare loss in the world crude oil market, OPEC's high prices tend to 
improve resource allocation in the markets where distortions exist, 
such as import supply uncertainty and research and development. 
Higher OPEC prices tend to encourage oil exploration in non-OPEC 
areas such as the United States, the North Sea, Canada,and Mexico. 
Consequently, the major importing countries may be much less depen
dent upon OPEC oil in the future than if OPEC had allowed the world 
price to remain at competitive levels. In addition, higher OPEC prices 
tend to encourage research and development on new energy sources, 
which could produce the breakthroughs that would provide abundant 
low-cost energy for the twenty-first century. 

Conflicts and compatibilities are also apparent between U.S. pricing 
policies and other energy problem areas. The long-delayed removal of 
domestic price controls on crude oil and the still incompletely 
achieved price decontrol of natural gas tended to weaken OPEC's mo
nopoly power, by increasing both the world price elasticity of demand 
and the price elasticity of supply from the competitive fringe. Crude 
oil price decontrol reduced the import supply uncertainty distortion 
as higher oil prices reduced overall consumption and increased do
mestic production. Since new energy forms must compete with 
domestic oil and gas, price decontrol will speed the development of 
new energy sources. On the negative side of the ledger, if the increased 
production of domestic energy does not occur under conditions that 
fully internalize externalities in energy production, the welfare loss 
from environmental externalities will be increased. 

The existence of these conflicts and compatabilities precludes the 
meaningful formulation of simple quantitative goals for energy policy. 
Politicians in particular like to announce quantitative goals for energy 
policy because quantitative goals give an appearance of precision. Ex-
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amples of such goals include "self-sufficiency" for U.S. energy produc
tion as espoused by the Nixon administration, and the Ford Founda
tion study's goal of limiting annual energy consumption to 100 
quadrillion Btu by the year 2000.1 Let us further generalize by con
templating the setting of a quantitative goal for each of the six energy 
problem areas. These could include: forcing OPEC prices down by $a 
per barrel per year, limiting SO* emissions to b tons per year, reduc
ing imports to c barrels per year, holding total energy consumption 
below d Btu per year, limiting domestic oil and gas price increases to 
e percent per year, and producing f barrels per year of synthetic oil. 

How do we know if these goals are compatible? Is it possible to limit 
domestic oil and gas price increases to e percent per year and still 
meet the conservation, import supply security, and research and de
velopment targets? Even if the goals were mutually compatible, given 
assumptions about OPEC stability, world economic growth, and so 
forth, what happens when a critical assumption changes? Continuing 
disunity among OPEC members would assure that the goal of steady 
decreases in real OPEC prices would be achieved, but falling world oil 
prices would probably mean that conservation, import limitation, and 
R&D targets would not be met. How, then, does one assess the success 
or failure of an energy policy? Should one merely weigh all goals 
equally and compute a simple batting average? 

Chapters 2 and 3 demonstrated that efficient energy allocation is 
really a pricing problem. Prices should reflect the equality of marginal 
social costs and benefits, not only at a point in time, but over time. 
Prices must be made to reflect the marginal social cost of production, 
which involves internalizing any externalities, correcting for the ef
fects of monopoly, and incorporating the user costs owing to the scar
city of a nonrenewable resource. The important conclusion is that if 
this condition is met, resource allocation is efficient, regardless of the 
amount of domestic production, the quantity of total consumption, or 
the level of imports! Policies designed to yield efficient prices will, of 
course, result in specific quantities of domestic energy production and 
total energy demand, and a given level of imports, but these numbers 
are only statistical artifacts resulting from efficient pricing and not its 
cause. The advantage of focusing on efficient pricing as opposed to 
specific quantities is that policy makers are then forced to undergo the 
discipline of computing marginal social costs and asking to what ex
tent these are approximated by market prices. 

TOWARD A COMPREHENSIVE 
ENERGY POLICY 
Given that an enlightened policy can overcome these contradictions 
through the efficient pricing of energy, the next question is how to 
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implement it. Obviously, energy policy must necessarily proceed se
quentially, focusing on one specific distortion at a time. This raises an 
important methodological question: In calculating the efficient pricing 
solution for a given distortion, should the resulting welfare effects of 
other distortions enter the analysis? One approach is to propose effi
cient pricing based solely on the distortion under consideration at the 
time. The second approach is to select an efficient price after including 
the direct welfare effects arising from other energy market distortions. 
Recall from Chapter 2 the example of an implacable distortion in mar
ket C while policy is aimed at correcting a distortion in market A. A 
second-best policy would be to select a price in market A that would 
maximize the welfare gain in the two markets. In essence, the first 
approach is to solve for the "best" solution while the second approach 
finds a "second-best" solution. 

The appropriateness of these two alternative solutions ultimately 
hinges on what one assumes about the permanence of the other distor
tions. If policy will subsequently deal with these distortions, then a 
purely piecemeal approach to efficient pricing is appropriate. Since a 
given distortion will be eliminated, there is no reason to include wel
fare effects from it in dealing with some other policy problem. On the 
other hand, if certain distortions are implacable, subsequent policy 
initiatives will not remove them. Therefore, to the extent that other 
policy changes generate welfare effects associated with these distor
tions, these welfare effects should be allowed for in formulating an 
optimal pricing solution. Our approach in the remainder of this chap
ter is to outline a "best" set of policies. Of course, this simplifies the 
analysis, but more importantly, the student and policy analyst should 
always explore the best solution first, before reluctantly modifying it 
to account for implacable distortions. Too often, policy proceeds on 
the basis of "what is politically feasible" (i.e., assuming a host of im
placable distortions) rather than asking what ought to be. Since "what 
is politically feasible" involves highly subjective judgments that are 
subject to change over time, we shall do well to avoid this type of 
speculation. 

OPEC: A SHIFT FROM PASSIVE 
ACCEPTANCE 

As illustrated in Chapter 4, even though world oil reserves will become 
less abundant in the 1990s, the prices extracted by OPEC are still well 
above that which would occur in a competitive world crude oil mar
ket. The world-wide welfare loss from the world's most successful car
tel was estimated to exceed $80 billion in 1984. 

In the long run, the best way to eliminate OPEC's monopoly power 
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is for each importing nation to follow a rational and coherent energy 
policy that places highest priority on reliance upon non-OPEC sources 
and limits OPEC imports to unavoidable minimum volumes, which 
should decline over time. But such policies are expensive and require 
patient concentration on long-run goals. What can be done in a short-
run time perspective? Even though short-run policy actions by con
suming nations are not likely in themselves to result in the cartel's 
disintegration, OPEC's monopoly power to control prices can be atten
uated substantially. Cartel unity is undermined through exploiting 
fundamental differences in interest among OPEC members. Certain 
countries have strong incentives to cut prices if not detected. Direct 
crude sales by government-owned companies allow the terms of such 
transactions to remain secret. With the international oil companies 
acting as vigorously price-competitive purchasers of OPEC oil, cartel 
solidarity will be weakened. Competitive bidding for import rights 
along the lines suggested by Professor Adelman fits into this category 
of policies that would exploit intercountry differences among OPEC 
members. 

In addition, Chapter 4 showed that both the world price elasticity 
of demand for oil and supply elasticity from the competitive fringe 
nations were quite sensitive in determining OPEC's optimal price. The 
use of tariffs rather than import controls helps make OPEC's demand 
schedule more price-elastic. To go a novel step forward, if the major 
consuming nations were to uniformly raise tariffs to match OPEC 
price increases, the effect of such a policy would be to double the price 
elasticity of demand! On the elasticity of supply side, prices from non-
OPEC sources must be allowed to rise to the level set by OPEC, as the 
supply response from the competitive fringe is an important check on 
the cartel's power. In addition, the long-run elasticity of supply from 
the competitive fringe is vital to checking OPEC power over the longer 
term. It is here that a vigorous R&D policy can lead to substantial 
welfare gains. 

In the 1970s OPEC was favored by a host of beneficial external cir
cumstances, which various cartel members exploited mercilessly. The 
1980s have been less congenial to cartel prosperity, largely because of 
its own previous pricing excesses, which cut world oil consumption 
and increased non-OPEC production. Thus during the 1970s the car
tel's members were its own worst enemies. By the mid-1980s this les
son had been learned and renewed attempts at effective collusion were 
being undertaken. The economic incentives for collusion have always 
been quite compelling. Nevertheless, OPEC's monopoly power can be 
further attenuated, resulting in additional reductions in real oil prices. 
But this will require a new posture from the consuming nations, rely
ing less upon supplications to foreign potentates and more on policies 
recognizing long-term economic realities. 
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METHODS OF AMELIORATING 
THE ENERGY/ENVIRONMENTAL 

CONFLICT 

Chapter 5 underscored the strong relationship between energy use and 
air pollution, and the weaker links with water pollution and with ther
mal pollution. Some may argue that energy development must take 
precedence over environmental controls or vice versa. This is a gross 
oversimplification, which overlooks the fact both are pricing prob
lems. If energy sources are priced properly, the appropriate trade-off 
between the two can be achieved. The key to preserving a livable en
vironment and expanding energy supplies lies in a careful cost-benefit 
analysis of the pollutants associated with each specific fuel. The price 
of that fuel must be made to include not only the private costs of pro
ducing the fuel but also the costs borne externally if the price is to 
truly reflect marginal social costs. Externalities can be internalized in 
the price of a fuel through either pollution standards or taxes. While 
there are situations where pollution taxes are inappropriate, we feel 
that in many areas taxes could supplant pollution standards and lead 
to increased welfare. Too often quantitative pollution standards are 
set with little or no regard for the marginal damages created by the 
last unit of pollution or the marginal cost of controlling it. By focusing 
on taxes, one must necessarily ask what tax rate equilibrates marginal 
damages with marginal control costs. 

Still another difficulty arises due to the uncertainty about present 
and future government environmental regulations. These are particu
larly serious in their impact on the development of synthetic fuels 
from coal and shale oil. A sensible policy would be for EPA officials to 
agree initially with synthetic fuel developers on acceptable operating 
procedures, which would remain in effect for a sufficiently long pe
riod, perhaps 20 to 25 years. Even though these standards might not 
be optimal for such a long period, they would eliminate the crucial 
uncertainty of having to meet much more stringent standards in the 
future. Particularly in the development of new fuel sources, environ
mental policies that reduce uncertainty can improve R&D perfor
mance. 

A common difficulty present in environmental policy formulation 
has been excessive stress on short-run programs aimed at achieving 
quick results, to the detriment of attaining long-run goals. A related 
example is the very long-run problem of carbon dioxide buildup in the 
atmosphere. In the short run, combustion reactions that yield carbon 
dioxide are regarded as environmentally benign, since carbon dioxide 
in itself does not give rise to the sort of pollution problems that are 
associated with carbon monoxide or sulfur and nitrogen oxides. Hence 
measures are adopted, such as catalytic converters on automobile en-
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gine exhaust systems, which increase carbon dioxide emission. But in 
the long run the climatic changes brought on by increasing concentra
tions of atmospheric carbon dioxide may cause intense social and eco
nomic disruption on a global scale. The problem is both long-run and 
international in scope—precisely the sort of policy issue that conven
tional approaches are poorly qualified to deal with. It is, however, en
couraging that at the scientific and technological level the carbon 
dioxide buildup phenomenon is receiving cooperative research efforts 
on an international scale previously unparalleled. 

SUGGESTED APPROACHES TO 
THE PROBLEM OF COPING WITH 
OIL IMPORT INTERRUPTIONS 
Chapter 6 illustrated that the national security problem is nothing 
more than a standard externality problem. Again the starting point 
for policy analysis must be a careful cost-benefit analysis involving at 
least four steps. First, the marginal damage function must be quanti
fied. Second, policy makers must identify the policy set of security-
enhancing measures that lead to the overall minimization of the sum 
of damage costs, control or security costs, and administrative costs. A 
third step is to implement the provision of these security-enhancing 
measures at their socially optimal levels. A fourth step involves trans
lating the implicit security premium attachable to secure domestic 
and foreign oil supplies into market prices that internalize the exter
nal security premium. 

To date, considerable progress has been made on steps one and two. 
Knowledge about the marginal damage function and identification of 
the Strategic Petroleum Reserve as a low-cost security-enhancing de
vice are heartening. Progress on steps 3 and 4 is less encouraging. De
spite analysis supporting at least a 750 million barrel SPR, the outlook 
in the mid-1980s was that it would be scaled back to 500 million bar
rels or roughly 100 days' supply of imports. There is the additional 
question of how and when withdrawals from the SPR will proceed. 

While international oil-sharing agreements are theoretically in place 
among nations participating in the International Energy Agency, it is 
not obvious how they would in fact operate. It must constantly be 
realized, however, that oil import interruption is a problem common 
to all importers, and policies that appear to be optimal for one im
porter in isolation will not prove optimal in practice, since no country 
is in fact isolated from all other importers. A cooperative framework 
must be developed within which free trade among importers takes 
place on the basis of prices that adequately internalize the external 
costs associated with insecure sources of imported oil. Since interna
tional cooperation in policy matters is both crucial and difficult, the 
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formulation of an optimal program among the importing countries 
will be a matter of extreme difficulty. 

Even if governmental authorities attain the optimal level of national 
security through the provision of these emergency supply and conser
vation policies, there remains the fourth problem—a distortion in the 
market for crude oil. Assuming domestic oil sources are allowed to 
compete with foreign imports subject to embargo, the two prices will 
be equivalent. Yet the latter includes a risk premium against which 
authorities have had to purchase security. In effect, the true social 
costs of the nonsecure oil are not fully reflected in its market price. To 
correct for this distortion, a tariff equivalent to the security premium 
should be attached to the nonsecure imports. Additionally, a tariff pol
icy by the United States helps to increase the demand elasticity facing 
OPEC and thereby to attenuate price increases. 

POLICIES TO PROMOTE 
CONSERVATION 

The term energy conservation means many different things to differ
ent people. To many, energy conservation is simply using less energy 
per dollar of GNP. In the 1970s, the concern was that there were only 
limited possibilities to substitute energy for nonenergy inputs. There
fore, reductions in energy supplies would, according to this view, re
sult in more or less proportional reductions in GNP. The experience of 
the 1980s puts such fears to rest. The corresponding reductions in en-
ergy-GNP ratios and the substitution from oil to other energy forms in 
the 1980s has been impressive. 

Today, the conservation issue centers not on the feasibility of reduc
ing energy consumption but rather on the criteria one should use to 
determine whether energy consumption and production are occurring 
at the economically optimal rate. To an economist, conservation on 
the demand side of the market occurs when the marginal social value 
equals the marginal social cost. This implies that the prices of energy 
include their full social costs, including any external costs. Nonprice 
methods of energy allocation generally behave poorly in allocating en
ergy to its highest valued uses. Furthermore, such policies, adopted 
during short-run emergencies, frequently end up as long-term alloca
tion devices. The experience of the 1970s counsels emphatically 
against nonprice allocation schemes despite their attribute of avoiding 
large scale income redistribution. Unfortunately, these are lessons 
soon forgotten, particularly in the face of an impending embargo. 

When conservation criteria are applied to domestic oil production, 
it is apparent that in the absence of any public intervention, a serious 
market failure would exist. State prorationing laws have sought to 
deal with the symptoms of the market failure—excessive drilling and 
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supernormal production rates. Instead, the economically efficient so
lution requires that an oil field be treated as a single economic unit 
and produced so as to maximize fieldwide production. Unitization 
rarely occurs voluntarily, and compulsory unitization laws fail to 
reach a large portion of U.S. production. 

GOVERNMENTAL PRICE 
CONTROLS AND TAX POLICIES 
During the period when oil and gas prices were controlled at low lev
els, these price controls occasioned a loss in U.S. economic welfare 
second only to the welfare losses imposed by the OPEC price hikes 
themselves. These price controls led to a welfare loss from overcon-
sumption by artificially lowering the prices of oil and gas. At the same 
time, price controls on domestic production restricted domestic out
put below the socially optimal level. 

Deregulation of crude oil prices in 1981 and of many categories of 
gas prices in 1985 considerably reduced welfare losses in these and in 
other related markets. The elimination of price controls on oil defi
nitely increased the price elasticity for OPEC's oil exports. Under price 
controls, every increase of $1 per barrel charged by OPEC increased 
the average oil price paid in the U.S. by only about $.50. After dereg
ulation, every $1 price increase by OPEC increased U.S. prices by the 
same dollar amount. Price decontrol of oil and gas will lead over time 
to greater discoveries and production by competitive fringe producers, 
further undermining OPEC. Increased domestic production will like
wise reduce the dependence of the U.S. on nonsecure oil sources and 
reduce national security costs. Since all fuels, both conventional and 
exotic, must compete against oil and gas, the elimination of low oil 
and gas price ceilings will enable the more rapid development of new 
energy forms. 

Notwithstanding these achievements, the legacy of these earlier pol
icies is the Windfall Profit Tax and continued price controls on certain 
categories of natural gas. While the Windfall Profit Tax is scheduled 
to be phased out beginning in 1991, it remains unclear whether such 
a phaseout will indeed occur. In the interim, secure domestic oil com
mands a lower net price than oil from the Middle East. 

ENERGY RESEARCH AND 
DEVELOPMENT 
It is time to take a long look down the road into the twenty-first cen
tury, when oil and gas supplies will have become even more expen-
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si ve. Our decisions now will determine whether abundant new energy 
sources will be available at lower prices. Chapter 9 outlined a number 
of promising new technologies, but their cost and availability will all 
require substantial technical breakthroughs. The fact that the success
ful innovator seldom appropriates the full social benefits from his in
novation means that in the absence of government expenditure the 
private sector will underinvest in R&D. Obviously, government can 
support a variety of research modes, from broadly fundamental to nar
rowly applied, and can range from support of a variety of technologies 
to support of only one technology. 

We visualize the government as being able to spawn new energy 
industries through a system of competitive bids at a very low cost to 
the taxpayer. For energy technologies that appear reasonably close to 
becoming economic, the government could agree to guarantee the 
price received by producers of the new energy form. Let us assume 
initially that five firms might receive such a price guarantee. To use 
synthetic gas as an example, firms would submit bids for the mini
mum price guarantee necessary to allow them to build a synthetic gas 
plant of specified capacity. Suppose it were decided that initially five 
separate producers should begin production in the industry. The fifth 
from the lowest bid would then become the guaranteed price for all 
five producers. On the other hand, if there were a big price differential 
between the fourth and fifth lowest bids, authorities might decide to 
begin with only four producers, using the bid of the fourth firm as the 
guarantee price. 

This approach of founding new energy industries has three promi
nent advantages. First, the firm has the incentive to minimize costs 
and make the technology commercial. Second, the cost to the taxpayer 
is only the difference between the guarantee price and existing market 
prices. Third, establishing a number of initial producers fosters a com
petitive market structure and the use of diverse technologies. 

One should anticipate that technological change will result in major 
cost reductions in some of the new energy markets and not in others. 
Once the cost falls below existing market prices, new firms will enter 
and existing firms will expand capacity without the necessity of any 
guarantees. For other new energy industries, the cost breakthroughs 
may never be significant enough to lower costs to be competitive with 
existing fuels, and the industry will terminate with the price guaran
tees after, say, a twenty-year period. 

To recapitulate, through a sealed-bid minimum guarantee price, a 
number of promising infant industries utilizing new energy technolo
gies would enter the market. The size of these infant industries would 
of course vary depending on a number of factors, including the price 
differential between existing fuels and the bid prices. Once they were 
established, the only government assistance would come for the plants 
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initially granted the price guarantee, and even these could expire af
ter, say, a twenty-year period. Thus we are not envisioning a huge 
system to subsidize high-cost energy production just because it origi
nates from nonconventional sources. An additional element in the bid
ding process is that environmental procedures for the life of the plant 
must be stipulated to the bidders in advance, eliminating environmen
tal uncertainties. In principle, the creators of the Synthetic Fuels Cor
poration visualized an agenda similar to that outlined here. 

It must be admitted that it is easier to spawn new energy industries 
during a period of rising real energy prices than during a decline. Thus 
the efforts first undertaken during the Carter administration should 
have been more vigorously pursued during Reagan's first administra
tion. The reverse happened: what little momentum had been previ
ously achieved was allowed to be completely dissipated. Renewed ef
forts are now needed to offset the additional years lost to inaction. 

LESSONS LEARNED FROM THE 
PAST 
The principal lesson to be learned from past governmental policies in 
energy markets is that they are frequently misdirected, without a 
clear rationale or well-defined purpose. Perhaps this is the necessary 
result of injecting technically and economically complicated energy 
issues into the political arena, which functions on the basis of compro
mise rather than technical analysis. Whatever the explanation, on bal
ance regulation has done little to solve the energy crisis. Nor has this 
regulation been costless. The budget of the Department of Energy in 
1984 exceeded $12 billion—a good portion of which produces only mi
nor social benefits. In addition, one must include the resource costs 
devoted by the private sector to complying with these regulations. In 
sum, it would not be surprising if $10 to $20 billion of resources were 
devoted to either ineffectual or counterproductive regulation. 

It does not follow from this, however, that government has no role 
to play; rather it must be more selective. Chapter 2 illustrated that in 
situations with serious market failures due to externalities, public 
goods, monopoly, and indivisibilities, government policies can im
prove resource allocation, providing the cost of the regulation is less 
than the resulting welfare gain. Following this criterion, we feel gov
ernment energy policy has an important role to play in dealing with 
the environment, national security, the limitation of OPEC's monopoly 
power, conservation in oil and gas production, and R&D on new en
ergy forms. In these areas government policy can have and in some 
cases is already having a quite positive influence. 
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POSTSCRIPT: POLITICAL 
CONSTRAINTS ON ECONOMIC 

POLICIES IN THE ENERGY 
ARENA 

While this book is primarily concerned with the economic analysis of 
energy policy issues, it is only fair to warn the student that where 
public policies are concerned, politicians rather than economists have 
the last word. Although public bodies may invite input from both sci
entists and economists, the final product of political deliberations may 
be both unscientific and uneconomic. The professional politicians who 
preside over the inevitable compromises respond pragmatically to the 
balance of pressures and must in effect act charitably toward the il
lusions of those in power. (One hesitates to characterize the politician 
who, when informed that his proposal violated the second law of ther
modynamics, ordered his legislative assistant to see what could be 
done about repealing "Section II of the Thermodynamics Act/') 

Although democratic processes are absolutely necessary to maxi
mize the likelihood of the retention of personal freedoms, they are not 
always conducive to achieving purely economic goals like securing the 
most efficient development of highly complex new energy technolo
gies. The reason is clear: political freedom includes the freedom to 
waste. This fact must simply be faced. Economists and others inter
ested in output and efficiency cannot afford to dissipate their efforts 
in mere condemnation. They must present facts and arguments and 
attempt in every way to influence policy decisions in the interest of 
objectivity, but in the end they must realize that while political deci
sions may sometimes seem to be made in an intellectual vacuum, a 
technical vacuum, an economic vacuum, and perhaps even an ethical 
vacuum, they are never made in a political vacuum. 

1. Explain why, even though OPEC's marginal social cost of oil is far QUESTIONS 
less than the market price, for welfare calculations within the con
suming countries the relevant marginal social cost of oil equals the 
OPEC price, plus any national security externalities. 

2. Show graphically the welfare effects accruing to the United States 
of a $5 per barrel reduction in OPEC's price. Measure the welfare 
effects in the crude oil market, national security, and R&D. 

3. In performing applied welfare analysis on externalities, what in 
your opinion is the most important thing to measure? 

4. Now assume OPEC collapses and world prices fall to $5 per barrel. 
For the U.S. economy operating under a tariff, show the welfare 
gains in the crude oil market resulting from the price decline. Show 
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the welfare loss resulting from increased dependence on OPEC oil. 
How should the tariff level be adjusted to promote optimal welfare? 

5. Now assuming the price declines and U.S. import controls are used 
instead of tariffs, show the effect on OPEC's demand schedule. 
Draw the additional welfare loss. Furthermore, using Figure 8.1, 
show how state regulatory agencies through prorationing might 
raise prices. Describe the welfare loss. 

6. Assuming a given conservation target, show how the tax receipts 
vary with the price elasticity of demand. 

7. It can be argued that old gas fields with constant marginal costs of 
production should not be deregulated, since higher prices will not 
increase production. If these prices are not deregulated, is there an 
efficiency loss? Can you devise a tax that would promote economic 
efficiency and avoid windfall profits to the producers of these fields? 

8. List the priority you place on dealing with the six energy problem 
areas outlined here. 

9. Can you think of other energy problem areas that are potentially 
more important than some of these six? 

M Q | 0 1. Energy Policy Project of the Ford Foundation, A Time to Choose 
(Cambridge, Mass.: Ballinger, 1974). 
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