








The production potential implicit in the
above data is obvious. However, there are a
number of significant problems that must be
resolved if this production potential is to be
realized. For example, several Western
States are concerned that they will not be
able to influence development on Federal
lands. Some States have more stringent laws
and regulations governing development
than does the Federal Government. This has
led officials in these States to argue that
their responsibility to protect the health,
welfare, and safety of their citizens will be
compromised if State laws and regulations
are not applied, first, in designating areas as
unsuitable for development, and second, to
control resource developments on Federal
lands. These issues are beginning to be
resolved. Recently, the Secretary of the In-
terior negotiated agreements with Wyo-
ming which permit more stringent State
controls to apply to development. The
Department is also reviewing State reclama-
tion statutes. When State requirements are
as stringent or more stringent than Federal
requirements, States will be given as much
control on Federal lands as is constitu-
tionally possible. Federal strip mine legisla-
tion pending before Congress contains a
provision for the application of State
reclamation laws. An issue which is still
unresolved is whether States should be able
to apply broad energy facility-siting laws to
development on Federal land, Because
many Federal projects are planned for loca-
tion on public lands, the States’ roles with
respect to siting criteria must be resolved in
the near future.

set of procedures that allow for the nomina-
tion of lease sites by potential developers
followed by “disnomination” suggestions
by State governments and other interested
parties. A particular lease could be disnomi -
nated on the grounds of its general un-
suitability, the unusual nature of an area, or
the expected acute adverse effects of the
development, Under the present system,
the Federal Government asserts a right to
make preemptive decisions, a position that
the States are challenging. Unless this
challenge is dealt with, development on
Federal land will be likely to proceed even
more slowly than it does now.

The leasing system itself is only one of a
number of steps that must be taken to
develop Federal resources. The environmen-
tal impact statement process must be com-
pleted and numerous State and Federal en-
vironmental requirements, such as air- and
water- quality standards, must be met.
Therefore, while the decision to issue a
lease is usually based upon very few criteria,
a potential developer, after he has obtained
the lease, must go to a number of State and
Federal agencies seeking various permits.
Since these processes (i.e., leasing, environ-
mental impact statement, and acquiring
various permits) are generally independent,
it can take us as long as 10 years to open a
coal mine after a developer expresses in-
terest in a given site. A new leasing system
that would allow for the early consideration
of a variety of important environmental,
social, and economic values put forth by
Federal, State and local governments could

A second issue which has significantly
delayed the development of Federal coal
reserves is the present mineral leasing
system, The leasing system is a complicated

187



Societal
Impacts

greatly speed up the process. If these values
were established as criteria for a lease, not
only would there be more competition for
lease sites, but the lease would be im-
mediately consistent with the requirements
of State and Federal environmental stand-
ards. In all, the processes of environmental
impact statements, the review and issuance
of the lease, and the application of environ-
mental standards through various permits
could be compressed into a unified process.

The final major problem which exists
concerning the development of Federal
resources is the fact that more than 400 in-
active or undeveloped lease sites now exist
throughout the West. For years, developers
bid on, and received, coal leases that they
did not intend to develop immediately. In-
stead they held these in an inactive status
awaiting a rise in the price of coal. These
leases were made at a time when little at-
tention was given to environmental values.
Consequently, public interest groups and
Government officials alike are now greatly
concerned that if these sites are developed,
a high degree of environmental degradation
will result. As improvements are made in
the leasing system generally, these non-
producing sites must be examined for their
potential as well as their social and environ-
mental impacts.

Issue 16

Coordination of
Energy-Related
Programs

Some Federal policies and programs
may be incompatible with the goals
of the National Energy Plan.

Summary

Many Federal programs were established
long before it was clear that the United
States faced a major energy problem. Some
programs, for example in transportation,
may not be compatible with the goals of the
Plan and may, in fact, require actions that
would work at cross-purposes with energy
policies. In some cases, the conflicts can be
resolved by Executive Order. In others, Con-
gress may have to choose between energy
goals and goals in other programs and
amend laws to reflect that choice, Although
adoption of the Plan need not await an
identification and resolution of Federal
program inconsistencies, effective manage-
ment of the Plan will require such a review.

Questions

1. What process should be used to iden-
tify Federal programs that are not com-
patible with the goals of the Plan?

2. When a program supporting an Energy
Plan goal and a program in support of
some other national goal are found to
be incompatible, how should the con-
flict be resolved?

3. To what extent can (and should) Ex-
ecutive Orders be used to establish
priorities among national goals?
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4 IS there a mechanism for ensuring that
national energy goals are compatible
with State and local plans in energy
and in other program areas?

Background

The Energy Plan represents a major step in
the direction of improved planning for
energy conservation and use. Questions will
arise, however, as to how the goals of the
Plan are to be made compatible with other
goals such as those for transportation, en-
vironmental protection, water conservation,
land use, and housing.

The coordination of Federal programs
with respect to particular policy goals is a
well-known problem. The Plan—for under-
standable reasons-does not identify and
assess the dozens of Federal programs that
affect energy supply, conservation, and con-
version. Although the significance of any
single case cannot be evaluated without ex-
tensive review, examples of possible incon-
s i s t e n c i e s  i n c l u d e : home mortgage
programs that give preference to single-
family housing; antitrust policies that may
jeopardize the proposed petroleum com-
pany financial data system if the informa-
tion sharing is interpreted as affecting com-
petition; and the extensive investment of
Federal agencies in energy-consumptive, in-
tercity employee travel.

Two problems arise: (1) how to identify
inconsistencies, and (2) how to resolve any
inconsistencies that are identified. Neither is
easily settled, and the Plan should not be
delayed as a result. However, effective
management of the Plan will require an early
start on the process.

In addition to close interagency coor-
dination, possible alternatives for identify-
ing incompatible programs include requiring
an energy-impact section in all environmen-
tal impact assessments and requiring, on a
one-time basis, a broad-brush energy im-
pact assessment of each program for which
Federal funding is sought.

Possible options for resolving inconsist-
encies ‘ include (1) Presidential Executive
Order, (2) interagency coordination, and (3)
congressional action. Because many of these
decis ions wi l l  amount to establ ish ing
priorities among national goals, it is impor-
tant that resolution strategies be considered
as soon as possible, so that future action is
not unduly delayed.
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Issue 17

Adequacy
of the Plan’s
Oil Import
Goals

Will the Plan’s oil import goals sig-
nificantly reduce the danger of an oil
shortage in the mid-1980’s and the
vulnerability of the United States to
another oil embargo?

Summary

One major concern that motivated the
plan was a fear that world oil exporting
countries would not be willing or able to
produce as much oil as the importing coun-
tries would want to import (at the present
real price) by the mid-1980’s. The Plan also
is designed to respond to the danger of
another politically motivated embargo.

The PIan proposes to hold oil imports in
1985 to between 6 million and 7 million
barrels a day, about 4.5 million below the
estimated amount that would be imported
without changes in U.S. energy policy. If
that import goal is met and if the strategic
oil reserve is developed on schedule, the
ability of OPEC to impose another embargo
or further steep price increases should be
sharply limited.

Questions

1. Is a reduction of 4.5 million barrels a
day sufficient to avoid a strain on pro-
duction capacity and a consequent
sharp rise in oil prices?

2. Could the United States adjust to any
likely oil embargo without unaccepta-
ble economic strain?

Background

The most pessimistic published forecast
of future world energy demand estimates
that by 1985 the members of OPEC will
have to export between 43 million and 47
million barrels of oil daily to meet demand
in the oil-importing countries. World de-
mand, under that circumstance, could only
be met if Saudi Arabia produced between
19 million and 23 million barrels a day.

Saudi Arabia may not be either able or
willing to expand its capacity to that level,
more than twice its 1976 production. There
are a number of reasons for adopting a more
optimistic view of world oil supply and de-
mand. For example, the Organization for
Economic Cooperation and Development
(OECD) projects world oil import require-
ments in 1985 (OECD reference case) at
about 35 million barrels a day, some 8
million to 12 million barrels below the most
pessimistic case. Under the OECD assump-
tion, Saudi Arabian production could be as
low as 7 million barrels a day with a max-
imum of 15 million barrels.

The embargo problem is somewhat
different. The key questions involve the
depth and duration of any curtailment of
foreign oil supplies. The Arab embargo and
supply restrictions of 1973-74 did not, in
fact, cut very deep; at its worst point, only
about 3.4 mi l l ion barrels  a day were
removed from the world market. Also, the
embargo lasted only about 5 months.

For purposes of this analysis, it will be
assumed that any future embargo would cut
Arab oil exports by half. It will further be
assumed that by 1985, those countries will



be supplying two-thirds of the total oil im-
port market. Cutting their exports in half
wouId therefore reduce o i I i report
ava i lab i l i t ie s  by  one- th i rd .  Impor t s ,
however, will represent only about two-
thirds of total oil requirements of the in-
dustrialized countries in 1985, so the cut in
total oil supplies would be roughly 20 per-
cent. If the International Energy Agency

(IEA) emergency plan were to spread this
cut evenly among industrial countries, the
United States would lose about 4 million
barrels a day in total oil supplies, and could
adjust to that loss even over a prolonged
period,

A somewhat more difficult problem
would arise if the IEA plan were not put into
effect and if Arab producers simply cut off
all oil exports to the United States. In 1976,
nearly half of U.S. oil imports came from
Arab countries, By 1985, dependence on

Arab imports could exceed 60 percent.
Without the Plan, this would mean a reduc-
tion of U.S. oil supplies of about 7 million
barrels a day, or nearly one-third of total
consumption. If the Plan’s import goals
were achieved, the United States would
lose about 4 million barrels a day, or about
22 percent of supply.

It appears unlikely, even without the IEA
plan, that the Arabs could prevent any of
their oil from reaching the United States.
Even if they did, the United States could ad-
just for some time to a loss of 4 million bar-
rels a day. The emergency oil reserve of a
billion barrels called for in the Plan would
provide half of that amount for a year and a
half. The other half could be made up by ad-
ditional conservation measures. The situa-
tion would be much more serious if the loss
were 7 million barrels a day. In that event,
either the emergency oil reserve would be
drawn down much more  rap id ly ,  o r
relatively drastic measures would be taken
to cut oil consumption.
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Issue 18

The Question
of Growth

The National Energy Plan assumes
that economic growth can and
should continue indefinitely and
does not discuss the desirability or
even the possibility of achieving such
growth in  a  wor ld  wi th  f in i te
resources.

Summary

The National Energy Plan presents a long-
run objective of sustained economic growth
without questioning the appropriateness of
this objective. It is widely recognized that
growth of the gross national product (GNP)
is not an adequate measure of social well-
being, part icular ly  when GNP would
measure wasted and valuable energy
resources but would not reflect savings in
energy. Furthermore, continued growth of
GNP may not be necessary to achieve basic
social objectives; for example, it may be
possible to maintain high levels of employ-
ment while reducing the rates of growth of
GNP and of energy consumption by
substituting labor for energy. Such a shift in
the structure of the economy, and the long-
term changes in capital stock that would be
required, are not addressed in the Plan.

In any case, resource availability and ulti-
mate environmental constraints may make
sustained economic growth unattainable.

Questions

1.

2.

3.

4.

Is  per capita GNP a sat is factory
measure of national economic well
being? is a more than 4-percent annual
growth in GNP necessary to achieve
social goals?

What changes in capital, technology,
and population distribution will be
necessary to sustain agriculture as oil
and gas become more scarce?

Will future energy sources and delivery
systems require decentralization of the
structural and spatial patterns of our
society?

Will extensive additional sources of
future energy like nuclear fusion be
wisely used to increase human well-

being? Can and should these sources
be applied to indefinite growth?

Background

The National Energy Plan encourages
conservation and solar energy develop-
ment, and plans to replace energy-wasteful
capital stocks, both of which actions are
needed over the long term. While the plan
is significantly more farsighted than existing
energy policies, it still does not fully reflect
the long-term problem.

The president’s Plan is based on the
premise that economic growth, measured
by the gross national product, can and
should continue. It is generally accepted
(even among economists) that human
benefit does not derive from annual-average
rates of flow (GNP) but from the stock,
quality, and distribution of the goods availa-
ble to the population and from other in-
tangible but important values such as access
to cultural amenities or to wilderness.
Furthermore, there is wide agreement now
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that recent growth in GNP to a large extent
has in fact been growth in resource-wasting
activities. If waste is to be reduced and
human well-being increased, it wil l be
necessary to abandon the practice of equat-
ing “progress” with “economic growth” or
“growth in GNP, ” and to develop more ade-
quate indicators.

The extent to which a 4.2-percent annual
growth figure for GNP, which the Plan con-
templates, is designed to provide “full”
employment does underscore the need for
society to alleviate unemployment. But it
assumes that there are no other ways to
achieve employment goals. Substitution of
labor for capital and energy, shortening the
workweek, and lowering artificial barriers to
entry in the labor market are among availa-
ble approaches.

In the long run, the United States can
adapt to an economy which uses less
energy with greater employment and higher
income levels. Some European countries
such as Sweden and West Germany have
living standards equivalent to or higher than
the United States but use less energy.
Capital and energy have displaced labor in
U.S. manufacturing in the past, and energy-
intensive goals have been substituted for
labor-intensive goals and services. Labor in-
tensity in the future will differ from labor in-
tensity in the past. However, future growth
is likely in activities which employ more
labor and have fewer requirements for oil
and natural gas. In the long run there will be
growth in rail transportation, urban housing,
solar power, and energy-saving tech-
nologies and appliances. There will also be
growth in agricultural and forestry fibers and
materials, coal production, and towns and

cit ies  i  n regions w i th  these  natu ra l
resources. Each of these activities would
employ more persons and use less energy
than the activities they would displace.

A long-term deficiency in the Plan is
associated with the need it acknowledges
for replacing energy-wasteful capital stocks.
The Plan suggests ways to begin changing
some of the capital stocks, but focuses on
ones that can be changed relatively quickly
(e.g., boilers, engines, buildings, etc.) while
ignoring several that can be changed only
over much longer periods and that waste
even more energy.

Agricultural capital is a case in point. The
national energy policy of the last several
decades has been to replace human labor as
rapidly as possible with petroleum energy,
and no sector has applied this policy with
more vigor than has agriculture. Machines
and chemicals used in agriculture now con-
sume 5 or more calories of oil and gas for
every calorie of grain produced. Additional
human labor will be required to reduce the
energy intensiveness of American
agricuIture.

Even if continued economic growth were
des i rab le  i t  m ight  not  be  poss ib le .
Prolonged growth will require increased
combustion of fossil fuels in the next few
decades and new sources of energy from
thermonuclear fusion or solar power in the
next century. Expansion of the processes we
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generally associate with growth may be
limited by the availability of other resources
and may not be perceived as desirable from
a social or environmental point of view.
Two specific problems involve the uncer-
tain impacts of introducing additional
volumes of carbon dioxide into the at-
mosphere through increased combustion of
fossil fuels, and the consequences of waste
heat generation. While the Plan proposes a
study of the carbon dioxide problem, the
question of waste heat is not addressed at
all.

Issue 19

The Population
Factor and
Energy Planning

Continued population growth, in-
cluding natural increase and im-
migration, makes the goals of the Na-
tional Energy Plan harder to attain. In
the long run, no plan to curb the
growth in energy demand can suc-
ceed without a parallel policy to curb
population growth.

Summary

U.S. energy demand is the product of
population size and per capita consump-
tion. Thus population growth, of which im-
migration is an important component, is a
factor that must be considered in the
development of an energy plan.

The slowdown in the U.S. fertility rate has
already had a marked effect on projected
energy demand. This trend, however, is
being partly offset by an increasing growth
in the rate of immigration, including illegal
immigrants, which affects both energy de-
mand and unemployment.

Questions

1. What is the optimum population level
for the United States, both as to the
number of people who can be sup-
por ted,  g iven avaiIable energy
resources, and maintenance of an ac-
ceptable quality of life? If it is desira-
ble to stabilize population growth at
such a level ,  what pol ic ies and
programs would best achieve this?u



2. What effect will an influx of illegal
aliens have upon the achievement of
energy plan goals?

Background

There is a widespread, but erroneous,
belief that the United States has solved its
population problem. The source of this in-
correct impression is as follows: the present
(momentary) birth rate in the United States
is at replacement level, which in about 50
years would produce zero population
growth (ZPC), leveling off at about 270
mi l l ion  (compared w i th  today’ s  217
million).

population growth, however, proceeds at
a faster pace than these statistics imply. In
fact, the U.S. population is now growing at
about 1.2 percent per year, and if this rate
continues, the population will double in 58
years. There are two reasons for this.

First, there is a bulge in the composition
of the population in the younger, more fer-
tile years. Even at the replacement rate—
one child born for each adult—an increase
in population results because parents re-
main alive for many years after children are
born.

The second factor is immigration. Esti-
mates indicate that immigration produces a
yearly population increase at least equal to
the rate of natural increase of U.S. citizens,
and the rate of immigration seems to be in-
creasing.

Of particular concern is illegal immigra-
tion. By present estimates there are 6 million
to 8 mill ion i l legal aliens in the United
States, with as many as 1.2 million new il-
legal aliens arriving yearly. If current rates
continue, immigration will add 38 million
persons to the U.S. population by the year
2000, of whom at least 25 million will be il-
legal aliens.

It has been estimated that illegal aliens
already living in the United States consume
more than 1 million barrels of oil equivalent
per day, between 2 and 3 percent of total
U.S. energy demand. This and other aspects
of the immutable relationship between
population and energy demands suggest
that U.S. population policies merit careful
study and debate as an integral part of any
future U.S. energy planning.
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Issue 20

Impact of a
Petroleum-Scarce
Future on the
Automobile Industry

The National Energy Plan does not
address itself to the need for an ac-
celerated search for a substitute for
oil, the energy resource that is likely
to be exhausted first.

Summary

By the end of the century, the fleet of
automobiles and trucks in the United States
could total 200 million. Unless adequate
liquid fuels are in good supply by that time,
the alternatives might well be limited to
simply abandoning large parts of that fleet
or trying to convert cars to electricity. The
loss of mobility that would occur with
prolonged sharp reductions in liquid fuel
supplies and an enforced shutdown of the
U.S. automobile industry and its related
businesses would have unprecedented im-
pacts on the U.S. economy.

Questions

1,

2.

3.

Should alternative fluid-fuel sources
such as alcohols and hydrogen be
given higher research and develop-
ment priorities?

How can a full range of transportation
services be maintained without fluid
fuels?

Has the possibility that U.S. transporta-
tion could be immobilized by high
costs or scarcity of petroleum within
20 years been squarely addressed by
industry or the executive branch?

4. What Federal agency has been charged
with looking at the long-range implica-
tions of and alternatives to our present
large petroleum-based transportation
fleet? Will this become a function of
the Department of Energy?

Background

Oil and gas are now burned in applica-
tions where coal is available as a substitute.
in other appl icat ions,  part icular ly in
t ransportat ion, f lu id fuels  cannot be
replaced on a large scale either by coal or by
electricity. There is no evidence to suggest
that coal liquefaction can provide enough
liquid fuel to provide power for more than a
fraction of the Nation’s automobile and
truck fleet within the next 20 years.

The Plan states that “Government policy
has subsidized and protected energy-ineffi-
cient . . . transportation. The interstate high-
way system has encouraged automobile
use. Local highways have drawn people,
businesses and industry out of central cities
into suburbia” (NEP, p. 4). In this process,
the United States has become almost totally
dependent on the automobile for work,
recreation, and the daily tasks of life. Con-
sumers presently pay approximately one-
th i rd  o f  the i r  d i sposab le  income fo r
mobility, divided roughly 50-50 between
personal mobility and the freight costs of
consumer products.

As energy becomes more expensive, the
United States will have an increasing incen-
tive to shift to public transit and efficient
land-use arrangements (Issue #21), This,
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however, is a slow process. In the mean-
time, U.S. society and economy would
suffer severe disruptions if prolonged and
sharp reductions in liquid fuel supplies oc-
curred.

The U.S. dependence on transportation
with the vulnerability it conveys under-
scores the necessity for additional emphasis
on development of other liquid fuel tech-
nologies, including alcohol. Alcohol can be
obtained by fermentation from dispersed
biomass and can be used in modern inter-
nal-combustion engines.

At a minimum, the National Energy Plan
should make provision for a full-scale
analysis of the potential for disruption of
U.S. transportation as a result of rising oil
costs and dwindling oil supplies.

Issue 21

Land-Use
Patterns

T h e  N a t i o n a l  E n e r g y  P l a n
acknowledges the opportunities for
long-range energy conservation that
are inherent in new land-use patterns
but offers no proposals to start
achieving them.

Summary

Existing patterns of land development,
particularly in suburban areas, often put too
much distance between homes and offices
or factories, between homes and shops, and
between homes and schools. The develop-
ment pattern in most areas of the United
States makes suburban Americans almost
totally dependent on the automobile. It also
inhibits installation of the kinds of district
heating systems that are common in Europe.
Changes in land-use patterns could promote
the use of district heating and eventually
make it possible to make many trips that
now require an automobile by public
transportation or by foot. But these changes
are long range and fundamental and will
take more than one generation to complete.
They also will require national guidelines,
leadership, and incentives. An example of
the kind of first step that could be taken at
once is to require a long-range “energy im-
pact statement” for all proposed new
transportation programs and for all new ur-
ban and suburban construction that in-
volves the use of Federal funds.
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Questions

1,

2.

3.

4.

What steps are being taken to plan for
a more energy-efficient distribution of
population and industry in the next
few decades?

What kinds of incentives could en-
courage people to accept more
energy-efficient living and working
spatial arrangements ? How can the dis-
incentives which frequently exist at
present (e.g., lack of privacy, noise) be
eliminated ?

What consideration has been given to
incorporating a policy-level, land-use
off ice with in the Department of
Energy?

What consideration has been given to
c oo rd i n a t i n g the land-use and
transportation functions of the Depart-
ments of Housing and Urban Develop-
ment and Transportation with those of
the Department of Energy?

Background

During the post-World War II decades of
cheap energy, industrial production was
centralized and products were shipped to
stores throughout large regions and, in some
cases, throughout the Nation. Cheap energy
permitted a scattering of jobs, homes,
schools, and shops, linked in large part by
the automobile. Ninety percent of personal
transportat ion i n  t h i s  c o u n t r y  i s  b y
passenger car and truck. Nearly 75 percent
of all automobile trips cover distances of
less than 10 miles. public transportation can
provide a substitute for automobile trips
only in cases where population densities
and geographical relationships are such that
relatively large numbers of people are
bound for the same destination at about the
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same time. These time and space relation-
ships do not exist in most suburbs today.
But as fuels for automobiles become scarce
and costly, shoppers and workers will need
other means of travel than the car.

One way to reduce dependence on the
car is to rearrange urban and suburban
development so that work and home or
home and shop are more easily linked by
public transportation or are close enough
together that walking or bicycle riding can
substitute for the car. Rearranging land-use
patterns is not a short-term solution. it will
take over a generation to provide clusters of
homes, workplaces, and parks that will
reduce the need for transportation as such
and still put many amenities within reach of
the home. But the new land-use patterns
must begin somewhere. Any long-range
plan for energy policy should include pro-
posals for beginning such a rearrangement
of living and working patterns in the United
States.

Department of Transportation“ Photo
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Issue 22

In Defense
of Amenities

Can cost-benefit analysis justify the
sacrifice of irreplaceable national
treasures to meet the need for more
energy?

Summary

If the American people believe that there
are some national treasures that must be
regarded as exempt from sacrifice to meet
energy or economic goals, then the princi-
ple should be explicitly recognized. In addi-
tion, such national treasures should be iden-
tified so that, if a crisis should occur, panic
will not lead the Nation to actions it will
later regret.

Although the National Park system was a
start in this direction, it is highly selective,
focusing on the most popular and obvious
types of landscape for preservation. There is
a danger that anything not already pro-
tected, and perhaps a few things which are,
will be destroyed as demands for energy in-
crease.

Questions

1.

2.

Can Americans collectively agree that
there are national treasures (other than
historical shrines) that should be saved
for posterity despite energy demands
in this generation?

Can explicit criteria be worked out,
and agreed upon, for identifying na-
tional treasures?

3 Can education in the broadest sense,
including movies and television, con-
vey a vicarious experience of these
treasures to the majority of the people
who cannot have the actual ex-
perience? Can such vicarious ex-
perience be sufficiently keen to elicit
suppor t  fo r the  p rese rvat ion  o f
treasures from people who will never
enjoy the direct experience ?

Background

In most hard-nosed energy analyses,
there is an implied threat that what are
called amenities may have to be sacrificed
to meet national energy demands. It is im-
plied that the benefits of amenities are soft
and cannot be quantified at a high-enough
level to justify retaining them in the face of
large and easily quantifiable energy needs.
This issue should be met head on.

Mount Vernon is generally accepted as a
national treasure. The buildings are made
largely of wood; their value as fuel, in bar-
rels of oil equivalent, could easily be calcu-
lated. As other fuels increase in price will
there not finally arrive the time when the in-
creasing value of Mount Vernon as an
energy source (which is objectively deter-
minable) must exceed its constant value as
an esthetic and historic monument (which
cannot be objectively determined)? When
this time arrives, do not the principles of
cost-benefit analysis dictate that Mount
Vernon be converted into firewood?

If the answer to this question is yes, there
is no further problem: the pursuit of energy
becomes clear sailing—the United States
must simply determine the Btu value of all
artifacts, treasures or not, and then burn as
needed.
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But if the answer to this question is no,
then the Nation should say so explicitly,
because the answer can be, and should be,
generalized. If the American people believe
that there are some treasures that must be
regarded as standing above energy con-
siderations, then these should be explicitly
identified in advance of either a crisis or ac-
tions taken in panic.

The question of sacrificing a national
treasure will not, of course, first be raised
with a historic amenity like Mount Vernon:
burning this would be unthinkable. But the
possibility of sacrifice has already been
raised for natural amenities—redwood
forests, pristine valleys, and vulnerable
species of plants and animals in danger of
extinction. Can the Nation—should the Na-
tion-protect these treasures against de-
mands for more energy? Should workmen
tear up a beautiful valley to get coal? Should
a forest be demolished to get building
materials?

The issue of replaceability is relevant. In
the case of a landscape which is merely
pretty, it is possible to restore its limited
beauty after strip mining, if the extractive
procedure is properly planned from the out-
set. The cost of restoration added to the
other costs will increase the price of fuel to
consumers, but it is generally conceded that
justice towards succeeding generations de-
mands that we bear these costs of energy
extraction.

There are, however, many works of
nature that once lost cannot be restored.
The minority who have ever had close con-
tact with a climax hardwood forest or a
virgin prairie can speak for the almost in-
describable beauty of these complex
superorganisms. Once destroyed, neither
will be regenerated in a human lifetime: the
forest is replaced by a temperate jungle
called second growth, and the prairie is
followed by an ugly miscellany of weeds. If
no further disturbance occurs, ecological
succession may eventually restore the
original mixture of species, together with
the beauty; but in no case will the succes-
sion be complete in less than 500 years-a
period longer than the lifetime of most na-
tions. For all practical purposes, as far as na-
tional policy is concerned, destruction of a
beautiful ecological community and the
vital information it contains is irreversible.

Can people defend aesthetic goods
against utilitarian demands? Those who
have experienced the aesthetic delight of
them are more likely to rise to their defense,
but fortunately it is possible for those who
have not had the experience to join in the
defense. What percentage of the U.S.
population has ever seen, or ever contem-
plates seeing, Mount Vernon? It surely is
less than 10 percent (25 million); yet any
proposal to cut up Mount Vernon for fire-
wood would undoubtedly be rejected by
the great majority of the electorate. The
mere knowledge that this historic shrine is
there is an amenity for most Americans-an
amenity they will defend against the quan-
titative onslaught of cost-benefit analysis of
the conventional kind.
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OTA Background
Perspective of
Energy Forecasts

Summary

If U.S. energy consumption is allowed to
grow at historic rates and if domestic pro-
duction remains stagnant as it has since
1970, oil-producing nations may not be able
to meet world demand in 1985. The gap
between world supply and world demand
could be as large as 20 percent, and even
the threat of a shortage of this magnitude
would lead industrial nations to start bid-
ding up prices sharply in the 1980’ s.” The
resulting inflation and the impact of actual
shortages would set the stage for recession
in strong economies and collapse of weak
economies.

Most published forecasts discount the
possibility of ‘such a crisis because of the
assumptions about U.S. consumption and
production that are built into their projec-
t ions.  They assume decl in ing rates of
growth of demand. They assume rapid ex-
pansion of U.S. coal and nuclear-energy pro-
duction. They assume a reversal of historic
declines in domestic production of oil and
natural gas.

Based on these assumptions,  most
forecasters expect the United States to hold
its imports to about 10 million barrels a day
in 1985, which would keep world supply
and demand in balance at close to current
world prices. * To achieve this, Saudi Ara-
bian production would increase by about 3
million barrels a day in 1985 to the 12.5
million barrels which the Saudis have said
they are willing to produce that year, Other

industrial nations would require imports of
about 25.3 million barrels a day, roughly
equal to or slightly above the anticipated
capacity of exporting countries outside of
Saudi Arabia.

However, neither declining rates of de-
mand growth or increasing rates of domestic
production can be assumed with certainty.
A prudent national energy policy must con-
sider the possibility that such changes in
historic patterns wil l not occur rapidly.
Energy demand in the United States could
grow at historic rates and domestic produc-
tion could follow present trends. If that
were to happen, world oil supply and de-
mand will be thrown sharply out of balance
before 1985.

Recent forecasts conclude that the
volume of oil produced by the oil exporting
nations outside of Saudi Arabia will roughly
equal the oil import requirements of nations
outside the United States of about 25.3
million barrels per day. If historic demand
and supply trends continue, U.S. import re-
quirements would reach about 16.2 million
to 19.6 million barrels a day by 1985. If this
were to be met along with the rest of the
world’s demand, a substantial increase in
production by Saudi Arabia would be
needed. The U.S. import estimate of 16.2
million barrels per day coupled with the ex-
pected demand by the rest of the world
would require a Saudi production increase
to about 16.6 million barrels per day. The
high U.S. import estimate and the same non-
U.S. demand would mean that Saudi Arabia
would have to produce 20 million barrels
per day, which is considered the most op-
timistic estimate of their maximum capacity.

“Al l  p ro ject ions  in  th i s  paper  assume cur rent  wor ld
prices
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In view of the Saudi political situation, it
is not realistic to expect production at either
of these high levels. Some factions among
Saudi leadership argue that the Nation’s
long-range interests lie in producing be-
tween 2 million and 6 million barrels a day.
Current Saudi Arabia production is 9.2
million barrels a day.

Even if Saudi Arabia were willing to pro-
duce at the high levels, it would leave the
Saudis no reserve capacity to use in
m o d e r a t i n g  p r e s s u r e s  a m o n g  o t h e r
Organization of Petroleum Exporting Coun-
tries (OPEC) nations for price increases.

1. Introduction

The purpose of this paper is to establish a
framework on which to base analysis of the
proposed National Energy Plan. It will show
that this Nation faces the possibility of a
substantial gap between demand and
domestic supply which may be impossible
to close with imported oil.

Two published projections and one draft
projection of U.S. energy supply and de-
mand through 1985 are examined. All of
these projections make certain assumptions
about society’s response to higher energy
prices, the rate of discovery of new oil,
trends in the economy, the impact of en-
vironmental constraints such as strip mining
regu I at ion, and the rate at which new
energy supplies can be introduced. They
also estimate the effectiveness of laws that
mandate more efficient automobiles and
appliances. While these projections differ in
detail, they all assume significant shifts from
historical rates of growth of supply, de-
mand, or both.

Obviously, if the assumptions are wrong,
the forecasts are wrong. If the response to
higher prices is weak, if existing conserva-

tion measures do not work as anticipated, or
if the recent downward trend in energy sup-
ply cannot be reversed, U.S. imports could
rise to levels that would threaten national
security and economic stability. To illustrate
how dramatically changes in assumptions
can alter forecasts of the gap between U.S.
energy demand and domestic supply, 1985
demand and domestic supply are calculated
based on continuation of historical trends. It
is intended only to estimate the gap that
could occur between domestic supply and
demand in order to demonstrate the mag-
nitude and importance of the effort that is
needed to bring the Nation’s energy
problem under control.

The projections by the Federal Energy Ad-
ministration (in draft) * [1 1, the Department
of Commerce [2], and EXXON Corporation
[3], all conclude that U.S. oil imports will
not reach a level that would throw world
supply and demand for oil sharply out of
balance by 1985 or 1990.

Two other forecasts were evaluated, but
are not covered in detail in this paper. One
is a Central Intelligence Agency forecast,
published in April 1977 [41. The CIA says its
forecast “broadly resembles other official
and private forecasts, ” but is less optimistic
about the outlook than most published pro-
jections. The pessimism is based in part on a
CIA conclusion that the Soviet Union will be
a net importer of world oil by 1985, adding
to the burden on exporters, and in part on a
judgment that supplies from OPEC countries
assumed by most other forecasts may not

“ The protections in this paper attributed to FEA appear in
the draft of the 1977 National Energy Outlook issued January
1977, These figures are subject to change as a result of
changes in FEA’s assumptions about the effect of various ex -
Istlng and future policies.
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be available. The possible Soviet import re-
quirements are not considered in this paper.
The principal consequence of including
them “would be to decrease the likelihood of
filling the U.S. domestic supply/demand gap
calculated from a “historic trends” analysis.

Another forecast not covered is a report
on a 1976 United Nations conference of
geologists and economists, which reaches
generally optimistic conclusions about
world oil supply over a period of 40 to 50
years. The U.N. report focuses on new tech-
nologies and oil recovery in the period after
1985, while the time span of this paper is
t h e  p e r i o d  b e t w e e n  n o w  a n d  t h e
mid-1980’s. This paper addresses the impor-
tant question of production capability with-
in the 1977-85 time frame and not long-
term reserve estimates.

Il. The Domestic Picture

The United States depends on oil and
natural gas for 75 percent of its energy, but
domestic production of both resources
peaked early in this decade and oil imports
have been rising steadily since then. Unless
consumption patterns change, imports will
continue to increase through 1985.

In 1970, the United States produced
crude oil at an average rate of 9.6 million
barrels a day [5]. In October 1976, the
United States produced slightly more than 8
million barrels a day [6], Alaska fields on-
shore will add 2 million barrels a day to
domestic supplies when they are producing
at capacity, but they wil l not stop the
decline in domestic production. The Na-
tional Petroleum Council expects primary
and secondary production from known

reserves, excluding the north slope of
Alaska, to drop to 3 million barrels a day by
1985 [7]. The difference between declining
supply and increasing demand can be made

up only with imports and with enhanced
recovery techniques and new discoveries of
domestic oil.

The United States will continue to rely on
oil and natural gas for more than half of its
energy at least through 1985 because large-
scale new energy systems cannot be put
online before then. Although domestic coal
supplies are vast, coal production can, at
best, probably only hold fossil-fuel con-
tributions to total energy supplies constant
through 1985.

The 1974-75 recession slowed the rate of
growth in energy demand and, at one point,
produced an absolute decline in demand
[51. But the Nation is recovering from the
recession and adjusting to a four-fold in-
crease in the cost of energy, and demand is
rising again. The growth rate will probably
be lower than it was before the 1973-74 oil
embargo, but it is likely to remain strong
enough to widen the gap between demand
and domestic supply.

Growing reliance on imports to bridge
the gap could have disastrous consequences
for the economy and the pattern of life in
the United States. As the president noted on
April 18, oil imports cost $3.7 billion 6 years
ago and may cost $45 billion this year. In
addition to this massive outflow of capital,
the United States remains vulnerable to
cutoffs of supplies similar to the 1973-74
embargo. The “historic trends” analysis sug-
gests that the most crippling consequence
of rising imports may occur in the 1980’s
when the United States could not buy
enough oil to meet demand at an accepta-
ble price.
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Ill. Standard Forecasts

As part of its analysis, OTA reviewed the
assumptions in forecasts published by the
Department of Commerce, EXXON Corp.,
and a draft forecast by the Federal Energy
Administration.

Table l-l

The first three projections estimate de-
mand in 1985 for the industrial, residen-
tial/commercial, and transportation sectors
as well as supply of domestic and imported
oil and natural gas, coal, nuclear, and other
energy. These are shown in table 1-1. Table
I-2 shows the annual growth rates for the
three forecasts and their components.

DEMAND (in Quadrillion Btus)

1976 1985
Sector Actual FEA DOC EXXON

Res/Comm . . . . . . . . . . . . . . . ....27.40 31.6 30,2 34.3

Industrial. , . . . . . . . . . . . . . . . ....27.01 40.5 35.5 37.8

Transport . . . . . . . . . . . . . . . . . . . . 19.36 19.2 21.2 22.2

Total . . . . . . . . . . . . . . . . . . . . 73.77 91.3 86.9 94.3

Electric . . . . . . . . . . . . . . . . . . . . .. 21.37 31.4 32.6 32.5

(Note: Electricity, including conversion losses, has been distributed to the three end-use sectors.)

DOMESTIC SUPPLY (in Quadrillion Btus)

1976
Resource Actual

Oil and NGL. . . . . . . . . . . . . . . . .. 19.6

N a t u r a l  G a s  .  . . . . . . . . . . . . . . . . . 1 9 . 2

Coal . . . . . . . . . . . . . . . . . . . . .. ..13.7

Nuclear. . . . . . . . . . . . . . . . . . . . . . 2.0

Hydro and Other. . . . . . . . . . . . . . 3.1

Total . . . . . . . . . . . . . . . . . . . . 57.6

IMPORTS (in Quadrillion Btus)

1976
Resource Actual

Oil . . . . . . . . . . . . . . . . . . . . . . . . . 15.4

Natural Gas . . . . . . . . . . . . . . . . . . 1.0

Total . . . . . . . . . . . . . . . . . . . . 16.4

G r a n d  T o t a l  .  . . . . . . . . . . . . . . . . . 7 4 . 0

FEA

23.9

16.9

21.6

7.2

4,3

73.9

FEA

16.0

2.0

18.0

91.9

1985
DOC

21.2

17.4

18.7

7.9

4.7

69.9

1985
DOC

16.9

1.4

18.3

88.2

EXXON

21.7

15.2

20.0

7.5

4.0

68.4

EXXON

23.8

3.4

27.2

95.6
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Table I-2

Assumed Rates of Growth in Energy Demand
(in percents)

1950-1976

Total Energy. . . . . . . . . . . . . . . . . . 3.0

Transportation ..., . . . . . . . . . . . . 3.1

Residential/Commercial . . . . . . . . 4.0

Industry . . . . . . . , . . . . . . . . . . . . . . 2.3

A. Demand

Both the draft FEA and the Commerce
forecasts assume rates of growth in energy
demand that are about 20 to 30 percent
below the rate between 1950 and 1976 [5]
The assumed rates of growth in transporta-
tion, housing, and commercial activities are
about half the historic rate. Only the EXXON
forecast assumes a growth rate about equal
to the 1950-76 experience. (See table l-2.)

The Commerce and draft FEA projections
assume better-insulated buildings, more
efficient automobiles, more efficient electri-
cal appliances, and a slower rate of new
household formation. Both expect higher
fuel prices and new taxes on inefficient
equipment to speed up replacement of ex-
isting automobiles and appliances with
more energy-efficient models.

All three forecasts assume that the
growth rate for industry will be close to the
preembargo rate because most “easy” con-
servation measures have been taken and
further steps will require larger capital in-
vestments than the forecasters believe are
likely.

1976-1985
FEA DOC EXXON

2.4 2.0 2.8

1.5 1.0 1.5

1.6 1.1 2.5

4.5 3.1 3.8

B. Supply

All three forecasts assume that problems
associated with development of new energy
supplies will be overcome-capital will be
available for development and conservation
measures, air quality and mining safety
problems encountered with the use of coal
will be resolved, and nuclear powerplants
will be built that satisfy environmental and
safety concerns.

The supply forecasts assume increases in
domestic energy resources of between 10
and 14 Quads by 1985. This rate of growth
means reversing recent trends. Domestic
energy production was virtually stagnant at
about 59.5 Quads between 1970 and 1976,
with an actual drop to 57.6 Quads in 1976.

Electricity: All three forecasts expect
utilities to increase supplies of electricity by
4.5 to 4.8 percent a year, and to use about
35 percent of primary energy supplies by
1985, compared with 28 percent in 1976.
The forecasts assume 7.5 Quads of nuclear
power from new plants generating 92,000
Megawatts (MWe) of electricity at a 60-per-
cent capacity factor and existing plants
generating about 43,000 MWe, operating at
53 percent of capacity [8].
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Oil: All three forecasts assume an in-
crease in domestic oil production from the
present 8 million barrels a day to between
10 million and 11.5 million barrels a day.
The increases would come from Alaska pro-
duction, extensive new discoveries-pri-
marily on the outer Continental Shelf
(OCS)-and increased secondary and terti-
ary recovery from existing reservoirs. The oil
production forecasts assume removal of
price controls on new and enhanced oil.
The OCS projections assume resolution of
both environmental and technical problems
associated with offshore development and
optimistic rates of discovery.

Natural gas: The forecasts assume a
slowing of the rate of decline in natural gas
supplies as a result of new discoveries,
mostly on the OCS. The forecasts expect
declines in natural gas production over the
9-year period of 11 to 15 percent and
assume decontrol of new gas prices and a
resolution of OCS problems.

Other: The forecasts also assume some
expansion of hydroelectric capacity, genera-
tion of some geothermal electricity, and the
use of a small amount of solar heat.

C. Assessment

Although it is possible that the new sup-
plies of nuclear power and coal assumed in
the three “standard” forecasts wil l be
available in 1985, it is by no means certain.
For example, meeting the implied nuclear
power timetable would mean trebling exist-
ing rates of plant construction and resolving
all safety, environmental, and financial
problems that now inhibit the growth of
nuclear capacity.

Cutting demand in transportation, hous-
ing, and commercial activities to the levels
assumed in the FEA and Commerce
forecasts will require significant changes in
attitudes and habits. Many economists insist
that low rates of growth in energy demand
cannot sustain the level of economic
growth the Nat ion needs to reduce
unemployment [91. But limitations on sup-
ply, both foreign and domestic, may drive
growth rates to even lower levels than those
forecast.

IV. The “Historic Trends” Analysis

With relatively modest changes in the
assumptions of the “standard forecasts, ”
the gap between U.S. demand and domestic
supply widens by 1985 to about 33 quads
(1 6.5 million barrels per day oil equivalent),
more than double 1976 levels. This shortfall
in domestic supply would occur if present
rates of demand growth do not change and
if aggregate domestic energy production
does not increase faster than historic trends
indicate it will.
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A. OTA Assumptions e c o n o m y  w i t h  i t s  a t t e n d a n t  r i s i n g

The following analysis suggests that the
unemployment by the end of that period-.

United States may be forced to choose be-
Projecting historic trends in U.S. energy use

tween strong policies to lower the rate of
and production gives the following situation

growth in energy demand during the next [5,101 :

decade and a severe shrinkage of the

Table I-3

DEMAND (in Quadrillion Btus)

Sector 1976

Res/Comm . . . . . . . . . . . . . . . 27.4

Industrial . . . . . . . . . . . . . . . . 27.0

Transportation . . . . . . . . . . . . 19.4

Total . . . . . . . . . . . . . . . . 73.8

DOMESTIC SUPPLY (in Quadrillion Btus)

Resource

Oil and NGL . . . . . . . . . . . . .

Natural Gas . . . . . . . . . . . . . .

Coal . . . . . . . . . . . . . . . . . . . .

Nuclear. . . . . . . . . . . . . . . . . .

Other , . . . . . . . . . . . . . . . . . .

Total . . . . . . . . . . . . . . . .

IMPORTS (in Quadrillion Btus)

Resource

Oil . . . . . . . . . . . . . . . . . . . . . .

Natural Gas . . . . . . . . . . . . . .

Total . . . . . . . . . . . . . . . .

Grand Total . . . . . . . . . . . . . .

*refer to Table 1-1.

1976

19.6

19.2

13.7

2.0

3.1

57.6

1976

15.4

1.0

16.4

74.0

Historic
Trends 1985

39.0

33.1

25.5

97.6

Historic
Trends 1985

20.3

14.4

18.8

6.8

4.3

64.6

Historic
Trends 1985

32.5

0.5

33.0

97.6

1985
FEA* DOC* EXXON*

31.6 30.2 34.3

40.5 35.5 37.8

19.2 21.2 22.2

91.3 86.9 94.3

FEA

23.9

16.9

21.6

7.2

4.3

73.9

FEA

16.0

2.0

18.0

9-1.9

1985
DOC EXXON

21.2 21.7

17.4 15.2

18.7 20.0

7.9 7.5

4.7 4.0

69.9 68.4

1985
DOC EXXON

16.9 23.8

1.4 3.4

18.3 27.2

88.2 95.6



In this forecast, the average rate of
growth in demand from 1950 to 1976 is
assumed to continue to 1985. * This rate, 3
percent, was chosen because it covers a
period during which higher-than-normal
growth rates of the 1960’s are balanced by
slower growth and, in some cases, absolute
declines in demand, following the 1973-74
embargo. The analysis assumes that the 3
percent figure will reflect recent changes in
the economy, such as a slowdown in new
household formations, recent energy price
increases, and the efficiencies in transporta-
tion and appliances mandated by the Energy
Policy and Conservation Act of 1975 [21.

The estimate that domestic production of
oil and natural gas liquids will be about 10
million barrels a day in 1985 is based on
continuation of the 1970-76 rate of decline
in domestic production, offset by produc-
tion of 2 million barrels a day of Alaska
crude [51. This implies that the decline in
production from existing reservoirs would
be great enough that enhanced recovery
and new discoveries cannot make up the
difference.

The natural gas production estimate is
also based on the continuation of its present
rate of decline (since 1974). The resulting
production in 1985 is about 14.1 trillion

● The period of 1950-76 was chosen to establish the

historic trend in order to minimize the effects of shorter term
fluctuations such as the high 1960-73 growth rate of 4.0 per-

cent  and the decl ine occurr ing f rom 1973 to 1975.  The
1960-73 period was one in which the decline in real energy
prices was greatest and the substitution of natural gas and
petroleum for coal was at its peak. During that period the an-
nual energy growth rate was slightly higher than the GNP
growth rate. For the 1950-59 period the energy growth rate

was 3. I percent per year compared to a 3.9 percent per year
GNP growth rate. Since real energy prices have risen to levels
higher than in 1950, it is very unlikely that the 1960-73
growth rate can be duplicated. It IS of Interest to note that a
continuation of the 4.0 percent growth rate would lead to a
demand figure of 105 Quads by 1985 which would leave a
gap of 20 million to 22.5 million barrels per day.

cubic feet (Tcf). This is slightly higher than
the 13.8 Tcf which is projected by the
Federal Power Commission [11], (The FPC
projection is based on annual net additions
of reserves of 9.5 Tcf, the average since
1968.) In order to reach the natural gas out-
put of 17 Tcf, which is assumed by the draft
FEA, Commerce, and Exxon projections, net
annual additions to reserves of 14.5 Tcf are
required, a level that has not been reached
since 1967 [1 O]. The “historic trends” esti-
mates do not take into account Alaska gas,
which could total 1.0 Tcf a year but which is
not likely to be available before 1985, even
under the most optimistic assumptions [11.

Total nuclear generating capacity would
be 121,000 MWe in 1985 if all existing
plants and plants that already have been
granted construction permits are completed
and operating. The  1985  ca lcu lat ion
assumes a capacity factor of 60 percent,
compared with the 1976 average of 53 per-
cent [3,8].**

Coal production is estimated at 9 5 0
million tons, 10 percent below the FEA
forecast but identical to the projection of
the National Coal Association. The lower
figure implies that environmental problems
which now limit the use of high-sulfur
Eastern coal will not be fully resolved by
1985 and that its replacement by low-sulfur
Western coal will be held down by produc-
tion and distribution constraints.

The contr ibut ions of  hydroelectr ic,
geothermal, and solar power are identical to
those projected by the FEA draft. Natural gas
import estimates are the volumes of liq-

“*The capacity factor for January 1977 was 67 percent, a
significant Increase over the yearly average. It is not known
whether this wiII be sustained but it IS poss ib le that  the
assumption of 60 percent wiII be low. A 70 percent capacity
factor would increase the nuclear contribution by 1.1 Quads
or 550,000 barrels per day equivalent.
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uefied natural gas (LNG) that can be
delivered through facilities already licensed
[12]. The 1.0 Tcf of imported gas in 1976
comes from Canada and is not likely to be
available in 1985.

This analysis, using historic production
trends, shows a domestic supply of energy
about 5.6 Quads higher than the 1970-76
average because coal and nuclear power
would more than offset the decline in oil
and natural gas production. If, on the other
hand, this were not to occur and domestic
energy production remains constant at 59.5
Quads as it has since 1970, then the sup-
ply/demand gap would increase to 38.1
Quads. Translated into import requirements
this would mean that 18.8 million barrels
per day of oil would have to be imported to
fill the gap.

B. World Implications

The forecasts of U.S. energy supply and
demand through 1985 discussed in section
III project that the United States will import
between 8 million and 12 million barrels of
oil a day in that year. They also forecast
domestic production of oil and natural gas
liquids for the United States of as much as
12 million barrels a day.

The different assumptions implicit in the
“historic trends” analysis, however, give a
much bleaker picture. The implications of
the substantial increase in import require-
ments indicated by this analysis are clearly
seen when the wor ld oi l  product ion
capability for that time period is examined.
Various estimates for that period indicate
that the 1985 import requirements for the
non-Communist world outside the United
States will be about 25.3 million barrels per
day [4,13]. This would be approximately
equal to the productive capacity of the

OPEC nations outside of Saudi Arabia
[4,131.  OPEC analysts  conclude that,
because of internal political pressures, Saudi
Arabia may be unwilling to push its produc-
tion beyond 12.5 mill ion barrels a day
before the mid-1980’s. Saudi officials also
have warned that unless the rate of growth
in U.S. demand is reduced in the next few
years, Saudi Arabia will make no effort to in-
crease production after 1982.

If the United States were faced with the
demand/supply gap projected by the
historic trends analysis there would be a
shortfall on the world market of 4.5 million
barrels per day assuming Saudi production
of 12 million barrels per day. In the case dis-
cussed above where total U.S. domestic
production remained at the 1970-76 levels,
this shortfall would reach about 7 million
barrels per day under the assumption that
non-U.S. world demand remained at the 25
million barrel per day level.

The  l i ke l y  consequences  o f  these
developments about potential U.S. imports
are one of two options for world producers
and consumers in 1985;

. Saudi Arabia will produce between 4
million and 7 million barrels a day
more than Saudi officials have said
they are willing to produce in 1985;*

. the world’s industrial nations will be
in a bidding war over 4 million to 7
million barrels of oil a day that will
drive prices up and still leave some or
all nations short of supplies,

● I t  should be noted that  the maximum product ive
capaci ty  o f  Saudi  Arabia has  been es t imated by the
Pet ro leum Indust ry  Research Foundat ion to  be about  20

mill ion barrels per day. This is approximately the volume
that would be required if the Saudis were to meet the 7
million barrel per day shortfall. Therefore, not only political
limits, but very possibly physical limits, would be exceeded

by world demand.
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V. Conclusion References

The “historic trends” analysis suggests
that international shortages and price ra-
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tween domestic supply and demand
narrow enough so that it can be
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● What kind of policies are needed to
expand alternative energy supplies
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States will have a solid energy base
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The Presidential
Energy Initiatives:
Some Policy
Considerations

The recent Presidential Energy Message
to Congress has raised a number of varied
and important issues. The ongoing debate
over the proper course for public policy
would be enhanced, however, if additional
information and quantitative analyses were
available. The purpose of this paper is to
move toward this end with respect to three
diverse, but major, areas of concern. They
include:

Estimates of the price elasticity of sup-
ply (supply response to price changes)
for petroleum and natural gas from
future discoveries in the Outer Conti-
nental Shelf (OCS) and Alaska.

2. Estimates of the impact of deregulated
domestic petroleum prices on energy
industry profits and capital financing
requirements.

3. Estimates of the number and location
of future coal mine developments
necessary to meet stipulated con-
sumption levels and sulfur constraints.

Price elasticity of supply

Major portions of the undiscovered oil
and natural gas resources in this country
have been forecast to lie in the public do-
main, either in the OCS or in Alaska (USGS,
1975). Because energy discoveries in these
areas tend to be more expensive to produce
than those in traditional areas and because
of their potential magnitude, the impact of
market prices on their development takes
on special significance.

2 1 6

Any forecast of price response must be
tentative, given the host of factors which
can influence the actual outcome. For that
reason, it is valuable to simulate possible
impacts using models which require all
necessary assumptions to be clear ly
specified. Results can then be duplicated or
recomputed using alternative assumptions
and comparisons can be made.

That is the approach used here. A simula-
tion model of private sector behavior under
public domain leasing arrangements pro-
vides the basis for analysis. Developed over
a 4-year period under National Science
Foundation funding, the approach has been
widely utilized for policy analysis in the past
(Kalter and Tyner, 1975a; 1975b; 1975c;
Kalter et al. 1975). Using concepts of proba-
bility theory and Monte Carlo techniques,
uncertainty in a number of variables which
influence production outcomes can be
handled.

For this analysis, potential hydrocarbon
discoveries in 13 offshore provinces serve
as the focus. ’ Figures II-1 and II-2 outline the
areas covered. Appendix A details the input
data and assumptions used in the analysis.
In general, however, U.S. Geological Survey
forecasts of hydrocarbon resources and
historical data were used as a basis for
deriving field size distributions and the ex-
pected number of fields in each OCS
subregion. Investment and operating cost
data were developed f rom Nat ional
petroleum Counci l  information which
allowed estimates to be made for individual
reservoir sizes in five separate cost regions.
Then, the geologic and cost information
developed was used in conjunction with

1Time was Insufficient to develop the necessary statisti-
cal information for an in-depth analysis of the onshore
Alaskan situation. However, the results obtained here can be
generalized to cover such areas. We will return to this point
below.



Figure II-1 Aggregated OCS Provinces Surrounding the Conterminous Lower 48 United States
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the Monte Carlo simulation model at alter-
native levels of expected price. The results
of these simulations, when coupled with
the field number forecasts by size range,
provided the basis for the supply price
elasticity calculations.

Oil price levels of $11.64 per barrel (the
current upper tier regulated price), $13.75
per barrel (approximately the current landed
price for imports), $17.00 per barrel, and
$22.00 per barrel were simulated. Natural
gas prices of $1.40 per thousand cubic feet
(Mcf) (approximately the current regulated
price for new gas), $1.75 per Mcf (the Presi-
dent’s proposed new price level), and $2.25
per Mcf were tested. The current world oil
price is equivalent to a $2.43 per Mcf
natural gas price.

The results are summarized in table 11-1.
Arc elasticity values for various price ranges
are displayed for both oil fields (with associ-
ated natural gas) and nonassociated natural
gas fields (with associated natural gas liq-
uids). The analysis assumed that a competi-
tive leasing system, similar to the current
cash bonus approach, would be used to
allocate public domain lands to the private
sector for development and that develop-
ment would not occur if the chance of a less
than normal profit falls below 50 percent.2

$11.64 per barrel in all but the high-cost
regions of the OCS.3 In these regions (Arctic
Ocean, Central Chukchi, Bering Sea, and
Cook inlet), some price elasticity is ex-
hibited up to a $17.00 per barrel price. But
even then, only the highest cost areas
(Arctic Ocean and Central Chukchi) require
pr ices of $17.00 per barrel  to foster
development. Most production in high-cost
regions will take place at prices equivalent
to current world market prices ($1 3.75 per
barrel). Small oil reservoirs (less than 50
million barrels) usually cannot be profitably
developed in high-cost areas even at $22.00
per barrel, whereas medium- and large-size
reservoirs are developable at prices below
$17.00 per barrel. Overall, supply is price
elastic in the $11.64 to $13.75 per barrel
range only, with moderate inelasticity be-
tween $13.75 and $17.00 per barrel and
high inelasticity over $17.00 per barrel.

Thus, supply availability from the OCS
appears more dependent on the pace of
Federal leasing and the size of resource dis-
coveries than on price (assuming that price
is allowed to reflect inflationary impacts
over time).4 Higher prices for the produced
product would merely be reflected in higher
bids for OCS leases if the leasing system
were competitive and methods are devised
to reduce r i sk  to the pr ivate sector
developer (such as greater use of contingen-
cy payments in lieu of the cash bonus).

The elasticity values calculated are star-
tling but perhaps, on reflection, not surpris-
ing. For oil, supply is highly inelastic above

‘That is, a given percentage increase in oi1 prices wiII
result in a small percent change in production. An elasticity
value of one implies that the percentage change in price

2Nelther assumption, however, appears critical to the
resu l t s .  Supplementa l  analys i s  showed that  permi t t ing
development whenever after-tax net present values were
pos i t ive  ( regard less  o f  the probabi l i ty  o f  loss )  actual ly
lowered the elasticity values in the few situations where

development was affected. Using a profit share form of leas-
ing system had little impact on the results.

equals the percentage change in production. A value greater
than one means a greater percentage increase in production
(elastic supply) and conversely for a value less than one (in-
elastic supply),

4 Note that the results shown assume real prices and
relate to total net production. Thus, they give no indication
of the sensitivity of production profiles (or timing) to price
changes.
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Table II-1 .—Supply Price Elasticity Values by OCS Province Based on Monte Carlo Simulationa

Oil Natural Gas
Province

$11.64- $13.75- $17.00- $11.64- $1.40- $1.75- $1.40-
13.75 bbl. 17.00 bbl. 22.00 bbl. 22.00 bbl. 1.75/Mcf 2.25/Mcf 2.25/Mcf

0.68 2.74 0.451. Arctic Ocean . . . .
2. Central

Chukchi. . . . . . . .
3. Bering Sea. . . . . . .
4. Gulf of

Alaska . . . . . . . . .
5. Cook Inlet. . . . . . .
6. North Pacific. . . . .
7. Santa Cruz . . . . . .
8. S. California . . . . .
9. Central and

Western Gulf ., .
10. MAFLA . . . . . . . . .
11. North Atlantic . . .
12. Central

Atlantic . . . . . . . .
13. South Atlantic . . .
Overall. . . . . . . . . . . . .

1.81 — 0,29 0.29

2.99
0.46

0.24
0.20

1.76
2.60

0.32
0.41

0.32
2.60

—
6,23

—
4.08

0.04
4.28
0.83
0.20
0.19

0.04
0.51
0.24
0.10
0.05

0.18
0.20
0.05
0.02
0.03

0.12
1.92
0.41
0.12
0.10

0.09
0.25
0.00
0.05
0.08

0.02
4.24
0.00
0.06
0.03

0.06
2.7.5
0.00
0.12
0.06

0.33
0.20
0.08

0,04
0,08
0.03

0.02
0.04
0.48

0.13
0.12
0.27

0.00
0.03
0.00

0.00
0.04
0.00

0.00
0.04
0,00

0.04
0.18
1.85

0.64
0.08
0.81

0.14
0.04
0.20

0.35
0.11
1.17

0.04
0.00
1.00

0.04
0.69
0.13

0.04
0.41
0.62

a See Appendix II for input data a n d  a s s u m p t i o n s  u s e d .

The situation for nonassociated natural With respect to onshore Alaska, the
gas is similar to that for oil. If anything, sup-
ply is even more inelastic to price changes.
However, development of gas in high-cost
regions will not commence below $1.75 per
Mcf. Small- and medium-size finds (below
600 Bcf) in many of these regions would
not be developed at prices as high as $2.25
per Mcf. Potential finds in the Bering Sea
and Cook Inlet, however, appear price
responsive over the range simulated. Over-
all, a unitary price elasticity is exhibited in
the range of $1.40 to $1.75 per Mcf (due to
add i t iona l  re se rvo i r s  that  wou ld  be
developed in the Bering Sea), but supply is
moderately inelastic between $1.75 and
$2.25 per Mcf.

results shown for higher cost OCS regions
will probably bracket the actual situation.
Geological Survey estimates (1975) indicate
that the bulk of Alaska’s undiscovered crude
oil and natural gas deposits occur in the
North Slope region, with small amounts of
resources in the south adjacent to the Gulf
of Alaska and Cook Inlet. Exploration and
production costs on the North Slope are
roughly equivalent to those in the Bering
Sea and Cook Inlet. For example, explora-
tion costs per well are now approaching 10
million dollars in the N P R-4 area, whereas
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Table II-2.—Cumulative Production by OCS Province Based on Monte Carlo Simulation

Province
$1 1.64/

bbl.

1. Artic Ocean ., . . . 2167.33
2. Central

Chukchi. . . . . . . . —
3. Bering Sea. . . . . . . 1685.56
4. Gulf of

Alaska ... , . . . . . 1612.46
S. Cook Inlet. . . . . . . 327.24
6. North Pacific. . . . . 586.43
7. Santa Cruz . . . . . . 273.07
8. S. California . . . . . 2081.77
9. Central and

W e s t e r n  G u l f . . .  2 2 7 5 . 3 7
10. MAFLA . . . . . . . . . 1014.49
11. North Atlantic . . . 916.46
12. Central

Atlantic. . . . . . . . 1552.15
13. South Atlantic . . . 792.99
overall. . . . . . . . . . . . . 15285.32

Oil
(million barrels)

Natural Gas
(billion cubic feet)

$1 3.75/ $1 7.00/ $22.00/
bbl. bbl. bbl.

2391.90 3643.27 4018.64

2018.94 3174.43 3349.21
3298.11 3589.41 3749.66

1623.45 1634.53 1702.92
542.01 594.97 622.58
587.46 614.73 621.26
281.47 286.79 288,06

2142.32 2 1 6 1 . 3 2  2 1 7 6 . 3 5

2391.74 2409.55 2418.00
1045.46 1061.09 1069.65

927.13 932.69 1034.80

1560.97 1752.31 1806.55
815.43 828.14 835.68

19626.39 22683.23 23693.36

those in the Bering Sea are estimated at 8.5
million dollars (Kalter et al., 1975). Thus, by
analogy, price impacts on supply for similar
sized reservoirs in the North Slope can be
compared with those of the Bering Sea or
Cook Inlet. Similarly, conditions in southern
Alaska may be comparable, with regard to
costs, to those in the Gulf of Alaska or the
North Atlantic.

The results discussed above are basically
confirmed by actual experience. Current oil
prices are apparently adequate to foster
competitive bidding for OCS areas like
Cook Inlet, the Gulf of Alaska, and the
Atlantic. This is apparent from the results of

$1 .40/ $1 .75/ $2.25/
Mcf Mcf Mcf

— 4973.57 5293.26

— 3 9 0 5 . 4 0  4 1 8 5 . 2 4
3457.22 6278.61 6856.00

3415.61 3478.30 3496.61
643.62 675.63 1312.70

3124.67 3127.19 3129.24
463.12 467.92 474.53

1580.30 1607.09 1619,03

35494.89 35494.89 35494.89
1 7 3 4 . 9 4  1 7 4 6 . 1 5 1761.87
4 4 3 0 . 1 8  4 4 3 0 . 1 8  4 4 3 0 . 1 8

3773.77 3802.27 3837.34
1 2 4 2 . 8 4  1 2 4 3 . 6 5 1434.15

59361.16 71230.85 73325.04

recent lease sales in those areas. Prudhoe
Bay development is occurring on Alaska’s
North Slope and plans are contemplated to
extend this activity offshore. The only issue
appears to be what reservoir sizes will be
developed once discovery occurs. This
analysis suggests that prices between
$17.00 and $22.00 per barrel (in real terms)
will have little impact on this question.

However, the analysis also suggests (see
table II-2) that hydrocarbon resources may
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be in short supply relative to demands
Therefore, if continued price regulation is
contemplated as one means of reducing the
economic rent (excess profits) resulting
from hydrocarbon development, taxes

should be substituted to make up the
difference between the controlled price and
the market clearing level. Only in this man-
ner can a situation of excess demand, like
that which has plagued the natural gas
market since the 1960’s, be avoided.

It must be recognized, however, that
unless price elasticity is actually zero, any
form of price regulation will lead to some
degree of inefficiency. This will occur even
with the imposition of an adequate tax to
bring consumer prices up to the world price
level. Without a tax, inefficiencies wil l
result under all conditions of price elasticity.
The question that must be resolved is
whether the equity aspects of the problem
outweigh any resulting losses in economic
efficiency and whether the price regulation-
taxation approach is the “best” means of
treating the equity problem.

Oil price deregulation impacts

Current ly , the wel lhead pr ices for
domestic crude oil production are regulated
by the Federal Energy Administration. Pro-
duction is divided into three components—
old oil, new oil, and stripper-well produc-

‘For example, the simulations indicated that a maximum
of 15 billion barrels of additional oil could be expected from
the OCS at $11.64 pet barrel prices and less than 24 billion

barrels at $22.00 per barrel, The value at current world 011
prtces approached 20 bill ion barrels. This is roughly a 3.2
year’s supply for the United States at the consumption rate
of 17 million barrels per day (just under the actual rate in

1976).
Similarly, natural gas availability at $1.40 per Mcf just ex-

ceeds 59 trillion cubic feet and Increases to 73 trillion cubic
feet at $2.25 per Mcf. The President’s proposal of $1,75 per
Mcf resulted in 71 tri l l ion cubic feet, just about 3.5 year’s
supply at last year’s consumption rate.

tion. Old oil is priced at the so-called lower
tier ceiling which is the sum of the posted
field price on May 15, 1973 and $1.35 per
barrel. The national average price for old oil
was $5.17 per barrel in December of 1976.
New oil was priced at $11.64 per barrel and
stripper production (from wells producing
less than 10 barrels per day) was priced at
$13.30 per barrel (the stripper price has
since risen to world oil price levels).

The exact amount of old and new oil
being produced is somewhat difficult to
determine for a given reservoir or field, In
essence, all oil which is not new oil is old
oil. New oil, however, has changed defini-
tion somewhat over the past several years
and its current definition is difficult to apply
without historical information on a field’s
production. Perhaps the best working proxy
for purposes of policy analysis is to classify
all production which commenced after May
15, 1973 as new oil. Although this definition
ignores so-called “released” oil (old oil no
longer controlled at the lower tier price due
to previous Government action), the bias in-
troduced is in underestimating the amount
of oil currently commanding upper tier
prices. Overall, approximately 50 percent of
domestic crude oil production was sold as
old oil in December of 1976, with 36 per-
cent as new and 14 percent as stripper oil.

Aggregate values, such as these, or values
applying to one point in time are, however,
of little value in ascertaining the impact of a
policy which would deregulate domestic
crude o i I  p r ices . Fo r  that  pu rpose ,
knowledge of future production profiles and
the division of those profiles among regula-
tion categories is needed. Only with that
level of detail can accurate impacts on in-
dustry profits and capital financing require-
ments be assessed.
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Knowledge of production profiles and
their division implies the availabil ity of
detailed information on a field by field basis
so that proper account can be taken of pro-
duction decline rates, the timing of produc-
tion changes between regulatory categories
(i.e., old or new oil to stripper), and the ex-
haustion of primary-secondary production
in a reservoir. Apparently, information of
this type is not publicly available from
Government agencies or the industry.

For this evaluation, then, information had
to be independently developed. As a basis,
a computerized reservoir data file was used,
covering 835 oil reservoirs (385 fields) in 19
States.  This  data base was or iginal ly
developed, for the Government, by Lewin
and Associates, Inc., as part of a study on
enhanced oil recovery technology (1 977).
From that data base, the following informa-
tion can be derived for each reservoir:

1. The volume of in-place oil yet to be
produced by primary and secondary
techniques (the FEA has proposed that
tertiary production receive world
prices).

2. The actual production in 1974.

3. The reservoir decline rate.

4. The number of producing wells lo-
cated in the reservoir.

S. The year in which the reservoir was
first produced.

The data cover approximately 52 percent
of the known remaining oil in place in the
United States and 47 percent of actual 1974
domestic production. By 1976, this figure
had dropped to 40 percent if the decline
rates given are accurate.

Although caution must be used in in-
terpreting the data (due to the use of
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numerous sources leading to potential in-
consistencies and the need to often esti-
mate certain values like decline rates), this
f i le is  probably the best avai lable at the

present t ime. Given that qualif ication, the

following steps were taken with the data to

analyze the price deregulation issue.

1.

2.

3.

4.

For each reservoir, 1974 actual produc-
tion, the decline rate and remaining
primary-secondary reserves were used
to derive a future production profile. It
was assumed, as is conventional, that
field production would decline expo-
nent ia l I y  (Roe-at )  th rough  t ime
(Newendrop, 1975). Cumulative pro-
duction was constrained so as not to
exceed available reserves.

Based upon the year when field pro-
duction commenced, the resulting pro-
duct ion prof i le was then in i t ia l ly
assigned to either a new or old oil
category.

Annual production was then divided
by the number of producing wells to
ascertain if and when production from
the field should be assigned to the
stripper category. If this was called for,
the assignment was made at the proper
point in the production time horizon.

Finally, production profiles in the three
price categories (old, new, and strip-
per) were multiplied by assumed
values for regulated and deregulated
prices in each category. December
1976 price values ($5.1 7 per barrel for
old oil and $11.64 per barrel for new
oil) were used for the regulation
scenario and $13.75 per barrel was
used for stripper production and for
the case of deregulation.

The results are summarized in tables II-3,
II-4, and II-5 for both onshore and offshore



Table n-3.-Annual Oil Production by Price Category from Selected Known 1974
Onshore and Offshore Reservoirs for the Period 1977-94

(million barrels per year)

O n s h o r e  P r o d u c t i o n O f f s h o r e  P r o d u c t i o n T o t a l  P r o d u c t i o n

Y e a r

Old
0 i l

1977 . . . . 890.8
1978 . . . . 764.8
1979 . . . . 623.5
1980 . . . . 533.5
1981 . . . . 439.1
1982 . . . . 356.7
1983 . . . . 282.4
1984 . . . . 239.1
1985 . . . . 196.5
1986 . . . . 165.4
1987 . . . . 138.0
1988 . . . . 111.0
1989 . . . . 99.0
1990 . . . . 87.4
1991 . . . . 75.0
1992 . . . . 63.4
1993 . . . . 56.0
1994 . . . . 50.4

T o t a l *  . .  . 5 1 7 1 . 9

N e w  S t r ipper  To ta l * O l d N e w  S t r i p p e r  T o t a l *

0 i l 0 i l 0 i l 0 i l 0 i l

3.3 105.1
2.9 99,9
2,6 101.7
2.3 92,4
2.1 86.4
1.8 81.7
1.6 78.1
1.4 71.2
1.3 69.4
1,1 66.0
1.0 61.6
0.9 62.5
0.8 56.3
0.7 50.0
0.6 47.1
0.6 43.7
0.5 41.0
0.4 37.5

26.1 1251.5

“Details may  not add to totals due to rounding

999.2
867.6
727.8
628.2
527.6
440.2
362,1
311.7
267.2
232.5
200.6
174,5
156.2
138.1
122,7
107,7

97,5
88.3

6449.5

67.2 3.5 0.1 70.8
55.9 3.1 0.1 59.0
46.7 2.7 0.1 49.6
35.4 2.3 0.2 37,9
26.2 2.0 0.1 28.3
20.7 1.7 0.2 22.5
14.6 1.5 0,2 16.3
12.4 1.4 0.2 13.9

9.4 1.2 0.3 10,8
8.1 1.1 0.4 9.6
7.1 1.0 0.4 8.5
6.2 0.9 0.4 7,5
5.5 0.8 0.4 6.7
4.3 0.7 0.6 5.8
3.8 0.7 0.5 5,0
2.4 0.6 0,5 3.5
2.0 0,6 0.4 3.0
1.8 0.5 0.3 2.7

329.7 26.2 5.5 361.3

fields. Table II-3 displays the resulting pro-
duction profiles through 1994.6 Table II-4
shows the gross revenue received by the oil
industry under the price regulation assump-
tions and table II-5 indicates the same infor-
mation for deregulation.

These values need to be read with several
notes of caution, however. First, the produc-
tion numbers indicate that 90 percent of the
reservoir sample output is initially (1 977)
classified as old oil, while less than 1 per-
cent is new oil and almost 10 percent is

Old
O i l

958.0
820.7
670.2
568.9
465.3
377.4
297.0
251.5
205.9
173.5
145.1
117.2
104.5

91.7
78.8
65.8
58.0
52.2

5501.6

N e w  S t r i p p e r  T o t a l
0 i l

6.8 105.2 1070.0
6.0 1 0 0 . 0  9 2 6 . 7
5.3 101.8 777.3
4.6 92.6 666.1
4.1 86.5 555.9
3.5 8 1 . 9  4 6 2 . 8
3.1 78.3 378.4
2.8 71.3 325.6
2.5 69.7 278.1
2.2 66.4 242.1
2.0 62.0 209.1
1.8 6 2 . 9  1 8 1 . 9
1.6 5 6 . 7  1 6 2 . 8
1.4 50.6 143.7
1.3 4 7 . 6  1 2 7 . 7
1.2 44.2 111.2
1.1 41.4 100.5
0.9 37.8 90.9

52.3 1257.0 6810.9

derived from stripper production. Although
the sample pertains to less than 40 percent
of total 1977 production, this allocation
among price categories is substantially
different than the December 1976 value for
total domestic production of 50 percent old
oil, 36 percent new oil, and 14 percent strip-
per production. Obviously, new oil discov-
eries since 1974 would account for some of
this difference. But major portions may also
be due to our inability to distinguish be-
tween price categories with complete ac-
curacy given the information in the data
base. A portion of the distinction may also

‘ iCont lnued pr ice reguIat ion would actual ly  resu l t  in
some control well into the next century but the amounts
affected would rapidly decllne and become inconsequential
(relative to the total energy economy).
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Table n-4.-Annual Gross Revenue Under Continued Price Regulation by Price Category
from Selected Known 1974 Onshore and Offshore Reservoirs for the Period 1977-94

(million dollars)

Onshore ProductIon Offshore Production Total Production
Year

Old New Stripper Total* Old
O i l O i l Oil Oil

1977 . . . . 4605.6
1978 . . . . 3953.9
1979 . . . . 3223.3
1980 . . . . 2758.3
1981. , . . 2270.1
1982 . . . . 1844.0
1983 . . . . 1460.2
1984 . . . . 1236.0
1985 . . . . 1016.1
1986 . . . . 855.1
1987 . . . . 713.3
1988 . . . . 574.2
1989 . . . . 512.0
1990 . . . . 452.0
1991 . . . . 387.5
1992 . . . . 327.8
1993 . . . . 289.3
1994 .., . 260.5

Total” . ..26738.9

38.4
34.1
30.3
26.9
23.9
21,3
18.9
16.8
15.0
13.3
11.8
10.5

9.3
8.3
7.3
6.5
5.8
5.2

303.7

1445.0 6089.1 347.4
1373.1 5361.1 288.8
1398.8 4652,4 241.5
1269.8 4055.1 182.8
1188.6 3482.6 135.3
1123.3 2988.6 106.8
1073.4 2552.5 75.2

978.3 2231.1 63.8
954.1 1985.1 48.4
907.3 1775.6 41.9
847.1 1572.2 36.8
859.5 1444.2 31.8
774.5 1295.8 28.4
687.6 1147.8 23.2
647.8 1042.7 19.6
600.8 935.1 12.4
564.0 859.0 10.5
515.0 780.5 9.5

17208 .044205.7 1704.5

‘Details may not add to totals due to rounding

be due to the known reservoirs, which are
not included in the data file, having a sub-
stantially different distribution of produc-
tion among price categories. For example,
the sample includes most major fields and
reservoirs. The smaller field not included
may therefore contain a greater portion of
the stripper production or “released old”
oil. In any case, the direction of any analyti-
cal  b ias that resul ts  f rom these data
problems appears to be toward over-
estimating the financial impact of price
deregulation for the sample.

New
Oil

40.2
35.6
31.6
27.2
22.8
-19.3
17.4
15.6
14.1
12.8
11.5
10.5

9.5
8.6
7.9
7.2
6.6
6.0

304.7

O i l

1 . 8

1 . 6

1 . 8

3 . 2

2.0
2.3
3.1
2.3
3.7
5.2
5.3
5.6
5.5
8.3
7.2
6.7
5.0
4.6

75.2

S t r i p p e r  T o t a l . O l d N e w  S t r i p p e r  T o t a l

O i l O i l O i l

389.4 4953.0 78.6 1446.8 6478.5
326.0 4242.7 69.7 1374.7 5687.1
275.0 3464.8 61.9 1400.6 4927.4
213.2 2941.1 54.1 1273.0 4268.3
160.1 2405.4 46.7 1190.6 3642.7
128.4 1950.8 40.6 1125.6 3117.0

95.7 1535.4 36.3 1076.5 2648.2
81.8 1299.8 32.4 980.6 2312.9
66.2 1064.5 29.1 957,8 2051.3
59.9 897.0 26.1 912.5 1835.5
53.7 750.1 23.3 852.4 1625.9
48.0 606.0 21.0 865.1 1492.2
43.4 540.4 18.8 780.0 1339.2
40.1 475.2 16.9 695.9 1187.9
34.7 407.1 15.2 655.0 1077.4
26,3 340.2 13.7 607.5 961.4
22.1 299.8 12.4 569.0 881.1
20.1 270.0 11.2 519.6 800.6

2084.4 28443.4 608.4 17283 .246290.1

world level (1 3.75) and remain at that real
value throughout the analytical time period.
This is probably a conservative judgment
with the probability of higher real prices
through time being greater. The result
would be an underestimation of deregula-
tion impacts which becomes relatively more
severe through the time profile.

With these points in mind, one would
like to obtain an aggregate view of the im-
pacts resulting from deregulation. If we
restrict our evaluation to known 1974 reser-
voirs, a range of impacts can be approxi-

On the other hand, the deregulation
revenues shown result from the assumption
that all oil prices would rise to the current
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Table II-5.—Annua[ Gross Revenue Under ‘Price Deregulation by Price Category from Selected
Known 1974 Onshore and Offshore Reservoirs for the Period 1977-1994

(million dollars)

Onshore Product Ion Offshore Production Total Production
Year

Old New S t r ipper  To ta l * o l d N e w  S t r i p p e r

0 i l Oil Oil Oil Oil

1977 . . . . 12249.0 45.3
1978 . . . . 10515.6 40.3
1979 . . . . 8572.6 35.8
1980 . . . . 7335.9 31.8
1981 . . . . 6037.4 28,3
1982 . . . . 4904.2 25.1
1983 . . . . 3883.4 22.3
1984 . . . . 3287.1 19.8
1985 . . . . 2702.3 17.6
1986 . . . . 2274.1 15.7
1987 . . . . 1897.1 13.9
1988 . . . . 1527.1 12.4
1989 . . . . 1361.7 11.0
1990 . . . . 1202.0 9.8
1991, . . . 1030.6 8.7
1992 . . . . 871.8 7.7
1993. , . . 7 6 9 . 4  6 . 9
1994 . . . . 692.7 6.1

Total” . . . 71114.2 358.8

1445.0 13739.4 924.0
1373.1 11929.0 768.1
1398.8 10007.2 642.5
1269,8 8637.6 486.3
1188.6 7254.3 359.8
1123.3 6052.6 284.0
1073.4 4979.2 200.0

978.3 4285.3 169.7
954.1 3674.0 128.7
907.3 3197.1 111.4
847.1 2758.1 98.0
859.5 2399.0 84.7
774.5 2147.1 75.6
687.6 1899.4 61.8
647.8 1687.1 52.2
600.8 1480.3 32.9
563.9 1340.2 27.9
514.9 1213.7 25.3

17208 .088681.04533.2

“Details may not add to totals due to rounding

mated. 7 Assuming that the reservoir sample
will continue to reflect 47 percent of the
production from 1974 reservoirs impacted
by price regulation and that the decline rate
of the remaining 53 percent is similar to that
of the sample, the overall impacted produc-
tion profile can be approximated.

It is unlikely that the distribution of this
additional production among price catego-
ries would be more heavily weighted
toward old oil than that of the sample. Thus,

“If all discoveries since 1974 were permitted to obtain
market price for production, the coverage of the analysis
would be complete. To the extent this is not allowed under
continued regulation, deregulation impacts would be under-
stated. The extent depends on the price level permitted for
this production, the reserves Involved and the associated

decline rates.

47,5
42.1
37.4
32.2
26.9
22.8
20.5
18.5
16.7
15.1
13.6
12.4
11.2
10.2

9.3
8.5
7.8
7.1

359.9

1.8
1.6
1.8
3.2
2.0
2.3
3.1
2.3
3.7
5.2
5.3
5.6
5.5
8.3
7.2
6.7
5.0
4.6

75.2

T o t a l *

973.3
811.8
681.7
521.6
388.7
309.2
223.7
190.5
149.1
131.7
116.9
102.7

92.3
80.3
68.7
48.1
40.8
37.0

4968.3

Old New Stripper Total
O i l O i l O i l

13173.0
11283.7

9215.1
7822.2
6397.2
5188.2
4083.4
3456.8
2831.0
2385.5
1995.1
1611.8
1437.3
1263.8
1082.8

904.7
797.3
718.0

92.8 1446.8
82.4 1374.7
73.2 1400.6
64.0 1273.0
55.2 1190.6
47.9 1125.6
42.8 1076.5
38.3 980.6
34.3 957.8
30.8 912.5
27.5 852.4
24.8 865.1
22.2 780.0
20.0 695.9
18.0 655.0
16.2 607.5
14.7 568.9
13.2 519.5

14712.7
12740.8
10688.9

9159.2
7643.0
6361.8
5202.9
4475.8
3823.1
3328.8
2875.0
2501.7
2239.4
1979.7
1755.8
1528.4
1381.0
1250.7

75647.4 718.1 17283 .293649.3

one extreme of the impact range can be that
all production not in the sample is classified
as stripper oil.

Table II-6 summarizes these results for
two price scenarios. The first assumes a con-
stant deregulated price of $13.75 per barrel,
while the second permits price to com-
pound at 5 percent per year. The total im-
pacted production profile as well as the
range in net income (after taxes) to pro-
ducers is shown for each deregulation situa-
tion. 8

8It was assumed that 48 percent of the gross revenue ad-

di t ion resu l t ing f rom deregulat ion would accrue to  the
Federal Government as taxes, with an additional 4 percent

(on average) going to the States. This implies that all pro-
ducer tax deductions, credits, and exemptions had been
used to offset income taxes on the regulated portion of gross
revenue,
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Appendix II

Table n-6.-Net Revenue Gain to Energy Producers from Oil Price Deregulation of Known 1974
Reservoirs for the Period 1977-94
(million dollars)

Year

1977. . . . . . . . . .
1978 . . . . . . . . . .
1979 . . . . . . . . . .
1980. . . . . . . . . .
1981 . . . . . . . . . .
1982. . . . . . . . . .
1983. . . . . . . . . .
1984. . . . . . . . . .
1985. . . . . . . . . .
1986. . . . . . . . . .
1987. . . . . . . . . .
1988. . . . . . . . . .
1989. . . . . . . . . .
1 9 9 0 .  . . . . . . , . .
1991 . . . . . . . . . .
1992. . . . . . . . . .
1993. . . . . . . . . .
1 9 9 4 .  . . . . . . , . ,

Total . . . . .

Present
Value Total . . . .

Total
Production

(million
barrels)

2276.6
1971.7
1653.8
1417.2
1182.8

984.7
805.1
692.8
591.7
515.1
444.9
387.0
346.4
305.7
271.7
236.6
213.8
193.4

14491.3

—

$13.75 Deregulated
Price

$ 3952.3-  8409.2
3386.4-  7204.4
2765.0-  5884.1
2347.5-  4994.9
1920.4-  4086.1
1558.3-  3314.5
1226.3-  2609.2
1038.8-  2209.8

8 5 0 . 8 -  1 8 0 9 . 6
7 1 6 . 8 -  1 5 2 5 . 0
5 9 9 . 6 -  1 2 7 5 . 8
4 8 4 . 3 -  1 0 3 0 . 9
4 3 1 . 7 -  9 1 9 . 1
3 7 8 . 2 -  8 0 6 . 5
3 2 5 . 7 -  6 9 3 . 3
2 7 2 . 5 -  5 7 9 . 2
2 4 0 . 4 - 510.6
2 1 5 , 7 -  4 5 9 . 3

$22732.7 -48320.8

$15186.3 -32311.4

The annual impacts range as high as $8.4
billion per year in 1977 to a low of $216
million in 1994 for the $13.75 price scenario
with al l  reservoirs  not in the sample
assumed to be under stripper production.
The absolute impact over the 18 year period
could range from a low of $22.7 billion to a
high of $68.6 billion, with a present value
impact (at a 10 percent discount rate) which
ranges from $15.1 billion to $41.1 billion.

These values can be compared to capital
requirements of the industry which have

226

Annual 5-Percent
Compound Price Growth

$ 3952.3-  8409.2
3 6 5 6 . 5 -  7 7 8 4 . 8
3 2 1 6 . 3 -  6 8 5 6 . 4
2 9 3 6 . 1 -  6 2 6 4 . 4
2 5 7 7 . 8 -  5 5 0 6 . 6
2440.4-  4792.3
1 8 8 5 . 3 -  4 0 4 2 . 4
1 7 0 6 . 1 -  3 6 6 3 . 6
1 4 8 9 . 3 -  3 2 0 6 . 7
1336.1-  2885.3
1 1 8 8 . 7 -  2 5 7 4 . 8
1017.6-  2217.9

9 6 4 . 2 -  2 1 0 4 . 9
8 9 7 . 8 -  1 9 6 4 . 4
818.1-  1795.5
723.3-  1594.3
6 7 4 . 9 -  1 4 9 2 , 3
6 4 1 . 6 -  1 4 2 2 . 6

$32122 .4-68578.4

$19317 .4-41083.2

been forecast over similar periods of time.
The impact of a “plowback” provision as
part of any deregulation policy can then be
evaluated. For example, the 1976 National
Energy outlook (FEA) forecasts the most
likely capital requirements of the petroleum
industry between 1975 and 1984 as $147.6
billion. 9 This is an average of $15 billion per
year. FEA estimated that this could range be-

9Thls forecast is in 1975 dollars, pertains only to the ex-
ploration, development and production phases of the indus-
try and exludes lease acqulstion costs. Note that It does not

extend to the last 11 years of our analysis.



tween $9 billion and $19 billion per year.
The forecast of maximum net revenue gain

from deregulation is, therefore, just over 56

percent of the average capital requirement

in the best year (1 977). However, for the
reference case, deregulation could result in
as little as 26* percent of capital require-
ments in the best year. These values decline
to between 7 percent and 24 percent by
1984, Using the $9 billion and $19 billion
range for capital requirements, rather than
the reference case, results in a 21- to 93-per-

cent value for 1977 and a 5- to 41 -percent

value for 1984.

Coal mine developments

A substantial increase in the use of coal
by 1985, as called for by the President’s
plan, will necessitate the establishment of
new mining facil it ies. Moreover, if air
quality standards are to be met, low sulfur
coal deposits will need to be the object of
these new facilities. Such deposits are often
located in areas which are not traditionally
producers of large quantities of coal. Thus,
for both national and regional planning pur-
poses, information on the number, size, and
general location of these new facilities
would be useful. This type of information is
necessary if evaluations of labor force
issues, reclamation problems, transportation
system adequacy, and the ability to meet air
quality standards are to be made.

For this evaluation, a multiperiod spatial
allocation model of the United States coal
industry (LeBlanc, 1976) was used as the
basis for determining future mine develop-
ments through 1985, The model uses ex-
ogenous forecasts of consumption in 49
regions and determines the least-cost set of
coal shipments from 33 supply regions
which will satisfy those forecasts given
sulfur, resource, transportation, and market

constraints, as well as production and
transportation economics. More
specifically, the effect of the contract-spot
market aspects of coal sales on delivery and
development patterns over time is con-
sidered, along with quality differences
among supply regions in coal sulfur and Btu
content. Model runs take place in a recur-
sive fashion to permit solutions through
time which take account of past contracts
and reserve depletion. Both underground
and surface mining poss ibi l i t ies (with
different resource bases and production
costs) are incorporated. Alternative levels of
sulfur emission and coal consumption can
be investigated. Rail, barge, and mine-
mouth electricity generation (and subse-
quent transportation of electrical energy
rather than fossil fuel) are evaluated as
possible transportation modes, although
coal transshipment and modal capacity
limitations resulting in possible transporta-
tion bottlenecks are incorporated. Addi-
tional detail on the model, the data sources
used, and the assumptions specified can be
found in LeBlanc (1 976).

Figures II-3 and II-4 display the demand
and supply regions, along with their central
nodes, used for this analysis. Tables II-7 and
II-8 list these regions. For this evaluation, it
was assumed that 1.164 bil l ion normal
t o n s .10  (24 million Btus per ton) of coal
would be consumed by 1985. This is slightly
less than the President’s new goal of 1.279
billion normal tons.11 We assumed an expo-
nential increase in demand from current

10 Because a ton of coaI trom differlng supply nodes may

vary in heat content (ie., Btus per ton), a normaltzatlon of
values must occur which places all tons In equivalent units.

11 Note that the White House recently increased the ac-

tual tonnage requirements under the energy plan to 1.235
billion tons per day from the previously announced 1,070
billion tons (Wall Street Journal, June 2, 1977),
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Figure II-4. Model Supply Regions and Central Nodes
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Table II-7 .—Demand Regions
, .

State

Alabama . . . . . . . .
Arizona . . . . . . . . .
Arkansas . . . . . . . .
Colorado. . . . . . . .
Connecticut . . . . .
Delaware ., . . . . . .
District of

Columbia. . . . . . .
Florida . . . . . . . . . .
Georgia . . . . . . . . .
Illinois . . . . . . . . . .
Indiana. . . . . . . . . .
Iowa. . . . . . . . . . . .
Kansas . . . . . . . . . .
Kentucky . . . . . . . .
Louisiana . . . . . . . .
Maryland . . . . . . . .
Massachusetts. . . .
Michigan . . . . . . . .
Minnesota. . . . . . .
Mississippi. . . . . . .
Missouri. . . . . . . . .

Centroid Location
Region Latitude Longitude

01
02
03
05
06
07

08
09
10
12
13
14
15
16
17
19
20
21
22
23
24

(Degrees) (Degrees)

33.23
36.05
34.92
39.27
41.28
38.37

38.53
28.50
33.30
40.07
39.38
41.52
38.46
37.41
30.36
38.55
42.05
42.39
45.45
30.28
38.33

87.05
110.59

92.76
105.20

72.44
75.19

77.07
83.50
84.10
89.00
86.32
92.56
95.11
86.08
93.06
76.42
71.22
83.46
93.35
89.02
91.39

levels (using information on likely additions
to electrical generating capacity for 1980)
allocated among demand regions in the
same ratio as recent forecasts by Johnson
(Gordon, 1975). Table II-9 displays these
allocations (in normal tons) by demand
region for 1980 and 1985. Johnson used
commitments of planned electrical utilities
as his basis and estimated coal’s share of
new capacity as a function of price.

The model was then run for 1980 a n d
1985 under two different sets of supply
constraints. First, for States east of the
Mississippi (regions 1 through 20), logistical
constraints were imposed in each region

State

Montana . . . . . . . .
Nebraska . . . . . . . .
Nevada . . . . . . . . .
New Hampshire . .
New Jersey . . . . . .
New Mexico . . . . .
New York . . . . . . .
North Carolina . . .
North Dakota . . . .
Ohio . . . . . . . . . . .
Oklahoma . . . . . . .
Pennsylvania . . . . .
South Carolina . . .
South Dakota . . . .
Tennessee . . . . . . .
Texas . . . . . . . . . . .
Utah. ., . . . . . . . . .
Vermont . . . . . . . .
Virginia . . . . . . . . .
Washington. . . . . .
West Virginia . . . .
Wisconsin . . . . . . .
Wyoming. . . . . . . .

Region

25
26
27
28
29
30
31
32
33
34
35
37
39
4 0
41
42
43
44
45
46
47
48
49

which limited surface

Centroid Location
Latitude Longitude

(Degrees) (Degrees)

46.10 107.22
41.17 96.28
36.13 115,02
43.09 71.28
40.23 74.29
36.41 108.28
42.35 77.08
35.41 80.12
47.15 100.57
40.00 81.59
34.40 98.22
40.30 78.25
33.28 80.37
44.36 99.46
36.04 86.10
31.53 96.14
40.04 111.22
44.29 73.13
37.23 78.12
46.42 122.58
39.10 80.51
43.22 88.38
42.23 108.02

and underground
development, separately, to 5 million tons
per year or 10 percent of 1973 production,
whichever is greater. Only the existing
reserve base constrained other regions. The
rationale for this scenario is to restrict new
mine openings in the smaller Eastern supply
regions to practical limits of manpower and
land availability. Normally, the 5-million ton

14 -43(1 f) - ‘7’7 - 17
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constraint was the operational restriction.
Second, it was assumed that the only con-
straint on new mine development in a given
supply region was the adequacy of reserves
to meet long-term (20-year) contracts. Both
scenarios considered the entire reserve
base, including coking coal, for the analysis.
Coking coal is low in ash and sulfur and high
in Btu content and usually commands a pre-
mium price because of these characteristics.
Also, both cases assumed that national
standards on the amount of sulfur oxide
emissions from the consumption of coal
would apply. This standard is now set at 1.2
pounds of SO2 per million Btus of energy
derived and was used for the time period
analyzed. 12

1 2Stack- scrubber technology to remove sulfur after burn-

ing was not assumed for this analysis since great technologi-
cal and Iogistical uncertainty surround its Introduction.

Table n-8.-Supply Regions

Statea

Centroid Location
Region Latitude Longitude

(Degrees) (Degrees)

NW Pennsylvania.
SW Pennsylvania .
NE West Virginia .
N West Virginia . .
S West Virginia. . .
Ohio-Pennsylvania
SE Ohio . . . . . . . . .
E Kentucky. . . . . . .
Kentucky-

Tennessee-
Virginia . . . . . . . .

Central Tennessee
Alabama . . . . . . . .
W Kentucky-

Indiana. . . . . . . . .
Central lndiana-

Illinois . . . . . . . . .
S Illinois. . . . . . . . .
Central Illinois. . . .
N Illinois-Indiana. .
N Missouri. . . . . . .
Missouri-Kansas. . .
Oklahoma-

Arkansas . . . . . . .
Texas . . . . . . . . . . .
W North Dakota. .
NW South Dakota
E Montana. . . . . . .
SE Montana. . . . . .
NE Wyoming. . . . .
Washington. . . . . .
SW Wyoming-

Colorado . . . . . . .
NE Colorado . . . . .
SE Colorado-

New Mexico . . . .
NW New Mexico-

Colorado . . . . . . .
Arizona-Utah. . . . .
NW Utah. . . . . . . .
W Colorado . . . . .

01
02
03
04
05
06
07
08

09
10
11

12

13
14
15
16
17
18

19
20
21
22
23
24
25
26

27
28

29

30
31
32
33

41.30
40.47
39.10
39.02
38.00
40.28
39.45
37.28

37.06
35.45
33.30

37.46

40.00
37.54
39.33
41.07
39.25
37.50

35.28
31.45
47.21
45,30
46.48
45.54
44.27
47.54

41.36
40.25

37.10

36.34
34.54
39.35
39.32

78.14
79.10
80.03
80.28
81.30
80.55
81.32
83.31

82.48
85.28
86.40

87.07

87.30
88.55
89.18
90.10
92.27
94.22

94.48
96.10

102.28
102.00
105.20
106.37
105.22
121.32

109.13
104.42

104.30

108.12
110.09
110.48
107.48

‘ N  W =  N o r t h w e s t ,  S W =  S o u t h w e s t ,  N E =  N o r t h e a s t ,
N= North, S= South, SE= Southeast, E= East, W= West.
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Table ll-9.—Exogenous Consumption Allocation Among Demanding Regions for 1980 and 1985

(thousand normal tons)

Region 1980 1985
Al locat ion A l locat ion

Alabama. . . . . . . . . . . . .
Arizona . . . . . . . . . . . . .
Arkansas. ..., . . . . . . . .
Colorado . . . . . . . . . . . .
Connecticut. . . . . . . . . .
Delaware. . . . . . . . . . . .
District of Columbia. . .
Florida . . . . . . . . . . . . . .
Georgia . . . . . . . . . . . . .
Illinois . . . . . . . . . . . . . .
Indiana. . . . . . . . . . . . . .
Iowa. . . . . . . . . . . . . . . .
Kansas . . . . . . . . . . . . . .
Kentucky . . . . . . . . . . . .
Louisiana . . . . . . . . . . . .
Maryland . . . . . . . . . . . .
Massachusetts . . . . . . . .
Michigan . . . . . . . . . . . .
Minnesota . . . . . . . . . . .
Mississippi . . . . . . . . . . .
Missouri. . . . . . . . . . . . .
Montana . . . . . . . . . . . .

23037
5856
4200
4572

179
1557

638
14758
39954
44000
44895

6668
48722
39787
13568
19931

4129
44895

3939
5219

23717
5964

33743
8577
6285
6425

269
2288

942
21617
58523
50000
65760
15576
71512
58278
19874
29201

6056
65760

3939
7645

17114
8736

As a result of these two scenarios, model
runs produced a range of results for the

1980 and 1985 t ime periods.  Table I I -10
presents these production values for the
various constraints, supply regions, mining
conditions (surface and underground), and
years. The tonnages shown are in physical
rather than normal, tons. The results indi-
cate marked shifts in the location of new
production facilities are likely under various
constraint levels. This confirms the results of
previous analyses (LeBlanc, 1976). For exam-
pie, in LeBianc’s study, imposition of na-

Region

(thousand normal tons)

Nebraska . . . . . . . . . . . .
Nevada. . . . . . . . . . . . . .
New Hampshire . . . . . .
New Jersey . . . . . . . . . .
New Mexico . . . . . . . . .
New York . . . . . . . . . . .
North Carolina . . . . . . .
North Dakota . . . . . . . .
Ohio. . . . . . . . . . . . . . . .
Oklahoma . . . . . . . . . . .
Pennsylvania. . . . . . . . .
South Carolina . . . . . . .
South Dakota . . . . . . . .
Tennessee . . . . . . . . . . .
Texas . . . . . . . . . . . . . . .
Utah . . . . . . . . . . . . . . . .
Vermont. . . . . . . . . . . . .
Virginia . . . . . . . . . . . . .
Washington. . . . . . . . . .
West Virginia . . . . . . . .
Wisconsin . . . . . . . . . . .
Wyoming. . . . . . . . . . . .

Total . . . . . . . . . . .

1980 1985
Al locat ion A l locat ion

2996
7916
1281
3486

13338
11019
40854

4255
92746

5466
49604
10079

1186
29696
44000

8598
50

16378
10288
46507

8079
6288

814295

8614
11595

1884
5114

19536
16148
59841

6232
135851

8153
72666
15936

1737
43497
64548
12594

73
23989
15069
68122

5754
9210

1164283

tional sulfur standards resulted in major pro-
duction shifts toward the Western States
(given the eastern logistical constraint).
Here the situation is similar until the logisti-
cal constraint is removed. The total cumula-
tive new eastern development (in tons per
year) for the case with logistical constraints
was only 29 percent of the total, whereas it
rose to 76 percent when these constraints
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Appendix II

Table 11-10.—lncremental Production Capacity Required by Region, Mine Type, and Year
(thousand physical tons)

Eastern Logistical Constraints
Region 1980 1985

Surface Underground Surface Underground

Reserve Constraints
1980

Surface Underground
1985

Surface Underground

NW Pennsylvania 5000
SW Pennsylvania 7000
NE West Virginia, 5000
N  W e s t  V i r g i n i a .  . , 5000
S  W e s t  V i r g i n i a 7000
Ohio-Pennsylvania 5000
S E  O h i o 5000
E  K e n t u c k y 7000
Kentucky -Tennessee-Virginia 9000
Central Tennessee. 4237
A l a b a m a . 305
W  K e n t u c k y - I n d i a n a 9600
Central Indiana-lllmols 5000
S  I l l i n o i s 5000
C e n t r a l  I l l i n o i s 2123
N  I l l i n o l s - l n d i a n a 5000
N  M i s s o u r i 3586
M i s s o u r i - K a n s a s 2145
Oklahoma-Arkansas 7000
T e x a s 22770
W  N o r t h  D a k o t a ’ —

N W  S o u t h  D a k o t a 2091
E  M o n t a n a —

SE Montana-NE Wyoming 47819
Washington —

SW Wyoming-Colorado 8236
N E  C o l o r a d o —

SE Colorado-New Mexico —

NW New Mexico-Colorado 60213
A r i z o n a - U t a h —

N W  U t a h 1000

W  C o l o r a d o 1787

88
—

4985
5000
7000

3821
5000
5000
5000
5000
5000

—
28514
39965
20269
20279

2000
2000

81918
4000
2000

729
4600
9525
2200
2123
2000
6783
2000

30289
14182

—

2091
27

5140
—

8669
—
—

7014
—

1000
1787

50
—
—
—
—
—
—

43897
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

— —
1 —
1 —
1 —

147774 —

6908 —
— —

1 —

104976 —

2338 —

1 —
— —

22398 —
— —
— —
— —
— —
— —

1 —

3780 —
— —
— —

3541 —

42393 —
— —

11159 —
— —
— —

32593 —
— —

1 —
— —

—
5015
—

5000
—
—

7000
11000

—
7000

—
5000
5000

—
5000
5000

— —
5000

— —
5000
5000

1

— —
—
—

—
—
— —
—
—

—
—
—
—

—
5000
7011

—
—
—
—
—
—
—

—
2991

14259
244921

—
—
—
—

1284?
—

— —
— —

—
—

—
47492—

— —
1—

—
—
——

● These two supply regions have been combined because of their similar geologic and coal characteristics, as well as the
nearly identical production and transportation costs involved.
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were removed. In the West, new develop-
ment is concentrated in Montana, Wyo-
ming, and the Northwest New Mexico-Col-
orado regions. In the East, however, low-

sulfur, high-Btu coal in Eastern Kentucky,
Tennessee, Virginia and Southern West
Virginia receive the greatest call for new
development. It should be noted that these
are precisely the deposits whose charac-
teristics make them valuable for coking coal.
I f  these depos i t s  a re  d i f f icu l t  to  burn  i n
utility boilers, expensive to mine, and com-
mand a premium price for steel making, as is
often argued (Gordon, 1976), the likelihood
of achieving the result shown wil l be
remote. However, as indicated above, the
two cases should bracket the range of actual
results.

With that in mind, we can convert the re-
quirements for new additions in productive
capacity for 1980 and 1985 to an estimate
of  new min ing  fac i l i t i e s .  The  mode l
assumed (for production cost purposes) that
surface mines would be either 1 million or 5
million ton per year facilities and that un-
derground mines would be 1 million or 3
million ton per year operations. For pur-
poses of analysis, we have assumed that
new western surface mines will average 5
million tons per year capacity, while eastern
surface mines will average only 1 million
tons per year. All underground facilities
were sized at 1 million tons per year. Table
II-11 displays the cumulative new mine
developments, by region, which would be
required by 1985 to approximate the Presi-
dent’s production goal.

of reserves restricts new development. In
either case, new development is concen-
trated in surface mining operations (78 to 92
percent of the new facilities). Thus, any in-
crease in the average eastern surface mine
size could substantially impact the number
of new mines required (but not the total
production involved). For example, if all
new surface mines average 5 million tons
per year capacity, the number of new
developments would be reduced to be-
tween 180 and 192 (the higher number in
the case of the eastern logistical constraint
where somewhat more underground pro-
duction occurs).

Cumulative new development by 1985
must reach approximately 700 million tons
(a capacity greater than total 1976 produc-
tion). Since the bulk of this amount is sur-
face mine development (due to lower pro-
duction costs), the degree of land disruption
involved will heavily depend on the new
mine locations. Western areas, with thicker
and more contiguous coal seams, could be
developed with substantially less disruption
and, perhaps, w i th  more  eas i l y  ac-
complished reclamation practices. On the
other hand, development of hundreds of
new strip mines by 1985 may constrain
equipment suppliers and prohibit achieve-
ment of the Presidential goal. In any case,
the number of new developments that
would be required in such a short time
period has no antecedent in our history.

The number of new mine developments
required range from 300, in the situation
where logistics restrict access to eastern
deposits, to 585, when only the availability
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Appendix II

Table 11-11 .—Number of New Mine Developments Required by Region and Mine Type*

Region
Eastern Logistical Constraints Reserve Constraints

Sur tace Underground Total Sur face Underground Total

N W  P e n n s y l v a n i a
S W  P e n n s y l v a n i a
NE West Virginia ., .,
N West Virginia ... ., ., .,
S  W e s t  V i r g i n i a  . ,
O h i o - P e n n s y l v a n i a
SE Ohio. . : :
E Kentucky . . . .
Ken. -Tenn.-Vlr.. ., ... . .

C e n t r a l  T e n n e s s e e
Alabama . . . . . ., .
W  K e n t u c k y  - l n d i a n a
Cent ra l  Ind iana- l l l lno l s .  .  .  .  .
S  I l l i n o i s .  . ,
Central Illinois . . . . . .
N  I l l i n o i s - t n d i a n a  ,
N Mlssouri ... . . . . . .
M i s s o u r i - K a n s a s  . . .  . . .
O k l a h o m a - A r k a n s a s .
Texas. . . . . . . . .
W North Dakota, ... . . . .
NW South Dakota . . . ., .,
E Montana . . . . . . . . . .
S E  M o n t a n a - N E  W y o m i n g  .
Washington . . ., .,
SW Wyoming-Colorado . . . . . . . .
N E  C o l o r a d o . . . . , . , , , .
S E  C o l o r a d o - N e w  M e x i c o
NW New Mexico-Colorado . . . .
A r i z o n a - U t a h  . , , , , . , ,  . .  . . , . . ,
NW Utah . . ... . . . . . .
W Colorado . . . . . . . . . . . .

Total ., ... , . . . . ... .

8 8
1 2 0
100
10.0
1 2 0
10.0

5 0
1 2 0
14.0

4.2
0.3
9 6

1 0 0
1 0 0

2 1
5 0
0,7
0.4
2.4
6 0
—

1.0
2 9

58.6
—

4.2
—
—

21.5
—

0 2
0.4

233.3

01
—

100
5,0

120
—
—

120
160

—
12.0

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

67.1

8.9
12.0
200
150
24.0
10.0
50

24.0
300

4.2
12 .3

9.6
100
10.0
21
5.0
07
04
2.4
60
—
10
2.9

58.6
—
4.2
—
—

21.5
—
0.2
0.4

300,4

—
28,5
40,0

20.3
1 6 8 1

8.9
2.0

81.9
1 0 9 0

4.3
0 7
4.6

31.9
2.2

2 1
2,0
1 4
0.4
6 1
3.6
—

0.4
0 7
9.5
—
4.0
—
—
7.9
—
0.2
0,4

541.1

0.1
—
—
—
—
—
—

4 3 . 9

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

44.0

() .1
28.5
40.0
2 0 . 3

168 1
8.9

2.0
1 25. 8
109 .0

4.3
0 .7
4.6

31.9
2.2

2.1
2.0
1.4
0 .4
6 1
3.6
—

0. 4
0 7
9.5
—

4.0
—
—

7.9
—

0 2
0.4

585,1

“Assumes 1 million ton per year underground facilities and surface facilities of 5 million tons per year west of the Mississippi
and 1 million tons per year east of the Mississippi.
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Appendix A
Supply Price Elasticity
Analysis: Data Sources
and Assumptions

The analytical model used for the Monte
Carlo simulation which served as the basis
for this evaluation was developed under Na-
tional Science Foundation funding and is
fully detailed in other publications (Tyner
and Kalter, 1976). The interested reader
should refer to them for further details.

The model, however, requires input data
on geologic, cost, and other economic
variables. Many of these values must be in
the form of probability distributions if the
model’s full capabilities to consider uncer-
tainty are to be utilized. The basic informa-
tion on the values used for this analysis
were developed by the author in other
research (Kalter et al., 1975), A full explana-
tion can be obtained by referring to that
publication. What follows will be a sum-
mary of the data used.

The information used pertains to water
depths out to 200 meters. Exploration, in-
vestment and operating cost data were
derived from National Petroleum Council
(1973) research and modified to reflect
1975 values and our regional format, Cost
relationships were then derived which per-
mitted investment costs to be estimated for
any size of reserve sample picked by a
Monte Carlo iteration. Table II-A-3 displays
the five cost regions specified for the
analysis and the factors used to determine
actual costs in a given region. Table II-A-4
summarizes the oil and natural gas cost
values used for selected reservoir sizes.
Finally, table II-A-5 displays the values for
other geologic, engineering, time, and
economic var iables assumed for the
analysis.

Input data on assumed field size distribu-
tions and the expected number of fields for
each OCS subregion are shown in table 11-

A-1 for oil and table II-A-2 for natural gas.
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Appendix II

Table 11-A-l .—Oil Field Sizes, Standard Deviations, and Estimated Field Numbers by
Field Category and Subregion

Category 1 Fields

Subregion
(less than 50 roll. bbls.)

Mean
(mil. bbls.)

1 .  A r c t i c  O c e a n  . ,  2 5 . 8
2  C e n t r a l  C h u k c h i  2 5 . 9
3. Bering Sea . . . ., 23.0
4. Gulf of Alaska 23.9
5. Cook Inlet 17.4
6. North Pacific . . 17.4

  7 .  S a n t a  C r u z  . , 16.2

8. S. Cal. Basins ., 17.2
9. C. a n d  W.  Gul f  . ,  11,7

10, MAFLA ... 12.8
11,  Nor th  At lant ic  . , 1 8 5
12.  Cent ra l  At lant ic . 1 5 0
13 South Atlantlc 12.2

Std. Dev.
(mil. bbls.)

12.9
12,9
11.5
11.9

8.7
8.7
8.1
8.6
5.8
6.4
9,2
7 5
6.1

No. of
Fields

80
75

106
3

27
2
6

20
88
13

7
18
13

Category 2 Fields

(50-100 roll. bbls.)

Category 3 Fields
(greater than 100 mil. bbls.)

Mean

(mil bbls . )

70.0
69.6
69.8
73.1
69.9
73.9
70.1
71.9
70.0
70.8
70.2
71,0
49.6

Std. Dev.
(mil. bbls.)

49.0
48.7
48.9
51,2
48.9
51.7
49.1
50.3
49.0
49.6
49.1
49,7
49.6

No. o f
Fields

27
21
30

1
4
1
1
4

10
1
1
2
1

Mean

(mil. bbls.)

158.7
147.3
147,4
577,9
145.2
567.9
144.9
256.6
155.8
311.8
321.3
320.6
225.7

Std. Dev. No. of
(roil. bbls.) Fields

158.7 18
147.3 17
147,4 14
577.9 3
145.2 3
567.9 1
144.9 1
256.6 7
155.8 6
311,8 3
321,3 3
320.6 5
225.7 3

2 3 6



Table 11-A-2.—Nonassociated Natural Gas Field Sizes, Standard Deviations, and Estimated
Field Numbers by Field Category and Subregion

Category 1 Fields Category 2 Fields Category 3 Fields

Subregion
(less than 300 mil. Mcf) (300-600 mil. Mcf) (greater than 600 mil. Mcf)

Mean Std. Dev. No. of Mean Std. Dev. No, of Mean Std.  Dev.  No,  of

(mil. Mcf) (mil. Mcf) Fields (mil. Mcf) (mil. Mcf) Fields (mil. Mcf) (mil. Mcf) F ields

1. Arctic Ocean . . 154.8 77,4 31 420.0 294.0 10 952.2 952.2 7
2. Central Chukchi. 155.4 77.7 26 417.6 292.3 7 883.8 883.8 6
3. Bering Sea. . . 138.0 69.0 34 418.8 293.2 9 884.4 884.4 5
4. Gulf of Alaska 143.4 71,7 1 438.6 307.0 1 3,467.4 3,467.4 1
5. Cook Inlet 104.4 52,2 7 419.4 293.6 2 871.2 871.2 1
6.  North Pacif ic 104.4 52.2 0 443.4 310.4 0 3,407.4 3,407.4 1
7. Santa Cruz . . . .
8  S .  C a l ,  B a s i n s
9. C. and W. Gulf.

10 MAFLA . . . . .,
1 1  N o r t h  A t l a n t i c
12.  Cent ra l  At lant ic
13,  South At lant ic .

97.2 48.6 1 420.6 294,4 1 869.4
03.2 51.6 3 431.4 302.0 0 1,539,6
70.2 35.1 225 420.0 294.0 24 934,8
76.8 38.4 1 424.8 297.4 0 1,870.8
11.0 55.5 5 421.2 294.8 1 1,927.8
90.0 45.0 8 426,0 298.2 1 1,923.6
73.2 36.6 3 425.4 297.8 0 1,354.2

869.4 0
,539.6 1
934.8 14
,870.8 1
,927.8 2
,923.6 2
1,345.2 1

2 3 7



Appendix II

Table n-A-3.-Cost Regions Used in the OCS Analysis

Region Exploration Development
Number Region Name Area Used Cost Factor Cost Factor

1 . . . . . . moderate Gulf of Mexico 1.0 1.0
South Atlantic
South Pacific

2 . . . . . . moderate-severe Central Atlantic 1.4 1.9
North Pacific

3 . . . . . . severe North Atlantic 1.8 2.8
Gulf of Alaska

4 . . . . . . ice laden Bering Sea, Alaska 2.3 3.7

5 . . . . . . severely ice laden Chukchi Sea 4.6 4.6
Arctic Ocean

2 3 8



Table n-A-4.-Exploration, Investment, and Operating Costs for Oil and Nonassociated Natural Gas
by Reservoir Size and Cost Region

Reservoir
Size 1

15 . . . . . . . . . . . . . . . . . . . . $20.96
20 . . . . . . . . . . . . . . . . . . . . 15.60
65 . . . . . . . . . . . . . . . . . . . . 8.98

175 . . . . . . . . . . . . . . . . . . . . 5.06
525 . . . . . . . . . . . . . . . . . . . . 2.68

1050 . . . . . . . . . . . . . . . . . . . . 1.80

Exp. Costs
per well
(in millions) 3.121

Operating
costs
(initial) .40

90 . . . . . . . . . . . . . . . . . . . . $3.28
150 . . . . . . . . . . . . . . . . . . . . 2.46
390 . . . . . . . . . . . . . . . . . . . . 1.44

1050 . . . . . . . . . . . . . . . . . . . . .83
3150 . . . . . . . . . . . . . . . . . . . . .45

Exp. Costs
Per well
(in millions) 3.121

Operating
costs
(initial) .04

Cost Regions

2 3 4

o i l

$38.85 $57.12 $75.41
28.91 42.51 56.12
16.64 24.46 32.29

9.38 13.79 18.21
4.97 7.31 9.65
3.33 4.89 6.46

4.370 5.618 7.179

.52 .64 .76

Nonassociated Natural Gas

$6.48 $9.39 $12.31
4.86 7.05 9.24
2.85 4.12 5.40
1.63 2.36 3.10

.88 1.28 1.67

4.370 5.618 7.179

.0 .06 .08

5

$94.02
69.97
40.26
22.70
12.03

8.05

14.357

.88

$15.47
11.62

6.79
3.90
2.10

14,357

.09
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Appendix H

Table II-A-5 .—Common Input Values for Leasing Policy Analysis

Geologic
Production decline rate, a
Beta (recovery factor), ß
Reserve distributions

Price related
Original oil price, PO

Original gas price, GPO

Mean of oil price change distribution, RP1 MN
Std. dev. of price change distribution, RP1STD
Mean of gas price change distribution, GP1 MN
Std. dev. of price change distribution, GP1 STD

Tax related
Depreciation method, NDEPR
Depreciaiton lifetime, N
Percent investment salvageable, a

Federal corporate tax rate, Ø

Time related
Minimum production time, TMIN
Years of flat production plus production build up, FLATP
Maximum production period, TMAX
Development and exploration period, LAG
Exploration period, LAG1
Production build up period, IBP
Production build up factors, BPP

year 1
year 2

Cost related
Working capital factor, WCF
Triangular investment and operating cost contingency distributions

BMIN, KMIN
BMODE, KMODE
BMAX, KMAX

Rent per acre, RENT
Investment cost allocation during development, F

year 1
year 2
year 3
year 4
year 5

.10

.50
Iognormal

$11.65, $13.75, $17.00,
$22.00

$1.40,$1.75,$2.25
0
.04
0
.05

Sum of Years Digits
15 years
1 00/0
1 00/0
480/o

9 years
5 years
40 years
5 years
2 years
2 years

.5

.8

.1

– .05
0
.1
$3.00

0
.1
.3
.4
.2

2 4 0



Table ll-A-5.—Continued

Percent investment each year that is tangible, YZ
year 1 0

year 2 .7
year 3 .7

year 4 .8
year 5 .8

Exploration cost allocation during exploration, F1
year 1 .4
year 2 .6

Percent exploration cost tangible each year, YZ1
year 1 0
year 2 .3

Other Factors
Discount rate .10
No. of exploratory wells per 1000 acres .5
No. of acres per tract, ACRES 5760
Bonus factor, BFAC .75
No. of M. C. iterations, NLOOP 200
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