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ABSTRACT

WORLD SOURCES OF ENERGY AND NEW ENERGY
RESOURCE DEVELOPMENT IN IRAN

By

Hooshang Ashraf

Constraints on economic growth and/or development
exist. Availability of energy is decisively important for
economic development in developing nations and sustained
growth in industrialized countries. It represents a major
constraint on growth. |

Iran shares this restraint with others. In the
long run, she faces shortages, and ultimately, depletion
of existing nonrenewable energy resources. Energy policy
must begin to consider this. It is necessary to review
alternative sources of energy, evaluate them, select the
best alternative or combination of alternatives from a cost
viewpoint, and establish a timetable for integrating these
resources with the existing energy supply mix.

The major thrust of this research was to compare
potential alternative sources of energy. A standard basis
of comparison was selected: cost of producing one kilowatt
hour of electricity. Data was gathered from an intensive

survey of existing literature on general energy resource
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development and specific literature on alternative energy
resources.

This research was divided into three phases. 1In
phase one, current worldwide energy resources and reserves
were determined. Fourteen alternative energy sources were
analyzed in regard to quantitative levels and qualitative
aspects of advantages and disadvantages of use. Supply and
demand factors were considered. Following the evaluation of
éuantitative and qualitative elements, three were selected
from the fourteen as representing the alternative sources
of energy with the best potential for development, given
current technological levels. Geothermal, solar, and
nuclear power were selected.

In phase two, these three alternative sources were
evaluated on the basis of cost to produce one kilowatt hour
of electricity. Each alternative has factors, specific
only to it, which must be included in determining the cost
of electricity. However, sufficient similarity existed so
that a general methodology, incorporating these differing
factors, could be constructed and used for the analysis.

Initially, it was necessary to determine the
probable capital outlays required for developing these
energy sources. Total capital investment was computed by
determining costs of land and construction, equipment, and

fuel. Next, the total annual costs of the various plants
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were calculated. These costs included interest,
amortization, and operation and maintenance. Finally,

the total annual energy output of the plants was determined.
This was based on both plant size and the plant factor.

Cost per kilowatt was calculated by dividing the
total annual cost of the plant by the net power production
in kilowatts. Cost per kilowatt hour was based on the work-
ing hours of the plant. It was determined by dividing the
total annual cost per kilowatt by the working hours of the
plant per year.

Each estimate was compared to the cost of producing
electriéity from fossil fuel. Results of research in phase
two indicated the cost of geothermal, nuclear, and solar
energy was competitive with fossil fuel.

Phase two research was of a general nature. Owing
to the limitation of both cost studies and data on new
energy resource development, it was not specific to Iran.

In phase three, the data were related to Iran. 1Initially,
the relevance of energy to economic development in Iran was
established. Patterns of energy consumption, resources, and
reserves were discussed.

The results of these cost studies were integrated
with current levels of energy development and technology
in Iran. Orders of magnitude established by the cost

studies were used to provide general guidelines on new
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energy resource development. These guidelines were
consolidated in a timetable for integrating geothermal,

solar, and nuclear power within the energy sector in Iran.
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CHAPTER I

INTRODUCTION

The importance of energy availability in both
economically advanced societies and in modernizing societies
has become well-known in the past few years. Increasing
attention has been devoted to considerations of alternative
sources of energy for a variety of reasons ranging from
security to supply on the one hand to the realization that
sbme sources are soon exhausted on the other.

The study of alternative sources of supply can be
very complex because it involves physical aspects, economic
aspects, and legal aspects. The physical and natural
science dimensions and the engineering and technical
considerations usually dictate the ultimate limits although
it is not uncommon for new knowledge and for technological
developments to change these constraints in substantial
degrees. Economic factors are extremely important to
consider in the study of alternative energies because they
can be powerful forces on both the supply side and on the
demand side. Legal specifications in the form of legis-
lative rules and mandates sometimes can be more important

than either the physical or economic dimensions.






Nevertheless, the study of alternative sources of
supply is a necessary part of every study of the future.
It would be unthinkable for any society today to plan for
the future without a very serious study of energy

alternatives.

Statement of the Problem

The most important basic resource or raw material
problems for people today are energy and food: energy as
an element of growth and food as energy for man to build
and produce. The world's supply of fuel is declining. Any
realistic plans for the development and use of future
sources of energy must take into account the eventual
depletion of these fossil fuel resources. Thus, the role
of alternative sources of energy must be an integral part
of studies of the future. Development of new sources of
energy is essential if consumer needs are to be met.

However, the relative roles of alternative sources
of energy are very much in question today and new statements
appear with regularity concerning the advantages or dis-
advantages of almost every conceivable source of energy.
This phenomenon will probably continue for years to come
because of the long-term nature of needed definitive

research and demonstration.






Thus, the problem stated simply is: Can an analysis
of the available information on energy and energy alterna-
tives yield realistic guidelines for energy policy formu-
lation in Iran? Stated in another form, the guiding
hypothesis of this study is: Available information today
can provide a basis for energy policy recommendations for

Iran.

Research Procedure

The major thrust of the research to be reported
in this dissertation will be the review and synthesis of
already published information. This information is con-
tained in Iranian and United States Government documents,
in United Nations publications, and in the monographs and
publications of private organizations such as foundations,
private corporations, and book publishing firms.

The present energy situation is reviewed in
Chapter II. The very latest data on production and reserves
from the most reliable sources of information is presented.
This review covers a wide variety of alternatives.

An economic evaluation of "new" energy sources is
reported in Chapter III. Solar energy, geothermal energy,
and nuclear energy are examined in significant detail.

The energy resource, reserve, and consumption
pattern in Iran is presented in Chapter IV. This descrip-

tion is based on the very latest data available.






The summary and concluding remarks are presented

in Chapter V.

Objectives of the Study

The aim and purpose of this research is to
contribute to a better solution to fundamental problems of
new energy resource development in Iran. Research is one
means of promoting the achievement of objectives set by an
overall energy development plan. This plan would be based
on the prospects of various technologies, on the extent and
distribution of the different energy resources, and on the
economié and industrial structure. The scientific and
technological capacity of Iran would also have to be
taken into consideration.

The objectives can be summarized as follows:

1. Analyze and determine current world energy
resources and reserves.

2. Analyze and compare world energy supply and demand.

3. Analyze and determine energy resources, reserves,
and consumption in Iran.

4. Select and develop new energy resources for Iran's
future needs.

5. Meet Iran's needs through a technical and economic
comparison of different sources of new energy

resources to aid in their development.






Issues involved include costs and benefits promised

by new technology using available energy, the alternatives

involved in the utilization of natural energy resources,

the availability and cost of technology for maintaining

environmental quality in the face of enormous increases

in absolute energy consumption, and the energy demand and

supply relationships.

Assumptions

In the choice of new energy resources development,

the following assumptions were made:

l.

That there can be practical use and development of
three new sources of energy such as geothermal,
solar, and nuclear power in the near future.

That there are no limitations, of any reasonable
proportion, on the availability of funds and
personnel.

That the problems are clear and compelling in the
urgency of new energy resources development for the
near future.

That political and social systems in the inter-
national context do not influence energy resource
development in terms of availability of raw material,

research, and construction.






5. That there are common elements for optimum cost

of alternative sources of energy in different

countries, with respect to differing levels of

technology and skilled manpower. The following
guidelines concerning these elements can be used:

a. Local manpower and resources will be used in
new energy resource development.

b. The use of new energy resources must be related
to the cultural and social aspects of the
country.

c. The use of new energy resources must be related
to the physical and biological aspects of man's

environment, both locally and globally.

Limitations of the Study

As mentioned earlier, data on energy is changing
almost daily. Announcements of new oil and gas discoveries,
technological breakthroughs in more exotic energy areas, and
new cost figures for solar, nuclear, and other sources are
published regularly. This study will become obsolete in a
relatively short time and it should be considered as having
a limited life.

A rather limited economic analysis will be made.

The goal will be to obtain reasonable "orders of magnitude"

rather than precise figures for decision-making. Several






simplifying assumptions will be made. Much data that would
be useful for this analysis is not available because it is
either classified or is "proprietary" information. Thus,
for the most part, secondary information that is readily
available will be used.

It is recognized that conditions in Iran may result
in some deviations from the conclusions that will be reached
in this study, it is hoped that the differences will not be
significant. In such a rapidly changing world, however, we

can never be sure.






CHAPTER II

CONTEMPORARY ENERGY PERSPECTIVES

During the last decade, the world energy market
has been marked by increased requirements. The demand for
energy is expected to continue to rise in the future.
Pressure is already being exerted on the supplies currently
available from various energy sources.

In recent years, there has been a shift in consump-
tion from solid fuels to petroleum and natural gas. This
trend has been common to nearly all regions of the world.

The long-term inadequacy of conventional energy
resources to satisfy greatly increased demand and the
possible limitation this places on world economic growth
has focused attention on evaluating new energy processes.
Adequate development of new energy resources will ease the
demand for nonrenewable sources and decrease environmental
pollution. Currently, the issue is how to meet world energy
requirements during the years ahead.

Aspects of the global energy situation and prospects
are examined in terms of a brief review of the energy
reserves. A perspective for the future and observations

on the long-term adequacy of energy reserves to meet world






demand are included. The application of relevant
technologies affecting improvement in efficiency of
energy use is also discussed.

The following definitions will be used during
the course of the discussion of reserves:

e Proved reserves: proved reserves are those reserves

known to exist that are recoverable under existing
economic conditions at current U.S. prices.'!

¢ Recoverable resources: recoverable resources are

resources in the ground as of the date of the
estimate, that past experience suggests can actually
be produced in the future.?

e Remaining resources: remaining resources are

unmined resources remaining in the ground, as of

the date of the estimate.?®

Estimates of World Energy Resources
and Reserves

The following discussion highlights the growth and

past trends in energy consumption as well as the reserve

lu.s., Congress, House, Subcommittee on Energy
Research Development, and Demonstration, Energy Facts II,
Series H (Washington, D.C.: Government Printing Office,
1975), p. 96.

2y.s., Department of Interior, "Coal Resources of
the United States," U.S. Geological Survey Bulletins, No.
1275 (Washington, D.C.: Government Printing Office, 1967),
p. 27.

%1bid., p. 26.
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situation of the major sources of energy and production.

The main purpose of such an analysis is to relate the
forecast of energy requirements to estimated reserves,
thereby identifying discrepancies between the two. Positive
policies and development programs can then be implemented to
bridge the existing gaps.

Initially, a detailed assessment of energy resources
is essential. This will provide valuable baseline data
which will enable expected increases in demand to be met.

Three constraints must be considered when studying
world energy reserves. First, existing information on
energy.reserves is not adequate. For example, documen-
tation on coal resources in developing countries is
insufficient. Second, in some cases, comparisons of
reserves are difficult to make, due to a lack of inter-
national standards regarding categories of reserves. This
is particularly true in the case of natural gas. Third,
economic factors affect the estimates of certain categories
of reserves. At one level of cost, the reserves may be
considered recoverable, but not so at a different cost

level. This is directly true of petroleum deposits.

Petroleum

Reserves. Once the field has been developed, the

reserves of petroleum in a given field can be estimated with
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a reasonable degree of accuracy. However, the volume of
oil in place, even in a well-delineated field, can never
be precisely estimated. In addition, the proportion which
can be recovered is controlled in part by economic condi-
tions. This further complicates any assessment of petroleum
reserves.

In discussing reserves, Charles Issawi has noted:
"Proven refers solely to those reserves that have been
established by the exploring or producing companies or
governmental agencies and are judged to be economically
recoverable with existing technology."'

lUsing this definition, the world's proven oil
reserves amounted to 67,100 million tons in January 1969.
This compared to about 37,000 million tons a decade earlier.?
The increase during this period is considered a result of
increased onshore and offshore exploration.

Banquis et al.’® estimated that the Middle East has
61.1 percent of the world's present proven reserves; North
America has 11.4 percent; centrally planned economies of

Eastern Europe, 8.6 percent; North Africa, 8.3 percent;

!charles Issawi, 0il, the Middle East, and the World
(New York: Library Press, 1972), pp. 19-21.

2p. R. Banquis, R. Brasseur and J. Masseron, Bureau
d'etudes Industrielles et de Cooperation (Paris: Institute
Frangais du Petrole, 1970), pp. 79-92.

$Tbid.
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Latin America, 6.1 percent; and 4.5 percent in the rest of
the world.

Hubbert assesses the petroleum reserves of the world
as follows: "Canada 95 x 10° barrels; U.S. 200x 10°; Latin
America 225 x 10°%; Europe 20 x 10°%; Africa 250x 10°; Middle
East 600 x10°%; Far East 200x 10°; and USSR and China
500 x 10°."!

The U.S. Department of Interior? estimated total
world crude o0il reserves to be 542.2 billion barrels in
1973 and distributed in this manner (in billions of bar-
rels): U.S., 35.3; other Western Hemisphere countries,
36.4; Wéstern Europe, 17.4; Africa, 57.2; Middle East,
316.1; Far East and Oceania, 15.7; Sino-Soviet bloc, 64.1.
It was calculated that 58 percent of the total world
reserves were located in the Middle East, 1l percent in
Africa, and 7 percent in the United States.

For the future, there are indications that huge
deposits of petroleum and gas reserves exist in offshore
areas; that is, water deeper than 200 meters. It is
extremely difficult to judge the extent or nature of global
offshore petroleum and gas reserves, as well as their future

cost of production.

M. King Hubbert, "The Energy Resources of the
Earth," Scientific American, September 1971, pp. 64-65.

2U.S., Department of the Interior, Energy Per-
spectives (Washington, D.C.: Government Printing Office,
1974), pp. 14-15.
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Demand. The demand for oil is a function of many
factors. On the national level, demand will be affected
by increasing population, national income, the level of
industrialization or economic development, changes in the
national transport structure, and the foreign exchange
position when foreign supplies are being considered.

Demand is certainly a function of the price of petroleum.

In this sense, demand will be influenced by the availability
of crude petroleum, its ease of transportation, changes in
the prices of petroleum products in relation to competing
energy sources, the nonavailability and nonsubstitutability
of othef resources and forms of energy, and advances in
technology.

The choice between, or substitution of, different
sources of energy is governed by both competitive and
technical factors. The increase in demand for transpor-
tation and in the vehicle fleet in a given country, which
usually accompanies economic development, do not pose the
question of choice between competing forms of energy. In
this case, the various energy forms are not substitutable.
For heating purposes and for many stationary engines, coal,
natural gas, and distillated and heavy petroleum fuels are
substitutable for each other. This is the general area in
which relative costs and prices as well as the level of

industrial development play a role.
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Once begun, the process of substitution cannot be
easily reversed in developing countries in the short or
medium term, through changes in price, particularly for
solid fuels. This will affect demand.

In contrast with the developed market economy
countries, there are few available projections of petroleum
demand for developing countries, whether on a global or
regional basis. Demand for petroleum in developing coun-
tries has reflected and continues to reflect, both the
growth of the energy economy and the substitution of
commercial and, particularly, noncommercial fuels.

Issawi! shows the projected demand for petroleum
products for the world in 1980 to range from 3,269 million
tons as a low estimate, to 4,317 million tons as a medium
projection, and to 5,285 million tons as the high projection
of consumption. The medium projection would appear to be
the most realistic estimate.

In Table 1 these projections are compared to a
consumption rate of 2,854 million tons in 1970.? Based
on these figures, the average annual rate of increase in
consumption may be expected to be between 1.45 percent,

5.1 percent, and 8.5 percent.

lIssawi, p. 10.

2United Nations, World Energy Supplies 1961-70,
Statistical Paper Series J, No. 15, 1972, p. 6.
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Table 1. Estimates of World Consumption of Petroleum
Products in 1980 (million tons)

Estimated Consumption 1980

Consumption in 1970 Low Medium High

2,854 3,269 4,317 5,285

Source: United Nations, World Energy Supplies 1961-70,
Statistical Paper Series J, No. 15, 1972, p. 6.

Production. The production of crude petroleum

increased to 3,340.423 million tons in 1972 over a total of
1,611.644 million tons in 1962. This represents an increase
of 107 percent over 10 years, or an average annual growth
rate of 10.7 percent (see Table 2).

As indicated by the 0il and Gas Journal,! world

crude oil production rose to a new high production of
50,611,000 barrels per day in 1972. This was an increase
of 5.3 percent or about 2,528,000 barrels per day over the
1971 output.

In noncommunist countries, including the United
States, average output was 41,861,000 barrels per day.
The output of the United States represented a 0.7 percent
decline in production. The remainder of the noncommunist

world had a 7.1 percent production increase.

!"Wworld Crude 0il Production Climbs 5.3%," 0il and
Gas Journal, 19 February 1973, p. 40.
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Russia led the communist countries with an average
of 7,880,000 barrels per day or a 6 percent increase in
1971. Mainland China's average production was 510,000
barrels per day for the same year. Total oil production
for communist countries was 8.75 million barrels per day.

Persian Gulf countries expanded their production
and the Middle East flow by 10.7 percent to an average of
5,643,000 barrels per day in 1971. Africa, Asia, and the
Pacific gained also. However, Latin America experienced
a decline over 1971 production totals.

These estimates should be viewed with caution since
they aré based on extrapolations of past trends. Probably
only the orders of magnitude are relevant. According to
these estimates, the world production of petroleum between
1972 and 1980 will be certain to increase.

This was not true, however, for 1974 and 1975.

According to Mineral Industry Surveys,! the world crude oil

production in 1974 was 20.5 billion barrels compared to
19.5 billion barrels in 1975. This represented a decrease
of almost 5.2 percent. The Middle East countries in 1974
produced 7,986,831,006 barrels. 1In 1975, this total

decreased by 10.6 percent to 7,143,494,000 barrels.

lu.s., Department of Interior, Bureau of Mines,
Mineral Industry Surveys, 9 June 1976, pp. 1-4.
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United States production decreased by 4.7 percent while
the USSR increased production by 7.0 percent.

The largest decrease occurred in Venezuela, the
United States, Canada, Saudi Arabia, and Iran. Western
Europe, especially the United Kingdom, Denmark, and Norway
increased their production due to development of the North
Sea fields. The decrease in world crude o0il production was
caused by many factors. Included were energy conservation,
use of other sources of energy, the world-wide economic

recession, and the world political situation.

0il Shale

0il shale is the term generally applied to rocks
containing solid organic matter from which oil can be
obtained by heating. 0il shale has a wide geographical
distribution and the known reserves are very large.
However, in many developing countries there has been no
systematic exploration for oil shale; therefore, global
reserves are probably much larger than present published
estimates indicate. Global reserve estimates are difficult
to compute because of a lack of detailed work on the extent
and grade of 0il shale in many parts of the world.

Commercial production of liquid fuels from oil shale

began in France in 1938.! Between 1850 and 1950, oil shale

.. W. Schramm, "Shale 0il," Mineral Facts and
Problems (Washington, D.C.: Government Printing Office,
1970), p. 184.
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industries were established in different parts of the world
such as Germany, South Africa, Spain, Sweden, Australia,
Manchuria in mainland China and Estonia (USSR). As noted

in Mineral Facts and Problems:

Two countries have an o0il shale industry at the
present time: the U.S.S.R., with operations
principally in Estonia, and mainland China.
Total U.S.S.R. 0il shale production for 1967
was 21.6 million metric tons.'

0il shale can be broadly defined as a fine-grained,
compact sedimentary rock, generally laminated and containing
high-molecular weight organic matter called Kerogen. The
organic matter of oil shale is found in sedimentary rocks.
The matfix of these rocks is a combination of clay, quartz,
and limestone.

Use. O0il shale has been used primarily as a raw
material for manufacturing liquid fuels similar to those
refined from petroleum. Apart from this, o0il shale can be
used as a low-grade fuel in conventional electrical gener-
ating stations or other plants requiring steam.

Important products from shale oil include gasoline,
diesel fuel, domestic and industrial fuel o0il, liquified
fuel gases, and lubricants. Other products such as ammonium

sulfate, sulphur, asphalt, coke, and detergents may also be

obtained.

'rbid., p. 190.
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Reserves. Energy Perspectives! estimates world

recoverable reserves of oil shale and tar sands at
approximately 10,351.5 quadrillion Btu.? The reserves

are distributed as follows: 81.4 quadrillion Btu in Africa;
870.2 in Asia (less USSR); Europe (less USSR), 117.0; USSR,
139.0; North America, 9,111.0; South America, 23.7; and
Oceania, 9.2 (see Table 3).

Economic factors of production. The economics of

oil shale production are influenced mainly by the yield of
0il from shale and the cost of shale mining. 0il shales
are low-value minerals containing large quantities of use-
less ma£erial combined with the useful. This dominates
the economics of oil shale utilization.

Factors entering into calculations of the economic
feasibility of utilizing an existing deposit can be divided
into the physical characteristics of the deposit, the tech-
nology available for its utilization, and the economic
environment. Physical characteristics include the location
of the deposit, its size, richness in terms of recoverable
0il, caloric content, and recoverable by-products.

Decisions for exploitation must be made on the

technological questions concerning plant size, location,

1U.s., Department of the Interior, Energy
Perspectives, p. 2.

2Each quadrillion Btu is equal to 500,000 barrels
of petroleum per day for a year.
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and mining methods. They will be influenced, in part, by
the economic environment which includes size and proximity
of markets, prices for shale o0il, source of capital, rate
of interest, and depreciation. Many of these factors vary

greatly from one deposit to another.

Table 3. Estimated 0il Shale Reserves of the World in 1970, in Shales
as Rich as 10 Gallons per Ton or Richer (billions barrels)

Possible Undiscovered
Known Extensions of and Unappraised

Region Resources Known Resources Resources
Africa 100 - 84,000
Asia 104 3,700 111,400
Australia and

New Zealand 1 - 21,000
Europe 76 300 27,200
North America

other than the

United States - 150 23,950
South America 800 3,200 38,000
Total (rounded) 1,080 7,350 305,500

Source: L. W. Schramm, "Shale 0il," Mineral Facts and Problems
(Washington, D.C.: Government Printing Office, 1970), p. 190.
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Natural Gas

World consumption of the different forms of energy
is increasing rapidly. The share of the o0il and gas con-
sumption sector is forecasted to expand to a much larger
volume or portion by the end of the century. By any pre-
diction, at the end of this century, the world will be
consuming natural gas at a rate greater than it is today.
In the future, natural gas will undoubtedly contribute a
larger share of total energy requirements.

A forecast is required in order to assess the
availability of natural gas in the future. Forecasts
indicate the availability of adequate supplies of huge
proven reserves of natural gas in the world. Behind these
proven reserves, there are the ultimate reserves which are
likely to be found and to be recoverable under realistic
economic conditions.

Natural gas, as a source of energy, can be either
found together with oil or independently from it. The
exploration and production problems of natural gas are
largely the same as for oil.

Natural gas has certain advantages. It is the
cleanest and most flexible fuel. Natural gas which is not
used can be reinjected or liquified. Reinjection helps to
maintain pressure in the oil field and preserves the natural

gas for future use.
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One disadvantage of this energy form is that it is
more difficult to store or transport than liquid or solid
fuels. An additional drawback is that much of the natural
gas produced together with o0il, especially in the Middle
East, is destroyed through burning. The most obvious
solution to this wastage is to convert the gas into a
fuel which can be easily transported and stored. The
usual method today is to transport it by pipeline or in
liquified form. However, a liquified form is not always
the best solution. The gas can be converted into methanol.
This is more expensive, but the transportation is less
dangerdus.

Natural gas market. Natural gas is a source for

heating space in houses, etc. It can also be used for
different purposes such as in the ceramic industry, cement
industry, glass industry, or the iron and steel industry.

The marketing of natural gas depends on the cost of
transporting it, to some extent on production requirements,
and, naturally, on relative prices. Owing to the specific
advantages of natural gas, in some countries at least,
prices of natural gas have always tended, until recently,
to move with the prices of heavy fuel oil, with a slight
differential.

Marketing also depends upon certain aspects of the

individual field. Every natural gas field has its own form
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of economic development which depends on the size of the

reserves, the pressure, depth, temperature, nature of the
drainage system, character of rock, and its geographical

position with regard to the consuming centers.

The expected future energy mix will certainly
affect marketing decisions made today. The importance of
natural gas on the energy mix of the future will depend on
the availability of supplies, the economics of supplies,
alternative energy resources available to meet environmental
as well as energy needs, and technological developments. It
is expected that demand for natural gas in the world in
the futﬁre will increase because of an expansion of
transportation facilities and new technology.

Warner! forecasted that the world demand for
natural gas in the year 2000 would be between 70 and 115
trillion cubic feet. Technological advances in exploration,
production, pipelining, and the location of new reserves in
various parts of the world, will place the amount of
reserves to satisfy the needs within reach.

Reserves. Reserve data are less reliable for
natural gas than for oil. There is, unfortunately, no
entirely reliable information in current literature in

regard to the amount of natural gas reserves. It is not

!aArthur J. Warner, "Natural Gas," Mineral Facts and
Problems (Washington, D.C.: Government Printing Office,
1970), pp. 111-112.
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clear, in most cases, whether the reserves quoted are

gross estimates or proven recoverables.

The known reserves present a constantly changing
picture influenced by greater knowledge of existin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>