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CRECEDING PAGE BLANK-NOT FIIMED

I INTRODUCTION

The energy shortage faced by the United States during the coming
decade has global analogs. Many other industrialized nations face similar
energy shortages that could impair their ability to meet expanding needs.
The rapid conversion ol the industriatized nations from a coal based
ceconomy to an oil and gas based economy is preducing especially acute
problems for nations such as those in Western Europe and Japan which are
lacking adequate resources of oil and gas. These countries are becoming
increasingly dependent upon the OPEC countries in general and on North
Africa and the Middle East in particular to meet their expanding fuel

needs.

On the other hand, the USSR is known to have vast energy resources.
Like other European countries, most of the USSR's client states in
Fastern kFurope arc short of energy resources. The Eastern European
countries rely on the USSRt to meet their energy needs. If the latter
is unwilling or unable to meet these needs, many of these countries will
undoubtedly turn to the North African and Middle Eastern suppliers to

fulfill their requirements.

In the meantime, the political/military situation in North Africa
and the Middle Fast can best be described as unstable. In additior to
the Arab-Israeli confrontation, the OPEC nations have developed an
awareness (in some cases exaggerated) of their strong economic position
vis-a-vis the oil hungry nations, and are exhibiting an increasing

degree of independence in dealing with those nations.

In viev' of the many historical cases of military confrontation

occurring over prized resources, it is obvious that the Departwent of

S — W == 4




befense needs a sound assessment of the potential role ol the USSR in the
world energy economy., On the one hand, the Soviets represent a potenttal
competitor lor the resources ol the OPEC; on the other hand, they may
well provide an alternative source of oil and gas te relieve the
dependence of energy hungry nations on OPEC. The actual role of the

USSR may well lie bhetween these two poles.

The objective of this study is to provide a sound assessment of the
energy economy ol the USSR and six Fastern Kuropean nations (Bulgaria
Czechoslovakia, East Germany, llungary, Poland, and Romania) from now

through 1990. The elements of this assessment include:

e Survey of energy resources by type, locations, quantities,
and development potential, including coal, oil, gas,

other solid fuels, and electric power generation,

e flleview of technology employed for energy exploitation,
including exploration, development, production,

distribution, storage, and utilization.

e Appraisal of recent R&D in resource recovery, fuel and
energy conversion, distribution, and utilization,

including new forms of energy.

® Trends in energy production and consumption.

e Estimation of overall energy supply-demand balance for

1970, with projections at five-year intervals to 1990.

e lleview of Soviet trade policies with Eastern Lurope,

Western Europe, and the rest of the world.

e Analysis of the implication of Soviet energy policies
vigs-a-vis the United States, Western Europe, and the

rest of the world.
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Although a pgreat deal ol classified literature was available tor
this study. the results are based entlirely on unclassified literature.
The authors were pleasantly surprised by the amount of intormation
available ror this study, but were disappointed by its unevenness and

the lack ol consistency

in both the numbers and the definitious. Although
the classified and unclassified literature were not always consistent,
and the classified literature contained more detail in certain areas,

use of classitied data would not change the ftindings and conclusions.

The results ol this study are contained in seven volumes. In
addition to this summary volume, the following six detailed studies

are available:

Appendix A V'ramework of Energy Supply and Demand

Appendix b Coal

Appendix ( Petroleum
Appendix D Gas
Appendix L Other llydrocarbong and Energy Sources

Appendix V I“lectric Power




11 ENF.GY RESOURCES
In discussing the potential development of energy resources, one
ust distinguish between resources, which are the total amount of
naterials occurring in nature, and recoverable reserves, which are the
known ldentified deposits that can he developed economically with

existing technology. Seven categories of reserves are described in the

Soviet literature:
Approximate rguivalent to
Category US Nomer<lature

A Proved reserves
B Probable reserves
( Inferred reserves
(¢ Initial development done
Co Preliminary exploration done
D Speculative reserves

D Reconnaissance data only

D, Predicted on geological principles

These descriptions give the closest U.S, equivalent definitions, but
they are still only very rough equivalents, Category A Soviet reserves

are much less certain than U.S. proved reserves.

The USSR is known to have very large energy resources, but no one
(including the USSR) has a very good estimate of the magnitude of the
recoverable reserves. This is primarily because relatively little
exploratory work has been earricd out in the vast reaches of Siberia and
Eastern USSR, Table 1 shows an estimate of the principal recoveriable energy
reserves of the USSR and Eastern European countries--resecrves that are

economically recoverable through the use of currently available
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technology,  Although the reserves of the fossil fuels in the fastern
Furopean countries are locally significant in several cases, they are
smiil compared with those of the USSR, Further, these estimates of re-
coverable reserves are small in comparison with the total resources that
exist in these countries. Uranium reserves of the GHR represent an excep-

tion to this general situation.

To place the USSR and Eastern European cnergy reserves in
perspective, Table 2 shows a comparison of selected estimated recoverable
reserves with the proven reserves of the United States. The comparison
is not performed using strictly identical units, because of differences
in definition of reserves. The estimate for the USSR in particular is

much less certain than the estimate of U.S. proven reserves,

As the demand for energy rises in the USSR, the center of energy
production is shifting toward Siberia, Table 3 shows the declining
percentage of production of crude oil, natural gas, coal, and electric
power in the ku:opean part of the USSR from 1940 through 1975, It is

clear that the USSR is becoming increasingly dependent upon new resource

developments east of the Urals,

To summarize, the USSR has enormous deposits of all fossil fuels,
and great potential for hydroelectric and nuclear power. A large portion
of these resources are located in Siberia and the Soviet Far East, far
from their centers of consumption, so that their recovery is hampered
by geography and geology. The bulk of Soviet energy resources is essen-

tially underdeveloped. Meanwhile, the resources of fossil fuels in

Eastern Europe and European USSR are becoming depleted through increased

production,

With some exceptions, the resources of the Eastern European countries

are small in comparison with their present and projected energy vequirements,

T e e et et et e s e e 5 i
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Table 2

COMPARISON OF ENERGY RESERVES

IHard Conld Of1 (ing
(Billion (MilHion (Billion
Metric Tons) Metrie 'I:nns_) Cubje Meters)

Eastern Europe 17.9 487 956
USSR 157.6 10,000 22,000
Ilnited States 79.5 5,290 7,900
United States as

percent of USSR S1% 53% 367

Table 3

REGIONAL DISTRIBUTION OF PRIMARY ENERGY
PRODUCTION IN THE USSR
(Percent of Total in European Part,
Including the Urals)

1975
______I’_ﬁ)_(llﬁt ion 1940 1960 1970 (Plan)
Crude oil 98.7 92.8 81.8 63.41
Natural gas 99.5 97.6 7052 Dille 8
Coal 71.3 61.1 56.8 ) ol B
Electric power 90.8 78,4 73.8 72.0

n.a, - not available




Morcover, these reszerves are generally in small deposits, leading to

relatively aneflicient recovery and high recovery costs,  Fastern Furopean
fuels are frequentiy of low qualfty, requiving processing belfore nse,
whiclh leads to fnrther losses, Thus, the Lastern Kuropean countries are
becoming increasingly dependent upon imports of fuels to meet their
internal deficits of fossil fuels., Notable exceptions include Fast
German and Polish coal and Romanian oil, but even these deposits are

hecoming vapidly depleted through development.




I[TT SOLID FUEL DEVELOPMENT

The general trends in coal production in the USSR and Eastern Europe
are shown in Figure 1, Overall coal production is rising rapidly in botn
the USSR and the other Eastern Furopean countries, although the rate of
increase 1s declining. While the USSR dominates the coal reserves of the
area, it produces only about one-half of the total coal produced in

Lastern Lurope.

The USSR, like the United States, experienced a strong trend toward
surface wmining of coal 1n recent years, as shown in Figure 2. Most of the
current production increase can be attributed to surface mining, and much

of it is in the Kuzbas* and Kazakhstan.

The comparison of coal mining technology in the YSSR and the United
States is shown in Tables 4 and 5., The USSP tends to use much larger
machinery than the United States does, and to operate in much larger mines,
In deep mining, the USSR tends to use mechanized longwall mining equipment,
but the remaining need for manual workover tends to offset the higher
productivity that ordinarily would be cxpected with longwall machines,

In surface mining, the USSR relies heavily on large, complex bhucket-wheel
excavators, vhereas the United States relies on intermediate size shovels
and loaders that have greater flexibility., The use of larger and highly
mechanized machines results in the introduction of waste matter to the
coal, and leads to cleaning losses and production losses. Also, the need
for equipment maintenance of large machines could affect overall

production,

*
Kuznetsk Basin. A similar short form is Donbass, for Donets Basin.

9
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Mining

Initial
haulage

Main
haulage

Trends

Problewrs

Table 4

COMPAKISON OF DEEP COAL MINING TECIHNOILOGY

USSR and Enstoyn Europe

Mainly longwall; some

cont i nuous

scraper chains

Belts and rail

Increasing mechanization;
reduction working forces

Excessive marual work; limiting
benefits trom mechanization;
inefticient mining of thick/thin
seams

Table 5

United Stngpf_

Mainly continuous;
some longwall

Shuttle cars

Belts and rail

Increasing mechani-
zation; reduction
work force

Lack >f short-hanl
capability to use
capacity of mining
machines

COMPARISON OF SURFACE COAL MINING TECHNO!LOGY

Overburden

Mining

HHaulage

Trends

Proulems

USSR and Eastern Europe

Bucket wheel excavators

Brncket wheel excavators/
shovels

Large trucks

Increasing equipment size:
increasing mine size

Successful application of
giant, high capacity
equipment

12
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Unitec States

Draglines/power
shovels

Shovels/loaders

Large trucks

Moderate equipment
size; modular
operations

Improvement of
technology application;
control of environmental
effects
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IFigure 3 gives a gross impression of the inter-regional coal movements
from the main coal basins of the USSR. lLarge quantities of coal move long
distances 1n the USSR, with most of the movement boing rail movements into
the Central furopean regions. In fact, 88 percent of the coal moved by
rail in 1970 and these coal shipments constituted 22 percent of the total

rail freight in the USSR.

Coal production, consumption, and exports in the USSR are summarized
in ffigure 4. The difference between raw production and net internal
consumption curves is represented by losses in the cas~ of brown coal and
by cxports and losses in the case of hard coal. The production and
consumption of hard coals is8 expected to remain relatively constant in
coming years, while consumption of brown coal is expected to increase
significantly, The use of hard coals is expected to shift primarily to
coking, while the increased use of brown coal will be for electric power

generation,

Figure 5 shows the utilization of other solid fuels in the USSR,
Peat and oil shale, most of which become boiler fuel for electric power
stations where they are locally plentiful, are expected to level cff in
the coming years at about one order of magnitude lower than either brown
or hard cecal, The use of fuel woor is expected to decline and be used

mainly for domestic purposes.

Figure 6 shows an overview of end use for all solid fuels in the USSR,
The primary use of solid fuels (mainly coal) is for industry and electric
power genceration where its utilization is projected to continue to increase
out to 1990, Commercial, residential, agricultural, and transportation
uses of solid fuels are about one-tenth that of electrical generation,

and these are expecterd to decrease rapidly as they are replaced by oil

and gas.
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UTILIZATION - million metric tons of coal equlivalent
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UTILIZATION - million metric tons of coal equivalent
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Solid fuel consumption in the other Eastern European countries is
shown in Figure 7, where it is seen that modest growth is expected in
Poland, Czechoslovakia, Bulgaria, and Romania, and little or no growth of
solid fuel use is expected inEast Germany and Hungary, where oil and

gas are projected to becom? increasingly important,

In summary, the use oY solid fuels is expected to have a continuing
modest growth, primarily for electric power generation. Hard coal will
probably be restricted primarily to coking, and for other purposes will be
replaced by brown coal, oil, and gas. Surface mining is expected to
provide an increasing share of solid fuels as new large mines in
Southwestern Siberia and Central Asia are developed. Although oil shale
and peat will continue to be used locally, they will provide a rapidly

declining share of the energy balance.

18

———— e e e .



CONSUMPTION - million metric tons of coal equivalent
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1V PETROLEUM DEVELOPMENT

Except for periods of war and civil strife, the USSR has been a major
producer and net exporter of oil and oil products since 1873. llowever,
the dramatic increase in production and consumption (shown in Figure 8)
has taken place since the decision in the early 19508 to shift from a coal
to an oil and gas economy, O1il production reached the U.S. level in 1971
and is likely to surpass it by 1975. Exports of crude oil and products
account for about one—quarter of oil production, and may be expected to
continue in the future. The shaded portions of Figure 8 indicate losses

in crude transport and refining.

Continued growth of the oil industry is heavily dependent upon the
development of new fields, and especially those in Siberia, The major
growth areas are shown in the following tebulation:

REGIONAL, DISTRIBUTION OF CRUDE O.L PRODUCTION IN THE USSR*
(Million Metric Tons)

1975
Region 1970  (Plan)

European part (including Urals) 285,2 314.5

Crenburyg Region 7.4 14.0
Perm flegion 16,1 21,5
Komi ASSR 5.6 10.0
Asiatic Part (east of Urals) 63.6 181.5
Western Siberia 31.4 125
Turkmen SSR 14,4 22
Kazakli SSR 18.1 30
Total 348.8 496,0

*
Not including gas condensate.
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About four-fi1fths of the added production during the currvent Tive-
veer plan is expected to occur ecast of the Urals, especinlly in Western
Siberia. Some doubts have heen expressed about the Soctet ability to
exploit the Western Sibervian depostts in a timely fashion. Although Soviet
technology may not be as sophisticated as that of the United States, over
30 million tons of crude oilwwere produced in Western Siberia in 1970, just
ten vears after oil was discovered at Shaim 63 million tons were produced
in 1972, when Samotlor alone overfullfilled the plan by 5 Mt., A problenm
that resulted from this shift of 0il productior to the east is the extra
burden placed onthe transportation system. The following tabulation shows

the means of crude and product transport in the USSR from 1950 to 1975.

MEANS OF CRUDE AND PRODUCTS TRANSPORT IN THE USSR
(Million Metric Tons)

1950 1955 1960 1965 1970 1975

Railroad Total 43,2 77.6 150 221 302 410
Crude 11,1 15.6 37 53 84 105
Products 19.1 62.0 113 168 218 305

Pipeiines Total 15.3 51.7 130 226 340

Crude 12,6 45.3 115 205 315
Products 2T 6.4 15 21 25
River Total 11,9 14,41 19 25 34
Ocean Total 15.8 23.0 34 54 93
Foreign n; a, n.a, 8 23 58
Internal n.a. n,a. 26 31 35

n.a. = not available.

Although pipel’nes have lad a rapid growth over the period shown,
they have not effectively met the demand for either crude or product
transport; the railroads continue to carry an increasing amount of crude
and the bulk of the products. The following tabulation of the average
length of oil pipeline haul shows that the length of the crude haul has
grown dramatically, while the length of product haul has remained

essentially constant.
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AVEIAGE LENGTH OF OIl, PIPELINE HAUL IN THE USSR
(Kilometers)

1950 1955 1960 1965 1970 1571

Crude oil 230 234 350 629 826 939

Products 739 618 745 867 864 810

This trend is expected to continue as the center of crude production
moves away from the markets and new refineries are built nearer to the
consumers, This will, of course, increase the cost of delivered product.
The cost of pipelining crude oil from Western Siberia fields to Moscow

would be about 2 rubles per ton.

In addition to a shortage of product pipelines, the supply of oil
products has been limited by refining capacity. As shown in the following
tabulation, the USSR has consistently fallen short of its planned refinery

growth, although its current five-year projection seems more realistic,

GROWTIl INDICES OF PRIMARY REFINING CAPACITY IN
THE USSR, PLANNED AND ACTUAL
(Growth Over Planning Period)

Planned Growth Actual Growth
Planning Period Index Index
1959-1965 2,0 Plus 1.9
1966-1970 U7 1.44
1971-1975 1.4 1,8%

‘ *
’ SRI projection,
The apparent refinery runs in the USSR are scon in Figure 9 to be
slanted heavily to fuel oil, with a substantial increase in diesel fuel
production to match the mechanization of agriculture in the late 1950s,

This breakdown is similar to that of Western Europe and is expected to
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remain so, with emphasis on fuel oil, The quality of these products is
dependent upon the relatively high sulfur content of Soviet crudes, which

is shown in the following tabulation.

SULFUR CONTENT OF CRUDES DELIVERED TO SOVIET REFINERILS
(Percent of Total)

Less than 0.5 WI% to

0.5 WT% 2.0 WT% Over 2 WT%
1965 25.8 64,6 9.6
1966 25.1 64.4 10.2
1967 24.3 61,9 10.8

The quality of Soviet oil products also suffers from a lack of
sophisticated sccondary procecssing capability at Soviet refineries relative

to the United States, as shown below.

SKCONDARY PROCESSING USSR REFINERIES
(Percent of Primary Distillation)

USSR 1370 U

1955 1960 1965 Plan Actual 1970

Thermal cracking 18.1 36.4 26.7 18,5 10,3
Catalytic cracking 09  inki#y. 5.2 6.5 Bl 39.7
Catalytic reforming - - 1.4 16.9 6.1 23.4
Hydrotreating - - 3.0 4,5 4,1 31.4
Hydrocracking - - - 0.9 - 6.2

n.a., - not available,

This shortage of sccondary processing capability is especially
important to the petrochemical industry, which is faced with importing
feedstocks, Continuing improvements in secondary processing should

alleviate this difficulty.
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The Eastern
tabulation to be

the USSR,

European countries can be seen from the following

increasingly dependent upon imports of crude oil from

0il, PRODUCTION AND IMPORTS, IN EASTERN EUROPE

(Million Metric Tons)

1960 1965 1970

Production

1ISSR 147.9 242.,9 352.6
Eastern Bloc 19.8 15.2 16,6

Eastern Bloc Imports

Crude 6.4 16.9 34,1
Products 4.0 5.6 M)
Total 10.4 22.5 141.6

Petroleum products account for a decrecasing share of the imports as the

Eastern European

In summary,
Western Siberia,

Still, important

countries incresnse their refining capacity,

0il production in the USSR has started to shift toward
increasing the cost of oil products to the consumers.

production from European USSR fields is projected.

Increasing domestic consumption of oil products will strain refinery

capacity and construction schedules. Refinery product slates will change

only slowly, continuing to stresgs fuel oil production to gain the economy

of scale; the capacity of individual refineries will increase to about

240,000 barrels per day. There will be an increasing need for secondary

processing to handle new high sulfur crudes and to meet the necds of the

petrochemical indusf!ry and tho new demands of the transportation sector,

New refineries will tend to be located near centers of consumption. The

Eastern Evccopean

countries will continue to be dependent upon the USSR

for crude ¢il, but will approach self=sufficiency in refined products,
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V  NATURAL GAS DEVEIOPMENT

In contrast with the petroleum industry, the natural gas industry
in the USSR is a relatively recent devolopmont, bocoming significant less
than 20 years ago. Beforo 1955 most natural gas wed associated gas that
was a byproduct of tho petroleum industry. The gas industry has
consistently fallen short of Soviet plans (as seen in Figure 10} and not
kept pace with demands. This shortfall is due mainly to lack of gas
processing plants and to delays in the pipeline construction industry,
This is recognized by the Soviet leaders who have scheduled the laying of
33,000 kilometers of large diameter (40-inch to 56-inch) main gas

pipoline in the ninth five=year plan.

As with coal and oil, the production of natural gas projected to
shift toward the east, although the European fields will continue to be
important. The following tabulation, which shows the main growta areas,
indicates that 80 percent of the increased gas production from 1970 to

1975 is expected to occur east of the U:als,

REGIONAL DISTRIBUTION OF NATURAIL GAS
PRODUCTION IN THE USSR
(Billion Cubic Metors)

1975

1970 (Plan)

European part (including Urals) 139 164.1
Orenburg Region 1.3 26

Komi ASSR 6,9 16,1

Asiatic part (east of Urals) 59 155,9
Western Siberia 9,3 14

Turkmen SSSR 18,1 65,1
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Since the increased production in the four areas shown exceeds the total
increase in production during the period, other fields must have a

decreasing production,

This will, of :course, greatly increase the average distance transported
beyond that shown in the following tabulation, For example, the transport
of gas from Urengol, 3,000 kilometers, through the Northern Lights

Pipelino to Leuniungrad would cost about 9 rubles per 1,000 cubic meters.

NATURAL GAS TRANSPORT IN THE USSR

1950 1955 1960 1965 1968 1970

Gas production (billion cubic meters) 5.8 9.0 45,3 127.7 169.1 19~
Gas pipelined (billion cubic meters) 1.5 3.5 3J32.8 112.1 145.7 181.86

Average distauce of trausport 607 680 900
(kilometers)

The substantial difference between gas produced and gas pipelined
repres:nts losses and usage in the field.

In addition to the losses of natural gas, there is a substantial loss

of associated gas in the oil fields, as shown in Table 6., The degree of

gas utilization has dropped from 70 percent in 1965 to 61 percent in 1970,
which was 6 percent less than the planned level of utilization in that
year, This is a furthor result of the shift of production to the east
and the resultant shortage of gas processing equipment and pipelines.

(In comparisoun, over 90 percent of the associated gas is used in the

‘ United States.) The large diameter pipe (42, 48, and 5¢ inches) being
introduced in the USSR is more efficient than the relativcly smaller
diameter pipe in widespread use in the United States, buc there is a

{
| shortage in this larger pipe that limits gas transport capabilities,
f

in gas consumption, there is inadequate storage capacity to meet

peak demands, As shown in Table 7, there was only enough sterige capacity
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to meet 36 percent of peak demands in 1965, This increased to 60 percent

in 1970, with plans to recach 66 percent by 1975,

The production of natural gas in Fastern Europe (Table 8) is small
compared to USSR production, with only Romanis being self-sufficient 1in

this regard.

In summary, natural gas production is projected to move toward the
cast, as with other fuels., There continue to be shortfalls in gas
production and under-utilization of associated gas because of lack of
pipeline and processing facilities. Supply dislocations continue because
of shortage of storage facilities. Increased exports of natural gas from
the USSR to the other Eastern European countries will be partly offset

by increasing imports of gas to the USSR from Iran and Afghanistan,
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VI ELECTRIC POWER DEVELOPMENT

Since Lenin first recognizod the electric pewer industry as basic
to the growth of the Soviet economy, electric pewer developments have
enjoyed a relatively privileged positien and have acquired an ability te
preduce equipment as technolegically advanced as any in the United States
er Western Europe. Frem its carliest development, this equipment has
been installed in an integrated grid in European USSR that is being

extended both beyend the Urals and inte Eastern Furepe.

The trends in installed electric pewer capacity in the USSR are
shewn in Figure 11, Altheugh most of the installed capacity is derived
from thermal pewer plants, hydreelectric pewer centributes ever 20 percent
of the tetal, and nuclear pewer is cxpected te deo so by 1990, Many of
these nuclear stations are located where hydre pewer is unavailable and

where it is uneconemical to transport fessil fuel.

The following tabulation shows that (as with ether energy resources)
the greatest eppertunity for expanding hydreelectric power lies cast of

the Urals, where the hydroelectric petential is under=-utilized.

ITYDROELECTRIC POWER UTILIZATION IN THE USSR
BY REGION IN 1970

Preduction of

Hydro=-pewer Percent of Econemic
(Millien kwh) Petential
European Region 68,839 314.3%
Asiatic Region 63,281 7.1
Western Siberia 1,760 3.2
Eastern Siberia 49,356 14,1
Total USSR 132,120 12,1
34
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Most of the hydroelectric development will occur in Western Siberia, where
the existing economic potential is currently only about 2.3 percent
utilized, Although some pumped sterage plants are being built, they are
not expectod to be a slgnificant source of electric onergy in tho USHR,
Other Eastern European countries do not have significant unused hydro-

electric potential, and major projects are being built only in Romania and

Bulgaria,

In contrast with the United States, a large portion of the thermal
power plants in the USSR supply heat in the form of steam and hot water
as well as electricity, The following tabulation shows the installed
capacity by type of station. The condensing turbine stations provide

only electricity while the heat and power turbine provide both electricity

and district heat,

INSTALLED CAPACITY CF ELECTRIC POWER
THERMAL STATIONS IN THE USSR,
BY TYPE OF STATION
{Thousand MW)

Steam Turbines

Condensing Heat and Power Othcrs*
1958 20,9 13.0 8.7
1965 48,2 32.7% 11.0
1970 76,2 47.0 10,2
1975 99,5 65,0 12,5-14.5

*
Gas Turbines and Internal Combustion Engines,

The gas turbines and internal combustion engines are used primarily for

peak=demand operation,
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There have been dramatic increases in the sizes of individual turbines
and station sizes since World War II, and further increases in unit sizos
aro plannced for the future, as shown in Table 9, Eight hundred MW powor
turbinos werc installed in stations having 2,000 MW total capacity iu
1970, At present, 1,200 MW single shaft turbines are being built for

introductio: in 3,000 MW stations by 1975,

In conjunction with the technological changes in thermal power
generation, o basic change in the type of fuel used in power stations also
occurred in recent years, Table 10 shows that coal's share of the fuel
balance has dropped from 71 percont in 1960 to 46 percent in 1970 and is
oxpected to drop another 3,5 percent by 1975, In the meantime, the share
of gas and 0il is expected io increase from about 20 porcent to about
52 percent, It can be observed that thermal stations consume over one=

third of the fuel used in the USSR and are still growing,

The efficiency in fuel consumption of thermal power stations is
improving dramatically, as a result of the incréasing size of thermal
power stations which lead to economies of scale; the change of fuel type;
and the phasing out of older, loss efficient generating capacity, This
increase in e¢fficiency is shown by the following comparison of decreasing

heat rates:

NET MFAT RATES OF THERMAL POWER STATIONS IN

THE USSR

(Btu/kwh)

USSR United States

(Net) Btu/kWh (Not) Btu/kwWh

1960 14,157 10,701
1965 12,09y 10,384
1970 10,459 10, 508
1975 (Plan) 9,444
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Table 10

STRUCTURE OF FUEL COMSUMPTION IN USSR
THERMAL ELECTRIC POWER STATIONS
(Percent of Total Fuel on Coal Equivalent Fuel Basis)

1975

1960 1965 1970 (Plan)
Gas 12.3% 25,6 26 26 .8%
Liquid Fuel AB) 12.8 22 :5 26,1
Coal 70.9 51.6 46,1 12.6
Pcat 7 4.5 b | 3.5
0il Shale 1 1.5 s, 7 1.6
Other 1.8 1 0.6 0.4
Percent of Total 29.3 32.6 35.6 36,5
Fuel Consumed
in USSR

Within ten years, tho hoat input per kilewatt of electrical ocutput has
decrecased by 25 percent to equal that of the United States, with further

improvements projected for 1975,

The rapid introduction of nuclear power into the USSR and Eastern
Europe is shown in Tablo 11, The USSR, East Germany, and Czechoslovakia
arc the clear leaders in this program, Poland and Romania havo less
requirement for nuclear power because of thoir apparont self-sufficiency

in coal, and oil and gas, rospectively,

Table 12 shows that the standardizod 440 MW pressurizod wator reactor
will take the lead, followed by the light water cooled, graphite moderated
reactor, The fast breoder reactor is not expected to be significant unvil

aftor 1980,
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Table 11

NUCLEAR POWER PROJECTIONS FOR EASTERN EUROPE
INSTALLED CAPACITY

(Thousand MW)

1970 1975 1980 1985 1995
USSR 1.4 7.4 21,1 53 118
Bulgeria - .14 .88 1.76 8.8
Czechoslovakia - - 1,76 3.6 6.0
GDR 0.07 0.51 2.0 4.0 7.0
Hungary - - 0.44 0.88 1,76
Poland - - - 0.44 0.88
Romania — - - 0.44 0.88
Table 12
INSTALLED CAPACITY OF USSR NUCLEAR POWER REACTORS
BY TYPE
(Thousand MW)
1566 1970 1973 1975 1980
BWR 0.05 0,05 0.05 0.05 0.05
PWR 0.21 0.58 1.46 4,22 10,22
LWGR 0.69 0.89 0.89 1.89 8.87
FBR - 0.01 0.36 0.96 1.96
Total 0.95 1,58 2,76 7.12 21,1 |
BWR - Boiling Water Reactor,
PWR - Pressurized Water Reactor,
LWGR - Light Water Cooled, Graphite Moderated Reactor.
FBR = Fast Breeder Reactor,
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In summary, electric power generation is expected to continue its
rapid¢ growth, with thormal power stations leading the way and nuclear
power becoming significant after 1985; the expansion in Eastern Europe
will be based on standard Soviet 440 MW resctors., No significant
hydro power programs are expected except possibly in Siberia, with
transmission of power to the Urals and continued integration of the USSR
and Eastern Eurcpean power grids, Spot shortages of power because of
inadequate reserve capacity will continue. The USSR will continue to
develop large supercritical single shaft turbines, each having capacities
on the order of 1,000 MW. Expansion of the uee of strip mined, low-grade

coal can be oxpected for thermal power stations,
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VII SUPPLY-DEMAND BALANCE

In order to project the demand for basic energy in the USSR and the
six Eastern European countries, the economic framework shown in Table 13
was developed from United Nations statistical abstracts and from
statistical handbooks of the individual countries. It is seen that the

total pecpulation, GNP, and energy consumption of the six Eastern European

countries are only about 40 percent of the USSR levels.

Table 13

ECONOMIC FRAMEWORK FOR USSR AND EASTERN EUROPE

USSR Eastern Europe
1970 Population (millior) 242.8 103.1
Growth rate 1960-1970 1.3% 0.6%
1970-1980 AL 0.8
1980-1990 Lal 0.7
1970 GNP (billion U.S, %
dollars) 314.2 137.0
Growth rate 1960-1970 6.7% 5.6%
1970-1980 6.6 Sl 9
1980-1990 5515 Sis il
1970 Primary energy (million
tons or coal equivalent) 994.1 403.2
Growth rate 1960-1970 5.7% 4,.5%
1970-1980 5.5 4.5
1980-1990 5.0 3.9

The absolute value of Soviet GNP is subject to defini-
tion, but it does not affect results of this study because
it was used only as an index.
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The Eastern Furopean countries are expected to grow in populations,

GNP, and energy consumption at a slightly slower rate than the USSR.

Figure 12 shows the cstimated demand for primary energy in the USSR
during the 1960 to 1990 period. It is seen th;t the total demand for
primary energy will nearly triple between 1970 and 1990. Since the
demand for solid fuels is projected to increase only about 40 percent during
this period, other sources must nearly quadruple to fi(l the gap. The
changing energy balance is shown in Table 14. Whereas solid fuels supplied
42 percent and oil ani gas a little over 50 percent of the energy in 1970,
solid tuel's share will drop to about 21 percent and oil and gas will
increase to two-thirds by 1990, with nuclear power approaching 10 percent

and hydropower remaining constant at just over 4 percent.

The statistics shown on Figure 12 and Table 14 were derived by
projecting the growth of the various sectors of the economy, and the
amount of energy required for each end use. The breakdown of total
primary energy by end use is given in Table 15, where it is seen that the
combined demand for industry and electric power is a fairly constant 77
percent of the total from 1970 through 1990, even though industry and
electric power reverse positions. The shares of the residential, commercial,
and transportation sectors are projected to increase slightly through the

period, while the share of agriculture and "other' decline slightly.

In addition to the demand fcr primary energy, the flow of secondary
cnergy among the various economic sectors is important. Typical flows of
secondary energy (electricity, steam, coke, manufactured gas) botween
the i>dustrial and electric power sectors are shown in Figures 13 and 14,
Even with the waste heat of much of the electric power industry being used
as districF heat, the total efficiency of the industry is only about

35 percent.
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Figure 12
USSR DEMAND FOR PRIMARY ENERGY
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Table 14

USSR DEMAND ¥OR PRIMARY ENERGY
BY SOURCE OF ENERGY

1960 1970 1980 1990
Natural gas 9.2% 21.9% 27.9% 29.2%
0il 28,9 31.1% 35.9 36.2
Solid fuels 63.1 42,3 30.0 21.5
lHydro 1.2 1.6 1.3 1.3
Nuclear - 0L 1 1.9 8.8

100, 07 100.0% 100.0% 100.0%

Table 15

DEMAND FOR PRIMARY ENERGY
BY END USE IN THE USSR
(Million Tons Coal Equivalent)

1970 1980 1990
Residential and 78 134 241
commercial
Industry 413 630 948
(141.5%) (36.9%) (34.3%)
Klectric power 354 691 1174
(35.6%) (40, 5%) (42.4%)
Transportation 72 130 234
Agriculture 53 82 123
Other 29 39 419
Total 994 1706 2769
45
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In order to meet the petroleum product Jemands through 1990, the
very substantial butldup of refining capacity shown in Figure 15 will
be required. This conclusion is bas»i on the agsumption that USSR will
attempt not only to be seltf-sufficient in refined products, but also to
continue exporting about 10 percent of its refined products, as in the
recent past, The foliowing growth rates in refining capacity would he

required to meet these gnals:

1960-1970 (actual) 7.5%
1970-1980 5.2%

1980-1990 14.5%

These would appear to be achievable in an oxpanding economy,

The growth in energy demand in the other Eastern European countries
is expected to be significantly less than in the USSR, The increase in
enemy demand shown in Figure 16 is significantly less than the increase
in demand in the USSR during this period. Solid fuels (primarily coal)
are expected to continue to provide a great share in the energy economies
of these countries (except these countries will not support this expan-
sion, they will probably rely on either increased coal imports from the
USSR or a greater shift to oil and gas imports from the USSR or the OPEC
countries, The expected shift in the fuel balance in Eastern Europe is
shown in Table 16, By 1990 0il and gas will provide half of the energy,
and nucleur power should begin to be significant,

The expected dependence of the Eastern European countries on omports
to meet their energy requirements is shown in Table 17 and illustrated
in Figures 17 and 18, Total production of coal in the six Eastern
European countries should be adequate to meet their total demand for

coal, although there are great differences between supply and demand in

48
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