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I INTRODUCTION

This appendix presents detailed information for the USSR and each

of the six other CMEA countries in Eastern Europe on: I

e The economic base

® Relation of economic growth and energy demand

e FEnergy demand by type of energy.

For the USSR, energy demand is also presented on an end use basis. The

use sectors considered include:

® Residential
.® Commercial

® Industrial

:
:
;
|
i
]
|
i

i | e Electric power

P

Transportation

Lol a2 i
Rt
el
[ ]

® Agriculture

:
B
e Military ! .

? The 1960-71 period was generally used as the historical data base i
for the overall analysis. Projections are made to 1990, with estimates

also given for 1975, 1980, and 1985, I ‘

E Energy supply and demand balances have been developed for the USSR '
l and each of the six CMEA countries by type of energy. Some of the topics |
| presented are: skort term and long term implications of trade in energy §
materials; the basic information sources and estimating procedures used |
to develop the historical data; a general description of the method-
"ology used in making the projections; and further significant changes

that have occurred and those that are expected tc occur in energy use.

The projections given in this appendix are based on the assumption
that consumption patterns of energy--in terms of total use as well as

by type of fuel--will continue to follow historical trends, and that




adequate supplies of cach fuel will be available. To the extent that
any one energy resqurce--such as natural gas, for example--may be in
short supply for some interim period, this will be noted, and possible

substitution by other fuels will be discussed,
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II ECONOMIC FRAMEWORK

A, llistorical Period 1960-1970

The USSR and the CMEA countries--Bulgaria, Czechoslovakia, German
Democratic Republic (East Germany), Hungary, Poland, Romania-~-have been
undergoing a rapid growth in their economies. This is reflected by a
rising

¢ Gross national product (GNP)

¢ Primary energy consumption

e Electric power production

During the period 1960-1970 the population of the countries grew at
significantly lower rates and in one case, East Germany, the population
actually decreased, Table /-1 shows GNP, primary energy consumption, and
population for 1970 by country. As shown, the USSR produced $314,209
million dollars of GNP in 1970, which is approximately 2,3 times the
combined GNP of the other East European CMEA countries, The population of
USSR in 1970 was 242,768,000, which was also approximately 2.3 times the
combined population of the Eastern Bloc, giving per capita GNP of approxi-
mately $1,300 for both the USSR and Eastern Bloc countries. Of the latter,
Czechoslovakia and East Germany had the highest per capita GNP at $1,826
and $1,726 respectively, and Romania had the lowest at $932.

On a growth rate basis, the GNP of USSR has been growing at a sub-
stantial 6.7 percent/year and at the same time, the GNP of the Eastern
Bloc countries has been growing at 5.6 percent/year, Within the Eastern
Bloc, Czechoslovakia and Eastern Germany, with more highly developed
economic bases, have been growing at approximately 4.5 percent/year, and

Romania, with a lower base, at 8.0 percent/year.

The population of the USSR has been growing approximately 1.3 per-
cent/year and that of the Eastern Bloc at a stable 0.6 percent/year,
The importance of the industrial sectcr of the USSR is emphasized in
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i Table A-2, which shows the 1970 output of the various reported components g
of GNP in the USSR. We note that the industrial sector of USSR produced 3
$160,875 willion dollars in 1970 which is larger than the entire GNP f
output ol kastcern Bloc countrics. Furthermore, this sector is growing
at a very healthy 9 percent/year. As we will see later, the size and :
growth rates of this sector dominate the energy picture in the communist i 1
countries, i .
] |
l 1
Table A-2 i
IMPCRTANCE CF INPUSTRIAL SECTOR IN THE USSR !
(1970) ;
Growth H
Rate I
- Million Percent (%/year I
Economic Sectors U.S. Dollars of GNP 1970/1960)
i
Agriculture, hunting, ;
s I forestry, and fishing $€8,497 21.8% 1.6%
1 : Industrial activity? 160,875 51.2 9.5
4 5
Ao + Wholesale and retail trade,
and restaurants and other
eating places 20,109 6.4 4,6 {
Construction 32,363 10.3 5.7
Transportation, storage,
4 and communication 16,967 5.4 TN/
3 Other activities in the
material sphere 15,356 4,9 -
$314,207 100.0% 6.7

¥ Source: Stanford Rescarch Institute.

t Source: UN Statistical Year Book.

T> put numbers in perspective, the percent GNP output of Eastern

Bloc countries and the USSR are as follows:

Percent Millions of U.S. Dollars

i
g ]
; Eastern Bloc 30.4% $137,034 ‘
1 USSR Industrial 35.6 160,875
USSR Non-industrial 34.0 153,334
Total 100.0% $451 .243 !
5
:
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The primary energy consumption which is the sum of coal equivalent
consumption of oil, gas, solid fuels including coal, hydroelectric

energy, and nuclear power, shcws a remarkedly similar pattern to GNP,

The USSR consumed 994,049 thousand tons of coal equivalent (TTCE) in

1970, which is 2.3 times the consunption of energy in the entire Eastern
Bloc. The per capita values for the Eastern Bloc and the USSR are
essentially the same at 4.09 and 3.90 tons/capita, respectively. The

USSR growth rate in primary energy consumption was 5.7 percent/year,
against the Eastern Bloc countries' growth in consumption rate of 4.5 per-
cent/year. A comparison of the energy consumption in the industrial sector
of USSR shows that industry in the USSR consumes 412,800 TTCE, which

again is larger than the consumption of the entire Eastern Bloc.

The data source on population is the "U.N. Demographic Yearbook;"
the GNP is "U.N. Year Book of Statistical Accounts, 1971." GNP values
are given on the basis of constant 1970 dollars and are converted at

market prices--a conversion that is different than official conversion

h
.

rate on Communist currencies. For this and other reasons, the GNP
values should be viewed as approximate and reflecting trends and order

of magnitude rather than exact values. The primary energy consumption

was derived from U.N, statistics,

During the period 1960 to 1970, the Eastern Bloc countries exper-
ienced considerable political unrest as was exemplified by the Czecho-
slovakian revolt of 1967 and significant changes in government in the
USSR, Hungary, and Poland. Because oi this and other reasons, trend
analysis of GNP and primary enecrgy consumption should be viewed from a
five and ten-ycar period, rathor than on a year-to-year basis., Data
on primary energy consumption have some scatter, but the long term

trends are easily recognized.

B. Five-Year Plans

In the early periods (1930-1960) of developing and implementing
five-year plans, the USSR and Eastern Bloc countries were consistently

over-optimistic in their plans. This lack of achievement of five-year

Il e ol i RO Tl i 2 i SR b R e b o el E e e b . s i e A e a e M e e e e L




o e e

FW”’WW""F‘;"W’W“W Ll

NPT —

BTy

| S T X

S e ok
L T e e L s e Wil bl L St & Lol i T —

e T T

pouls was partly a result of over-enthusiasm, hardships of World War II,
ltack of planning tcchniques, and poor management control. In more recent
years and particularly in the time period 1960 to 1970, the USSR and the

more cconomically advanced Eastern Bloc countries appear either to have

become better planners and implementers, or have cmployed more conservative

estimates. This is illuslrated in Table A=-3 (taken from USSR's five-year
plans) which compares the income goals and achievements of the USSR for
the period 1961-+1870. Viewed at face value, the comparison shows that the
USSR has been achieving its goals, particularly in the industrial sector,
a prime user of energy. This pattern appears to be true in the more
cconomically advanced Eastern Bloc countries=--but Bulgaria and Romania
Seem to be consistently overstating their achievable goals, However,
further study is needed to account for the relatively small difference

between goals and the actual case,.

Table A-3

COMPARISON OF PLANS AND ACHIEVEMENTS IN THE USSR

1961-1965 1966-1970
Actual Plan Actual
National income 132 138-141 141
Industrial income 151 147-150 150

The planned growth in national income, as reported in Pla’ novane
Hospodarstvi in April 1973, for the various countries is as follows:

Source: USSR Five-Year Plan, p. 65,

1971-1975
Country Growth Rate (%)

Bulgaria 8.0 - B.5%
Czechoslovakia 5.1
East Germany 4,9
Hungary 5.5 - 8.5
Poland 6.6 - 6.8
Romania 11.0 - 12,0
USSR 7.1

The five-year planned growth rate for USSR, as presented in the USSR

five-year plan 1970, was 6.8 percent per year,
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G Population Forecast

The UN has forecast the population of the various countries to
1985 on the basis of various demographic factors. We have extended
their population forccasts to 1990, using essentially ‘lLe same growth
rate in the period 1980-1985 for the period 1986-1990. Summary values

of these forecasts are shown below.

POPULATION FORECAST 1970-1990

(Thousands)
1970 % 1980 % 1990 %
USSR 242,768 70.1% 270,808 70.89% 301,706 71.8%
Eastern Bloc 103,061 29.9 111,154 29,2 118,658 28.2
Total 345,829 100.0% 381,962 100,0% 420,364 100,0%

The population of the USSR will have increased by approximately 59
million to 302 million, and the Eastern Bloc by only 15 million to
118 million. The USSR forecast of 301.7 million compares favorably with

discussed values in Soviet literature of 300 million in 1990,

Details showing historical and forecast values on a five-year basis
for population, GNP, and primary energy gpr the period 1960 to 1990 are
shown in Table A-41. This table will be repeatedly referred to in this

report as it summarizes the above significant variables.

D. GNP Forecast

From five-year planned goals, historical trends, economic base,
e¢nergy resources, and other data, we have estimated the GNP of the USSR
and the Eastern Bloc countries. These countries will continue to expand
at a significant but decreasing rate during the period 1970 to 1990,

The assumed annual growth rates for GNP are tabulated as follows:
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GNP Forecast Growth Rates (%)
1975/1970 1980/1975 1985/1980 1990/1985

USSR 6.8% 6.4% 6.0% 5.0%
Bulgaria 7.1 6.5 6.0 5.5
Czechoslovakia Sl 1.9 4,7 4,5
East Germany 5.5 5.0 1.5 1.5
Hungary 5.5 5.5 5.5 5.0
Pol and 6.6 €.0 5.5 5.0
Romania 7.5 7.0 6.0 5.5

Eastern Bloc
Average

(>}
N
[&)]
o ¢]
5]
wW
Wi
L]

(=]

For the entire period, the USSR will grow at an average rate of
6.1 percent/year and Eastern Bloc at a rate of 5.5 percent/year, The
lower growth rate in the Eastern Bloc can be expected because the USSR
has a larger economic base, controls essentially most of the national
resources, and exerts a strong political influence in these countries,
, : On an absolute basis, the growth in GNP of these countries is shown
5 ' pictorially in Figure A-1., From this we note that the USSR is, and
~n : will continue to be, the largest economic factor. Detailed values of

the GNP for each country are given alongside the population forecasts

in Table A-4. Summary values for the GNP of the USSR and the Eastern

Bloc are shown below.

(Millions of U.S. Dollars)

1
1970 1980 1990 |

USSR 314,209 595,728 1,017,079 l 3
Eastern Bloc 137,034 243,888 401,227 ’

GNP, as reported in the USSR differs in several ways from GNP as
reported in the United States, Yet, despite these differences, the
20-year lag between the two GNPs appears reasonable, judging by all that l

is known of Soviet economic conditions. I

% Comparing USSR with the Eastern Bloc countries on a per capita
basis, we are forecasting over. the period 1970 to 1990 a 5.0 percent
growth rate in GNP for USSR and 4.8 percent growth rate in GNP for the
i Eastern Bloc. A semilog plot showing historical and forecast values

for per capita GNP is presented in Figure A-2., Czechoslovakia and East

10
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Germany will maintain their rank, and the USSR, Bulgaria, Hungary, Poland,
and Romania will follow in that decreasing order. The range will be as

high as $4,300 for East Germany and as low as $2,800 for Romania.

Our forecasts arc based on a trend cxtrapolation, together with
interpretation of live-~year plans .nd other economic factors., Thus,
there could be considerable variability in these forecasts, and they
should be viewed only as our best estimate., Probable error in the
growth rates could be f.S% for period 1970-1975, % 1.0% for period
1975-1980, * 1.5% for period 1980-1990. This variability could be

caused by unforeseen events such as droughts, wars, and political

changes.
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III ECONOMIC GROWTH AND ENERGY DEMAND

A, Primary Energy Definition

Primary energy as used in this report is fuel or energy sources

obtained directly from nature. This includes:

e Natural gas
® Oil and its products
® Solid fuels
e Hydroelectric power

® Nuclear power.

In order to compare these various fuels the concept of tons of coal equiv-
alent is developed. The tons of coal equivalent is based on the substi-
tution heat content of each fuel in generating electric power. Data on
fuel usage are usually given in a naturally measured unit such as cubic
meters and metric tons. Conversion factors are developed to convert to
the replacement heat equivalent of 1 ton of hard coal in electric power
generation. These convcision factors vary from country to country, year

to year, and fuci Lo fuel. Some typical constants for USSR are:

Conversion
Fuel Factor Natural Units

Natural gas 1.2 Million cubic meters
0il products

LPG 1.67 Thousand metric tons

Gasoline 1.50 Thousand metric tons

Kerosene/jet fuel 1.47 Thousand metric tons

Distillate 1.45 Thousand metric tons

Residual 1.39 Thousand metric tons
Solid fuel

Hard coal 0.88 Thousand metric tons

Brown coal 0.365
Hydroelectric 0.340 Million kilowatt hours
Nuclear power 0.340 Million kilowatt hours

14
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These conversion factors when multiplied by natural units give the
thousands of tons of coal equivalent. For example, 1.39 thousand tons
of residual fuel oil must be burned to replace 0.88 thousand tons of i
Soviet harvd coul, which in turn could replace 0.340 million kilowatt hours

of hydroelectric power. On a strict energy equivalent, 0.88 thousand tons

P L

of Soviet hard coal would replace 0.125 millions of kilowatt hours of
hydroelectric power. For every unit of energy input from hard coal to
the electric power plant, only about 0,36 units of energy are produced
in electric power. The rest is either lost as waste heat or rejected as
low pressure steam. Because of this low efficiency, the coal equivalent

is not 0.125 but 0,125/0.36 or 0.340.

All consumption data are given on the basis of net internal
consumption which is production plus imports minus exports minus losses.

3 .ﬁ That 1s, net internal consumption is the apparent consumption less losses.

B. Relationship Between Primary Energy Consumption and GNP

A plot of primary energy consumed per capita versus GNP per capita
is shown in Figure A-3 for the USSR and for an average of the Fastern
Bloc countries during the period 1960 to 1970, From this figure, we see
that for this historical period, there is a good correlation between
primary energy and GNP. This is not surprising; to increase the output
of an economy requires additional energy consumptions by industry,
commerce, government, and other sectors. Further, to produce the same
level of GNP, the Eastern Bloc countries consume less energy. This
can be accounted for partly by the fact that these countries have
limited energy reserves and therefore must conserve their energy.

Furthermore, they are more compact geographically and therefore have

lower energy consumption for transportation.
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B Shown in Table A-5 are the per capita values of GNP and energy for

these countries for 1960, 1965, and 1970,

Table A-5

PER CAPITA VALUES OF GNP AND ENERGY

¥ (U.S. 1970 Dollars; Thousand TCE)
1960 1965 1970

GNP  Energy GNP Energy GNP Energy
USSR $ 766 2.65 $ 971 3.36 $1,294 4,09
Bulgaria 595 1.19 771 2,49 1,120 3.51
Czechoslovakia 1,279 4.00 1,436 4.69 1,881 6.13
East Germany 1,115 4,73 1,354 5.563 1,726 6.95
Hungary 753  1.75 941 2,34 1,209 2,70
Poland. 743 2.53 944 2.96 1,218 3.64
Romania 477 1,12 669 1.67 932 2.34

Eastern Bloc $ 827 2,55 $1,019 3,28 $1,348 4,21

Source: Stanford Research Institute
This table shows that two countries with the highest GNP per capita
also have the highest energy consumption per capita,

Economists have attempted to correlate energy with GNP by an

equation of the form

E = K (GNP)¢€
whe re E = the energy consumption
K = a constant

€ = an exponent representing the efficiency of producing
energy from GNP.l'z'3 This exponent ¢ can be shown to be equal to the
ratio of the growth rate in energy to the growth rate in GNP. A1l
growth rates are in percent per year.

growth rate in energy
growth rate in GNP

vy
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For the periods 1960 to 1965, 1967 to 1970, and 1960 to 1970 we

calceulated the ratio ol growth rutes for the USSR and the Fastorn Hloc,

as shown below:

Ratio of Growth Rates
(Primary Energy/GNP)

1965/1960 1970/1965 1970/1960

USSR 1.02 0.71 0.87
Eastern Bloc 1.00 0.66 0.83

Stated another way, in the period 1960-1970, to achieve a 1 percent
increase in GNP in the USSR required a 0.87 percent increase in energy
consumption in USSR. As a commentary on the United States during the

same period, the ratio was 1.05 indicating higher energy consumption for

? the same growth in GNP.

3

r C. Forecast of Primary Energy

;

)

é From the data and discussions in the preceeding sections, we have

forecast the total primary energy consumption in the USSR and the Eastern

S

k. Bloc countries. The forecast values are shown in Table A-6.

4

1 Table A-6

:

1 FORECAST GROWTH RATES OF PRIMARY ENERGY

(Percent)

: 1975/1970 1980/1975 1985/1980 1990/1980
USSR 5.7 % 54 % 5.3 % 4.7%

; Bulgaria 7.0 6.5 6.0 5.5
Czechoslovakia 3.6 3.5 3.4 3.3
East Germany 3.2 3.1 3.0 2.9
Hungary 4.3 4,2 4.1 3.5
Poland 4.8 4.5 4.3 3.8
Romania 7.0 6.1 5.1 4,1
Eastern Bloc (avg) 4,98 4,15 4,32 3.85

18
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The value for USSR is a calculated value, based on consumption of energy

by end use. (See later section on Energy End Use in the USSR,)

The planners in the Eastern Bloc have also made forecasts for per
capita primary energy consumption4 in their countries. Their values are

shown in Table A-7 on a per capita basis.

Table A-7

PER CAPITA PRIMARY ENERGY CONSUMPTION4

1960 1970 1975 1980 1990
Bulgaria 1.25 3.3 6.0 8.0-8.5
Czechoslovakia 4.6 5.5 7.2 9.2
East Germany 4.6 5.8 7.0 7.8-8.0"
Hungary 1.95 2.9 3.5
Poland 3.2 3°6f 4.3
Romania 1.4 2.4 4.3-4.4

%
2000
T1968

The values shown in the above tabulation can be recast as growth

rates per year,

A comparison of the SRI forecast with those calculated from the

central planners of? the Eastern Bloc countries is shown below:

Growth Rates 1980/1970
from Eastern Bloc from SRI
Bulgaria 6.9 6.7
Czechoslovakia 3.4 3.5
East Germany 2.3 3.1
Hungary 4,3* 4.3
Poland 47 4.8
Romania 7.0 6.5
%
1975/1970.
19
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The forecasts are very similar, with the exception of East Germany.
Our estimates on East Germany reflect recent discoveries (1972 and 1973)

of natural gas in East Germany, and hence, higher consumption.

Using the foregoing assumption on growth rates, we have calculated
the primary energy consumption in USSR and Eastern Bloc countries. The

values are shown in Table A-4, and Figure A-4 illustrates this consumption.

As shown in the table and graph, the primary energy consumption in
the USSR is far larger than combined consumption by Eastern Bloc countries.
According to these forecasts, the primary energy consumption in the USSR
will increase from 994,049 thousand tons to 2,769,192 thousand tons (an
increase of 179 percent), whereas as the Eastern Bloc will increase from
403,214 thousand tons to 918,213 thousand tons (an increase of 127 percent).

As shown later, the primary energy consumption in the industrial sector

of the USSR will have grown from 412,800 thousand tons to 948,000 thousand

A

. tons. Again, the consumption of primary energy in the USSR industrial

sector is larger than the combined consumption of the Eastern Bloc.

On a per capita basis, the values as derived from total energy and :
population forecasts are presented in Table A-8. A summary graph showing
per capita values for the USSR and Eastern Bloc is given in Figure A-5,
As seen from these, on the average the Eastern Bloc countries will
consume slightly less energy per capita than the USSR. Bulgaria will
lead the consumption at 10.5 tons/capita in 1990, followed closely by 7
East Germany with 10.4 and Czechoslovakia 9.35. Romania will be the

least at 5.8, but also, Romania is starting with the lowest per capita

base.

20
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PER CAPITA PRIMARY ENKERGY CONSUMPTION

USSR

Bulgaria
Czechoslovakia
East Germany
Hungary
Poland
Romania

Eastern Bloc
Average

T N N NN . AR PTG ey A g W g -y

Table A-8

1960

2.64

N s W
~
-9

[
o
W

1970 1980 1990
4.09 6.30 9.18
3.44 6.26 10.47
5.26 7.03 9.35
5.99 8.20 10.37
2.69 3.90 5.47
3.62 5.20 7.01
2.30 3.99 5.82
3.88 5.76 8.08

Sources: History--U.N. Yearbook of Statistical Accounts, 1971.
Forecast--Stanford Research Institute,
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IV USSR ENERGY CONSUMPTION

A, Methods of Forecasting

This chapter reviews USSR historical energy consumption patterns
and forecasts energy consumption by two methods. The first method
(correlation method) is based on historical correlations between oil
and primary energy; the other (economic activity method) is based on end
use of energy by economic sector. The economic activity method is more

accurate because it reflects the actual use of the energy in the economy.

Both methods start with the premise that the total primary energy
may be forecast by methods described previously. The question then is
i how much natural gas, oil, solid fuel, hydroelectric power, and nuclear
- = power are required to meet the total primary energy demand. For both
methods, lhydroelectric and nuclear power can be estimated from construc-
tion schedules for nuclear power plants and available sites for hydro-

electric plants. This 1limits the choices to coal, oil, and gas.

The total solid fuel (coal) can be estimated from production

schedules and five-yeor plans. The remaining incremental fuel must be

either oil or gas.

1. Correlation Method

The cerrelation method gives an approximation of oil
consumption., The method is based on a historical correlation hetween
. primary energy growth rates and oil growth rates. This correlation for
historical data is shown in Figure A-6 where oil growth rates are

plotted against primary energy growth rates.
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The total primary energy is forecast on the basis of GNP-energy
considerations. Hydro, nuclear, and solid fuels are based on production
schedules, five-year plans, and available sites. The oil is forecast on
the basis of the correlation (Figure A-6) between growth rates for primary
energy and oil. The natural gas may then be calculated by difference
between totial energy and the other sources. The calculated value for
natural gas is then compared with five~year plans and trends to assure
consistency. If a discontinuity arises, appropriate adjustment can be

made in oil or primary energy to assume a consistent trend.

Because of the repetitive nature of these calculations, we
developed certain computer programs. The results of these programs are

shown in Table A-9.

These results should be viewed as preliminary and w2re used only
as a basis of comparison with the economic activity method, in which we
have considerably more confidence. The heat units are in thousand of tons
of coal equivalent. The years shown are 1960 through 1990 at five-year
intervals. Primary energy sources shown are natural gas, oil products,
solid fuels, and nuclear and hydroelec’ric power. The historical data

source is primarily U.N, Statistics.

The results of these preliminary calculations show the USSR
substantially increasing its consumption of oil and gas, and modestly
increasing its consumption of solid fuels. This consumption compares
tfavorahly with production schedules of USSR five-year plans. In the period
1985 and 1990 nuclear power will grow at a very rapid rate and should
produce about 8.7 percent of the primary energy consumed in that country.
These calculations were performed mainly for use as a basis of comparison

with the economic activity method.

2. Economic Activity Method

This method is based on dividing the USSR economy into basic

end users of energy. The basic economic users and the percentage'%f
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total energy consumed by each sector are shown in Table A~10. Included

Table A-10
USSR CONSUMPTION OF TOTAL ENERGY

Thousands of Percent

Sector TCE of Total

Industry 616,114 48.1%
Electric power 364,316 28.5
Transportation 78,430 6.1
Commercial 66,846 5.2
Residential 60,943 4.7
Agriculture 58,131 44,5
Military 29,160 2,9

Total 1,273,940 100.0%

Source: 'sarodnoil khogeastoo USSR v 1970 g'' Moscow

1971 and other Russian sources--modified by SRI.

in total energy is all primary energy plus all secondary energy such as

electricity, coke, manufactured gas, and others,

As seen from this table, industry alone consumes 48.1 percent
of the total energy; industry plus electric power consumes 76.6 percent

of total or more than three-fourths of total energy.

On a primary energy basis, industry consumed 412.8 million
TCE of primary energy in 1970. On a percentage basis industry consumed
41.5 percent, electric power 35.6 percent, and combined they consumed
77.2 percent; of the total primary energy. Industry and electric power
clearly dominate the energy consumption picture in the USSR. By
comparison, U.S. industry consumes 22.4 percent of primary energy,

electric power 24.0 percent, or combined 46.4 percent.

The economic activity method considers all the energy consumed
in a particular sector, both primary and secondary. This energy
consumption is then correlated with economic activity in that sector,
and economic forecasts are made on the economic activity in the sector.

These economic forecasts are based on five-year plans together with
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a comparison with the overall GNP forecast. The energy consumption

required to achieve that level of activity is then forecast on the basis

e )

of correlations between economic activity and enevgy consumption, After

the totul energy 1is [orecast for the sector, forecasts are made [or

e e T

individual fuels in that sector. To achieve a balanced forecast, totals
of all the energy consumed in the country are next compared with fore- !
casts of primary energy requirements in the various sectors and energy
sources to the sectors. The calculation is basically trial and error,

and various computer programs were developed to alleviate some of these

e s B

hand calculations.

The trial and error method is essentially as follows. Economic and

detail furecasts on energy requirements are made for each sector. A
total primary energy requirement is then computed as a sum of the energy
3 . requirements tor each consuming sector. This computed primary energy
-3 ‘ forecast was then compared with the forecast for primary energy which
had previously been developed based on correlations with GNP (see
Economic Framework Tables A-6). Appropriate adjustments were then made t
5 in economic activity, and energy consumption within a sector to assure

i a consistent trend with the GNP correlation.

x These calculations are repeated until a consistent pattern develops
! for both economic activity and energy consumption. This pattern thus

. represents our forecast. l

3
F
E 3. Energy Consumption Patterns Forecast by #
3 Economic Activity Method

% Shown in Figure A-7 and A-8 are graphs showing primary energy
consumption by ensrgy type for the historical period 1960 and 1970 and

the forecast period 1970 to 1990. From these figures, we see that total
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primary energy, gas, and oil consumption are growing at a substantial
rate, 5-7 percent per year. Solid fuels are growing but at a slower
rate, 1-2 percent/year. Furthermore, we note that nuclear power will
become an important part of the primary energy supply beginning about
1985. Coal will continue to be the largest supplier of primary energy
up until approximately 1976; thereafter, oil will be the largest. In

approximately 1980, gas consumption will surpass coal.

Table A-11 shows history and forecasts based on economic
activity for total energy consumption in the USSR by energy type.
Table A-12 shows five-year growth rates for each fuel., Table A-13
shows each fuel type's percentage of total energy. It is seen that gas
consumption increases from a 1970 value of 217,069 thousand TCE to
806,837 thousand TCE in 1990 at decrecasing five-year growth rates of
9.7, 7.1, 6.6 and 4.3 percent per year., The percent of gas in the

total energy consumption increases from 17.0 to 23.15 percent,

Based on our calculation, oil at the same time increases from
309,188 thousand to 1,003,419 thousand TCE at decreasing growth rates of
7.18, 6.98, 5.93, and 4.19 percent/year for the five-year period 1970 to

1990, O0il's percentage increases from 24,27 to 28,97 percent,

Solid fuels increase from 420,861 to 595,000 thousand TCE at
growth rates of 2,22, 1.74, 1.64 and 1.39 percent, Soft coal is
increasing at a faster rate than hard coal, and this corresponds to
forecast reserve and production schedules. Soliu fuels nevertheless

will be a very important part of the energy pattern and will be the
dominant fuel to 1977.

Hydroelectri¢ power increases from 45,646 thousand TCE to
119,136 thousand TCE and growth rates of about 5 percent/year., Nuclear

power has the highest growth rate and increases from 1,284 thousand TCE
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Table A-12

UbSk GROWTH RATES IN VARIOUS ENERGY SOURCES
(Percent)

Ene-gy Type 1965 1970 1975 1980 1985 1980
Prinmary knergy
Gas Priduets
Natural Gas 21,2k 9.70 9.19 7.12 6,57 4.31
Subtotal 21.2H 9,70 9,19 7.12 6.57 4.31
011 Products
LG 15.55 11,92 5.92 5,23 6,24 6.61
Gasolfne H. 11D 5.81 6,08 5.63 5.41 5.35
Kerosene/ Jet tuel 1.49 H,26 7.45 5.25 1.19 4.26
Dbistiflate 10,54 6.25 7.57 5.14 6.21 5.47
lkesidual btuel 0f1 14.25 9.24 7.39 9.43 6,47 2.85
Subtotal 9.H6 7.68 7.18 6.98 5.93 4.19
Solid Fuels
Hard Conl 2,18 1.82 2,08 1.08K . .95
Soft Coal 2,34 1.06 5.84 8.91 5,70 3.15
Pent -3.60 .79 4.18 -.94 ~.79 -.30
: . Firewoud d.11 -4.44 -6.5K -15.K9 -20.13 =-10.42
Shale 011 9.04 2,61 3.94 .96 .55 .54
'E,. Subtotal 2.05 1.24 2,22 1,74 1.64 1.39
| Other
= Nydru 7.24 6,20 4,21 5.64 1,98 4.83
Nuclear 45,94 30,60 23.96 20,96
Subtotal 7.24 6,79 6.60 10.44 12,19 14.05
Total 6.58 4.97 5.7 5.4 5.3 4.7
]
Secondary knergy
Flectric Power
i, Electricity 11,22 7.57 7.55 7.36 6.65 5,52
Subtatal 11.22 7.57 7.55 7.36 6,65 5.52
Manufactured Gos 2,59 S.H8 5.01 4,24 3.73 2.61
Steam from Klectric Power 17.01 B.49 6.81 5.67 4,73 3,52
Subtotal 11.59 7.75 6,35 5,33 4.50 3.32
secondory Solid el
Soltd Coke 4,20 1,21 1.0 .57 ot . 54
sSubtotal 4,20 1.21 1,03 .57 . 55 . 54
Grand Yotad 7.006 5. 18 5,63 J.a8 5,22 4,42

Bl i s 2l okl
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in 1970 to 224,800 thousand TCE in 1990. By 1990, nuclear power will

represent 8.8 percent of total primary energy input to the Soviet economy.

Secondary fuels including electricity, manufactured gas, steam
from electric power, and solid coke will be increasing at substantial
rates. Electricity consumption will grow from 78,368 thousand TCE in
1970 to 290,376 thousand TCE in 1990, representing healthy growth rates
of 7.5, 7.4, 6.7 and 5.5 percent per year over succeeding five-year

periods.

Manufactured gas and steam produced from electric power will
grow at slightly lower rates than electricity consumption. Nevertheless,
this secondary source of energy will continue to be a major energy
source in the Soviet economy. Because of this efficient use of steam,
the Soviets' primary energy requirements are less than those of
countries that discharge steam as waste--for example, the USA. In
fact, the consumption of energy by these two sources will continue to
exceed the total electricity consumption in the country. The numerical
values of the tons of coal equivalent for steam from electric power
represent production values and might be slightly high, since no losses
are 5ssumed. Solid coke and products primarily of steel production will

also grow.

4, Comparison of Methods

Table A-14 shows a comparison of the correlation and economic

activity methods.

The methods compare exactly for nuclear, hydro, and solid
fuels; the total in the correlation method is about 2 percent higher
than economic activity method. The oil and gas values differ on the

average by about ts percent with a maximum spread of 10 percent.
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B. Sector Analysis

For each energy use sector of the USSR economy, economic indicators
were selected. The USSR five-year plan was used as a source of most of
these indicators because a consistent history and forecast were
presented in this plan, The historical indices were then compared with

the U.N. Statistical Yearbook. In general, there was good agreement.

The indices used were as follows:

Economic Sector Index Basic Source
Total country Gruss national product UN Statistics
Industry Industrial output USSR five-year plan
Transport Freight turnover USSR five-year plan
Commercial Retail turnover USSR five-year plan
Residential Personal consumption UN Statistics
Agriculture Gross output agriculture USSR five-year plan
Population UN Statistics

The indices are the percentage ratio between the value at any year and

the value in 1960,

Table A-15 tabulates these indices for the historical period 1960-
1970 and shows forecast values for the period 1970 to 1990. The forecasts
were made to 1975 by USSR five-year plans and 1975 to 1990 by trend
extrapolation. The trends forecasts were made with reference to the
GNP forecast and were adjusted to meet cnergy consumption requireﬁents.

A summary of these forecasts is shown in Figure A-9.

Industry has the highest growth rate; agriculture has the least.
This trend in growth rates is similar to the energy consumption pattern.
The historical energy consumed in a sector was then correlated versus
the index for the sector. Good correlation resulted; see Figure 4-10
which shows energy consumption in industry versus the index for industrial
consumption. On the basis of these correlations, total energy consumption

in each sector was then estimated for the years 1970 to 1990.
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Table A-15

INDEX OF ECONOMIC ACTIVITY IN THE USSR i

History Forecast
1960 1965 1970 1975 1980 1985 1990 [

Gross national

product 100 136 191 265 362 485 619
Industry 100 151 226 332 445 590 760
i
Transport 100 146 205 278 380 510 640 '
Commercial 100 134 196 277 380 510 640
Residential 100 133 192 270 380 510 640 1
; Agriculture 100 112 137 167 203 242 290 |
. Population 100 107 113 119 126 133 140
% 1
I |
i i
sf |
3
5
5 |
E |
E
:
F
, ‘
ki 14
] {
‘3 1 4
1
H
39 !

g
i ua e e



.,
A

Pl S T L L P T ———F % Y T .

H4SSN 3HL NI ALIAILOV JINONOD3 40 X3aNI
6-v ainbig

HY3IA
o] -17] oasl 046l

—

NOILYINdOd -

—
— —

o — ~3unLINdIHOV \.PP VI IWNO D
- AVILNIAISIH
= l___r\ .
¥
\\...I|u_.....| LHOJdSNYHL

\

\“\
-~

096l
00I

-1 00%

ooo!

anjoA 0961 40 ju@d.0d - XIANI

40




3000

| 1 | T 1§ 11
.
5
€
2 1000
[e] .
> i
3
~ |
©° z
S ]
‘S 1
g 500 ‘
F E | 4
: 2 .
; B |
| : T B
z |
o |
- 2
95 (2 = %
| 5 |
L\. ‘2 5
: o i
. (&) :
|
10C | | L L1 11 i
| 2 3 4 5 6 789 |

INDUSTRIAL INDEX

Figure A-10 '
TOTAL ENERGY CONSUMPTION IN INDUSTRY VERSUS j

INDUSTRIAL INDEX

411




The methodology for electric power consumption is similar and is
detailed in the electric power section, The index used in the electric

power is GNP.

A swmmary graph showing the relative importance ol each sector is
shown in Figure A-11., In this figure, the total energy consumed by each
sector is plotted versus years of both historical and forecast period.
In Figure A-12 primary energy by end use sector is shown. For both
total and primary energy consumption, industry and electric power are
the dominant consumers. Transportation, commercial, residential, and
agriculture are approximately the same size, each consuming between
5-7 percent of the total energy.

In the industrial sector, the significant users of energy are:

e Primary metal industries such as steel, aluminum

and coupper

® Chemical and allied industries

® Petroleum refining and related products

e Paper and allied products

e Stone, clay, glass, and concrete products.

Further study is required to show the exact energy requirements for

each industry.

1, Industry Forecast

The industrial sector is the largest consumer of primary
energy in the USSR. As recently as 1960, this sector used just over 45
percent of total energy, and by 1970, it still accounted for about 42
percent of energy use, Between 1960 and 1970, industrial energy use
increased about 50 percent--from 258 million TCE to 413 million TCE,
Table A-16 shows industrial energy use by type of fuel, including both

primary fuels and secondary energy.
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Historically, the industrial sector in the USSR has relied
very heavily on coal and other solid fuels for its energy needs. In
1960, for example, solid fuels supplied over 70 percént of the totnl
energy cousumed, aud oil, about 15 percent. By 1970, however, solid
fuels supplied only about 55 percent of the total while oil's share
stayed roughly the same at 15 percent. About one-half of the oil
consumed was supplied by residual fuel oil. The use of natural gas made
up much of the difference, increasing rapidly during the 1960-1970

period=-~from 12 percent of primary energy use to nearly 30 percent by

1970,

Secondary energy--electricity, manufactured gas, steam (from
the electric power industry), and coke--all contribute significantly to
industry's total fuel requirements, but the primary energy sources from
which they have been produced are already accounted for in the total
primary energy needs of the USSR. Electricity and steam are produced
by both the industrial sector and the electric power generation sector.
The figures shown in Table A-16 for use of these two energy sources are
only the quantities supplied by electric power plants; no aftempt was
made to estimate the amount self-produced and used. Industry produces
manufactured gas and coke in quantities surplus to its own needs; the
figures shown in the table are only those used by industry. Most of the
remainder of these two secondary fuels are consumed in the residential
and commercial sectors, although small quantities do move to other

5

consuming sectors,

Total future energy requirements by industry were estimated on
the basis of a correlation of energy consumption with the industrial index
(see Figure A-10). Solid fuels, coke, and manufactured gas were forecast
on the basis of the five-year plan production schedules and a trend analy-
sis. For example, since coke is used primarily in steel production, the

five-year plan for steel was considered in making the forecast.
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For estimating gas and oil, the following approach was used.
On a total energy input basis, these two fuels represent approximately
10 percent of the energy input. Industry usually has the choice of using
either gas or oil for heating. The forecast of gas and oil was based on
an extrapolation of the historical relationship between the percentage of
oil and gas to industry, but the estimates could be significantly differ-
ent, depending on Soviet policy with regard to the use of these two fuels.
For example, if the Russians decide to increase exports of oil, they will

use more gas in industry.

Industrial sector energy requirements are expected to more
than double between 1970 and 1990, although this sector's share of total
energy use will continue to decline and will be roughly 35 percent in

1990.

While coal will continue to be an important fuel in the
industrial sector, nevertheless it will show little growth for the
forecast period (Table A-17)., As a result, its share of the total will
drop to about 40 percent in 1980 and to 29 percent by 1990, The use of
0il is expected to increase at an annual rate of between four and seven
percent per year--slightly faster than industrial energy use--with the
result that oil's share of the total for the sector will increase modestly.
It is anticipated that natural gas will be the predominant industrial
fuel of the future in the USSR economy. By 1980, its share will be about
43 percent of the total, and by 1990, over 59 percent. In the 1970-75
period, and perhaps even during the following five-year period to 1980,
it is doubtful that supplies of natural gas will be sufficient to meet
the estimated demands (see section on natural gas). In this event, oil

and coal will make up the difference,
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Table A-17
GROWTH RATES OF INDUSTRIAL SECTOR
(Percent)
Energy Type 1965 1970 1975 1980 1985 1990
Primary Energy
Gas Products
Natural Gas 20.45% 9.83 9.06 7.28 6.50 5.34%
Subtotal 20.45 9.88 9.06 7.28 6.50 5.34
0il Products
LPG 35.54 11.42 8.14 6.88 9.10 7.20
Gasoline
Kerosene/Jet Fuel .
Distillate 7.20 6.40 9.54 4,24 6,78 5.21
Residual Fuel Oil 9.00 ~-2.67 4,67 3.29 5.79 4,22
Subtotal 8.39 1.37 7.23 3.87 6.40 4,84
Solid Fuels
Hard Coal 1.98 2.21 1.68 1.65 1.26 1,28
Soft Coal 3.00 2.94 .84 .77 .74 .72
Peat -10.01 5.30 4,49 1,18 1,12 1.06
Firewood 3.05 -4.38 -3.89 ~22,76
Shale 0il 2.24 -5.17 1.62 1.30 .82 .60
Subtotal 2.00 1.69 1.30 .78 .93 1.21
Other
Hydroelectric
Nuclear
Subtotal
Secondary Energy
Electric Power
Electriclty 10.49 6.82 6.72 6.74 6.01 4,86
Subtotal 10.49 6.82 6.72 6.74 6.01 4,86
Manufactured Gas 3.32 8.09 6.21 4,98 4,28 2,87
Steam for Electric Power 15.73 7.17 6.05 4,98 4,28 2.87
Subtotal 11.89 7.39 6.09 4.98 4,28 2.87
Secondary Solid Fuel
Solid Coke 3.59 1.81 .88 .43 .42 .41
Subtotal 3.59 1.81 .88 .43 .42 .41
Total 6.80 4.39 4,93 4.17 4.39 3,72
48
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2. Electric Power Forecasts

=

The electric power sector is a large fuel user in the Soviet
national economy. In 1970, this sector consumed about 33.5 percent of

allprhmmrhmlcmmwmd1nthecmmny.

Historically, thermal power stations have relied on coal--

mainly hard coal--as their main fuel (Table A-18). 1In 1960, coal covered

70 percent of their fuel needs (Figure A-13). Yet, because coal

i

consumption growth rates were considerably lower than the growth rates
of thermal power generation, coal's share has continuously been dropping,
to 48 percent in 1970. This trend is expected to continue but at a slower
pace, to 39 percent in 1980 and 35 percent in 1990, While hard coal was
the main solid fuel in electric power generation, its future growth is
expected to slow down considerably because of the demands of the

E & industrial sector, particularly for coking coal. On the other hand, brown

% coal, and to some extent peat, will experience a rapid expansion between

1970 and 1980, with a gradual slowdown in the 1990s. Several large
stations planned for the western part of the USSR are intended to burn
peat while future plans for the eastern part call for use of large

), quantities of brown coal. ™

Starting at a very low level in 1960, o0il has increased its
share to 24 percent in 1970. In the future, it will have to provide the
bulk of the incremental fuel demand, along with natural gas. Between i
1970 and 1990, oil consumption for electric power generation will
quadruple from 75 to 303 million metric tons of coal equivalent. O0il will ;
increase its market share to 33 percent in 1980 and 37 percent in 1990,

During the same period, natural gas will triple its quantity from 61 to

See Electric Power Technology Section VI,
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190 million metric tons of coal equivalent, In forecasting gas consumption
in the electric power section, we have assumed that no sizable increases
will occur after 1985, This is becnusc the natural gas wlll become too
valuable a fuel for electric station use--similar to what is happening

in the United States already today. In 1970, natural gas supplied

19 percent of the fuel input, up from 9 percent in 1960, Its share is

expected to peak at 24 percent in 1985.

The other fuels (wood, shale oil, manufactured gas) used in
electric power generation are relatively insignificant and they are

expected to remain of minor importance in future years.

Table A-19 shows the compound annual growth rates by fuel for

all the five-year periods between 1960 and 1990 (based on Table A-18).

Soviet-published data on fuel consumption by the electric power
sector are incomplete., Up to 1961, the USSR reported thic information
5
for the public sector to the United Nations. After that, no regular or

consistent series has been released.

SRI has used the approach of calculating the total fuel energy
input into electric power generation, including steam and hot water
production in electric power stations for the historical years. These
totals could be checked and calibrated against published figures for
1960, 1965, 1970, and 1975 (Plan). An estimated percentage breakdown
into types of fuels was found in the Soviet literature6 for the same

years. Intermediate years were interpolated.

Since this breakdown provided only a category for gas as a
whole, it was replaced by natural gas and manufactured gas data available
in the United Nations series.7 An adjustment was then made for the

difference between the two total gas figures, which appears largely due
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to the use of different calorific values for natural gas. This differ-
ence amounted to 3.6 percent in 1971, which is well within the margin

of error of the estimates.

The duta employed in calculatling fuel input into the electric
power sector is shown in Table A-20. It consists, in principle, -of dcter-
mining the net thermal electricity generation in public and large indus-
trial power stations as weil as their net heat (steam and how water)
production. These were then multiplied with the appropriate specific

fuel consumption.

The future total fuel requirements of the electric power sector

were determined with the same method.

3. Transportation Forecast

Forecasts on energy requirements for the transportation, com-~
mercial, residential, agriculture and military sectors are difficult to
establish. In order to establish highly reliapble forecasts for each of
these sectors one would need to know details on nolitical and economic
activity in each sector, for example projected new housing starts, mix
of automobile, number of new airplanes, etc. Because reliable forecasts
on all these factors are not available we correlated total energy consump-
tion in a sector to economic activity in the sector; for historical data
there appeared to be a good correlatior with these indices. Based on
five year plans ¢ forecast was made for the index and in turn energy

requirements were projected for each sector. The components of energy

Gross versus net calorific value. SRI has used net heat values,
which are around 8,300 kcal per cubic meter for natural gas.

SRI's calculated adjusted total fuel input for 1960 and 1965 are 1

percent lower than figures quoted in Energetika SSSR, and for 1970
are 3.5 percent lower,
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within the sector werc then assumed to follow the historical percentage

relationships. Following are certain details on the [orecasts for the

transportation, commercial, residential, agriculture and military sectors.

é
1
f
|
:
!

The total energy for transportation was estimated on the basis
of a transportation index, which was the freight turnover. O0il is the
largest component (87 percent), and it was calculated by difference after
estinating natural gas. The composition of oil was estimated by trend
analysis of percentage distribution of oil concerned. Table A-21 presents
historical and forecast consumption of energy in the USSR for the

transportation sector,

4, Commercial Forecast

The total commercial consumption of energy was estimated from
correlations witiv the commercial index., Solid fuels, steam from electric
S . power, und solid coke were estimated by trend analysis. Solid fuels were
assumed not to be used after 1980, Gas was calculated by extrapolating
growth rates; oil was then calculated by difference. Table A-22 presents

energy consumption for the commercial sector.

5. Residential Forecast

The total residential use was again forecast by correlation
to residential index. Gas, stecam, and solid coke were forecast by
trend analysis., Ft was assumed that the use of coal in residences would
decrease., 0il was calculated by difference and oil products were
forecast by analysis of trends., Table A-23 presents energy consumption

for the residential sector.

6. Agriculture Forecast

0il is the major input to this sector. Electricity, gas, and

solid fuels were forecast on the basis of trend analysis. The total was
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Table A-21
ENERGY CONSUMPTION OF USSR TRANSPURTATION SECTOR IN HEAT UNLTS
(Thousand Tons o! Coal Equivalent)

ENEROY TYPE 1960 1965 1970 19715 1980 1985 1990

GAS PROOUCTS
NATYRAL 0AS 254, aAT, 884, 15900, 2300, 2800, 3100,
SUR 10TAL 296, 07, a0y, 1500, 2300, 2800, 3700,

OlL PROLUCTS

LPR

GASOL INE 17055, 25171. 33430, 46u6T, 62637, 8A122. 112877,
KERQSENE/JET FUEL 11128, 13828, 20559, 291%A, 37071, 4A636, SS287,
UISTILLATE 1035. 4341, 807, 11282, 17896, 27468, Ala6S,
RES10UAL F/0 1953, 3802, S$914, 152). 10226, 15451, 20733,
SuUR TOTAL 31171, AT143., 67978, 9eu13, 127839, 171678, 23p262.

50L10 FUELS
HARO COAL 118480, 2416, 1232. ¥00,
SUFT COAL 4519, 1368, 802, 400, ]
PEar
F1RE w000 8uS. 945, 135, 200, 0. 00 0o :
L . SHALE 0IL
; SUR TOTAL 17204, 4729, 2169, 1500, 0o 0. Oe

o o

OTHER

i HYDRC

v NUCLE AR

SUR TOTAL 0. 0o 0, [ 1Y 0. 0. 0

ELECTRIC POWER
ELFCTRICLTY 2205, 4634, 6795, 9438, 13675, 1887S, 24688,
; SUB ToTAL 2205, 4634, 6795, 9438, 13675, 18875, 24688,

SECONDARY ENERGY
MAHUFACTURED GAS
Y STEar FROM ELEC POW
SUR 10TAL 0, ('3 0o 0, Oe 0 0

SECONDARY SOL10 FUEL
SOL 1l =COKE
Sug TOTAL 0. 0. 0, O 0, 0. 0.

TOTAL SuB35, 56953, TBAJv, 100451, 143805, 193353, 258750,
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Table A-22

ENERGY COnalMPTION OF USSR COMMERCIAL SECTOR [N HEAT UNITS
(Thousand fons of Coal tquivalent)

ENERGY TYPE

G*5 PRNOUCTS
NATURAL GAS
SUR 10TaL

oIL PROLUCTS

LPn

GaSCLINE
KERCSENE/ZJET FUEL
DISTILLATE
RES)OuAL F/0

SUR TOTAL

SOLID FUELS
HARD COAL
SOFT COAL
PEAT
F19E w000
SHALE OIL
SUR TOTAL

OTHFR
HYORD
HUCLE AN
SUR TOTAL

ELECTRIC POWER
ELECTRICITY
SUR TOTAL

SECONDARY ENERGY
MANUFACTURED GAS
STEAv FROM ELEC POW
SUR TOTAL

SECONDARY SOL)D FUEL
SOL10 =COKE
SUR TOTAL

181043,

TOTAL

19%0

'

1783,
49,
M,

2602,

4140,
1570,
1295,
6685,

13691,

[ 2

2091,
2091,

5’1.

' 2000,

as7l,

beJs,
8635,

2v450,

1965

121136,
12136,

1921,
1520,

760.
4201,

4922,
2736,

781,
7735,

16175,

0.

3353,
3353,

l9°.
5929,
6125,

10959,
10954,

52949,

b o’ e 2

1970

22059,
22059,

2856,
2024,
1183,
6063,

24064,
1686,

996,
6160,

11294,

0

S068,
5068,

11357,
11357,

110086,
11000,

06846,

59

1975

34725,
eT2s,

9eds,
6226,
3207,
18467,

1000,
1900,

500,
2000,

4500,

Oe

Teld8,
Tols,

18291,
1829,

115vo,
11590,

99%2;,

1960

52215,
52215,

14723,
9717,

5006,
29443,

500,
500,

1000,

2000,

0.

10813,
10013,

26075,
26875,

12000,
12000,

133340,

1988

749061,
74961,

20519,
13543,

6976,
41038,

0.

0o

0e

15650,
15650,

37693,
37693,

12500,
12500,

1990

105137,
105137,

26696,
17619,

9077,
53392,

0,

0

0

213715,
21375,

50602,
50442,

13000,
13000,

203347,
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Table A=24

ENLRGY CONSUMPTION OF USSR RESTDENTIAL SECTOR IN HEAT UNITS
(Thousand Tons ol Coal Equivalent)

ENEROY TYPE 1960 1965 1970 19718 1980 1985 1990
GAS PRAOLUCTS

NATURAL GAS 6829, 5271, 9002, 13000, 17500, 22000, 26000,
SuR tOTAL 6829, 5271, 900<. 13000, 17500, 22000, 26000.
OIL PRCOUCTS

LPg . 4195, T208, 9489, 12123, 16087, 220%5.
GASOL INE

REROSENE/JET FUEL 1783, 3841, 5711, 1299, 9325. 12376, 16966,
OISTILLAYE 896, 2522, 6519, 7342, 9636, 12787, 17531,
RESIDUAL F/0

SUR TOTAL 3596, 10558, 19435, 26330, 31085, 41248, 56552,
SOL10 FUELS

HARD COAL 2070, 2616, 192, Joo, 0. 0 0e
SOFT COAL T66, 1368, s61, 200,

PEAT 648, 372, 493,

F1RE w000 3465, 4025, 3185, 300, 2000, 1000,

SHALE 01L

SuR toTAL 6949, 8181, 5031, 3%00, 2000, 1000, 0e
[AL1F:]

HYNRO

NUCLEAR

SUs toraL 0. O 0, [ ) 0. [ ) O
ELECTRIC POWER

ELECTRICITY 1711, 3078, 5068, 7950, 11713, 176%0. 250088,
SUR TOTAL 1711, Jo70, 5068, 7950, 11713, 17650, 25088,
SECONDARY ENERGY .

MANUFACTUREQD GAS 319, 111, 85,

STEAY FAOM ELEC POV 2000, 5928, 11357, 17000, 24000. J0000. 36000,
5UR TOTAL 2319, 6039, 11402, 17000, 24000, J0000. 36000,
SECONDARY SOLID FUEL

S0L1D =COKE 8435, 10954 11006,  12000s  12500. 13000, 13500
SUR TOTAL 8435, 10956, 11006, 12000, 12500. 13000. 13500,
TOYAL 29839, 44086, 6093, 77780, 98798, 124898, 157140,
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estimated on the basis of an index, and o0il was then calculated by
difference, Table A-24 presents energy consumption for the agriculture

sector.,

7. Military Forecast

01l is the major input to this sector and is used primarily
for transportation. 0il and solid fuels were forecast on the basis of

trend analysis, Table A-25 presents enecrgy consumption for the military

sector.
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Table A-21

ENTHOY CONSUMPTION OF USSR AGHICULTURE SECTOR IN HEAT UNITS
(Thousand Tons of Coal Fquivalent)

t 1£Q6Y TYPE 1veé0 1965 1970 19718 1980 198S 199

LAS PRODUCTS
IATURAL GAS 268, B4], 1000, 1200, 1500, 2000.
SuUg TOTAL Oe 268, 8s], 1000, 1200, 1500, 2000,

OlL PROLUCTS

LPG

GASQLINE 8527, 12585, 16716, 21556, 26885, 3349, 61172,
REPCSENE/JUET FUEL 6619, 1920, 2855, 317a, 3718, 4433, 5086,
OISTILLATE 11977, 23806, 29635, 3867a, 4849], 60585, TaR3S,
“ESIpUAL F/0

SU3 10TAL 26926, 38311. 49206, 63399, 79104, 98513, 121093,

SO0LID FUFLS
"ARD COAL
SOFT CcoAL

PEAT 4229, 2492, 3265, 2200, 1500, 500, 0.
FIRE wOOD

SHALE OIL
SUR TOTAL 4229, 2492, 3265, 2290, 1500, 500 0.

SF

QTHER

HYNRQ

! A NUCLEAR '

SUR 10TaAL O 0. 0 0. 0o Qe 0

LLECTRIC POWER
LLFCYRICITY 1246, 2637, 4819, 937s, 160848, c4425, 34450,
) SUR TOTAL 1246, 2637, 4819, 931s, 16088, 24425, 36850,

k SECNNDARY ENERGY
. HANUFACTURED GAS
STraw FROM ELEC POW
SUR TOTAL 0. 0. 0. O 0. O 0.

SECANDARY SOLID FUEL
SILID =COKE
5U” TOTAL 0. 0, 0, 0, 0, 0, 0,

TuTAy 32399, 43709, 581131, 75974, 97892, 124938, 357943,
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Valiber .

ESERGY Cod I RTON OF 10000 MEEETAIRY O FeRe IN HEAL TING S

{ Movsand Tons of Con! Tgulvalent)

(NERGY TYPE 1v60 1965 1970 13715 1980 1988 1990

WAS PRODUCTS

~ATURAL GAS

SUR TOTAL 0. [/ 0 [/ O 0, 0

JIL PRODUCTS

LPG

~ASCLINE 2862, 4195, 5571, 7217, 8883, 10487, 12180,

"EROSENE/JET FUEL Te19, 9218, 13700, 16402, 19697, 21848, 23873,

CISTILLATE 55064, 4715, 3502, 3609, 3676, 3933, 4385,

RESIDUAL F/0 1562, 30641, 4732, 5577, 6566, 7428, 8282,

SUR TOTAL 17348, 21171, 27511, J28vs, 38622, 43697, 48720,

SULID FUELS
p HARD COAL 2790, 1432, 968, 250,
3 SOFT COAL 1034, 836, 682, 750, 0. 0. 0,
i PEAT
i FIRE WOOD

SHALE OIL
SR SUB-TOTAL 3824, 2268, 1652, 1000, 0o 0. 0.
, OTHER

HYNRO
; NUCLEAR ' i
. SUR TOTAL Qe 0. 1Y 0 Oe (') 0.
E cLECTRIC POWER
", ELFCTRICITY
, SUR TOTAL ('Y 0. 0. [/ 0. 0. 0
3

SECONDARY ENERGY

MANUFACTURED GAS

STEAr FROM ELEC POW
3 SUR TOTAL 0. O 0 [ [\ [ 0
e

SECNNDARY SOLID FUEL

SOLID =COKE |
] SUR TOTAL 1Y ' 0, '8 0. 0 o
: /
: TOTAL 21212, 23439, 29160, 33805, 38622, 43697, 48T20
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-V ENERGY CONSUMPTION OF CMEA COUNTRIES

A, Swmmary

The primary cnergy consumption of the combined Eastern Bloc or CMEA*

countries is approximately 40 percent of the total consumption in the
USSR. Figure A-ld+ shows the historical and forecast energy consumption for
the various Lastern Bloc countries. From this figure, we see that Poland
consumes, the most energy, followed by East Germany (German Democratic
Republic), Czechoslovakia, Romania, Bulgaria, and Hungary. The total
consumption of energy in the Eastern Bloc is less than the consumption
of energy by the USSR's industrial sector., The energy consumption of

l Poland or East Germany or Czechoslovakia is approximately the same size

% as the consumption of energy in the USSR's transportation sector. The
energy consumption of Romania, Bulgaria, and Hungary is less than that
of most economic scctors in the USSR, Because of the relative size of
each country in the total energy picture, we will forecast only the

: primary energy in those countries.

Figure A-15 shows the relative importance of the various fuels in
the economy of the CMEA countries, where coal is and will continue to
be the largest source of primary encrgy. In 1970 coal represented
71,6 percent of the total primary energy; in 1990 the value will still
be a healthy 43.4 percent.

* CMEA--Council for Mutual Economic Assistance. Other synonyms for
Eastern Bloc or CMEA countries are: Soviet Bloc; COMECON countries.
In this part of the report, CMEA is used to refer to Eastern European
' countries other than the USSR.

Figures in this section were derived from the tabular data for each
country developed by SRI.
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Shown on the following pages are three summary tables on energy
consumption of the CMEA countries. Table A-26 gives heat values in

thousand tons ol coal equivalent, Table A-27 gives percentages, and

Table A-28 gives growth rates ol the various fuels.

B. Country by Country Forecast

The basic forecast consists of two parts, a forecast of total primary
energy, followed by an allocation of energy components of oil, coal, gas,
hydro and nuclear. The forecast for total primary energy was based on
the relationship between gross national product and energy consumption.,
Nuclear and hydroelectric power forecasts are based primarily upon current
production and proposc’l construction plans. The basic allocation of oil
and gas was based upon a trend extrapolation. As mentioned previously,

the Central Planners have made estimates of their oil and gas requirements

b . .
5 for their countries (see Table A-29). These trend extrapolations were
Table A-29
3
FORECAST BY CENTRAL PLANNERS
(Percent of Primary Fuel)
\
1975 1980
Gas 0il Gas 0il
Bulgeria 2., 5% 13.3 16.41 49.0%
Czechoslovakia 5 27 7 30
East Germany 23* 29*
Hhungary 21,3 39.6
Poland 8.1 13.7 8.5 19
Romania 71.8* 65*

*
Total of o0il and gas.
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then compared with the estimates given by the central planners. If the
trend and central planners' values werc essentially the same, then the
trend values werc uscd; elsewhere a compromise between these two values

was anccepted. The majority of the forccasts agreed closcly with tho

central planners' estimates.

In most Eastern Bloc countries, coal is the dominant fuel and can be
used as a substitute or swing fuel. To maintain accuracy in forecasting,
the fuels with the lowest consumption were subtracted from the total to
obtain the swing fuel. The swing fuel as computed was then compared with
a trend extrapolation to assure continuity. Following are certain details

on the forecast for each country.

il Bulgaria

Bulgaria has ambitious plans for hydroelectric and nuclear
power, as presented in clectric power Section VI. Gas was forecast on
the basis of trend extrapolation and recent 1973 reports of consumption.8
The o0il was forecast by similar methods. Coai was computed by difference.
The gulculated value for coal was then plotted to assure a consistent

trend and comparad against the forecast by central planners. Table A-30

prescnts the forecast for energy consumption of Bulgaria by fuel type.

2. Czechoslovakia

Czechoslovakia is a relatively developed economic country.
Becausce of its larger base, its growth rate in primary energy will be
less than those of less developed ones, Nuclear power will begin to be
a significant energy supplier in 1970. Coal, the major supplier of

energy, will maintain its dominance through 1990,

In forecasting, gas and oil were forecast by trend extrapolation
and compared to central forecasts. Solid fuels, the largest component,

were calculated by difference. The growth rates in coal and forecasts
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ENERGY TYPE

GAS PROD'ICTS
NATURAL 6AS
SUK TOTa

0iL PRODUCTS

Lon

GASOLINE
KEQOSENF/JET FUEL
VDISTILLATE F/0
HEQINUAL F/0

SJUn TOTAL

SULID FufL
HAPD COAL
HRnwN COAL
FEATETC,
SUn TOTAL

OT+HeR
nYNRO
NUCLEAR
SUL TOTAL

41839,1

TOTAL

1940

65,2
171,46
1367.8

311.¢
6933,0

7244 ,6

754,4
754,46

Table A~30

NET INTERNAL CONSUMPTION IN HEAT UNITS-BULGARIA
(Thousand Tons of Coal Equivalent)

1965

R&.1
8h.1

1-7
TAD,.0
124.9
9ak,3

303p,2
48473,1

2515.1
12234,0

14749,1

8nn,0

LT

197¢

589,
559,13

1040
208A 48
197,n
251144
6858,1
11663.2

4356,9
12390,8%

167474

840,81

LEY N

9361.8 2047R,3 29810,7
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1975

556,13
355%.,3

SL,.n
3230,n
340,0
9639 ,n
17000,0

£335,1
12693,7

0,0
105288

1400,0
154 .0
\754,n

e h B .

1980

9171,7
9171,7

11,6
4600,0
690 ,0
5520,0
12029,0
23000,0

R285,1
1376R.4
n,o0
2185),5

230n,0
1000,¢
33n0,0

1985

1380R,.0
1380R.0

310.0
65]0.0
93n.0
8060n.0
1519n,0
31000.0

10116.9
1650645

n.o
26623,3

280n,0
2680.0
528040

1990

200517
20051.7

ST0en
8340.n
1160,0

1064941
1729040
38000e0

12092.7
18914,2

0en
310070

32004n
8000.0
1120040

57323,2 TeTlVv.4 1002587
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for coal were fthen compared with national plans to arrive at a firm founda-
tion for forecasting. The erergy consumption forecast for Czechoslovakia

is shown in Table A-31.

3. East Germany

East Germany, a developed cconomic nation, is highly dependent
8
on coal. Recent internal production of gas will shift this trend but
coal will still maintain its dominance through 1990. Nuclear power again

will become significant starting in 1980,

Gas was forecast using recent 1973 values and comparing them

with planned gas consumption and known reserve. O0il was forecast by

trend extrapolation and comparison to planned values. Coal was computed
by difference and again compared with the central planners' forecast to
assure consistency. The energy consumption forecast for East Germany is

presented in Toble A-32,

1. ungary

Hungary is a relatively small country, and like most Eastern
Bloc countries, depends on coal as its principal energy source. Because
of its relatively 1w reserves of all fuels and ease of transport of oil
and gas, the energy consumption pattern will change over the next 20 :

years, Oil and gus will grow much more rapidly than coal.

In our analysis, oil and gas were forecast using trend analysis
and forecasts by central planuers. The swing fuel, coal, was computed by
difference and compared with the central planners' forecast. The energy

consumption forecuast for Hungary is shown in Table A-33.

5] Polaqg

Poland is the largest consumer of energy in the Eastern Bloc

and has significant coal reserves. In 1970 coal consumption represented

72
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84 percent of totil primary energy consumption., Coal will maintain its
dominance in the energy consumption pattern through 1990. Our forecasts
were thus based on the plars of the central plmaners and a trend

extrapolation of other fuels,

The same calculation procedure was used in Poland as in other
Eastern Bloc countries. The coal value was compared with plans to
assure consistency. The energy consumption forecast for Poland is shown

in Table A-34,

6. Romaniz

Romania is unique in the Eastern Bloc in being a Large
producer of gas. Gas represents 55 percent of total energy consumption
in Romania. In forecasting energy demand, demand for gas was correlated
against primary energy consumpticon. Oil was correlated against gas, and
coal was calculated by difference. The forecasts were then compared
with the forecasts by central planners to assure consistency. The energy

consumption forecast for Romania is shown in Table A-35.
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VI ENERGY SUPPLY-DEMAND BALANCE

A, Coal and Other Solid Fueli

1. Role

Hard coals, including anthracite and bituminous, and brown
coals have played a major role in the development in nearly all sections
of the USSR, 1Ia particular, continued Soviet industrial expansion de-
pends on coal both as a primary source of power and as a source of raw
material for chemical and metallurgical industries. Hard coals have
characteristically been used for coking in metallurgical processes and
other industrial applications where a high heat-content fuel is essen-
tial, Brown coals, on the other hand, have much lower hecat content, and
characteristically have been used for space hecating as well as for fuel

in electrical power ctations.

A knowledge of the USSR's coal resources and production outlook
is essential for an understanding of USSR industrial potential. Unfor-
tunately, however, although there is literature available on the Soviet
coal industry, it is not described in terms consistent with Western
nomenclature, and no single reference source provides an authoritative
study of how the coal industry functions or how well it performs, Fur-
ther, the several reference sources do not indicat. consistent infor-
mation on ecither production or use. As a result, historical data on
solid fuels production and sector end-use demand are not continuous over
a time period sufficient to establish appropriate trends (i.e., ten
years). In order to establish appropriate trends, Stanford Rescarch
Institute has made estimates where necessary to translate USSR data into

information usable by Western standards, and where necessary to make up
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for obviously lacking or inconsistent information, Where estimates were
made, they were based on production or demand rates that would yield

consistent trends over the time period under consideration,

One primary difference between USSR and Western coal production re-~
porting is the point of reporting; USSR reports production of raw coal

as mined (before cleaning) whereas in the West, production of marketable

coal is reported.* Further, in the USSR about one-fourth of the total
coal cleaned is treated aiter delivery to plants associated with the
coking industry (ferrous metallurgy).ll These factors can lead to over-

statement of USSR coal use compared to Western use.

’
:
i
:
i
i
1
i

2, Losses

Loss for both hard and brown coals have been excessive in the
USSR, 12 However, Soviet efforts are attempting to reduce these losses.
For hard coals, most losses occur in handling and transport, where fines
are lost in transit or by wind action. For brown coals, additional loss
occurs because in some instances, partial decomposition occurs over a
period of time. Losses of this nature approximated 20 percent of raw
production for soft coal and 15 percent for hard coals in 1960. Trends
in loss have been downward, reaching 10 to 15 percent in 1970.13 With

increased emphasis, future losses are expected to be even less,

Loss in cleaning will vary, of course, with the type of coal
as well as with the degree of cleaning. Cleaning losses are illustrated
in Table A-~36 which indicates USSR historical average production of raw
and cleaned coal by type for 1960 through 1967, In general, the total

amount of cleaned coal is about 61 percent of the amount of raw coal=—-

o

i

* UN Coal Statistics.
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or a v+ 3s .f 39 percent in cleaning. A breakdown of this total is:

coal cleaned at mrine plants-—-about 58 percent of raw coal (a loss of

42 percent in cleaning) ; coking coal cleuned at mine plants--about 68
percent of raw coal (a loss of 32 percenc in cleaning); and total cleaned
coking coal--about 71 percent of raw coking coal (a loss of 29 percent

. *
in cleaning).

3. Trends

Historically, coal has been the predominant primary energy
source for clectriec power generation, industrial heat and power, and
rail transportation, This situation is currently undergoing a change,
with some coal encrgy uscs being supplanted to various regrees by oil or
gas. However, because coal is essential in some uses (1.c., metallurgy),
because delivered cnergy cost may not always favor oil or gas, and be-
cause sufficien* cil or gas may not be available where needed, coal de-
mand is not cxpected to suffer a decline. Instead, in spite of the
tdecreasing part played by coal in the energy fuel balance, the absolute
amount of coal extracted will continuc to increase and will reach very
large figures. Coal will be mainly used as energy fuel for electric
power generation plants, as techuological fuel (coking coal) for metal-
lurgical processces and machine construction, as feed for the chemical
indusiry, and as fuel for domestic and communal demands.14 Although
projected total cncrygy trends indicate a greater emphasis on oil and gas
as encrgy sources, coal will remain an important cnergy source and con-

~

15
tinue to grow slowly. This importance of coal is demonstrated by

¥ SRI estimates from unclassificd diata, included in NIS 26 SEC 62F

(Rev).
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approximate relat.onships of coal to oil and gas and other energy pro- {
jected by one source for 1980 compared with 1970, These relationships

15
are shown below. Although this projection shows coal demand trend

P

slightly above that indicated by the Ninth Five-Year Plan, the overall

future position of coal as fuel energy is well demonstrated.

1970 1980

Fuel Encrgy Production* Percent IOGTCE+ Percent 106TCE

R L T R L R I W, W W - L T L W

Coal 36.1 456 27.6 524
0il and natural gas 59.3 750
72.4 1,376
All other 1.6 58
Total 100.0% 1,264  100,0% 1,900%
{
*  Fossil fuels, fuelwood, hydroelectric, nuclear. |
i IOGTCE = Million metric tons of coal equivalent fuel. ;
Consumption of cnergy in 1980 projected as 1,650 X 106TCE.
Difference is net of import and export, E

Similar estimates of the projected USSR coal and coke produc-
tion at specific points in time are shown in Table A-37 and Figure A-16
(reference 15). tlowever, to project demand for coal by sector, it is
necessary to develop historical end-usc demand by type of coal., For the 3
USSR, continuous published records of cleaned coal produced (by type of

coal extracted) have not becn available; instead, continuous recorded

production of coal by type is available only as raw coal produced. In

order to maintain consistency of information, the latter raw coal pro-

duction by type as reported by the Minerals Yearbooks and UN statistics

TR

is adjusted for known ash content (ranging from 19-20 percent for hard
coal to 45 percent for lignite) to yield an approximation of commercial

quality of each type of coal produced. The latter quantities plus

2 (R
- T

SETERS
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Figure A-16

SOVIET COAL PRODUCTION, ACTUAL AND ESTIMATED,
1960 - 1980




imports less exports, loss, and own use (used in process) yiclds the net
internal or inland consumption. The resul tant net internal consumptlion
1s the quantity distributed to the individusl end use scectors,

"

r=stovie sapply l|'vn(|.\'-1 and projeclod suppl.\'. Ffor bolh huard and
brown coals e detarled in Table A=38.  Caleporles shown include raw
production, ash adjustment, commercial quality, import, export, apparent
consumption, and loss and own use, Natural units or metric tons are
given because these are normally used when considering supply or produc-~
tion: the percentage of raw production is also shown for convenience
in establishing trends. Raw production history, net internal consumption
history, and projections are illustrated in Figure A-17. The projected
rapid rise of brown coals reflects increased emphasis and use in electric

power generation,

Historically, the net of import and exports has fluctuated some-
what, but is expected to continue in the range of 18 million metric tons

export per year. This trend is also illustrated in Figure D-1,

Loss anid own use as a pcfccnt of production have seen a steady
slow decline over the last decade,® This is illustrated in Figurc A=-18,
Projected future loss and own usc are expected to decline even more,
reaching 7 percent for hard coals and 11 percent for brown coals, or

approximating 9-10 percent for total coals by 1990,

¥ uN Statistics and Minerals Yearbook.

T SRI cstimates using USSR 9th Five-Year Plan as
with various published projections),

a guide (together
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TOTALS OF NET INTERNAL CONSUMPTION OF HARD
AND BROWN COALS AND NET IMPORT AND
EXPORT OF HARD COAL IN THE USSR
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4, Sector Use

The bulk of the solid fuels distributed to end-use scctors

in 1971 was hard coal, making up about 70 percent of fuels supply before
import or export. Well over four~fifths of this hard coal was bitumi=-
nous, and ahout one~fifth was anthracite. Brown coal constituted 22

percent ¢f supply; the balance of 8 percent was peat, fuelwood, and

shale,

Published information of USSR energy end use typically lists

the distribution to:

® Reprocessing of raw material into other kinds of fuel

® Elcctric energy production

® Thermal energy production

4 ' ® Mechanical cnergy production

.W ® Industrial furnace and other technological installations
: ® Public consumption ;

]
® Other '

To be useful in comparisons with Western or non-USSR infor=-

mation, this distribution must be converted to the following sector end

4
L
; G
- uses*: ;
3
: 2 . I'1
® Industrial ex-clectric power generation 1
® Electric power generation i
® Residential !
® Commercial ;
® Transportation 4
® Agriculture ]
L
%

It is recognized that the USSR has published some scctor end-usc data

such as natural gas data and electricity data., However, coal data are
insufficient to establish trends.

ey = e Nl 40 el
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assumptions. In this the Institute has followed the approach of first

i' 3 Conversion to these end-use sectors reflects several approximations and
!
E

using published data for the largest coal end--use sectors (electric

power, coking, firansportation) at the points in time that they are given,
For these largest uses, trends werce established, and where necessary,

use in intermediate years was estimated., This included making assump-
tions of heat content (tons of coal equivalent per ton) far hard and brown
coals to correspond to published information of energy and tonnage use.*
Then from various published sources, relative end use by the remaining

sectors of the small balance of coal use was approximated, and each

scctor end use was estimated.

As a result, the indicated historical end use of coal by type
in the electric power and industrial sectors may be considered as rela-
tively exact--the bulk of coal use. The distribution of coal among the
other sectors is less exact, but becausc of the relatively small magni-
tude of this balance, small differences arc believed to be of minor

significance.

The shift of rail transportation from coal to electric and
diesel drive (during the past ten years) has had a significant impact
on coal demand, In 1970 the relative share of coal=-stcam drive loco-

16
motives had been reduced to only 4 percent of the total.

However, projected increases in coal demand by other sectors

is expected to force continued growth in the coal supply.

Published information showing heat values indicate that the heat con-
version factors for both hard and soft coals are decreasing with time.
Plotting conversion factors at given yecars permitted interpolation
for valucs at intermediate years.
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S5, Ninth Five-Yecar Plan

In the Ninth Five-Year Plan (1971-1975), production ol coal

16 )
is planned to expand to 685-695 million tons. The five-year plan
reflects the intention of significantly expanding open pit extraction

of coal. By 1975 the relative share of open pit mining is expected to

be raised to not less than 30 percent, compared with 26.7 percent in
1970, The driving force behind this is the desired reduction of fuel
cost. By 1975 increased open pit mining, together with exploitation
of more economic production of crude oils and gas, is expected to re-
sult in a 16 percent reduction of cost of fuel extraction (expressed in

terms of standard fuels) compared with 1970.16

Sources of coal supply for the USSR are unevenly distributed.
More than 90 percent have been concentrated east and southeast of the
Urals, including 60 percent in Siberia. In the European regions and in
the Urals, there are less than 10 percent. A full discussion of coal

distribution is given in this study's resource section,

At the same time, the demand for fuel cnergy is concentrated
in the European region and in the Urals. This means that coal must be
brought in long distances Irom basins such as the Ekibastuz, Kansk-

Achinsk, and Kuzaetsk basins, The result is a twofold thrust:

® Reduction of extraction cost by placing greater emphasis

on open pit mining,

® Reductiion of transportation cost by usec of more economic

fuel (switch of railroads from coal-steam to diesel-

PR

clectric drive during the past decade). This is more fully

discussed in this study's section on transportation of coal.

S aa o

Growth in coal delivery is connected basically with the grow=-

oy

ing demand for Ekibastuz coals at the Urals eclectric power plants, and

92
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for Kuznetsk coals in the European part of the USSR, It appears cx-
pedient to exparsd the open pit mining in these areas. In some arcas
such as Siberia aad Kazakhstan, coumpctition of coal with furnace mazut
(crude 0il mid-barrel product) as a boiler fuel is [orcing development

17
of open pit coal mining to reduce extraction costs.

The current f[ive-year pluan troatgkdiffcront arcas diffecrently,
Extraction o! coal from the PodMoscow basin and in the Urals is cxpeceted
to be reducced (probably becaus:c of lesser heat content than other coals).
Coal from the Dorets and Pechora basins will be increased, largely for
coking; in the Donbass areas, primarily the anthracites (cheapcst)17
will be expanded to a limited degree to meet electric power station
neceds; but open pit extraction at eastern USSR basins will be greatly

enlarged to meet electric puwer plant requirements.

6. Delivered Cost

Because the location of fucl-cnergy supply is in many instances
a great distance from the point of demand, the delivercd energy cost
must be rccognized, and selection of a partiecular type of cecnergy made
accordingly., A simplified comparison is illustrated in Table A-39. For
For example, open pit Kuznetsk coal delivered 1,000 kilometers is
slightly wore economic than Ekibastuz coal delivercd 2,000 kilom-
cters. As another example, Kansk-Achinsk coal by USSR cost indieators
is the lecast costly of fueis tu extract. However, delivered cost at
3,000 kilometers exceceds the cost of open pit Kuznetsk coal at 3,000
kilometer delivery. Similar comparisons of other fuels will give some

insight into fuel encrgy developments selected by the USSR,

i, Other leid Fuels

Other solid fuels normally used by USSR include peat and fuel-
wood. An additional minor fuel is shale, primarily used for power

generation, and from which a hydroearbon liquid can be extracted.
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Historic use of peat, fuelwood, and shale,* together with
1975 projected use according to the Soviet Ninth Five=Year Plan and
demand projected to 1990;T aro detailed in Table A-10 and Figuro A-=19,
Beceause usce is primarily local amd storayge timo is minimal, losses aro
not taken into account, Tonnage of peat has fluctuated somewhat over
the last decade, in the range of about 35 to 65 million metric tons per

year, Net internal consumption is projected to increase to approxi=-

mately 71 million metric tons by 1975, Tonnage of fuelwood has remained
relatively stable but since 1965 therc has been a downward trend. Net

internal consumption for 1975 is projeccted at about 54 million tons,

The supply of shale has been small relative to coal but the
current five=yecar plan indicates that by 1975, production will reach
nearly 30 million metric tons of shale per year. Of this, about 10
million tons are expccted to enter processing for furnace oil, gasoline,
fuel gas, phenols, and aromatic hydrocarbons, The balance, which is the
bulk of the production or about 20 million tons per yecar of shale, is
expected to be burned at thermal eclectric power plants, in spite of its
characteristically high ash content, and residues that are destructive

] 18
to boilers.

8. Projections

The Insctitute bases the projected USSR solid fuels consumption
by sector, particularly the coal consumption, on the Ninth Five=Year
Plen in conjunction with historical trends for the major end uses of
electric power generation, technological uses (coking coal), and other
industry use. The balance of coal use in the remaining sectors is rela=-

tively small, and projections arc made on the basis of established trends.

USSR Statistical Yearbook,
SRI estimate.
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Table A-10G

NET INTERNAL CONSUMPTION OF
OTHER SOLID I'UFLS IN THE USSR

o b il o e i i it e S ik S e . i
i ) e o

Peat Fue lwood Shale
1057 mreEan”t 106tee 1050 meeswr 10%TeE 10%T TRE/AMT 1067Eg
1960 5dsEmt SR FIB1anEw 5. 4 82.0 .35  28.7 1.1 .340 4.8
1961 SIRCE e R o 81,6 35 29.6 15.2 342 5.2
1962 Ll 0 L 83.1 .35 29.1 16.4 .341 5.6
1964 58.5 sawl 1w 77 P N O 18.3 .355 6.5
164 59.5 .73 22,2 9:4.7 .35 32.8 20,2 951 T
1965 5 cd B E R e ] 95.7 .35  33.5 21.3 .347 7.4
1966 G5.1 L3873 24,4 912k 1 L350 A=R 1o 21.4 .350 7.5
! 1967 60.2 372 22,4 87.4 .35 30.6 21.6 TR S
: 1968 oL 7 L A I 82,0 .35 28,7 21.9 .347 1.6
! 1969 L aREE L e e 80,0 .35 28,0 23.0 S5 50 IR0
1970 57.4 RGO 17,6 SORMES. |5 . 3 R, 24.3 .36 8.4
al 1971 51.3 J308 16,7 TGO 5 R Tl 26.3 346 9.1
¥ .
19757 70,5  .s08  21.7 51,3 Y355 ap19%0 29,5 .346  10.2
1980% 67.2 308 20,7 22,9 .35 8.0 30.9 346 10.7
1985% 64.6 L308 19,9 7.4 .35 2.6 31.8 .346  11.0
‘A 1990 63.6  .a08  19.6 e R 1.5 32.7 .346  11.3

*
3 TFE/NT -~ tons ol [vel equivalent/metric ton = MTCE /MT,
1975 data are based on Ninth Five-Year Plan,

+
SRI estimates.

Sources: Ior peat and fuelwood, N, V. Melnikov, Mineralnoe toplivo (Mineral
Fuel), Pub. “Nedra," Moscow 1971; Statistical Annual, USSR 1972;
M. 5. Lvov, Resursy Prirodnogo Gaza SSSR (Natural Gas Resourees of
USSR), Pub. "Nedra,' Moseow 1969,
' For sale, N. V. Melnikov, The Role of Coal in the Energy Fuel Resourees
in the USSR, CIM Bulletin, June 1972; Gazovoye delo, No. 4, pp. 30-37,
19703 Lvov, op. cit.
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Because fuel consumption is normally considered in terms of heat, demands

by sector are indicated in heat units--million tons of coal equivalent.

For tne USSR, the available published coal information requi-
site to establishing sector demand projections is relatively meager.
A breakdown of type of solid fuel (anthracite, bituminous, or grade of
brown coal) by sector use is not available, nor is the heat value of
each grade of fuel. Further, parts of the data of total coal use by

sector that are available are inconsistent.

As noted earlier, the Institute approach to the problem of pro-
jections was to estimate sector demand trends--in this case by type of
coal--for all seciors over time, using information from all available
literature sources, and making adjustments as necessary to minimize appar-
ent discrepancies. Sector demands are first approximated for the largest

or principal sectors (clectri<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>