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I  INTl{0nUCT10N 

This appendix presents detailed information for the USSR and each 

of the six other CMEA countries in Eastern Europe on: 

• The economic base 

• Relation of economic growth and energy demand 

• Energy 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 

• Electric power 

• Transportation 

• Agriculture 

• Military 

The 1960-71 period was generally used as the historical data base 

for the overall analysis. Projections are made to 1990, with estimates 

also given for 1975, 1980, and 1985. 

Energy supply and demand balances have been developed for the USSR 

and each of the six CMEA countries by type of energy.  Some of the topics 

presented are:  short 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 
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adequate supplies of each fuel will be available.  To the extent that 

any one energy res'arce—such as natural «as, for example—may be in 

short supply for some interim period, this will be noted, and possible 

substitution by other 1'uols will bo discussed. 
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II  KCONOMIC FRAMEWORK 

A.  Historical Poriod 1960-1Ü70 

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 

• 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 A-l 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 hud 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 sector of the USSR is emphasized in 

fe^.  L^  
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Table A-2,  which shows the 1970 output of the various reported components 

of GNP in the USSR.  We note that the industrial sector of USSR produced 

$160,875 million dollars in 1970 which xs larger than the entire GNP 

output at Baatern Hloc countries.  Furthermore, thirs sector Is growlnR 

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 

countries. 

Table A-2 

IMPORTANCK OF INDUSTRIAL SECTOR IN THE USSR 
(1970) 

Kconomic Sectors  

Agriculture, hunting, 
forestry, and fishing 

Industrial activityt 

Wholesale and retail trade, 
and restaurants and other 
eating places 

Construction 

Transportation, storage, 
and  -)mmunication 

Other activities in the 
material sphere 

Growth 
Rate 

Million Percent (%/year 
U.S. Dollars of GNP 1970/1960) 

$68,497 21.8% 1.6% 

160,875 51.2 9.5 

20,109 6.4 4.6 

32,363 10.3 5.7 

16,967 5.4 7.7 

15,396 4.9 - 

$314,207 100.0% 6.7 

* Source:  Stanford Research Institute. 

t Source:  UN Statistical Year Book. 

1~)  put numbers in perspective, the percent GNP output of Eastern 

Bloc countries and the USSR are as follows: 

Eastern Bloc 
USSR Industrial 
USSR Non-industrial 

Total 

Percent 

30 4% 
35 6 
34 0 

100.0% 

Millions of U.S. Dollars 

$137,034 
160,875 
153^334 
$451,243 
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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, shews a reinarkedly similar pattern to GNP. 

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

1970, which is 2.3 times the consumption 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.  TTie 

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 thut is different than official conversion 

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 Checho- 

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 energy consumption should be viewed from a 

five and ten-year period, rather 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 
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Koiils was partly a result ol over-enthusiasm, hardships of World War II, 

lack of planninn techniques, and poor manaKement control.  In more recent 

years and particularly in the time period 1960 to 1970, the USSR and the 

more economically advanced Eastern Bloc countries appear either to have 

become better planners and implementcrs, or hove employed more conservative 

estimates. This is illustrated in Table A-3 (taken from USSR's five-year 

plans) which compares the income goals and achievements of the USSR for 

the period 1961-1970.  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 

economically 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 

National income 

Industrial income 

1961-1965 
Actual 

132 

151 

1966-1970 
Plan 

138-141 

147-150 

Actual 

141 

150 

The planned growth in national income, as reported in Pia'novane 

Hospodarstvi in April 1973, for the various countries is as follows: 

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

1971-1975 
Country 

Bulgaria 
Czechoslovakia 
East Germany 
Hungary 
Pol and 
Romania 

USSR 

Growth Rata (%) 

8.0 - 8.5% 
5.1 
4.9 
5.5 - 8.5 
6.6 - 6.8 
11.0 - 12.0 

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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C.  Population 1'orecast 

The UN has forecast the population of the various countries to 

1985 on the basis of various demographic factors.  We have extended 

their population forecasts to 1990, using essentially Uie 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 
Eastern Bloc 

Total 

242,768   70.1Tc 
103,061   29.9 

270,808   70.8% 
111,154   29.2 

301,706   71.8% 
118,658   28.2 

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 for the period 1960 to 1990 are 

shown in Table A-4.  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, 

energy resources, and other data, we have estimated the GNP of the USSR 

and the Eastern Bloc countries.  TTiese 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% 
BulRaria 7,1 6.5 6.0 5,5 
Czechoslovakia 5.1 4.9 4.7 4.5 
Kast Germany 5.5 5,0 1.5 4.5 
Hungary 5.5 5.5 5.5 5.0 
Pol and 6.6 6.0 5,5 5.0 
Romania 7.5 7.0 6,0 5.5 

Eastern Bloc 
Average 6.2 5.8 5,3 5.0 

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 

pictorially in Figure A-l.  From this we note that the USSR is, and 

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) 
1970     1980      1990 

USSR 
Eastern Bloc 

314,209   595,728  1,017,079 
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 

is known of Soviet economic conditions. 

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 

Eastern Bloc. A  semilog plot showing historical and forecast values 

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

10 



lJ,|MIHyillH U,|Ajtl^T--^«,".-.^.--' ^'.*.~~*:' -I    Ml, l> l««-M V-l»«.^ >..*-»'< .f-t,^'   "M,..   :J.. .I........ i-fti^.J^   ■W^««.J.TU^1.,.*,.;.r.L.I|ltL«,iT?—. -^-r^™,^.. 

1990 

YEAR 

Figure A-I 

GROSS NATIONAL PRODUCT--USSR AND EASTERN BLOC 
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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 are basod on a trend oxttapoiation, together with 

interpretation of live-year plans and 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 ±.5r; 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. 

12 
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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: 

• Natural  gas 

• Oil and  its  products 

• Solid  fuels 

• 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  conversion factors  vary from country to country,  year 

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

Conversion 
Fuel Factor 

Natural  gas 1.2 
Oil  products 

LPG 1.67 
Gasoline 1.50 
Kerosene/jet   fuel 1.47 
Distillate 1.45 
Residual 1.39 

Solid  fuel 

Hard coal 0.88 
Brown coal 0.365 

Hydroelectric 0.340 
Nuclear power 0.340 

Natural Units  

Million    cubic meters 

Thousand metric tons 
Thousand metric tons 
Thousand metric tons 
Thousand metric tons 
Thousand metric tons 

Thousand    metric tons 

Million    kilowatt hours 
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 

Soviet   hard coal,   which   in turn could  replace  0,340 million  kilowatt  hours 

of  hydroelectric  power.     On a  strict energy equivalent,   0,88 thousand tons 

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. 

That  is,   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 Eastern 

Bloc  countiies 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. 

15 
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Shown in Table A-5 are the per cap! ;a 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 5,53 1,726 6.96 
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)e 

where    E = the energy consumption 

K = a constant 

e = an exponent representing the efficiency of producing 

energy from GNP.1'2'3 This exponent e can be shown to be equal to the 

ratio of the growth rate in energy to the growth rate in GNP.  All 

growth rates are in percent per year, 

growth rate in energy 
€ = 

growth rate in GNP 

17 
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For the periods 1960 to 1965, 1967 to 1970, and 1960 to 1970 we 

calculated the ratio ol growth rates for the USSR and tho Eastorn Bloc, 

as shown below: 

Ratio of Growth Rates 
(Primary Energy/GNP) 

USSR 
Eastern Bloc 

1965/1960 

1.02 
1,00 

1970/1965 

0.71 
0.66 

1970/1960 

0.87 
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. 

C.   Forecast of Primary Energy 

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

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

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

Table A-6 

FORECAST GROWTH RATES OF PRIMARY ENERGY 
(Percent) 

1975/1970 1980/1975 1985/1980 1990/1980 

USSR 5,7   % 5,4  % 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 
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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 
4 

capita primary energy consumption 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' 
Hunga ry 1.95 2.9 3.5 
Poland 3,2 3.6 

2.4 
4.3 

Romania 1.4 4.3- 4 4 

2000 

^1968 

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 of4 the Eastern Bloc countries is shown below: 

Growth Rates 1980/1970 
from Eastern Bloc from SRX 

Bulgaria 6.9 6.7 
Czechoslovakia 3.4 3.5 
East Germany 2.3 3.1 
Hungary 4.3* 4.3 
Poland 4.7* 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 Last 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 v.ill  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 

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 

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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Table A-H 

PER CAPITA PRIMARY ENERGY CONSUMPTION 

1960     1970    1980    1990 

USSR 2.64 4.09 6.30 9.18 

Bulgaria 1.12 3.44 6.26 10,47 
Czechoslovakia 3.93 5.26 7.03 9.35 
East  Germany 4.72 5.99 8.20 10.37 
Hungary 1.74 2,69 3.90 5.47 
Poland 2.53 3.62 5.20 7.01 
Romania 1.11 2.30 3.99 5. 82 

Eastern Bloc 
Average 

2.53 3.88 5.76 8.08 

I 

Sources:     History—U.N.   Yearbook of Statistical Accounts,   1971. 
Forecast—Stanford  Research  Institute, 

' 
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IV     USSR ENERGY  CONSUMPTION 

A.  Methods of Forecast! ng 

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 

how much natural gas, oil, solid fuel, hydroelectric power, and nuclear 

power are required to meet the total primary energy demand.  For both 

methods, hydroelectric and nuclear power can be estimated from construc- 

tion schedules for nuclear power plants and available sites for hydro- 

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

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

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

either oil or gas. 

1.  Correlation Method 

The correlation method gives an approximation of oil 

consumption.  The method is based on a historical correlation between 

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 total 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 ware 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 hydroelectric 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 luels.  This consumption compares 

favorably with production schedules of USSR five-year plans.  In the period 

1985 snd 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 of 

26 
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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 o f   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% 

II 

Source:      ' ..larodnoil   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 

of correlations between economic activity and energy consumption. After 

the total energy is forecast for the sector, forecasts are made for 

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 

hand calculations. 

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

detail forecasts on energy requirements are made for each sector. A 

total primary energy requirement is then computed ns a sum of the energy 

requirements for each consuming sector. This computed primary energy 

forecast was then compared with the forecajt for primary energy which 

had previously been developed based on correlations with GNP (see 

Economic Framework Tables A-6). Appropriate adjustments were then made 

in economic activity, and energy consumption within a sector to assure 

a consistent trend with the GNP correlation. 

These calculations are repeated until a consistent pattern develops 

for both economic activity and energy consumption. This pattern thus 

represents our forecast. 

• 

3.  Energy Consumption Patterns Forecast by 

Economic Activity Method 

Shown in Figure A-7 and A-8 are graphs showing primary energy 

consumption by energy 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-ll  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 decreasing 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.     Oil'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. 

Hydroelectric  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 

32 



3^ 

'£.  9 

N O PI 0) Q 9 o — !-> o 9 - T n -r ts iA 
1- r* 

w o m 
•H N _ 5 r -. 

16   n   30 00    i 

N   C   C-   ?l ^i 
t*    ^    T    X 
■£  x  - n Oi 

o   h-   x   t^ 

in K tt 5 n 

c c o c c o 
- = c c c ; 
to ffi r- c h- m 

n x o x* o' rt 

•n 'C   n  •-< 

O   rj o o 
rj   n c 5 m   to o S 

S  t- |L' 
12    rr   m 

a o 3 
iO 

«rt m 
i- r* 

? s 
in 

n n 
p« t- 

a - 
C3 a m ifl 

^ ^ 
h f'. 

- r~t <-* 
Cl fi ft 

U] 1- rj m 
in X T CT> ff. 
*r n X IT T 

01   ff 

§5 3C    A    X 

N r- 11 M 

X D n 
c in 

W N H .T t 
m M N 

ei c c. in x ^ x 
r* on r» o o to * 
•r i0 IT ^ T x ^t 

A 00 r»' 10* 90 p h-* 

n a> m n c to Li Q m H r 
ffi /■ 01 w 

'■ ^ 'J 0 "■ di 
»-( q a •^ n .H tp t- fO r- ■n •X) 

T 
,; •J 

i- H m — Ol 

o   o   n   -H   w 
C    C   w   a    o 

«     «    —    T3    J       U. 
0     0    **    -^     3 

a.   n   ^ 
-:   ^  u: 

*x  a  b  a 
re    0    0)    —   .c 
x  m  a.  u.  7) 

s s 

o   a> ■e   T« *• ä 

p   u  (/)     «-I   <i>  en 

in 
M ri 
0 c 
tr u 
T 'X 

X X 
X i.i 
<-t •H 

eg N 
X 

to to w o r n 
to CM O) tfi tr 

n Q n o r^ 
C-J c» ir; LO ■n 

3    O    O >,  O     0 

33 



i.iblu  A-l^ 

UbSH GROWTH HATKS   IN  VAHIOUS ENEROY SOUIiCtS 

(Psrccnt) 

Energy Type 

Prlnary Knerny 

Gae PriMiui-ts 

Natural  (ins 

Bubtotai 

Oil  Products 
LPO 

Gasoll tu- 

Kerosene/ 'ci  i uei 

UietlUnte 

Realdua]  Kuel Oil 

Subtotal 

Solid Puela 

Hard Coal 
Soft   C'.jl 

I'ont 

h 1 rc*oo<t 

Shale Oil 

Subtotal 

Other 
Hydro 

Suclen r 

Subtotal 

Total 

11.2* 

21.^H 

tr.. ss 
H. IIJ 

1.19 

10.5h 

14.25 
O.Mfi 

2.13 

2.:M 

-a. en 
3,14 
9.1).t 

2.05 

7.24 

7.2-1 

fi. 58 

9.70 

9.70 

11,42 
5. HI 

H.2« 

6.25 

9.24 
7.6« 

1.82 

1. DO 
.79 

-1.1.1 
2.61 

1.2.1 

6.20 

6.79 

-1.97 

9.19 

9.19 

'..92 
6. OB 

7.-15 

7.57 

7.39 

7.18 

2. OH 

5.H-1 

4.18 

-6.58 

3.94 

2.22 

•1.21 

-15.93 

6.60 

7.12 

7.12 

5.23 

5.63 

5.25 

5.14 

9.43 
6.98 

1.08 

8.91 

-.94 

-15.89 

.96 

1.74 

S.64 

30.60 

10.44 

5.4 

6.57 

6.57 

8,23 

5.41 

4.19 

6.21 
6.47 

5.93 

5.70 

-.79 

-20.13 

.55 

1.64 

4.98 

23.96 

12.19 

6,3 

1990 

4.31 

4.31 

6.61 

5.35 

4.26 

5.47 

2.85 

4.19 

,96 

3.15 
-.30 

-10.-12 

.54 

1.39 

4.83 

20.96 

14.05 

4.7 

Secondary   Energy 

Elect i*lc Power 

Electricity 
Subtotal 

Manufactured Gas 

Steam   from Electric   Po»cr 

Subtotal 

Secondary Solid im-l 
Solid Coke 

Subtotn1 

11.22 7.57 7.55 7.36 6.65 5.52 

11.22 7..->7 7.55 7.36 6.65 5.52 

2.59 

17.01 

11.59 

5.83 

8.-19 

7.75 

5.01 

6.81 

6.35 

4 .24 

5.67 

5.33 

3.73 
4.73 

4.50 

2.61 

3.52 

3.32 

-1. 20 1.21 1.03 .57 .55 .54 
-1.20 1.21 1.03 .57 .55 . 54 

l,uii.,l   lot.il 7.06 9.38 5.22 4.42 
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I  . . 

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 assumed.  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 ± 5 percent witli 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 

Total country 

Industry 

Transport 

Commercial 
Residential 

Agriculture 
Population 

Index 

Gross national product 

Industrial output 

Freight turnover 

Retail turnover 

Personal consumption 

Gross output agriculture 

Basic Source  

UN Statistics 

USSR five-year plan 
USSR  five-year  plan 
USSR five-year plan 
UN Statistics 

USSR five-year plan 

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 energy consumption requirements, 

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 A-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 

nisi ;ory Forecast 
1960 1965 1970 1975 1980 1985 1990 

Gross national 

product 100 136 191 265 362 435 619 

Industry 100 151 226 332 445 590 760 

Transport 100 146 205 278 380 510 640 

Commercial 100 134 196 277 380 510 640 

Residential 100 133 192 270 380 510 640 

Agriculture 100 112 137 167 203 242 290 

Population 100 107 113 119 126 133 140 

39 



; - 

) 

V) 

x 

a>   > 
•    I- <   u 

< 

.? s 
U.     O 

o o 
UJ 

u. 
O 

X 
UJ o 

•n|OA 0961  10 »u»3J»d-XBQNt 

40 



3000 

I 1000 
o > 
a- 
41 

o o u 

^    500 
o 

§ 

z 
o 

0. 
:i 
D 
in z o 

IOC 
I 2 3456789 

INDUSTRIAL  INDEX 

Figure A-IO 

TOTAL  ENERGY CONSUMPTION   IN   INDUSTRY VERSUS 

INDUSTRIAL    INDEX 

41 

iiinhrriiiiirift^^-^— ■   -    ■ — ^- -.--.....  .- - ■ '. ..---.--t..^.---- ■^^■--;--^.*^-1dT|'|'jMlMr-- ' 



mUfUHapF"^ 

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  summary graph  showing  the  relative   Importance   oi  each  sector  Is 

shown  in Figure A-ll.      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: 

• Primary metal  industries  such as steel,   aluminum 
and cupper 

• Chemical  and  allied   industries 

• Petroleum  refining  and   related  products 

• Paper and allied  products 

• 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  percent   of  the  total 

energy  consumed,   and  oil,   about   IS  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 attempt 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 

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, those two fuels represent approximately 

40 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 

oil 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 50 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. 

17 
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Table A-17 

GROWTH RATES OF   INDUSTRIAL SECTOR 

(Percent) 

Secondary  Energy 

Electric  Power 

Electricity 

Subtotal 

Manufactured Gas 

Steam for Electric   Power 
Subtotal 

Secondary Solid Fuel 

Solid Coke 
Subtotal 

Total 

3.59 

3.59 

6.80 

1.81 
1.81 

4.39 

.88 

.88 

4.93 

.43 

.43 

4.17 

Energy  Type 1965 1970 1975 1980 1985 1990 

Primary Energy 

Gas  Products 

Natural Gas 20.45% 9.88 9.06 7.28 6.50 5.34% 
Subtotal 20.45 9.88 9.06 7.28 6.50 5.34 

Oil  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 Oil 2.24 -5,17 1.62 1.30 .62 .60 

Subtotal 2.00 1.69 1.30 .78 .93 1.21 

Other 
Hydroelectric 
Nuclear 

Subtotal 

10.49 6.82 6.72 6.74 6.01 4.86 
10.49 6.82 6.72 6.74 6.01 4.86 

3.32 8.09 6.21 4.98 4.28 2.87 
15.73 7.17 6.05 4.98 4.28 2.87 
11.89 7.39 6.09 4.98 4.28 2.87 

.42 

.42 

4.39 

.41 

.41 

3.72 
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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 

all primary fuel consumed in the country. 

Historically, thermal power stations have relied on coal— 

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

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

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 

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, oil 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 

1970 and 1990, oil consumption for electric power generation will 

quadruple from 75 to 303 million metric tons of coal equivalent.  Oil 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. 

^a 
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190 million metric tons of coal equivalent.  In forecasting gas consumption 

in the electric power section, wc have a.ssumecl that no sizable incroase.s 

will occur after 1985.  This is because the natural gas will 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 thi^ information 
5 

for the public sector to the United Nations.  After chat, 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 literature  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 
7 

in the United Nations series.  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 data employed in calculating fuel input into the electric 

power sector is shown in Table A-20.  It consists, in principle, of deter- 

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 reliable 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 correlation with these indices. Based on 

five year plans p 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 wore then assumed to I'ollow the historical percentage 

relationships.  Following are certain details on the forecasts for the 

transportation, commercial, residential, agriculture and military sectors. 

The total energy for transportation was estimated on the basis 

ol a transportation index, which was the freight turnover.  Oil is the 

largest component (87 percent), and it was calculated by difference after 

estimating 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 wit?' the commercial index.  Solid fuels, steam from electric 

power, and 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, steam, and solid coke were forecast by 

trend analysis.  It was assumed that the use of coal in residences would 

decrease.  Oil 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 

Oil 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-n 

I.NTIIIJV coNsrwprioN m  USSR TIUNSPOKTATION SECTOR  IN Ift-AT UNITS 
(Thousand Tons o)   Cool  Equivalent) 

ENEoflv 7YPE I960 196S 1970     1*75     1980     198S     1990 

0»S PROOUC7S 
N*ruR*L sas 
Sun TOTAL 

254. 
254. 

447. 
4*7. 

886.   lSi)0.   2300.   2800.   3700. 
888.   1500.   2300.   2800,   3700. 

OIL PROUUCTS 

LPR 
B*S0LlNE 
KEoosENE/JET FUEL 
01ST1LL4TE 
»ESIOUAL F/O 
SUO TOT4L 

SOLIO FUELS 
M»P0 C0»L 
SUfT COAL 
Pt4f 
HUE XOOD 
SM4LE OIL 
SUfl TOT4L 

GTMr« 

HTDRC 
NUCLE4H 
SUB T0T»L 

ITOSS. 

11128. 
1035. 
19S3. 
iiin. 

25|7|. 
13828. 
4341. 
3802. 

471*3. 

33*3ü. 
2055'*. 
807*. 
591*. 

6797». 

*6u67. 
2«1**. 
1UBJ. 

7521. 
9*ul3. 

62637. 
37071. 
17896. 
10226. 

127830. 

8*122. 
44636, 
27468, 
15*51, 

171678. 

112877, 
55287. 
41*65. 
20733. 

230362. 

llflao. 
4519. 

2416. 
136S. 

1232. 
802. 

900. 
»00. 

8U5. 945. 735. 200. 0. 0. 0. 

17204. 4729. 276». 1500. 0. 0. 0. 

0. 

ELECTRIC POKE* 
ELFCTPICITY 
SUB TOT»L 

2205.    463*.    679b.    9438.   13675.   18875.   24688. 
2205.   4634.   6795.   *4)8.   13675.   18875.  24688. 

sEcoKoaor ENERGY 
M*NUF*CTUREO CIS 
STE»K FROM ELEC P0W 
SUB roi»L 0. 

SEONPAHY SOLID FUEL 
SOLltl -COKE 
SUR T0T4L 0. 

TOT«L Su83S. 56953.   7843U.  106*bl.  143805.  193353.  25S750. 
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Table A-22 

IUASUUPTIOM Of USSR COMMERCUL SECTOR IN HEAT UMTS 
(niouiind Ions i)/ Coal Kquivalent) 

ENtDOT TvPE l»*0 1«6S 1970 1975 1980 1985 19«0 

o>: PBOOIC'S 
N»K(iAL GAS 12136. 22059. 3472S. 52215. 74961. 105137. 
SUR I0T4L 0. 12136. 2205«. 3472S. 52215. 76961, 105137. 

OIL PBOUUCTS 
LPl 
0»<;CLIKE 
«EicstNE/jET FUEL 171(3. mi. 2856. 9434. 14723, 20519. 26696. 
UlSII.LATE 469. 1S20. 202*. 6226. 9717. 13543. 17619. 
«ESIDUAL r/o 3VI. 760. 1183« 3207. 5006. 6976. 9077. 
SUB T3T»L 2602. «201. 606J, 16867. 294^6, 41038. 53392, 

SOLtO rOELS 
M»B0 CO«L ♦ 1«0. ♦ 922. 246*. 10U0. 500. 
SOFT :O»L 1570. 2736. 1684. UUO, 500, 
PE»T 129S. 781. 986. 500. 0. 0, 0, 
FlBE WOOD 66ÖS, 7735. 6160. 2000. 1000. 
SH«LE OIL 
SUH TOUL 136VI. 16175. 11294. ♦500. 2000. 0. 0. 

OTMrB 

H»nB0 
NOCLE»M 
SUH T0T«L 0. 0. 0. 0. 0. 0. 0. 

ELErtBIC POKER 
ELfClBICITT 20«1. 3353. 5068. 7638. 1081]. 15650. 21375. 
SU1 IOt»L 2l)'*l. 3353. 5068. 763*. 10613. 15650. 21375. 

SECnsD«Rv ENEBGr 
«AMUFACTUBEO 0«S 
STf»»' FHOM ELEC PO« 
SUB T3T»L 

i'l.     196. 
20U0,    5929.   11357.   l829i.   26675.   37693.   50442. 
2571.    6125.   11357.   162»1.   26875.   37693.   50442. 

SECOSD4BY SOLID FUEL 
SOLID -COKE 
SUB T0T4L 

B4J5,   1095»,   11006,   llbuO,   12000. 
84JS.   10958.   1100O,   115U0.   12000. 

12500.   13000. 
12500.   13000. 

707*1 2*450,  52949.  66846.  9SS2l.  113368.  18184J,  243347, 
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INKHIIV CONBtUIPTION Dt  UBHfl IM SII)KNTI,M, SECTOR   IN HKAT UNITS 
(Thousand Tons oi  Coal   K^ulvulont) 

INtBOY   TYPE 1«*0 196« lilt i»T5 19ta Itti im 

6»S  PROUUCTS 
N»IUB»L   0»S 
SUf)   T0r»L 

6829. 
66i». 

szn. 
52T1. 

9002. 
9002. 

13000.       ITSOO.       22000. 
13UU0.       1TS00.       22000. 

26000. 
26000. 

OIL PRODUCTS 
LPO 
6»S0LINE 
«EB0S£NE/J€T fUEL 
OI<iTILL»TE 
RESIOUÄL   F/O 
SUR   TOTAL 

9JT. 

ITS]. 
896. 

M9S.    T20«.    968«.   12113.        lboB7.       22055. 

38« 1. 
2522. 

5711. T29». 
T5*2. 

3596.   1055«.   I9«]5,  2*330. 

9325. 
9636. 

31085. 

123T4. 
I27eT. 

16966. 
17531. 

412*8.   S6552. 

SOLID FUELS 
N*PD CO*L 
SOFT C0»L 
PE*r 
FlBE »000 
SHALE OIL 
SUB TOT«L 

20T0. 
T66. 
6*8. 

3*6S. 

2*16. 
1368. 
3T2. 

♦ 025. 

T92. 
S61. 
*,)3. 

31Hb. 

300. 
200. 

3000. 

0. 

2000. 

0 

1000 

69*9. 8181. 5031. 3*00. 2000. 1000 

OTHfB 

rtTnSo 
NUCLEI*) 
SUB TOT«L 

ELECTRIC POKER 
ELFCTRICITV 
SUB TOTAL 

SECONDARr ENERGY 

MANUFtCTUREO 0»S 
STE*P FROM CLEC POM 
SU8 TOTAL 

SECONOART SOLID FUEL 
SOLID -COKE 
SUB TOUL 

\l\\'    IVA'    Vt"-    111*'   l,T,^•   »T65»'   "«•«• »TU. 30T8. 5068. 7950.       UT13.       17650.       25088. 

,319. in. «s. 
All'      Vlt'    !l3S?'     ,7m*    «♦••••    '""•    3»<>l>». 
2319.   6039.  11*02.   17000.  2*000.  30000.   36000. 

IIH'       Hill*       HJSJ'   'f'S0'   ,J500'   J'M««   »"OO. 8*J5.   10958.   11006.   12U0O.   12500.   13000.   13500. 

T0T»L 29839.       **086.       609*3.       77780.        98798.     12*898.      1571*0. 
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estimated on the basis of an index, and oil was then calculated by 

difference.  Table A-24 presents energy consumption lor the agriculture 

sector, 

7.   Military Forecast 

Oil is the major input to this sector and is used primarily 

Cor transportation.  Oil and solid fuels were forecast on the basis of 

trend analysis.  Table A-25 presents energy consumption for the military 

sector. 
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rablo ,A-.J I 

KM 111A   CONSUMPTION   Ut   USSIt   AGHUTI.TUHK   SKCTOH   IN  HKAT  UNITS 
(Ttlounand  Ton»  of  Com   Kqulvalent) 

L IF.UGY   TrPE im 1965 1970 19T5 19B0 1985 199i 

oaS PRODUCTS 
•ATURAL GAS 

bilR   TOTAL 
268. 841. 1000. 1200. 1500. 2000 
268. 8*1. 1UU0. 1200. 1500. 2000 

OIL   PfiOÜUCTS 
LPr, 
&AS0LINE 
^E0CSEl^^^/JET FUEL 
DISTILLATE 
-T.SIüUAL E/0 
SJB TOTAL 

8527.   12585.   16716.   21556.   26895. 
6*19.    1920.    2855.    317n,    3718. 
11977.   23806.   29635.   3867«.   ♦8*91. 

3349*.  41172, 
4433.    5086. 

60585.   74A3S. 

26924.   38311.   49206.   63399,   79104.   98513.  121093. 

| 

aOLID FUELS 
-•ARO COAL 
SOFT COAL 
PEAT 

riRE woüii 
SHAU: on. 
SOq TOTAL 

OTHrq 

HVnRo 
MJCLEA« 
SUB TOTAL 

422V.    2492.    3265.   2200.    1500.    500.      0, 

4229.    2*92,   3265,   22J0.    1500,    500,      0. 

0. 0. 

i-LECTKIC   PO<(ER 
tLFCTPICITY 
iUH   TOTAL 

1246. 2637. 4819, 9375. 1C08H. c*>2S. 34850• 1246. 2637, 4819. 9375. 16088. 24425. 34850. 

S^CflsDA^y   ENERGY 
■'A'JLFACTURED   GAS 
bTF«H   F^OM   ELEC  P0>< 
SJq   TOTAL 0. 0. 0. 0. 

SECnMjftRY   SOLID  FUEL 
SOLID   -COKE 
iiJB   TOTAL 0. 0. 0. 0. 0. 0. 

TOTAL 323«.   43709.   58131.   75974.   97892.  124938.  157943. 
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iMii,',   i IIN .IMI'l KIN   HI    IIHIIII   M|l.ll<Ml\    .11  lim   IN   III ,M   UNI I'. 

(Thaunwid Ton« <>l  l'i«!   1'iiii vxli'iii) 

NtPGY TrPt l^OO 1<J65     Itro 1*75     1980     1985     1990 

• AS PBOÜUCTS 
'.ATURAL GAS 
SUR TOTAL 

ill   PRODUCTS 
LPG 
'»^CLINE 
"■tPOSENE/JET FUEL 
■MSTILLATE 
RESIDUAL F/O 
SUn TOTAL 

28*2. M95. 5571. 7217. 8883. 10»87, 12180. 
7<.l9. 9218. 1370b. 16*U2. 19697, 21848. 23873. 
b5b». »TIS. 3502. 3609. 3*76. 3933. AlSS. 
1562. 30^1. 4732. 5577. 6566. 7428. 8282. 

l73dS. 21171. 27511. 32805. 38622. 43697. 48720. 

VJLI0 FUELS 
'»APD COAL 
SOFT COAL 
PE«T 
^IBE WOOD 
SHALE OIL 
SUn-TOTAL 

2790. 
1034. 

1432. 
836. 

968. 
682. 

230. 
750. 

3824.    2268.    1650.    1000. 

OTHfB 
HYDRO 
NUCLEAR 
SUR TOTAL 

dLErTRIC POWER 
tUFCTHICITY 
SUB TOTAL 0. 0. 

SECOKOARY ENERGY 
•IAMUFACTUREO GAS 
STEAK FROM ELEC POW 
SUR TOTAL 0. 

SECOKOARY SOLID FUEL 
SOLID -COKE 
SUR TOTAL 0. 0. 

TOTAL 21212. 23439,   29160.   3J80S,   38622,   43697.   48720 
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-V    ENERGY CONSUMPTION OF CMEA COUNTRIES 

A.       Suiiimary 

The primary energy consumption of the combined Eastern Bloc or CMEA 

countries is approximately 40 percent of the total consumption in the 
+ 

USSR.  Figure A-14 shows the historical and forecast energy consumption for 

the various Eastern 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 Dloc is less than the consumption 

of energy by the USSR's industrial sector.  The energy consumption of 

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 sectors 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 energy.  In 1970 coal represented 

71.6 percent of the total primary energy; in 1990 the value will still 

be a healthy 13.4 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 fcr each 
country developed by SRI. 
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Shown on the lollowing pages are three sununary 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-2H  gives growth rates of 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 ni-opob«.) 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 

for their countries (see Table A-29). These trend extrapolations were 

Table A-29 

FORECAST BY CENTRAL PLANNERS 

(Percent of Primary Fuel) 

1975 

Total of oil and gas. 

1980 

Gas Oil Gas Oil 

Bulgaria 2.5% '13.3 16.4 49.0% 
Czechoslovakia 5 27 7 30 
East  Germany 23* 29* 
Hungary 21.3 39.6 
Poland 8.4 13.7 8.5 19 
Romania 71.8* 65* 
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then compared with  the estimates given by the central planners.     If  the 

trend  and  central  planners'   values were essentially the  same,   then the 

trend  values were  used;   elsewhere  a compromise  between these two  values 

was acccptotl.    The majority of  the forecasts agreed closely with the 

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   Puel.     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. 

1.        Bulgaria 

Bulgaria has ambitious plans for hydroelectric and nuclear 

power, as presented in electric power Section VI.  Gas was forecast on 
g 

the  basis  of  trend  extrapolation  and  recent   1973  reports  of  consumption. 

The  oil was  forecast  by  similar methods.    Coal was  computed by difference. 

The  calculated   value  for  coal  was  then plotted  to assure  a  consistent 

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

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

2.       Czechoslovakia 

Czechoslovakia   is  a   relatively developed  economic  country. 

Because  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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Table A-:iO 

SET   INTCKNAL  CONSUMPTION   IN   HtAT UNITS-BULGARIA 
(Thousand Tons of dial  equivalent) 

f 

ENEPGY   TYPE lo^o 1965 1970 1*75 19B0 1985 l»»0 

GAS   PROD iCfS 
NATURAL   fi*S 
SJH   TOTAL 0.0 

P6.1 
86.1 

5^9.T 
559.1 

155b.i 
3550.1 

9171.7 
9171.7 

1380X.0 
1380P.0 

20051.7 
20051.7 

OIL   PROOJCTS 
L»r, 
l)A<;OLINE 
KEPOSENF/.JET  FUEL 
DISTILLATE  F/0 
«ESIDUAL   F/0 
SJP   TOTAL 

1.7 
♦9s.n 

2«.♦ 
6S.2 

77l.* 
136?.8 

1.7 
7«0.0 
124.9 
9nf,.3 

3030.2 
*841.l 

10.0 
POO*.,«. 

197.n 
2511.* 
6fi58.1 

11663.? 

5l.o 
1?3ü.o 
340.0 

"»740.0 
963»,0 

170O0.O 

1*1.0 
4600,0 
690.0 

5520.0 
12029,0 
23000,0 

310.0 
6510.0 
930.0 

«060.0 
15190,0 
31000.0 

570,0 
8360,0 
1140,0 

10640,0 
172O0.0 
38000.0 

SOLID   Fil^L 
MAPD   COAL 
b^OKN   COAL 
HEAT.ETC. 
bUM   TOTAL 

311.6 
6933.0 

72*4.6 

2i>lS.l 
12234.0 

1*749.1 

*356.9 
12390.S 

16747,4 

613b.1 
IP693.7 

0.0 
10528.fl 

«085.1 
13(66.♦ 

".0 
21851,5 

10116.» 
16506.5 

O.O 
26623.3 

1209?.7 
18914.? 

0.0 
31007,'» 

OlMrR 
HyriPO 
NirLEAM 
SUM   TOTAL 

75A.* 

754,♦ 

Bnn.O 

«oo.o 

860.q 

860.R 

160U.0 
154.0 

1754.0 

2300.0 
1000.i 
3300.0 

2800,0 
24H0,0 
5280.0 

3200.0 
8000.0 

11200.0 

TOTAL 9361.B  2047n.3  29H10.7  41B39.1  57323,2  76711.« 100258.7 
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for coal were then compared with national plans to arrive at a firm founda- 

tion lor forecasting. The energy consumption forecast for Czechoslovakia 

is shown In Table A-31. 

3. East Germany 

East Germany, a developed economic nation, is highly dependent 

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.  Oil 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 Table A-32, 

4. Hungary 

Hungary is a relatively small country, and like most Eastern 

Bloc countries, depends on coal as its principal energy source.  Because 

of its relatively 1 m  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 gas will grow much more rapidly than coal. 

In our analysis, oil and gas were forecast using trend analysis 

and forecasts by central planners.  The ^wing fuel, coal, was computed by 

difference and compared with the central planners' forecast.  The energy 

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

5. Poland 

Poland  is   the   largest  consumer of  energy  in the Eastern Bloc 

and  has  significant   coal   reserves.      In  1970 coal  consumption  represented 
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84 percent of tott.1 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 plp.nners 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.   Romanir 

Romania is unique in the Eastern Bloc in being a j.arge 

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 consumption.  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 DALArcE 

A.       Coal  and Other Solid  Fuels 

1.       Role 

Hard coals, including anthracite and bituminous, and brown 

coals have played a ma/jor role in the development in nearly all sections 

of the USSR.  In 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 heat content, and 

characteristically have been used for space heating as well as for fuel 

in electrical power stations« 

A knowledge of the USSR's coal resources and production outlook 

is essential for an understanding of USFR 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 cither 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 Lo establish appropriate trends, Stanford Research 

Institute has made estimates whore necessary to translate USSR data into 

information usable by Western standards, and where necessary to make up 
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fjr 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 alter delivery to plants associated with the 

coking industry (ferrous metallurgy).11 These factors can lead to over- 

statement of USSR coal use compared to Western use. 

2. Losses 

Loss for both hard and brown coals have been excessive in the 

12 USSR.1" 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 1970.1  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— 

UN Coal Statistics. 

I 
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or a !• ss ^f 39 percent In cleaning.  A breakdown of this total is: 

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

42 percent in cleaning) ; coking coal cleaned at mine plants—about 68 

percent of raw coal (a loss of 32 percent in cleaning) ; and total cleaned 

coking coal—about VI percent of raw coking coal (a loss of 29 percent 

in cleaning). 

■i. Trends 

.. 

Historically, coal lias been the predominant primary energy 

source for electric power generation, industrial heat and power, and 

rail transportation.  This situation is currently undergoing a change, 

with some coal energy uses being supplanted to various oegrees by oil or 

gas. However, because coal is essential in some uses (i.e., metallurgy), 

because delivered energy cost may not always favor oil or gas, and be- 

cause sufficient cil or gas may not be available where needed, coal de- 

mand is not expected to suffer a decline.  Instead, in spite of the 

decreasing part played by coal in the energy fuel balance, the absolute 

amount of coal extracted will continue to increase and will reach very 

large figures. Coal will be mainly used as energy fuel for electric 

power generation plants, as technological fuel (coking coal) for metal- 

lurgical processes and machine construction, as feed for the chemical 

Industry, and au fuel Cor domestic and communal demands.   Although 

projected total energy trends indicate a greater emphasis on oil and gas 

as energy sources, coal will remain an important energy source and con- 

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

SRI estimates from unclassified ci;,>.ta, included in NIS 26 SEC 62F 

(Rev). 
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approximate relat i.onsliips ol' coal to oil and gas and other energy pro- 

jected by one source for 1980 compared with 1970.  These relationships 

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

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

future position of coal as fuel energy is well demonstrated. 

Fuel Energy Production 

1970 1980 

Percent  106TCE+ Percent  106TCE 

Coal 

Oil   and  natural  gas 

All other 

3(3.1 

59.3 

4.6 

100.0% 

456 

750   I 

58   ] 

1,264 

27.6 

72.4 

524 

1,376 

Total 100.0% 1,900 

* Fossil fuels, ruelwood, hydroelectric, nuclear. 

* lO^TCE = Million metric tons of coal equivalent fuel. 

* Consumption of energy in 1980 projected as 1,650 X 106'.DCE. 

Difference is net of import and export. 

Similar estimates of the projected USSR coal and coke produc- 

tion at specific points in time arc shown in Table A-37 and Figure A-16 

(reference 15).  However, to project demand for coal by sector, it is 

necessary to develop historical end-use demand by type of coal.  For the 

USSR, continuous published records of cleaned coal produced (by type of 

coal extracted) have not been 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 ar. reported by the Minerals Yearbooks and UN statistics 

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 
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imports  less  exports,   loss,   and  own  use   (used   in  process)   yields  the net 

internal  or   Inland  consumption.     The   resultant   net   internal   consumption 

is  the quantity distributed  to  the  lmlivldu.il   end use sectors. 

♦ t 
IHsloric   supply   I rends     and   pn.iecled   supply      lor   both   hard   and 

lmwn coulH  •ir''  ll,■|•'ll " Table A-:i,s.     CnioKoriuH   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  In-own   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   1« million metric tons 

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

Loss  and  own use  as a percent  of production have  seen a steady 

slow decline over  the  last decade.*    This  is  illustrated   in Figure A-18. 

Projected   future  loss and  own use  are expected  to decline even more, 

reaching 7 percent   for hard  coal,, and  11 percent  for brown coals,  or 

approximating 9-10  percent  for  total coals by 1990. 

UN Statistics   and  Minerals  Yearbook, 

t     SRI  ojtimotes   using  USSR  9th  Five-Year Plan   as  a  guide   (together 
with various   published   projections). 
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4. Soctoi' Use 

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

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  about one-fifth was anthracite.     Brown coal  constituted  22 

percent of  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 

• Electric energy production 

• Thermal energy production 

• Mechanical  energy production 

• 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 

uses*: 

• Industrial ox-electric power generation 

• Electric power generation 

• Residential 

• Commercial 

• Transportation 

• Agriculture 

It is recognized that the USSR has published some sector end-use data 

such as natural gas data and electricity data.  However, coal data are 
insufficient to establish trends. 
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Conversion to these end-use sectors reflects several approximations and 

assumptions.  In this the Institute lias followed the approach of first 

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

power, coking, bransportotlon) at the points in time fchnt they arc glvona 

For these Largest uses, trends were established, and where necessary, 

use in intermediate years was estimated.  This included making assump- 

tions of heat content (tons oJ coal equivalent per ton) for 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 

sector 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 because of the relatively small magni- 

tude of this balance, small differences are believed to be of minor 

significance. 

The shift of rail transportation from coal to electric and 

diesel drive (during the past ton years) has had a significant impact 

on coal demand.  In 1970 the relative share of coal-steam drive loco- 
1 ß 

motives had been reduced to only 1 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 years permitted interpolation 

for values at intermediate years. 
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5.  Ninth Fivo-Ypar Plan 

In tlic 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 minint 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. 

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 loss 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 energy is concentrated 

in the European region and in the Urals.  This means that coal must be 

brought in long distances Trom basins such as the Ekibastuz, Kansk- 

Achinsk, and Kuznetsk basins.  The result is a twofold thrust: 

• Reduction of extraction cost by placing greater emphasis 

on open pit mining. 

• Reduction of transportation cost by use of more economic 

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

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

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

Growth in coal delivery is connected basically with the grow- 

ing demand for Ekibastuz coals at the Urals electric power plants, and 
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for Kuznetsk coals in Lho European part of the USSH. It appears ex- 

pedient to cxpai"! the open pit mining in these areas. In some areiis 

such  as Siberia  and  Kazakhstan,   competition of coal with   furnace mazut 

(crude  oil  mid-barrel  product)   as  a  boiler   fuel   is   forcing development 
17 

of open  pit   coal   mining  to reduce  extract .on costs. 

The current five-year plan treats different areas differently, 

Extraction of coal from the PodMoscow basin and in the Urals is expected 

to  be   reduced   (probably because   of  lesser  heat  content  than other coals). 

Coal   from  the Dorcts  and Pechora  basins will  be   inex'eased,   largely  for 
17 

coking; in the Donbass areas, primarily the anthracites (cheapest) 

will be expanded to a limited degree to meet electric power station 

needs; but open pit extraction at eastern USSR basins will be greatly 

enlarged to meet electric power plant requirements. 

6. Delivered Cost 

Because the location of fuel-energy supply is in many instances 

a groat distance from the point of demand, the delivered energy cost 

must be recognized, and selection of a particular type of energy made 

accordingly.  A simplified comparison is illustrated in Table A-39.  For 

For example, open pit Kuznetsk coal delivered 1,000 kilometers is 

slightly more economic than Ekibastuz coal delivered 2,000 kilom- 

eters.  As another example, Kansk-Achinsk coal by USSR cost indicators 

is the least costly of fueia to extract.  However, deliver^d cost at 

3,000 kilometers exceeds the cost of open pit Kuznetsk coal at 3,000 

kilometer delivery.  Similar comparisons of other fuels will give some 

insight into fuel energy developments selected by the USSR. 

7. Other Solid 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 hydrocarbon liquid can be extracted. 
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Historic use of peat, fuelwood, and shale,  together with 

1973 projected use according to the Soviet Ninth Five-Year Plan and 

r 
demand projected to 1990,  are detailed in Table A-40 and Flguro A-19. 

Bocauso use is primarily local and storage time is minimal, losses aro 

not taken into account.  Tonnage of peat has fluctuated somowhat 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 there has been a downward trend.  Net 

internal consumption for 1975 is projected at about 54 million tons. 

The supply of shale has been small relative to coal but the 

current five-year plan indicates that by 1975, production will reach 

nearly 30 million metric tons of shale per year. Of this, about 10 

million tons are expected 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 year of shale, is 

expected to be burned at thermal electric power plants, in spite of its 

characteristically high ash content, and residues that are destructive 

18 
to boilers. 

8.  Projections 

The Inttitutc bases the projected USSR solid fuels consumption 

by sector, particularly the coal consumption, on the Ninth Five-Year 

Plan 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 are made on the basis of established trends. 

USSR Statistical Yearbook. 
+ 

SRI estimate. 
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Table  A-10 

NET   INTERNAL CONSUMPTION OF 

OTHER SOLID  FVEIS   IN TIIE  USSR 

Pent Kuelwood Shale 

106MT 

53,6 

TFE/MT* 

.381 

106TFE 

20,4 

106MT 

82.0 

TFE/MT 

.35 

106TFE 

28.7 

106MT 

11.1 

TFE/MT 

.340 

106TF 

1960 4,8 

1961 51,6 .378 19,5 8 1.6 .35 29.6 15,2 .342 5,2 

1962 34 .7 .372 12,9 83 .1 .35 29.1 16.4 .341 5,6 

1963 58. 5 .,'.71 21,7 87.7 .35 30,7 18.3 ,355 6,5 

j. 16 1 59.5 .373 22,2 93.7 .35 32,8 20.2 .351 7.1 

1960 15.7 .372 17.0 95. 7 .35 33,5 21,3 .347 7.1 

1966 65. 1 ,373 24.1 91.1 .35 31,9 21,4 .350 7.5 

1967 60.2 .372 22.4 87. 1 .35 30.6 21,6 .347 7.5 

1968 19,1 .373 18,3 82,0 .35 28.7 21,9 .347 7.6 

1969 M.8 .373 16,7 80,0 .35 28.0 23.0 .348 8,0 

1970 57..1 ,308 17.7 76,0 ,35 26.6 24,3 .346 8.4 

1971 51,3 ,308 16,7 76,0 .35 26.6 26.3 .346 9.1 

1975t 70,5 .308 21,7 5 1,3 ,35 19.0 29.5 .346 10.2 

19H0:,: 67.2 .308 20,7 22,9 .35 8.0 30.9 .346 10.7 

198.')* 64.6 .308 19,9 7.4 ,35 2.6 31.8 .346 11.0 

1990:t: 63,6 .308 19.6 1,3 ,35 1.5 32.7 .346 11.3 

TFE/MT  -  tons  ol   Ciipl  equivalent/metric  ton  = MTCE/MT. 

1975 data  are  based  on  Ninth  Flve-Vear  Plan. 

SKI  estimates. 

Sources: For peat and luelwood, N. V. Melnikov, Miueralnoe toplivo (Mineral 

Fuel), Pub. "Nedra," Moscow 1971; Statistical Annual, USSR 1972; 

M. S. Lvov, Kesursy Prirodnono Gaza SSSR (Natural Gas Resources of 
USSR), Pub. "Nedra," Moscow 1969. 

For sale,   N.   V.   Melnikov,   The  Role  of Coal  in the Energy Fuel  Resources 
in the  USSR,   CIM Bulletin,   June  1972;   Gazovoye delo,   No.   4,   pp.   30-37, 
1970;   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 the USSR^ the available published coal information requi- 

site to establishing sector demand projections is relatively meager, 

A breakdown of typo 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 sectors 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 (electrical power generation and industrial use). 

The remaining small demand is then allocated to the remaining sectors 

(residential, commercial, transportation, agriculture) based on the 

estimated trends. This procedure is believed to yield the most reliable 

base for use in making projections. However, as a result of not using 

any one published source as a data point, the resulting indicated sec- 

tor demands may not agree with selected available information, being 

overstated or understated, depending on the selected publication used 

for comparison. The largest relative differences are expected in the 

smallest demand sectors. The resulting apparent differences from se- 

lected published data in the small demand sectors are relatively minor 

with respect to overall projections, and do not alter the overall con- 

clusions of projected coal demands. 

a.  Electric Power Generation 

Published information indicates that coal will continue 

to be a primary source of energy in the generation of electric power. 
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Fui-ther, there appears to be greater emphasis on brown coal for the 

future; according to the current five-year plan, brown coal is expected 

to have a significant use increase, beginning about 1975^ Table A-41 

and Figure A-20 show historical and projected supply of energy to the 

electrical power generation sector by energy type in terms of millions 

of tons of coal equivalent. 

b.   Industry and Other Sectors 

Another large demand for coal is the industrial sector, 

in which coking coal will continue to play an important part.  Histori- 

cally, the annual growth rate of coal demand here has decreased from 

4.6 percent growth In *.he 1960-1965 period to 2.8 percei;+ growth in the 

1965-1971 period.  These trends indicate that a growth will continue 

but at a reduced rate, resulting in projected growth rate of demand for 

coking coal in industry as follows: 

Estimated Annual Growth 

Rate of Coking Coal Demand 

1971-1975 

1975-1980 

1980-1990 

Percent 

2.5% 

2.0 

1.5 

historically, small amounts of hard coal have gone for 

end uses that correspond to the residential, commercial, transportation, 

and agriculture sectors. With the increased emphasis on oil and gas, 

the use of hard coal here is expected to decline, becoming negligible 

after 1980. 

The balance of demand for hard coal is in industry. Al- 

though industry in total is projected to grow, the demand for energy to 

meet that growth is projected to be principally oil and gas fuels. The 

resulting projected demand together with 1970-1971 demands for energy 
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Toble A-11 

CClAL DEMAND   IN EI£CTRIC   POWER GENKRATION  IN THE  USSR 

(Million Tons   of Coal Equivalent) 

Year Hard Coal Brown Coal Total Coal 

1960 94.9 14.9 109.8 

1961 114.4 

1962 119.8 

1963 126.1 

1964 132.1 

1965 118.6 18.6 137.2 

1966 138.3 

1967 143.7 

1968 146.6 

1969 131.3 19.2 150.5 

1970 133.1 20.4 153.5 

1971 141.7 19.8 161.5 

1975 155.0 36.7 191.7 

1980 159.6 71.9 231.5 

1985 164.0 103.0 267.0 

1990 168.0 123.9 291.9 

Source:     Compiled  by  SRI. 

Forecast by SRI. 
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from hard  coal   is   illustrated   in Table A-42  and  Figure A-21,   in t^rms 

of millioiis of  tons of coal equivalent. 

A  simllnr slow-down of growth of brown coal domand   in 

industry  has  boon  oxperioncod,   and   addil.ional   slow-down   Is  projoctotl   lor 

1975   in   the  Soviet  Ninth  Five-Year Plan.     This  trend   indicates  that   in 

the   future,   there  will  be  some  additional  slow-down of growth here  but 

to  a  lesser degree.     With  a  continued   slowdown of  growth SRI's  pro- 

jected  annual   growth   rates of  brown  coals   in   industry are! 

Estimated Annual Growth 
Rate of Brown Coal  Demand 

Percent 

Historical 
1960-1965 3.1% 
1965-1971 1.8 

Projected 
1971-1980 l.Q 

1980-1990 0.5 

The bulk of brown coal demand has been about evenly split 

between the electric power generation and industrial sectors.  However, 

published Information indicates that a much greater emphasis is to be 

placed on open pit mining. A largo portion of now coal supply to be 

developed is expected to be brown coal, but of bettor quality (i.e., 

greater heating value from Kuznetsk, Kansk-Achinsk, and Ekibastuz 
19 

basins)   than the average currently produced brown coal.  This new 

supply is reflected in an increased use of brown coals in the electric 

power generation sector. Other industry use of brown coal is projected 

to remain relatively steady. Brown coal in other uses corresponding to 

the residential, commercial, transportation, and agriculture sectors has 

been relatively small, and is expected to be negligible after 1980 
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(essentially replaced by oil and gas).  The total current and projected 

demands for brown coals are illustrated in Table A-43 and Figure A-22. 

These projections compare closely with information con- 

tained In the Soviet Ninth Five-Year Plan, which indicates 1975 total 

production of raw coal at 694.9 million metric tons.  Reconciliation is 

approximated as follows: 

1975 

Total raw coal production projected 

by Soviet Ninth Five-Year Plan 

Net exports' 

Available for consumption 

Losses 

Distributed to sectors 

SRI projection of coal distributed to sectors 

Hard coal 

Brown coal 

Total coal 

Difference^ 

106 Metric Tons IG6 TCE 

634.9 500.3* 

18.0 15.8 

484.5 

69.9 

414.6 

354.2 

64.3 

418.5 

3.9 

* 
Assumes 0.72 coal equivalents per metric ton for overall average coal, 

+ 
Assumes not of import/export (hard coal) remains about 18.0 million 

metric ton; average hard coal heat content approximates 0.88 coal 
equivalent per metric ton. 

Historically, loss approximates 14 percent of raw production. 

5 Difference of 3.9 in 500.3 approximates 0.8 percent. 
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Si.iall amounts of other solid fuels (peat, shale, and 

fuelwood) will also bo distributed to the end-use sectors.  These, how- 

ever, contribute only a minor amount of energy and are relatively in- 

sitinificant with respect to coal. Current production together with the 

USSR Ninth Five-Year Plan for 1975 and the Institute's projections to 

1990 are detailed in Table A—14, with the larger sector uses illustrated 

in Figure A-23. 

Total current and projected USSR solid fuels energy dis- 

tributions to the end-use sectors are detailed in Table A-45 and illus- 

trated in Figure A-24. 

9.   Solid Fuels Demand in CMEA Countries 

In the CMEA countries as well as in the USSR, coal has been a 

large factor in the development of the CMEA countries, but there are 

difficulties in converting published information on historical or pro- 

jected use to end use by sector (according to Western nomenclature).  In 

addition, the solid fuels demand for the CMEA countries is of minor 

magnitude comparec" to the USSR demand.  For these reasons, sector demands 

for solid fuels arc not projected here.  Instead, the sector demands 

are briefly discussed, and only total demand in each country by fuel 

energy type is projected. 

a.   Bulgaria 

Coal produced in Bulgaria has characteristically been 

predominantly brown coal, and thus of relatively low quality.  Historic 

production and projected production of hard and brown coals are detailed 

in Table A-16 and Figure A-25.  Production in 1971 included nearly 24 

million metric tons of brown coal but less than 1 million metric tons of 

Total demand is not separated by industrial, commercial; industrial 

transportation or agriculture end uses. 
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hard coal. As a result, Bulgaria's energy demands by sector are geared 

to brown coal use. .Electric power generation, for example, has been 

primarily from brown coal; in 1971 this included aboutle million metric 

tons or nearly two-thirds of Bulgaria's brown coal production.  Nearly 

till of the balance, or ü million metric tons of brown coal, was used in 

industry, with small amounts going to transportation, commercial, and 

residential sectors (less than 0.4 million metric tons to transportation 

and less than 2 million metric tons to residential and commercial sectors 

combined) . 

A relatively small amount of hard coal (slightly less 

than 6 million metric tons) was imported from tho USSR in 1971. About 

half of the imported coal (2.9 million tons) was used by industry, a 

slightly lesser r.mount (2.6 million tons) was used in electric power 

generation, and tho remainder (less than 0.5 million metric tons) was 

distributed to the transportation, commercial, and residential sectors. 

The current five-year plan for Bulgaria indicates that 

the electric power generation sector will see fairly rapid growth.  The 

plan reflects a production of 35 million metric tons of coal (total) 

production, with 78 percent or 27.3 million tons being used for elec- 

tricity in 1975. Continued growth is expected with 74 to 85 percent of 

coal being used for electric power in 1980.20//21/ 

b,  Czechoslovakia 

Czechoslovakia energy end-use sectors are similarly 

geared to use of brow coals.  In 1971 brown coals produced locally 

approximated 84 million metric tons which netted, after import, export, 

loss, and own use, about 82 million metric tons. By comparison, local 

hard coal production was about 29 million metric tons, which after net 

of imports and exports approximated 31 million tons.  Details of historic 
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went to the oloctrlc power soctor, a;, million (43 porcunL) to oUier 

industry, about 2 million (2 percent) to transportation, and the rest 

of about 14 million metric tons (17 percent) wont to combined commercial 

and residential end-use sectors. 

Of the 31 million metric tons of hard coal in 1971, about 

(3 million (20 percent) wont to electric power generation, about 22 mil- 

lion (70 percent) went to other industry, 1 million (4 percent) went to 

transportation, und slightly less than 2 million metric tons (6 percent) 

went to the combined commercial and residential sectors. 

c.   East Germany 

If established trends continue into the future, total 

consumption of energy is expected to continue to rise in East Germany. 

However, eoal demand is expected to drop both in share of the energy 

market and in quantity.  Expected trends, according to one published 

source, are as follows—; 

Energy demand (106TCE) 

Coal share (percent) 

Coal use (lO^TCE) 

1965 1970 1975 1980 2000 

93 104 113 120 140-150 

88.5 81,2* 73.5 57.6 n.a. 

82 84 83 69 n.a. 

Like the preceding CMEA countries. East Germany energy 

consumption is geared to use of brown coals.  Local brown coal pro- 

duction after loss and own use was nearly 263 million metric tons in 

1971, 

n.a. - not available. 

SRI estimate. 

U.N. Coal Statistics, 
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Compared to this, local hard coal production approximates only about 1 

million tons per year in 1970, and even after imports, total hard coal 

LS only 8-9 million metric tons.  Details of net internal consumption 

are shown in Table A-IK and illustrated in Figure A-27. 

No reliable breakdown is available on the sector end-use 

distribution of coals.  However, end-use distribution should be similar 

to that of other CMEA countrles-i.e., predominant use of the maximum 

quantity possible of brown coal in the electric power generation sector, 

with an additional small amount of hard coal only as needed.  Essen- 

tially the remainder of brown coals and hard coals is used in the in- 

dustrial sector, with small amounts of hard and brown coals distributed 

to transportation, commercial, and residential sectors. 

d.  Hungary 

According to one published source,  recent plans for 

fuel-energy balance in Hungary reflect a total fuel demand of about 45 

million metric tons of standard fuel (coal equivalent) for 1980.  By 

comparison, 1970 demand was about 30 million, and 1960 demand was about 

20 million tons. 

This change of fuel demand results in a substantial change 

in the share of solid fuel energy source.  Historically, Hungary has 

not produced enough fuel to meet its energy requirements.  It has had 

to import both anthracite and bituminous coal as well as other energy 

sources (coke, petroleum, and electric power) to meet demand. Although 

imports of the various energy forms have been large (hard coal equal to 

about half of production in 1960, and slightly less than half of pro- 

duction in 1970), imports to meet projected demand must be even larger. 

The trend of imports indicates that in 1980, imports are expected to 

reach about half of demand.  In the structure of imported energy, crude 
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oil and natural gas will be the dominant forms, replacing coal demand 

to a 1 a rgt," don voo. 

Domestic coal has boon charactoristicully ol' low quoliky, 

principally lignite. Because of the low quality and high mining costs , 

the trend of coal share of energy is downward, being supplanted by oil 

and gas as energy sources. Coal's share of energy production (including 

briquet bos and coke) has dropped as follows: 

 Percentage of Encrgy 

1960 1965 1970 

Coal, briquettes and coke 

Domestic 60% 52 

Imported 12 14 

Total 72 66 

All other energy 28 34 

Total energy 100 100 

10 

51 

49 

100 

In this context, Hungary's coal demand in 1971 had approxi- 

mated 6 million metric tons of hard coal and 23 million tons of brown 

coal per year.  Historical and projected supply of hard coal and brown 

coal for Hungary is detailed in Table A-49 and illustrated in Figure 

A-28. 

About one-third of the hard coal and slightly over one- 

half of the brown coal had been used in electrical power generation. 

The remainder of the hard coal was distributed as follows:  about 20 

percent to rail transportation, 10 percent to commercial, 5 percent to 

residential, and 65 percent to industrial sectors.  This demand by sec- 

tors is expected to bo only slightly changed in the future. 

U.N. Annual Bulletin of Coal Statistics for Eurooe. 
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o.   Poland 

Poland contrasts somowhat with fcho otlior CMI^A cmmtrios 

in Lluit local coal production i .s cluclly hard coal.  In 1971 local pro- 

duction of hard coal reached over 145 million metric tons, which, after 

imports, exports, and losses, netted 112 million tons.  Uy contrast, net 

brown coal production approximated 31 million metric tons. Details of 

historic and projected supply are given in Table A-50 and illustrated 

in Figure A-29. 

Here too, the largest portion of hard coal is distributed 

io industry, which in 1971 used about 51 percent; the electrical sector 

used about 22 percent, the combined commercial and residential sectors 

used 21 percent, and the transportation sector used only 6 percent. 

Poland's soft coal is used mainly in the electrical power 

generation plants, which used nearly 93 percent of the net internal con- 

sumption. About I percent went to the industrial sector, and the re- 

mainder of about 3 percent went to the combined commercial and resi- 

dential sectors. 

f.   Romania 

The remaining CMEA country, Romania, is a small coal 

producer.  Historic and projected net internal consumption is detailed 

in Table A-51 ami illustrated in Figure A-30. 

As in the other CMEA countries, the industrial and the 

electric power generation sectors receive the bulk of t! - coal  In 1970 

hard coal distribution approximated 12 percent to industry, .JS percent 

to electrical power generation, 19 percent to rail transportation, and 

only 4 percent to the combined commercial and residential sectors. 

O* the brown coal in 1970, most was used by the electri- 

cal power industry; 79 percent went to the electrical power generation 

U.N. Annual Bulletin of Coal Statistics for Europe. 
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sector, 5 percent went to the industrial sector, 5 percent was used in 

transportation, and the remaining 11 percent was used in the combined 

commercial and residential sectors. 

B< All CMEA Countries 

Available five-year plans together with other publications 

indicate that projected solid fuels use in the CMEA countries will par- 

allel to some extent that of the USSR.  In general, the dependency on 

coal as the primary energy source is expected to decline somewhat as 

crude oil (petroleum products) and gas become more available and supplant 

some of the coal energy demands.  However, because coal is essential in 

many instances, and because oil or gas either may not be available where 

needed, or may not be the least-cost energy available, coal demand will 

continue. While the growth of oil and gas demand is expected to be 

relatively large, the growth of coal demand is expected to be slow but 

steady. 

Projected coal demand reflects continued emphasis on open 

pit mining where this is feasible, and use of the lower quality brown 

coals in electric power generation stations, industrial heating, and 

where feasible, the commercial and residential sectors.  The transpor- 

tation sector is expected to decline in coal demand as conversion to 

diesel-electric power units continues. 

Projected solid fuels supply for the CMEA countries has 

been done in a manner similar to projections for the USSR.  Where pos- 

sible, the individual country's current five-year plan projection has 

been used to determine the 1975 net internal consumption. Trends were 

developed for production, Import, export, and losses on the basis of 

available historical data. Where necessary, estimates were made to make 

up for missing information or to adjust data that differed with different 
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published sources. The data that most closely followed an even trend 

were used. 

In this context, the total solid fuels demand for the 

CMEA countries has been converted to million tons of fuel equivalent 

and projected, as detailed in Table A-52 and illustrated in Figure A-?l. 

B.  Electricity 

!•  Summary and Conclusions 

The electric power sector plays an increasingly important role 

in the economies of the countries of Eastern Europe. One indicator is 

the ratio of net internal consumption of electricity compared to total 

primary fuels (natural gas, oil, solid fuels). This ratio is shown 

below: 

USSR 

Eastern bloc 

Electricity as a Percent of Total Primary Fuels 

I960    1970    1975    1980    1985   1990 

6', 

5 

8% 

7 

9rr 
/o 

7 

10% 

8 

10% 

9 

12% 

11 

The electric power industry is usually the largest single user of fuels 

in a country. In 1970 the fuel input into the USSR electric power sec- 

tor amounted to about 33 percent of all the available primary fuel. 

The countries of Eastern Europe are expected to consume the 

following amounts of electric power: 
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Billions of Kilowatt Hours 
1970 1975 1980 1985 1990 

USSR 626.9 902.2 1,287,0 1,776.0 2,323.0 

CMEA countries 

Bulgaria 15.8 24.4 35.9 31.6 71.9 

Czechoslovakia 41.4 54.5 71.3 92.3 118.1 

East Germany 55.4 71.6 90.5 114.5 141. 1 

Hungary 15.0 20.8 29.3 41.5 56.5 

Poland 54.4 78.4 109.2 147.8 194. 7 

Romania 25.« 42.9 69.4 105.0 154,1 

Total 207.8 292.6 405.6 552.7 737.0 

The above values correspond to the average period growth rates 

tabulated below: 

Growth Rates in Percent 

1960- 1970- 1975- 1980- 1P85- 
1970 1975 1980 1985 1990 

USSR 9.4% 7.6 7.4 6.7 5.5?. 

CMEA countries 

Bulgaria 14.6 9,1 8.1 7.5 6.9 

Czechoslovakia 7.3 5.6 5.5 5.3 5.1 

East Germany 4.7 5.2 4.8 4.8 4.3 

Hungary 8.4 6.7 7.1 7.2 6.4 
Pol and 8.4 i . 6 6.8 6.2 5.7 

Romania 15.2 10.7 10.1 8.6 8.0 

Weighted Avg. 7.9 7.1 6.7 6.4 5.9 
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Table A-SH 

IltiUarlu 

Hard coal 

Itnwn coal 

Peat,  other 

Total 

CxochQfl luviikla 

Hflrd  COA1 
Hi-tiui   coal 

Pent .   other 

Ti.l.il 

K.i^t   Cifrm.inv 

llflrtl   vml 

Qrown coal 

Peat.   other 

Total 

Hungorv 

(Inrri coal 

Drown coal 

Poot.   other 

Total 

Poland 

H.i rd   COB 1 

llronn  cool 

Pent,   other 

Total 

HISTOIUCAl. AMI   PROJBCTCD IIET   INTERNAL COIISUMWION 

Of  SOLID  FUELS   IN OHBA COUNTRIES 

(Million Metric Tons of roal Equivalent) 

lln rd con I 
HrtAMi  coa 1   1 

Peol.   other 

Tot ll 

Tot.11  Mx CMEA I onnt rles 

Ilartl coal 
UIOUII coal 

Peat,   other 

Total CMEA 

7.2 

■19.5 

7H.0 

70. H 

1U7.^ 

114.4 

1.1 

1975 19K() 

11.7 10,7 19.5 

62.3 70.1 7-1.0 77.5 

H5.r, 80.0 77.6 

17,8 15.6 16.3 16.3 18.9 

84.1 100.5 120.1 

2.2 ;).i ■1.0 3.8 
0.9 1.5 :I.H 5.3 

0 0 0 0 

223.0 

NOTE:     folunrn« may  not  tntnl  because 

■1.6 7.8              9.1 

124.3 137.6          157.1 
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It is evident that the USSR will consume much more electric 

energy than any other country   included in this study.  In 1970 all these 

counti-loa combined used only one-third of the electricity conauraed h.v 

the IISSK, wlKiivua their pupuintion nmountetl to \2  percent of the lUtsslun 

population.  By 1990, these percentages are expected to he 32 percent 

for electricity and 39 percent for population.  By comparison, in 1970, 

the USSR consumed less than half the electricity used in the United 

States although the USSR had an 18 percent larger population.  The per 

capita consumption was 2,600 kWh, or 38 percent of the U.S. level of 

6,800 kWh.  The USSR and the CMEA countries combined used 60 percent of 

the amount of electricity consumed in the United States.  The per capita 

figure is 2,400 kWh, which is one-third tun U.S. level. 

In the decade 1960-1970, the USSR experienced a higher elec- 

tricity demand growth rate than the Eastern Bloc as a groip. Only 

Romania and Bulgaria were higher, but their combined electric power 

consumption amounted to less than 7 percent of that of the USSR.  The 

USSR la projected to maintain its lead until some time after 1985 when 

the weighted average growth rate of the Eastern Bloc will catch up. 

Figure A-32 shows the per capita net internal consumption of 

the USSR and the combined Eastern Bloc countries.  After losing ground 

in the sixties, the CMEA countries as a group will slightly improve their 

relative position in the future.  While no dramatic changes are evident 

for the group, noticeable shifts are foreseen within the bloc.  These 

will be discussed in a later section. 

2 .  Foiecanting Method 

The total demand for electric power generally relates closely 

to the growth in population and economic development of a country. Thus, 
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clomaiul   for electric  power can bo extrapolated using  functional relation- 

ships with macro-economic variables  such as population  and GNP.     In  this 

study  It  was   round   that   in most of  the  countries examined,   a very good 

correlation exists  between  kWh of electricity consumed  per capita and 

GXP per capita when  using  the exponential  function 

Y = AU)15 

where Y =  kWh  per capita 

X  - GNP  per capita 

A   =  Factor 

B  -   Exponent 

On a  logarithmic  scale,   this  function plots as a  straight  line, 

with  the exponent  dotern.ining the  slope,   and  the  factor,   the position 

relative   to  the  Y-axis. 

While   tins  method  automatically accommodates changes  in  the 

explanatory varipblea   (GNP and population),   adjustments were made  in  a 

few instances  to  allow  xor expected  shifts  in  the  role of electric 

power  in  the  total  energy picture.    One of the  problems of some Eastern 

Bloc countries  has  been  the periodic  power supply  shortages that lead 

to temporary demand   restrictions.    While power  shortages  in short  term 

crisis  situations  cannot  be ruled  out   in the   future,   SRI  has assumed 

that  In  the  long  term,   demand  for electric power will  be met.    This as- 

sumption  seems reasonable   in light of  the  traditionally high priority 

given to  the electric  power  industry  in the economic planning of the 

USSR and   increasing  interconnection of the power  systems among the CMEA 

countries. 
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3.  Electricity in the USSR 

Demand 

During the fifteen years 1955-1970, electric power con- 

sumption has consistently shown high growth which is expected to con- 

tinue during the current five-year planning period. The compound annual 

growth rates for net internal consumption of electric power and GNP 

growth are shown below: 

1955-60   1960-65   1965-70   1970-75 

Electricity 

GNP 

11.4% 

7.9 

11.2 

6.4 

7.6 

7.0 

7,5% 

6.8 

It  is evident  that  after a very strong expansion period   irom 1955 to 

1965,   increases  in electricity demand  have  slowed down to  a growth rate 

more  in  line  with the GNP  growth. 

The  same  trend  is  illustrated  in Figure A-33,  which shows 

the correlation between  per capita kWh consumed and GNP per capita,   accord- 

ing to the previously described methods for estimating.     The  slope of  the 

curve shows an obvious  shift  around  1964.    As the growth rates  since then 

are more  representative  of  a mature economy which the USSR is approaching, 

we have used the period 1964-1971  as the basis for projection.    A regres- 

sion for this period for the two variables  shown on Figure A-33  supplies 

the following  exponential  expression'. 

,   ,   1.13     2 
Y =  0.7945   (X) r 0.997 

*       2 r    (coefficient of determination)   indicates what  proportion of the 
variation  in the dependent variable  Y can be explained by the vari- 
ation of  the  independent variable X,   which here   is GNP per capita. 
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Using the GNP and population forecasts discussed earlier, 

the expected electricity consumption can be calculated.* Figure A-34 

shows the electric power consumption of the USSR in total kWh and on a 

per capita basis for the period 1930-1990. The USSR per capita elec- 

tricity consumption in 1971 compares to the 1954 level in the United 

States. By 1985 the Soviets are expected to reach the United States 

1968/1969 level of per capita consumption. 

Figure A-34 also shows the weighted average kWh per capita 

consumption of the Eastern Bloc countries, which is about 20 percent be- 

low the USSR level. 

The USSR electric power consumption and the GNP are ex- 

pected to grow at the following compound average annual growth rates: 

Electricity 

GNP 

1970-75 

7.5% 

6.8 

1975-80 

7.4 

6.4 

1980-85 

6.7 

6.0 

1985-90 

5.5% 

5.0 

The USSR net internal demand has traditionally been vir- 

tually monopolized by the industrial sector, as evidenced by Figure A-35. 

However, its percentage share has dropped from 77 percent in 1960 to 71 

percent in 1971 and is expected to continue this trend in the future to 

reach 64 percent in 1990. The second largest end users are residential 

and commercial customers. Their share increased from 12 percent in 1960 

to over 13 percent in 1971, This sector is expected to experience a 

The 1975 plan figure of 3,528 kWh per capita net consumption has also 

been used as a base input.  It is slightly lower than the 3,639 kWh per 

capita forecast based on the 1964-71 historical base, and hence, 

indicates that the electric power planning of the current five-year 

plan is realistic and can be achieved.  If the 1975 plan figure were 

not used in the forecast, the 1990 per capita consumption would be 

4.7 percent higher (8,065 versus 7,700 kWh/capita). 
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a continuous st'jady increase to 16 percent in 1990.  This projection 

assumes that as in the past, Russian consumers will not be allowed the 

major consumer role that its U.S. counterpart plays, but that internal 

political pressures will guarantee a slow but steady improvement. 

The transportation sector has experienced a gradually 

increasing importance fvom 7 percent in 1960 to 9 percent in 1968, which 

was due to increased freight turnover and electrification of the rail- 

roads.  However, this increase has leveled off since 1968.  It is ex- 

pected that the transportation sector will have an 8.4 percent market 

share in 1975 and will maintain this level through 1990.  Finally, agri- 

culture has steadily increased its share from a small 4 percent in 1960 

to almost 7 percent in 1970.  Under the current five-year plan, agri- 

culture's consumption of electric power will almost double and reach 

75 billion kilowatt-hours in 1975, which will amount to an 8.3 percent 

market share.  SRI expects that the electrification of the agricultural 

sector will contiuue to receive a similar priority in light of the USSR 

and world food situation. 

b.  Supply 

Figure A-36 shows the historical and projected net inter- 

nal consumption of electric power in kWh by end use.  Table A-53 shows 

the relationship between net internal consumption, which is the energy 

actually consumed by the end users, and gross production, which is the 

electricity generated at the power stations. 

System losses and the stations' own use make up the larg- 

est item in reconciling production with consumption—amounting to 14.7 

percent of gross production or 17.4 percent of net internal consumption 

By 1970, about 50 percent of the Soviet railroads were electrified, 
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in 1971. They break down into losses and own use in power stations, 

and rransmission and distribution losses. The combined losses showed an 

increasing trend relative to production or internal consumption in the 

historical period observed but are to level off by 1975, according to 

plan projections. The forecast assumes that these losses will stabi- 

lize at their 1975 level of 17,3 percent of net internal consumption. 

Until recently, imports and exports of electric power 

were insignificant. Even in 1971, the USSR was an exporter of only 6.7 

billion* kWh, which amounted to only 0.8 percent of gross, production. 
23 

Exports are planned to increase to a level of 11 to 12 billion  kWh in 

1975 with the bulk going to the CMEA countries. While further increases 

in net exports have been assumed for the future, it is not expected that 

the Soviet Union will provide large quantities of electric power needed 

by the satellite countries.  Rather, each COMECON member country will 

expand its generation facilities to provide the bulk of its power re- 

quirements while at the same time the interconnected power grid will be 

used to interchange larger and larger quantities of peaking power. 

Production of electric power (gross) which increased by a 

factor of 2.5 between 1960 and 1970, is expected to double between 1970 

and 1980 (see Tables A-53 and A-S-l).  In 1990, the production is fore- 

cast at 1.8 times the 1980 level. Table A-54 shows the breakdown of the 

production by prime mover.  It shows that conventional thermal power 

stations have been the backbone of the electric power industry and will 

remain in that position throughout the forecast period, although nuclear 

power generation will make noticeable inroads in the 1980s. 

Exports are to Eastern Bloc countries and Finland. 
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follows: 

The breakdown of total, power generation by source is as 

Percent of Total Power Generation 

Power Source 1960 1970 1980 1990 

Conventional  thermal 82.0% 82.7 79.6 61.0% 

Hydroelectric 18.0 16.8 14.2 12.8 

Nuclear n.a. .5 6.2 26.2 

The utilization of the Soviet electric power system 

changed little in the 1960s, hovering around a 50 percent system capa- 

city factor (4,380 hours/year).  Between 1970 and 1975, an increase to 

almost a 53 percent capacity factor is expected (4,640 hours/year). 

This utilization percentage was also used for the future years.  In 

general, a system load factor of 65 percent is reasonable, which cor- 

responds to a 54 percent capacity factor with a 20 percent capacity 

reserve. 

In calculating the capacity additions required in con- 

ventional thermal power stations, hydro capacity, nuclear capacity, and 

production forecasfs from other parts of this study were used.  It was 

also assumed that the hydro capacity factor would drop slightly from the 

expected 44 percent in 1975 to 40 percent in 1990 to reflect increased 

use of hydro generating capacity for power needed at peak-load periods. 

The difference will necessarily have to be covered by 

conventional thermal stations.  Their capacity factor will decrease from 

55 percent in 1975 to 51 percent in 1990, which reflects some shitt from 

base load to intermediate operation and installation of gas turbines 

for peak-load operations.  Between 1970 and 3975, about 48,000 megawatts 

(MW) of additional thermal capacity will be needed comparedtto 41,000 

in the previous five years. The requirements for 1975-1980 will be 

L 
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67,000 MW,increasing to 74,000 MW in the period 1980-1985. Flnnlly, 

between 1985 and 1990, 51,000 MW of additional conventional thermal 

capacity must be built. 

c.  Steam 

An important segment of the public thermal electric power 

stations and most industrial generating stations not only produces elec- 

tric power but also steam and hot water (heat), which are used both for 

industrial purposes and for residential and commercial space heating. 

Data on steam production and consumption are sketchy.  Figure A-37 which 

shows steam consumption by end use, is primarily based on some data for 

1960 and flow diagrams developed for 1965, 1970, and 1975 from Russian 

24,25* 
sources.       The intermediate years were interpolated.  Lacking any 

other data, for purposes of this study it has been assumed that heat 

output and net internal consumption are the same. 

The industrial sector is the predominant user of steam 

and hot water from thermal power stations, both public and industrial. 

The percentage end-use shares show the following trend: 

Industrial 

Residential and 

commercial 

1965 

82% 

18 

1970 

77% 

23 

1975 

74% 

26 

The reported heat production is higher than is theoretically possible 

from heat and power plants.  It may include some steam from condensing 
type plants. 
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Following the general trend, this breakdown was estimated 

i'or the other years: 

Industrial 
(P 

Residential and Commercial 

1960 

87% 

13 

1980 

70 

30 

1985 

68 

32 

1990 

67% 

33 

Figure A-37 also shows that the standard heat equivalent 

of the output of steam and hot water exceeds that of the electric power 

generated in thermal power stations throughout most of the period observed. 

The projection of heat consumption from thermal power 

stations is based on its relationship to electric power produced by the 

same stations. An Figure A-38 demonstrates, a definite correlation 

exists between the two outputs. After a very steep slope in the early 

1960s, the curve slowly bends over toward 1971 and 1975 and is expected 

to continue the same trend.  This curve means that after a period of 

higher growth than electric power in the past, steam and hot water are 

now experiencing lower growth rates, as shown in the tabulation below: 

Thermal Power Stations 

1960-65 

1965-70 

1970-75 

1975-80 

1980-85 

1985-90 

Electric 
Sto am/Hot Water Power Generated 

19.0% 12.0% 

8.5 7.6 

6.8 7.5 

5.9 6.6 

4.3 4.9 

1.3 1.6 
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1.   Kltictficity in CMEA Countries 

Usint; the same method as described in the USSR demand section, 

W6 projected the total internal electricity consumption for each of the 

CMEA countries.  Figure A-39 shows the historical and projected net in- 

ternal consumption of the individual countries as well as their combined 

demand. Measured in 1971, Poland, with 58 billion kWh, is the largest 

electricity consumer among the East bloc satellites.  It is followed 

closely by East Germany (^7 billion kWh). Czechoslovakia is third, con- 

suming 44 billion kWh, Romania fourth with 28 billion kWh. Bulgaria and 

Hungary trail with 17 and 16 billion kWh, respectively. The relative 

spread between smallest and largest consumer of electric power will be 

about the same throughout the projection years, except that Romania 

moves up to the number two rank.  This is the result of a projected dra- 

matic increase in the electricity consumed per person and an above- 

average population growth. 

Figure A-40 shows the trend of electric power consumption per 

person in the six Eastern Bloc countries, and their weighted average as 

a bloc.  The most striking phenomenon is that the spread between high 

and low per capita consumer h£.s dramatically narrowed in the last 15 

years.  This trend is expected to continue, although to a lesser degree. 

For example, in 1955 the people of East Germany consumed almost seven 

times as much electricity per capita as the people of Romania.  In 1970 

this factor dropped to 2.5 and by 1990 is expected to be 1.6. Below is 

a comparison of the SRI project' ms with projections found in the 

literature. 
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Kilowatt-Hours per Capita 

Bulgaria 

Czechoslovakia 

197 5 1980 1990 

Liter- 
SRI ature SRI Lit. SRI Lit. 

2,767 • • • 3,936 5,000*- 

5,400 
7,508 9,400- 

10,200* 

3,631 4,590    5,000' 

5,300* 

East Germany 4,149 4,300* 5,170 5,350* 7,839 

Hungary 1,974 2,050* 2,708 •  •  • 5,037 

Poland 2,305 2,350* 3,053 •  •  • 4,927 

Romania 2,008 •  •   • 3,105 3,000*- 

3,400 

6,406 

7,283   8,800"*'- 

9,700* 

8,150" 

From reference 1. Gross consumptions reported were reduced to net 
based on 1970 ratios. 

'  From reference 26. 

Bulgaria has experienced the highest growth rates of electric power con- 

sumption per capita between 1955 and 1970 (Table A-55). Moving up from 

a very underdeveloped state in 1955, Bulgaria consumed slightly more 

electricity in 1970 than Hungary, which has a 22 percent larger popula- 

tion. While we anticipate above-average growth rates to continue into 

the future, the increase will occur nt a slower pace. The SRI projec- 

tion is in line with the trend of the last four years for which data are 

available (1968-1971). Compared to the 1960-1968 period, these four 

years show a marked slowdown in the growth of the per capita electricity 

consumption relative to the growth of the GNP per capita.  The projec- 

tion found in the literature appears overoptimistic in light of this 

slowdown already experienced and the GNP projections assumed in this 

report. 
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Czechoslovakia has shown a remarkably regular growth in its 

historical per capitn electricity consumption.  The country is expected 

to continue that trend but subject to a slowdown.  This expectation is 

in line with the projected GNP growth.  The SRI projections are lower 

than those published in the literature by about 17 percent in 1990. 

East Germany's kWh per capita consumption growth rate between 

1965 and 1970 was only 3.6 percent, down from 5.9 percent during the 

previous five years.  This decrease was, in spite of the increase in 

the GNP growth rate and this contradiction indicates unsatisfied demand. 

Today East Germany's electric power industry relies almost entirely on 

coal, for which production has virtually stagnated since 1965.  Helped 

by the predicted rapid expansion of nuclear power generation, East Ger- 

many should be able to overcome the 1965-1971 slowdown in per capita 

consumption growth. According to the SRI projection, in 1990 East Ger- 

many will still have the highest kWh per capita figure of all the coun- 

tries examined. 

For Hungary, Poland, and Romania, only partial projections 

can be found in the literature.  The figures available are well in line 

with those of the Institute. 

C.  Crude Oil and Petroleum Products 

1. USSR 

While the USSR continues to have difficulties in meeting 

schedules with regard to the production of crude oil, it appears that the 

country may be close to solving some of its most critical long term prob- 

lems—that is, getting new fields in Siberia into production and completing 

pipeline facilities for moving oil to consuming centers. At the beginning 

of 1973, the Chairman of the USSR Planning Committee announced that 

industrial progress in general would probably be -slower this year than 
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originally foreseen, largely because of delays in expanding capacity in 

certain industries; it is understood that this broad statement applies 

to the oil and gas industries also. 

Crude oil production under the current five-year plan was 

scheduled to Increase from 353 million metric tons in 1970 to 496 million 

mttric tons in 1975, or by some 7.1 percent per year (see Table A-56). 

Table A-56 

USSR CRUDE OIL PRODUCTION 

(Million Metric Tons per Year) 

Year Western Siberia Other Areas Total  USSR 

1960   148 148 

1965 — 243 243 

1970 31 321 353 

1971 44 333 377 

1972 56 338 394 

1973 84 340 424^ 

1975 120 - 125 371 - 376 496 

Provisional. 

+ 
Latest  estimates. 

Kive-year  plan target. 

This  is a  slightly  lower annual growth rate than for the  1965-70 period. 

Production  in  1972  is understood to have  reached about  394 million metric 

tons,   indicating  average annual  increases of  only about 5.6   percent  in 

1971 and  1972.     It   is  reported that  there were actual  decliros  in 

production over this  period  in a  number of areas;   namely,   in Bashkivia, 

Grozny,   the  Ukraine,   the Caspian Sea,  Azerbaijan,  Sakhalin,   and Dagestan. 
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According to the latest information from th'j USSR, it now 

appears that the oil industry will post its largest monthly crude oil 

production gains in history.  Furthermoro, there is evidence from the 

journals and other official documents that some of the additional oil 

produced in 1973 is destined for the rest of the world.  Barring major 

transportation breakdowns, there should be no recurrence of the oil 

shortages experienced during the past two winters in the USSR.  Soviet 

crude oil and products available for export are at all-time highs and 

are expected to reach new peaks during the next two years. 

Some of the developments that have brought about the present 

optimistic situation are: 

• 

• 

• 

• 

Western Siberia's  1973  crude  output   reached  59 

million tons   (365 million barrels)   in mid-August, 

and  it   now appears certain that the area will 

exceed  this year's production target  of  86 

million tons   (1.73 million barrels  per day). 

Total  Western Siberian output  passed  1.8 million 

barrels  per day in August.     The  mammoth Samothorskoye 

field  alone boosted  production  fron  585,000 barrels 

per day at  the  beginning of  1973  to nearly 1 million 

barrels   per day   in  September, 

Two more   largo middle-Ob oil   fields,   Fedorovskoye 

and Azanskoye,   have   just  recently gone  on-stream, 

and another,   Ubinskoye,   is  being readied for 

exploitation. 

It  is  reported that about 350 development wells were 

completed   in Western Siberian oil fields during the 

first eighc months of  1973.     This  is more  than 75 

above  plan. 
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•  Impressive gains in Western Siberian production are 

being made possible by fast expansion in the capacity of 

two 48-inch crude pipelines tapping the huge oil fields 

along the middle course of the Ob River. 

As can be seen in Table A-56, the country's overall production 

growth during the 1970-75 period will be chiefly sustained from the 

important new oil in Western Siberia. While the Soviets have been 

successful in maintaining high oil output in the Volga-Ural region 

(discoverea in the 1930s and still the country's principal producing 

area), nevertheless industry officials already admit that many of the 

fields there are in the final stages of production.  This could suggest 

that production from the region—amounting to an estimated 3.6 million 

barrels per day—will start a slow decline within the next two to three 

years, or some time after 1975. 

For the Soviets to increase crude oil production to the 

levels planned to 1975 and 1980 will take a continuing substantial 

effort by all segments of the oil industry. Target production for 1980 

is 625 million metric tons (Table A-57), or a five to six percent per 

year annual growth rate between 1975 and 1980.  There is some question 

whether an expansion of this order of magnitude will be enough to 

sustain the oil needs of the country, to supply the nr^essary quanti- 

ties to the Eastern Bloc countries, and still to export as much as 

67 million tons to the rest of the world (see Table A-57), 

Certainly the ultimate reserves to be found beneath the huge 

territory of the USSR will eventually allow much higher annual 

production figures, but only after further large-scale exploration and 

development work.  And this will take time .  Industry representatives 

in the USSR have estimated that it is entirely possible that Western 

Siberian production may reach a level of 500 million metric tons in the 
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Table A-57 

USSI! CRUÜE Olli SUPPLY-Di: MA NU BALANCE 

(Million Metric Tons) 

1970   1975   1980   1990 

Production 

Demand 

Potential Surplus 

Eastern Europen requirements 

Potential export to rest of world 

353 480* 625 980 

289 368 470 768 

64* 112 155 212 

39§ 61 88 161 

6 
28" 51 67 SI 

Five-year plan goal is 496 million metric tons. 

+ 
Includes losses and refinery charge for product exports. 

Difference between production and demand; with imports of 

2 million metric tons, potential surplus is 66 million 

metric tons. 

§ 
Actual deliveries. 

Source-    Stanford  Research   Instiiute. 
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future.  But this could not bo accomplished much before the mid- to late 

1080s. There are, of course, two other regions of great ultimate prom- 

ise—tho largely unexplored area of Eastern Siberia between the Yenessci 

and Lena rivers, and the lowlands surrounding the northern part of the 

Caspian Sea. 

The Institute's estimate of future production and apparent supply 

of crude oil for the USSR are shown in Figure A-41 and Table A-58.  The 

estimates for 1975 are based on an annual increase of 28 million metric 

tons.   Beyond 1980, it has been assumed that continued development of 

Western Siberian reserves will be sufficient to permit crude production 

at the levels shown. 

Witii these production forecasts, it is possible to cover future 

internal requirements—which include production and transmission losses 

and charge to the --efineries~and exports both to Eastern Bloc countries 

and to the rest of the world.  If the estimated maximum production figures 

shown on Table A-58 are assumed, exports would be enough to cover all of 

the Eastern Bloc crude import requirements and still leave considerable 

quantities of crude for shipment to the rest of the world. The follow- 

ing tabulation shows the results nf this analysis: 

Million Metric Tons 

Balance for Potential 
Yea r Bloc Requirements Rest of World Export 

1975 61 51 112 

1980 88 67 155 

1985 123 59 182 

1990 161 51 212 

In the two previous five-year periods, the annual increases 
were 19 and 22 million metric tons. 
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There are sovci'al possible alternatives to the above schedule: 

0  II crude oil pi'odlictlon is no I as hi|;h as ost limited 

then exports would be lowered accordingly, 

o  If Eastern Bloc requirements are partly satisfied by 

imports from outside countries—and this appears to 

be the position taken by several of the Bloc countries— 

then additional quantities would be available for 

export to the rest of the world. 

o  If internal USSR needs were to increase more rapidly 

than estimated—for example, if natural gas were in 

short supply for some interim period—then crude exports 

would have to bo cut back; some of the reduction would 

presumably be at the expense of Free World countries, 

the balance at the expense of the Bloc countries. 

According to the Ninth-Five-Year Plan, the refining industry 

in the USSR is expected to increase its capacity by 1.4 times.  Thus 

by 1975, capacity would be at thf 420 million metric tons level if the 

target were achieved.  To accomplish this objective, total refining 

capacity would have to be increased by 24 million metric tons per year- 

additions that are probably within the capability of the construction 

industry.  The plan also calls for increasing the unit capacity of the 

installations,* and building nine new petroleum refineries.  Major 

emphasis will be placed on the construction of refineries scheduled to 

be located in the eastern regions—Achinsk, Pavlodar, Chardzhou, and 

Chimkent. 

The average refinery to be placed into operation during the 1971-75 

period is estimated at 5.2 million metric tons (approximately 100,000 

barrels per day), contrasted with an average 3.2 million metric ton 

facility installed (approximately 65,000 barrels per day) during the 

1966-70 period) . 
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The  Institute's   forecast  of  new  refining capacity   in  the USSR 

is   shown   in Figure A-1'J.     It   can  be  seen  that  capacity  additions   totalled 

155  million  metric   tons   be   ween   1960  and   1970,   for  an  average   annual 

increase  of   15.f)  million   LOIIS .     For   the   period  to  1980,   average  annual 

additions  are expected  to  be   about  20 million   tons.     Capacity  for  1975 

is  estimated   to be   390 million metric  tons,   as  opposed   to  the   1971-75 

plan   figure  of  420 million   tons. 

Other   forecasts   relative   to  refining  show crude   runs   (Figure 

A-43),   refining  product  output   by   product   (Figure A-44),   refined  product 

internal  consumption   (Table  A-59),   and  refinery  production  and  product 

exports   (Table A-60). 

Table A-60 

USSR  REFINERY  PRODUCTION AND  PRODUCT EXPORTS 

(Million Metric Tons) 

Production 

Less:     Own  requirements 
(includes   losses) 

Potential    exports 

1970 

257 

230 

i 
27 

1975 

332 

305 

27 

1980 

427 

422 

1990 

712 

690 

22 

Imports,   1  million metric ton;   exports,  28 million 

metric  tons. 

Source*.     Stanford Research  Institute. 

2,      Ettstern Europe 

Crude  oil   ireduction   in   the Eastern European  countries  has 

expanded  very  slowly  over   the   1960-71   period.     In  1960,   total   production 

only  amounted   tu   13.6 million  metric   tons,   of  which  11.8 million   tons 

(87   percent  of   the   total)   was   accounted  for by Romania   alone.     By  1961, 

production  for   the   six  countries  had   increased  to only   17.2  million metric 
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1990 

1960-70        155   ( 310 thousand bbl/day/annum) 

1970 - 80        199   ( 400 thousand bbl/day/annum ) 

1980 - 90        275   ( 550 thousand bbl/day/annum ) 

Equivalent to  approximately 6.0 million bbl/day 

Source:   Stanford Research Institute 

Figure A-42 

USSR REFINING CAPACITY BUILDUP 
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USSR REFINING PRODUCT OUTPUT BY PRODUCT 
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tons, and Romania's output was 13.9 million tons (still about 81 percent 

of tlu; total). Table A-61 shows the cnule oil production by cruntry. 

There appears to bo little opportunity for further development 

of oil reserves in any of these countries, although exploration activity 

is increasing (see Appendix C) . Table A-62 shows a comparison of estimated 

reserves for the Eastern Bloc countries and the projected cumulative pro- 

duction.  It is fairly clear that the six countries expect little in- 

crease in their reserve positions during the forecast period. 

The Eastern European countries will need to rely on imported 

crude oil to a very significant extent to satisfy their internal require- 

ments for petroleum, since domestic production is not expected to increase 

at all.  Figure A-45 shows the anticipated rapid increase in crude oil 

imports for the forecast period.  While most of this crude will continue 

to come from the USSR, it is expected that an increasing share will be 

supplied from Middle East and North African countries. / 

Until a few years ago, the Eastern Bloc's crude oil/imports 

from countries other than the USSR were negligible. Recently, however, tfhe 

have increased significantly, from 17,000 barrels per day in 1967 to 243,0C 

barrels per clay in 1972.* As shown in Table A-63, last yoar's large 

overall increase was duo primarily to a sudden use of imports from Iraq. 

Perhaps the reasons for this were the economic and political changes in 

Iraq—first, the takeover by the State of the Iraq Petroleum group's 

northern oil fields; and second, the start of regular production from 

the Soviet-developed North Rumaila area.  Iran, which has been the top 

crude oil supplier to the Eastern Bloc, is now in second place. Other 

major suppliers are Egypt, Libya, and Syria.  Table A-64 shows crude oil 

imports from these cuuntries to the Eastern Bloc countries and the USSR. 

17,000 barrels per clay equivalent to about 850,000 metric tons; 

243,000 barrels per day equivalent to about 12.2 million metric tons. 
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ESTIMATED  PRODUCTION, IMPORTS, AND DEMAND OF 
CRUDE OIL IN EASTERN EUROPE 
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Table A-63 

CRUDE  OIL  IMPORTS OK EASTERN BLOC1 BY COUNTRY 

(Thousand  Bi rrels  per Bay) 
19(57-1972 

1 raq 

I ra n 

Kgypt 

Syria 

Libya 

Algeria 

Other 

Total 

1!)()7 

— — 

(.4 

2 

17 

19GH 

5 

1 

1 

3 

1 

16 

196 H 1970 1971 

All  from Saudi Arabia, 

1972 

1 8 13 100 

31 66 72 76 

10 28 29 24 

_.. 9 3 18 

9 2 14 17 

6 10 18 8 

2t 1 1 — 

65 124 150 243 

May   include  1,000  barrels/day  from Syria, 

Source:     LSSR Foreign Trade Statistics. 

Table A-64 

CRUDE  OIL   IMPORTS OF THREE  EASTERN BLCJ COUNTRIES  AND THE 

USSR  BY COUNTRY OF  SOURCE AND  DESTINATION 

(Thousand  Barrels  per Day) 
1972 

To Bulgaria 

57 

To East  Germany To Romania 

2 

To  USSR 

6 

Total 

I raq 25 100* 

I ra n 2 34 10 — 76 

Egypt 11 6 — 7 24 

Syria 15 1 — 2 18 

Libya 7 1 9 17 

Algeria JL 3 /i — 8 

Total 93 69 47 24 243* 

Includes   10,000 barrels   per day  to Hungary. 

Source:     USSR  I oreign Trade Statistics, 
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a.  Bulgaria 

The expansion of the refining industry in Bulgaria is geared 

to a substatiial increase in the use of oil in the economy (Figure A-46). 

According to the 1971-75 plan, the relative share of oil and gas together   ^"-^^a» 

is to reach 60 percent of total energy requirements, by 1975, and 65 to 70 

percent by 1980.  Much of this increase will be accounted for by oil. The 

basic portion of the oil requirements is expected to come from the USSR. 

The capacity of facilities for refining crude oil in the 

countrv has increased from virtually nothing in 1960 (approximately 100,000 

metric tons) to 2.7 million metric tons in 1965 and 6.0 million tons in 

1970.  Various sources Indicate a 1975 refining capacity target of about 

9 to 10 million metric tons.  Scheduled shipments of crude oil from the 

USSR by 1975 are anticipated at about 10 million tons; hence, the refining 

estimate appears reasonable. 

To meet expected demand for refined products in Bulgaria, 

It is estimated that refinery capacity will need to expand by over four 

timos during the forecast period. The following tabulation shows 

anticipated additions to capacity, as well as crude import requirements to 

1990: 
■ 

Million Metric Tens 
Year Re fine ry Capaci 

6.0 

iz Crude Charge 

5.9 

Import Requirements' 

1970 5.7 

1975 9.5 8.6 8.8 

1980 Id.O 12.6 13.0 

1985 20.0 18.0 18.6 

1990 27.0 ?4.3 25.3 

Takos into account indigenous supply as well as losses 
(pipeline, storage, etc.). 
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b.       Czechoslovakia 

The country's oil  product  demand during the 1971-75 period 

is  expected  to   rise  by  about   50  percent  to  about 16 million   tons  per year 

(Figure A-47).     Plans  by  the  country  call   for a  corresponding  increase   in 

refinery throughput   from  about   10 million   tons   in  1970  to   17-18 million 

tons   in  1975.     Czechoslovakia  has  lontj taken   sizable quantities of  Soviet 

oil—primarily  crude  ratner  than  product-—and  under the  current bilateral 

agreement,   the  USSR will   deliver a  total  of  about  65 million  tons during 

the  1971-75  penod.     This  quantity  is expected  to  cover about  95  percent 

of   the  total   Import   requirements over the  period.     By  1975,   Soviet  deliver- 

ies  are  scheduled  to  be  about   15.5 m   '^ion  tons. 

These   figures  are  based  on   the  assumption   that  refinery 

capacity will be   increased   to  a  level  that  would  require  the  additional 

deliveries.*    Czechoslovakia's own  crude oil  production  of  about 20,000 

tons per year  is   insignificant   in  terms of  the country's  total  neids.     It 

has been  assumed   that domestic  crude production will not   increase during 

the  forecast period. 

To meet  anticipated  requirements  for petroleum products 

within  the country,   it   is expected   that  refinery capacity will  have  to 

increase  over  three   times  between   1970  and   1990.     The   following  tabulation 

shows expected  additions   to capacity,   as well as crude   import  requirements 

to  1990: 

The Institute's estimate  is that  refinery capacity will   be only about 

15.0 million  tons by 1975,   and that  imports of  approximately 14.0 
million tons will  be needed. 
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Year 

1970 

1975 

19KO 

i985 

1990 

Million Metric Tons 

Kcfincry Capacity Crude Charge Import Requirements* 

11.0 lo.o 

11.0 13.5 

19.0 iv.i 

M.O 22.5 

9.8 

14.0 

17.8 

23.5 

32.0 28.8 30.0 

Takes   into  account domestic   supply as well  as  losses 
(pipeline,   storage,   etc.). 

c.       Kast Germany 

Last Germany's current  1971-75   five-year plan devotes 

nearly one-third   of  all   industrial   investment  to  the energy sector as 

a  means of modernizint;   facilities  and   improving efficiency.    Another 

objective  of   the  plan   is   to  place  greater emphasis on   liquid   and   gaseous 

luels  rather  than on   solid   fuels.     This  shift   is   reflected  by  the  expected 

decline  of  the  store  of  solid   fuels   (pr Klominantly  lignite)   from  about 80 

percent   in  1971   to (35  percent   in  1975,   while   liquid  and   gaseous   fuels 

are expected   to  increase   from 20  percent  to nearly 30  percent. 

There   was  already  a marked  expansion   in   the  supply and 

UM  Of  petroleum  products during   the   1960s   (Figure A-18> .     The  current 

plM  pruvules   lor  n   lurLh..-   increase   in crude oil   throughput   in   local 

refineries.    Iron.  10  million   tons   m   1970   Ui  about   18  million   tons   five 

years   later.        Imports of  products  were  significant   in  the early 1960s; 

now  they have  virtually ceased. 

In addition,   hydrogenation of  lignite  yields  about 1 million  tons of 
petroleum products each  year,   but   it  is understood that  this process 
is now regarded  as uneconomic  and  therefore may be abandoned  within 
the next  year or  two. 
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Thori'   are   two  principal   rcfini'ig centers   in   the  country— 

tlie   rafinlng  and  petrochemical  complex  at  Schwcdt-on-Otles,   closj   to   the 

Polish   Ixnik i ,   whuh  i-aiiu    into operation   m   19(i 1 ;   and   further  soutli,   tin 

old  established  refittintf,   hydrogenation,   and chemical   lacllities   in   Liu 

Halle-Leip/.it;  urea.     ThfQMfhput   is   to expand   at  Schwedt   from 6.5 million 

Ions   m   1970   to 9.3  million   tons   in   1975.     The   increase   in   the Halle-Leipzig 

area  will  be even  more   rapid,   from  J.9  million  to  about  8.7 million   tons. 

Virtually  all  of  the  crude oil  must   be  obtained   from outside 

the  country«       The  USSR   has  ayecd   to deliver  a  total  of  approximately 65 

million   Ions   to Best Uennany during   the  plan period.     This quantity  is 

expected   to cover  about  90  percent  of   the  needs.     These   imports will 

reach   about   13  million   tons   in   1973,   11  million   in   1974,   and  perhaps  16 

tons   in   1975.     Schwedt   is  conveniently  located  as  one  of  the  wostern 

terminals of   the   recently  completed  parallel  section  of   the Druzhba  pipeline 

system   for   the  transpoit  of Russian crude;   an extension  has  also been  laid 

from Schwedt   to  the  Halle-Leipzig  area. 

The  balance  of Ea&t  Germany's crude  oil   requirements under 

the  present  plan  are   supplied   from  tl.e  rest of  the  world.     Part  of   the 

crude   is  provided  under  arrangements with government   agcacios   (primarily 

Kgypt,   more   recently   Iraq),   and   part   is  provided   through  an   agreement  with 

iritlsh  Pet rolcuia.     The   seaport   of  Rostock   is   linked   by  pipeline   with 

Schwedt,   and   indirectly  with   the  Other   refineries.      However,   Rostock  cannot, 

at  present,   handle   tankers   larger  than  20,000 deadweight   tons;   thus,   some 

of   the  crude  supply   is   transshipped   from Rotterdam. 

The  output   of   the  East German  refineries  primarily  serves 

the  rapidly  growing  inland  requirements.     Exports of products have  been  a 

The  Remkenhagen   field   near  the   Baltic Coast does  make  a minor 
contribution  to  the   nation's  supply. 
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factor m tlu- past, but they represent a doclininii portion of the total 

refinery output.  It is understood that a scheme is now being discussed 

for construction of a 3,0 million ton refinery at Sch*edt; the output 

would be almost entirely dedicated for export to West Berlin. 

To meet anticipated requirements for products in East 

Germany, it is expected that refinery capacity will have to increase 

nearly four times between 1970 and 1990.  The following tabulation shows 

expected additions to capacity, ns well as crude import requirements to 

1990: 

Million Metric Tons 
Year 

1970 

1975 

1980 

198 f- 

1990 

Refinery Capacity   Crude Charge   Import Requirements* 

10.7 

17.9 

21.5 

30.5 

36.0 

10 .6 

16 1 

22 0 

27. 5 

32. 5 

10.1 

16.7 

22.9 

29.0 

34.2 

Takes into account domestic supply as well as losses 
(transmission, storage, etc.). 

cl.   Hungary 

Plans for the expansion of the oil refining industry in 

Hungary arc based on the growth m demand for petroleum products (Figure 

A-19).  The capacity of facilities for refining crude oil in the country 

has increased from just under 1.0 million metric tons in 1950 to 2.7 million 

tons in 1960 and 6.7 million tons in 1970.  The 1971-75 plan calls for an 

increase in refining capacity to 9.5 million metric tons by 1975.*  m the 

city of Lcninvaros, a new refinery is expected to be built that alone wi}l 

Other sources place the 1975 target at 11.0 million tons. 
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process some 6.0 million tons of crude oil.  This facility is expected to 

be operative some time during the 1976-80 period; completion is actually 

schedule«! lor eitlu r 1976  or 1977. 

Tlu seciMul DrtlXhba (Fflondship} pipeline was compli ti'd 

in 1972, ptmltting deliveries of USSR crude to Hungary.  During 1973, 

the line is expected to be delivering roughly 5.3 million metric tons of 

crude out of a total of 7.7 million tons being refined in Hungary. Major 

investments are continuing in the oil industry, and it is planned to 

extend the line in order to serve other and new refineries in the country. 

In the future, it is expected that a crude oil pipeline 

will be built from the port of Bakar in Yugoslavia to Czechoslovakia. 

This pipeline will have a throughput capacity of about 17 million metric 

tons per year; 10 million tons would be destined for Yugoslavia, 5 

million tons for Czechoslovakia, and 2 to 3 million tons for Hungary. 

This line will carry crude oil purchased primarily from the Middle East 

and North Africa. 

To meet anticipated demand for refined products in 

Hungary, it is estimated that refinery capacity will need to expand by 

three times during the forecast period.  The follov-ing tabulation shows 

expected additions to capacity, as well as crude imports requirements 

to 1990: 

Million Metric Tons 
Year Refinery Capt ci ty c rude Charge Import Requirements* 

1970 6.7 6.0 4.3 

1975 9.5 8.6 6.7 

1980 13.5 12.2 10.4 

1985 18.0 16.2 14.5 

1990 22.5 20.2 19.2 

Takes into account domestic supply as well as losses 

(pipeline, storage, etc.). 
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the   rcCnucI  product   nqun-cments  of   the  country   (Fi^re A-50) .      u  was 

necessary   that   year   to   import   .bout  2.5 million   tons of various  refined 

products,   with   fuel  oil  being  the  principal  one   imported.     It   is expected 

that   the   rmtimUt capacity will  be  expanded   to  supply virtually  all  of 

the   requirements,   but   this  self-sufficiency   (in   terms of products) 

probably  will  not   come   about  until   at   least   1980.   or  perhaps even   later. 

Dunn«   the   1971-75  period,   it   is  planned   to  start 

construction of   two  more   refineries   in   the  country,   as well   as  to expand 

the  capacicv of existing   facilities.     Refining capacity at Plock   in 

central   Poland  currently  stands  at   7 million   tons;   it   is due   to be 

increased   to  about   10  mill,on   tons  by  the middle  to  late  1970..     The  o,her 

two  refineries,   each with  an eventual  capacity of 6  million  tons,   are  due   to 

be  built  at  FUachownia  in  Upper Silesia  and  at Danzig on  the Baltic Coast. 

When   these   refmerv  projects materialize,   the  country  should  be  nearly 

self-sufficient   in  refined  products  by  about  1980. 

The  Plock  refinery   is   located   on  one of  the   branches of 

the  Druzhba  pipeline  which moves  crude  oil   from   the Ural-Volga   region  of 

the  USSR   to Poland   and  Kast Germany.     A   second  parallel   line   is  being 

-mpleted   in   1973.     The  RIachownia   refinery  will   almost  certainly  be  one 

<>'   the   terminals ...   ..,,.■   projected  major  pipeline   system   from  the   Yugoslav 

s-port or Boknr to rea«^. in ^„.^ of ^ ^^ ^^ ^^ 

Tho DaMig   refinery,   when constructed,   can  be  conveniently  served   by 

tankers  either   from Soviet   seaports   in   the Baltic  or  alternatively,   from 

any overseas sources. 

Crude  oil  deliveries   from   the  USSR  through   the Druzhba 

system   have  been   fixed   at   17 million metric   tons   for  1971-75.     Deliveries 
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will probably rlM from about 8 million tons in the first your to perhaps 

11 million tons in the last year of the period.  Poland, in common with 

the other Eastern Kuropean countries, is now being encouraged by the USSR 

to make arrangements for supplemental crude oil purchase^ from non- 

Communist supplies.  Poland presumably would want such deliveries to start 

in two or three years, after completion of the Bakar-Blachownia pipeline. 

By 1975, Poland's requirements of overseas crude might be as high as 2 

million metric tons per year; they could be as !iigh as 6 million tons per 

year by 1980, assuming that refining capacity is added as planned. 

To meet the expected demand for refined products in 

Poland, it is estimated that refinerv capacity will need to expand by over 

8 times during the forecast period.  The following tabulation shows 

anticipated additions to capacity, us well as crude import requirements 

to 1990: 

  Million Metric Tons 

Year Re finery Capacity Crude Charge Import Requirements* 

1970 7.5 7.5 7.0 

1975 13.1 11.8 11.8 

1980 20.5 18.5 18.7 

1985 31.0 27.8 28.3 

1990 12.0 37.8 38.5 

Takes   into  account domestic   supply,   as well   as   losses 
(pipeline,   ttuTSfiCj   etc.). 

f.       Romania 

Romania—one of the world's oldest crude oil producing 

countries—has been in a relativoly favorable position for its crude 

supplies, compared with the other Eastern European countries.  The country 

actually has had more than enough domestic crude oil to satisfy internal 
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cioiiuuul  for   products   (Figure A-51) ,   but   has   traditionally  been  a   fairly 

large  exporter of  products.     As  a  consequence,   through most  of   the   19(JUs, 

all  of   the  crude  produced—between   11 million  and   13  million  metric   tons— 

was  nta   to   refineries,   and  products  surplus  to   internal   requirements  were 

exported.     Exported   products  amounted   to   about  50  percent  of  refinery 

production. 

Thus,   between  1960   and   1970,   there  was only  a modest 

increase   in   refinery capacity—from  12  million metric   tons   in  1960   to 

16 million   tons   in   1970.     At   the   same   time,   however,   facilities were 

greatly modernized   and   continuous  additions  were made   to  secondary  refining 

processes.     These   improvements permitted  considerably more   flexibility  in 

refining,   and   allowed  Romania   to  supply a   full   slate  of good  quality 

products  both   for   the   internal  market   and   for the export market. 

For   the   long  term,   it   has been  assumed   that Romania 

will  continue   to export  products   to  both   the  USSR  and  other Eastern Bloc 

countries,   as  well  as   to   the Free World—primarily  to  the Western  European 

countries.     The exact   level  of  exports   is difficult  to estimate,   but   a 

reasonable  expectation   is  5 million  to  6 million metric  tons  per  year, 

about  the   same  as  exports during  the  1960s.     As   internal  demand for products 

increases,   it   is entirely possible   that   by  the   latter part of  the   1970s, 

product  exports will  actually decline.    Certainly,   exports will be  a 

smaller  and   smaller  share of  total   refinery output. 

To meet  expected  demand   for petroleum products   in 

Romania,   it   is estimated   that  refining capacity will  need   to nearly 

double  during   the   forecast  period.     The   following   tabulation  shows 

anticipated  additions   to capacity,   as well  as crude  import requirements 

to  1990: 
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Million Metric Tons 

Vcar lie finery Capacity 

Ut.fl 

Crude Chi 

l(i. 1 

'r«c Impoi •L   lirquii ^mcnLs' 

1!)70 2.:t 

l!»7r. IK.O Ki. 2 :t,i 

1980 liO.O 18.0 5.0 

1985 2 1.0 21.5 9.2 

1990 28.0 25.2 13.5 

Takes into account domestic supply, as well as losses 

(pipeline, storage, etc.). 

D. Natural Gas 

USSR 

The Ninth Kive-Year Plan for development of the natural gas 

industry sets forth the following major objectives:27 

• Raising natural gas production to 320 billion cubic 

meters, an increase of 122 billion cubic meters during 
the five-year period. 

• Eliminating the large losses of associated gas at oil 

fields and increasing its use to 85-87 percent in 1975, 

as against 61.1 percent in 1970. 

• Ensuring the development of" the large gas deposits in 

the northern regions of Tyumenskaya Oblast, Turkamenia, 

Komi ASSK, Orenburgskaya Oblast. 

• Ensuring the laying of 300,000 kilometers of main gas 

pipeline mostly with diameters of 1,020, 1,200, and 1,420 

mi ii imeters, which will constitute approximately .'»0 percent 

of the total length of gas pipelines laid through 1970. 

• Ensuring the complete refinement of grs so as to obtain 

from it gasoline, liquefied gases, t, Ifur, helium, and 

other products. 

The basis for establishing a development plan along the lines 

just indicated was the discovery of very substantial commercial reserves 

of natural gas between 1966 and 1971.  During this relatively short period, 
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«as reserves increased from 3.(5 billion cubic meters to 15.7 billion cubic 

meters-more than a Jourfold rise. As of 1972, reserves stood at about 

20 billion cubic feet.  It turns out, however, that there will be serious 

shortcomings of natural gas production not only for this year (1973) but 

for the next several years ahead.  It is a mattor of considerable concern 

to the Soviet authorities.  Some of the reasons given include: 

• Construction of better transmission and distribution 

pipeline networks is behind schedule. 

• Location and development of underground gas storage 

reservoirs are not moving forward fast enough. 

• Installation of necessary gas processing facilities is 
far short of requirements. 

From Table A-65, it can be seen that production increases for 

1972 and 1973 have been disappoint ing.  Planned gas production for 1.975 

although unofficially abandoned, appears to be out of reach by the industry. 

For 1973, from figures so far reported by the Soviet authorities, an in- 

crease of approximately 15 billion cubic meters is foreseen, or 6.7 per- 

cent.   From this preliminary 1973 information, and from the industry record 

of recent years, it is doubtful that a production of much more than 275 

billion to 280 billion cubic meters can actually be achieved by 1975. 

For the long term, it would appear that the USSR will be able to 

achieve about a fourfold increase in natural gas production between 1971 

and 1990. As noted previously, the 1975 production target of 320 billion 

It has now also been indicated that production this year is to increase 

Mp to 12 billion cubic meters in Soviet Central Asia, 7 billion cubic 

meters in Tyumen (West Siberia), and 2 billion cubic meters in the 

Komi area of the far north, but these increases will be partly offset 

by a continued decline in some established and geographically more 

convenient regions, such as the Northern Caucasus and the Ukraine. 

Production in the important Orenburg region, within the Ural-Volga 
area, is due to start late this year. 
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Table A-65 

USSR NATURAL GAS PRODUCTION 

(Billion Cubic Meters) 

Percent age Increase 
Year Pi odnction 

198 

over Previous Yea 

1970 9,3 

1971 212 7.1 

1972 221 4.2 

1973 236* 6,7 

1975 320 + 16.5* 

Annual target according to latest estimate. 

Five-year plan target. 

Average annual growth rate required to achieve 
the target shown. 

cubic meters is probably beyond reach, as possibly is the estimated 1980 

production of 400-450 billion cubic meters.  During this interim period— 

i.e., to 1980—any short lall in gas production will have to be made up by 

IncroaMOd use of oil ami/or coal.  To tho extent this is not possiljlc, 

tlu-ii »vorall us.- ol OMOfRy will docllne.  It will be noted In Table A-66 

thai Mir potential shortage (internal consimiption) In 1975 will be about 

«8 billion cubic meters if production does reach 270 billion cubicmmeters. 

These figures assume that export commitments of some 34 billion cubic 

meters will still be h  nored.  By 1980, if production reaches, say 425 bil- 

lion cubic meters, and imports are about 17 billion cubic meters, then the 

potential shortage in satisfying internal demand would be about 29 billion 

cubic meters.  In this case, export commitments are estimated at 51 billion 

cubic meters, whereas only 22 billion cubic meters are actually available. 

Now if production were to be about 5 percent higher than forecast—and 

this certainly is possible, given the country's estimated gas reserve 
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position—then both forecast exixirts and internal consumption could be 

met.  Hv ttM| il is lM-lu>v«.'d that all necessary lacilities lor producing 

nml I iims|Mirl inr. |.;t^ I« I lit' vardms nuuKrls In the ciuiiilry will IH> InnlnltlMl 

and operatinn sat i slactor ily, witii the result that estimated exports (some 

85 billion cubic meters) and internal consumption will be supplied. 

Tic use of natural gas in tha USSR increased dramatically during 

the 1060-'! period;  most of the increase was accounted for by the 

industrial and electric power sectors.  For example, in 1960, these two 

sectors alone üccountcd foi over 85 percent of total gas use.  By 1971, 

these two sectors still accounted for about the same share.  In terms of 

total primary energy use, natural gas increased its share from about 9 

percent in 1960 to about 22  percent by 1970.  Trends in the use of 

gas in the country are illustrated in Table A-67. 

Between 1970 and 1990, the use of natural gas in the USSR is 

expected to increase nearly four times, from 184 billion cubic meters in 

1970"'" to about 684 billion cubic meters in 1990.  The industrial and 

electric power sectors will continue to be the major asers of natural gas, 

although the residential and commercial sectors each will increase their 

use significantly—the residential sector by three times, the commercial 

sector by nearly five times. By the end of the forecast period, fe'as use in 

the USSR economy will account for nearly 30 percent of total primary energy 

consumption. 

Over 20 percent per year between 1960 and 1965, and nearly 10 
per year between 1965 and 1970. 

Ise in 1971 was 200 billion cubic meters. 

percent 
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To the extent that gas supplies may not be available in the next 

several years to 1980, it is expected that reductions in the use of natural 

gas by llu' industrial and electric power sectors would probably take place 

lirst.  They ;ire both large users, and either sector could substitute 

additional quantities of fuel oil or coal for natural gas over some 

interim period.  This would mean, however, that some manufacturing and 

electric generating facilities would have to be designed for dual fuel 

systems so that they could be converted back to natural gas whenever it 

was again available in adequate amounts. 

Table A-6 8 shows the estimated supply-demand balance for natural 

gas in the USSR.  It was noted earlier that in 1975, there is likely to be 

a  shortage of about 18 billion cubic meters in meeting internal 

consumption.  This estimate assumes that the export commitments to both 

Eastern Europe and Western Europe will be met.  Shipments to Western 

Europe include Austria, West Germany, and Italy.  By 1980, France will 

also be receiving gas from the USSR.  In 1980, the situation wii: still 

be one of tight supply—in fact, there will still be a small deficit—if 

production is no higher than 425 billion cubic meters. 

The USSR imports natural gas from Afghanistan and Iran. 

Deliveries from Afghanistan began in September 1967—a year before the 

start ot Soviet gas exports to Austria.  The amount reached 2.0 billion 

cubic meters in 1969 and 2.6 billion cubic meters in 1970. Another 2.5 

billion cubic meters were received in 1971.  By 1973, the plan was to 

increase the quantity receivet to between 3.5 billion and 4.5 billion cubic 

meters and to remain at that annual level thereafter.* The Afghanistan gas 

comes from the Khwa.ia Gogirdak fields in Shibarghan, not far from the 

Russian border.  These fields were developed with assistance from the USSR. 

The increase to the maximum level depends upon completion of an 

aerial pipeline crossing of the Amu Darya river (at the border); 

this project has been underway since the fall of 1971. 
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Table A-68 

USSH   NATURAL GAS  SUPPLY/DEMAND  DALANCK 

(üilllon Cubic Meters) 

197Ü 197S 19H0 1!)9() 

ProduetiM 19K 270* -100-500 800-900 

Demand 198 300 420 720 

Potential surplus 
t 

3.3 (30)^ 
** 

5 130 + + 

Lastern Furope requi rements 
ff 

2.5 17 36 109 
11' 

Potential export'-' "" 17 25 21 

Kive-year plan  Koal--320. 

Including   losses. 

Available   for export  based  on   imports   from   Iran and Afghanistan. 

s 
Deficit. 

++ 

ft* 

3 • 

Assumed production of 425. 

Assumed production of 850. 

Actual deliveries, 

Contract commitments to Western Kurope, including options, 

Source:  Historical, United Nations; forecast, Stanford Research 

Institute. 
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The Iran-USSR pipeline (40-inch diameter) began moving natural 

gas to Russia in October 1970.  Total throughput during the first two 

years of operation—that is, to the end of 1972—was about 12.5 billion 

cubic meters.  'Jams m Soviet imports of Iranian gas will be smaller 

in 1973 than they were in 1971 or 1972.  While the Soviet section of the 

Iran-USSR pipeline was supposed to be operating at capacity long before 

now, it is unlikely that capacity operation will be achieved until 

additional compressor stations are installed in the system. Activation 

of these four additional stations probably will not take place until some 

time in 1974. When these stations go into service, throughput will rise 

to 10 billion cubic meters per year. 

All together, imports of gas into the USSR from its two 

southern neighbors are expected to reach about 13.5 billion cubic meters 

in 1975 and 23.5 billion cubic meters per year at a later, unspecified 

date.  Because of difficulties the Soviets are having in developing various 

domestic gas fields such as Tyumen, it is probably to their economic 

advantage to obtain foreign gas rather than raise their own production 

by a comparable amount.  There are obvious political advantages.  The 

quanlities involved are actually only a small percentage of USSR natural 

gas production, and therefore, the risk of relying on these imports is not 

particularly great. 

2,   Eastern lAirope 

Natural gas production in the Eastern European countries has 

increased roughly three times between 19G0 and 1971.  In I960, total 

production amounted to just over 11 billion cubic meters for the six 

countries; Romania alone accounted for nearly 9 billion cubic meters, or 

80 percent of the total.  By 1971, production for these countries had 

risen to slightly more than 35 billion cubic meters.  Romania still 

accounted for a significant 65 percent of the total (22.5 billion cubic 
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meters), witli Poland, liun^ary, and East Germany each contributing between 

10 and 20 percent ot total Eastern Bloc natural gas production.  Table 

A-09 shows natural gas production for the 19(30-71 pei UHI by count rv, with 

pro H'c( ions I n I'.MN». 

The Institute sees gas production increasing roughly three limes 

for the foiecast period.  This estimate is based on the following: 

• Romania.  Production will nearly double in the next 20 years, 

from 22 billion cubic meters to some 40 billion cubic meters. 

It is believed that this estimate is reasonable, for there 

appears to be substantial potential tor fdding to existing 

reserves as added exploration is undertaken, both onshore 

and offshore. 

• Poland.  Production will increase nearly six times in the 

next 20 years, from 5 billion cubic meters to about 30 

billion cubic meters.  This estimate may be somewhat 

optimistic, but the resource base would seem to be enough 

to support this production forecast.  New discoveries have 

increased reserves significantly, but whether further 

discoveries will be made is a question that cannot be 

answered with any confidence. 

• East Germany.  Production will increase about 15 times in 

the next 20 years, from 2 billion cubic meters to about 

30 billion cubic meters.  This estimate could well  be 

understated if one could believe industry representatives 

in the GDP.  Certainly, major new discoveries have been 

made, and if further extensions to these reserves are 

forthcoming, then the production forecast is entirely 

reasonable. 

• Bulgaria, Czechoslovakia, Hungary.  The possibility of 

expanding natural gas reserves in these three countries does 

not appear promising. 

Table A-70 shows a comparison of natural gas reserves for the 

Eastern Bloc countries, and the projected cumulative production for the 

forecast period.  It can be seen that Bulgaria, Czechoslovakia, GDR, and 

Hungary each have a gas resource base that is large enough to support the 

forecast levels of production, even without any additions to these reserves 
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during the next 20 years.  In the case of Poland and Romania, however, 

fairly substnntial additions to existing reserves in •acfl country will be 

required in the next several years to justify the production forecast 

indicated. 

Although Eastern European gas production is expected to increase 

significantly during the forecast period, it will still be necessary to 

import increasingly large quantities to satisfy demand.  In 1970, domestic 

production in the six countries met about 90 percent of total demand. 

By 1980, however, domestic production is expected to satisfy only about 

two-thirdsof demand; imports will account for the balance.  And by 1990, 

domestic production will be supplying roughly 55 percent of estimated 

demand; imports will account for 45 percent of the total.  Figure A-52 

show., how this situation is expected to develop. 

a.   Bulgaria 

Sometime early in 1974, the gas line from the USSR through 

Bulgaria is expected to be completed.  This first stage will go through 

the northern part of the country to Sofin.  By 1975, Bulgaria will be 

receiving nearly 9 billion cubic meters of natural gas per year.  Some 

15 branches from the main line will provide gas service to the principal 

industrial complexes in the nortlicrn part of the country,* and in addition, 

gas will bu supplied to BofU for lurther distribution to the residential 

and commercial sections in the Sofia i.rea.  These imported supplies will 

meet virtually all of Bulgaria's demand for. natural gas in 1975 (Figure 

A-sa)."*" 

Industrial service and thermal electric power stati ons. 

To convert millions of tons of coal equivalent to billions of 
cubic meters, divide by 1.18, 
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Imported natural yas supplies for the southern part of tin.' 

Country will bo avjilal)le sometime thirinn tlie 1975-80 period.  Construction 

of tin' Southern line is expected to start within the next one to two yeiirs. 

upon completion of this line, Bulgaria will be eble to receive up to 10 

billion cubic meters of USSR gas annually. 

b.  Czechoslovakia 

The 1971-75 plan calls for structural improvements in the 

whole energy economy.  Supplies of primary fuels are scheduled to expand 

by about 20 percent over the five-year period; the combined share of 

liquid fuels and natural gas in the total will double from abovL 15 percent 

in 1970 to about 30 percent in 1975.  Beyond that, it is hoped that oil and 

gas will reach a combined share of about 40 percent by 1980 and perhaps 50 

percent by 1990. 

With tiic completion of the Bratsvo or "Brotherhood" gas 

line from the Ukranian frontier westward across the whole length of the 

country, there will be a sharp increase in deliveries of Soviet gat to 

Czechoslovakia.  This line, for the main part completed, plays an importmt 

role in the export arrangements of Soviet natural gas.* Czechoslovakia 

received about 900 million cubic meters of Soviet gas in 1970. With this 

new line, deliveries by 1975 will amount l:o about 3.5 billion cubic meters. 

When the line is in full-scale use, roughly 900 million cubic meters in 

1975 and 1,9  billion cubic meters will be made in lieu of transit lees lo 

pay for the line's construction and maintenance. 

Czechoslovakia's own gas production—which amounted to 842 

million cubic meters In 1970 and 1,2 billion cubic meters in 1971—will 

not be substrntially Increased.  But the country's overall supply will 

Deliveries through the line to Czechoslovakia, Austria, and East Germany 

started last spring or summer; deliveries to West Germany just recently 

started, and deliveries to Italy and France will start some time later. 
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ru'vcrtliclcss expand by some two to three times under the plan, and will 

stand at about 1.0 billion crbic meters in 1975, 

Construction of new lar^e storntfe fncilitlfs is currently 

underwuy.  With the   increased supply of natural ^as, it is planned ID 

phase out manufactured gas, but this could still take a number of years. 

Czechoslovakia's production, together with the Bratsvo 

line imports, will satisfy the country's demand for natural gas in 1975 

(Figure A-54). 

c.   East Germany 

The emergence of natural gas as a major fuel in East Germany 

has been si.dden.  During the 1960s, supplies of natural gas came from a 

few small fields in the Erfurt, Cottbus, and Rostock area, but the- i.-ver 

amounted to more than about 100 million cubic meters per year.  The change 

is primarily due to the discovery and development of the Salzwedel 

reservoir in the district of Magdelburti near the West German borders. 

By 1975, this field alone is expected to yield between 11.5 billion and 

14.0 billion cubic meters.  Table A-7i shows East Germany's natural gas 

supplies for the 1970-75 period, and Figure A-55 shows the country's demand 

to 1990.  From a comparison of these data, East Germany's supply will be 

more than enough to take care of the demand in 1975. 

Table A-71 

XATUIIAL GAS   SUPPLY OF EAST GERMANY 

(Billion Cubic Meters) 

Year Product ion Imports Supply 

1970 (300 600 

1971 2,800 - 2,800 

1972 5,400 - 5,400 

1973 7,000 1,000 8,000 

1975 11,500 - 14, 000 4,200 15,700 - 18,200 
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Figure A-54 
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4.      Hungary 

Natural gas  reserves in Hungary at present are estimated at 

alxuit Kf» billion cubic meters.  This resource base allows production 
* 

levels ol about S.f) billion cubic meters per year.   It has been esti- 

mated that production couid reach about 5.5 billion cubic meters by 1975. 

The richest gas  accumulations are in the eastern part of the country; 

trunk pipelines for natural «as extend about 1,000 miles. 

Production of natural gas is supplemented by small imports 

from Romania; during the last several years, they have totalled about 200 

million cubic meters each year.  An agreement has been reached with the 

USSR to supply gas by 1975 via an extension of the pipeline to 

Czechoslovakia.  By 1975, it is possible that imports (from Romania and 

USSR) could amount to about 1,0 billion cubic meters.  Thus, total supply 

in that year would be roughly 6.5 billion cubic meters, or about equal to 

the demand shown in Figure A-56. 

About 90 percent of the gas consumed in Hungary goes to 

thermal electric generating plants and to the industrial sector (including 

petrochemicals).  This pattern of use is expected to prevail through most 

of the forecast period.  Gas use is anticipated to increase to nearly 8.0 

billion cubic Mtcra In 1980 and perhaps to 14.0 billion by 1990,  At these 

Levels, notural «aa would account for about 22 to 27 percent of total 

primary cneruv consumption.  Additional imports of Soviet gas will be 

required to achieve these predicted consumption levels. 

e. Poland 

Natural gas supplies have been developing faster than those 

of crude oil in Poland.  As shown in the following tabulation, the country's 

Actual production in 1970 was 3,5 billion cubic meters, and in 1971, 

3.7 billion cubic meters. 

211 

.. -. ^■..-.-..■- . ., -   _ _ _- -  ^^^^^ 



Pf !!■• um" i ■ ..   |>| iiijimva^Vk. 1.1    I     II    VII »^   .'   l ■l"" '    "'   ■l   ,I, •ll 
".     ■■■I"' ■      '■■I     I"       -■!"" jn IIIIIMII.H.IWIJ."'.  'mm 

1990 

Figure A -56 

DEMAND FOR NATURAL GAS— HUNGARY 

212 

. ■■■     —■    ■    .. 
-      -     »^-J-^-. 



LiU  .ii|iuiH"vmm Wwpp^^w^«i^^fw i^^-r^^m^ifm ^—^ 

production  lias  risen   rapidly  since  1965;   with   imports   (all   from the USSR), 

total  «as  supply has  increased   fourfold   in  the  seven  year  period  between 

19ti5  and   1971: 

 (Uillion Cubic Meters) 
fe«£ Production Imports Total Supply Vcar 

1965 

1966 

1967 

196» 

1969 

1970 

1971 

1.4 

1.1 

1.6 

2.6 

3,9 

5.2 

5.4 

0,4 

0,7 

1.2 

1,0 

1.0 

1.0 

1.5 

1.8 

2.1 

2.8 

3.6 

4.9 

6.2 

6.9 

By 1975, it is reported that production could be as high 

as 10 billion to 11 billion cubic meters, and total supplies (including 

imports) could be about 2 billion cubic meters higher than that.  These 

increases would amount to another doubling (from 1970) in just a five- 

year period.  A long term forecast indicates that minimum production by the 

mid-19!-0s would be about 22 billion cubic meters, and at that time, Poland 

could be one of Europe's largest producers. 

The demand for natural gas in Poland to 1990 is shown in 

Figure A-57.  As elsewhere in Eastern Europe, the main use of natural gas 

is in the industrial sector; in 1971, this sector used 4.1 billion cubic 

meters out of a total supply (after losses) of 6.7 billion cubic meters, 

or about 60 percent of the total.  The electric power and petrochemical 

sectors each used another 1.1 billion cubic meters. 

f.   Romania 

The production of natural gas in Romania has increased 

roughly three times between 1960 and 1970—from 8.9 billion cubic meters 

to 22.6 briion.  There arc minor exports—all to Hungary—of about 200 
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million cubic meters per year, but most of the gas is consumed within 

the country.  During the forecast period, it has been estimated that gas 

production em double agal«—that is, to about 40 billion cubic meters by 

1990, hui only H MMiUonol rcservts ore discovered and developed.  The 

potentiul is quite «ood, but it is recognized that much of the country lias 

already been explored lor both gas and oil. 

If the demand forecast for natural gas is to be met (Figure 

A-58), it will be necessary to import gas from the USSR.  By 1980, the 

total would have to be about 10 billion cubic meters, and by 1990, as 

much M 30 billion cubic meters.  If Romania's energy requirements are to 

be satisfied in the manner forecast by SRI, the decision to continue relying 

heavily on natural gas for its primary energy needs or to shift more to 

oil and coal will have to be made in the relatively near term.  To the 

extent that the country does not import gas from the USSR, there will 

probably be greater reliance on oil. 

The thermal electric power sector and the industrial sector 

together consumed about 17.5 billion cubic meters of natural gas in 1971. 

This was about 80 percent of total consumption, and it is typical of the 

pattern of gas use in the country for the past severil years.  The next 

largest consuming sector was petrochemicals, and this industry took 2.0 

billion cubic meters m  1971, or between 8 and 9 percent of total gas use. 

This same pattern of gas use is anticipated for the forecast period. 
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