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I OVERVIEW

A, Introduction

Since electric power generation is the single largest consumer of
fuels/energy resources in eastern Europe, it is important to examine

this industry, giving consideration to the following:
® Historical growth of electric poser generation.
® The fuels and energy supply base and historical changes

in this base.

® The efficiency of utilization of fuels and energy in
the electric power industry.

® Present and future technology as it relates to produc-
tion of electric power,

® Effects of this industry as they relate to:

- Projected strains on the fuels/energy resources of
the COMECON Bloc.

- Energy trade of the COMECON Bloc.
- Implications regarding possible trade in energy with
Western countries.
This appendix will cover the first four points, while the last
point and a more detailed discussion of the resources base will be

covered in Appendix A.

Brief coverage will be given of the electric industry of each of
the eastern European Soviet satellites (Bulgaria, Czechoslovakia, East
Germany, Hungary, Poland, and Romania). A more detailed discussion
will be given to this industry in the USSR because of its predominant
importance, in relation to fuel supplies and technology, to the Eastern

Bloc.




B. Summary and Conclusions

To sustain the projected industrial growth rates, the demands for
fuels/energy resources by the Eastern European countries will grow ap-
preciably in the next 20 years. Electric power stations account for up
to 30 percent of all fuels/energy resources consumed in the COMECON
bloc, and thus, should put a definite strain on the ability of these

countries to invest capital and manpower in order to obtain the required

energy.

Only Poland, besides the USSR is in position to satisfy its full
demands for electric power from internal sources for the near term.
Even Romania, which is the only other country not depending on imports
for its energy at present, will be looking for outside sources if its
industrial growth is to be sustained in the future. The following are

the main conclusions that can be reached in regard to the fuels/energy

supplies to COMECON countries:

¢ Very heavy reliance on imports of Soviet oil and gas for
future expansion of thermal power plant capacities.

® The possibility of sizable imports of oil and gas from
the Middle East™ because of possible inability of the
USSR to supply the projected demands for oil and gas,

® Ever-growing reliance on the exchanges of power among
the COMECON members through further development of the
common, integrated ''MIR" power grid system.

The technical development of the electric power industry will

probably proceed on the following lines:

The possibility of Middle East oil imports by satellite countries
has been cropping up in Soviet literature, leading one to speculate
that such imports are being considered as a serious alternative, or
at least as a supplement to Soviet oil.
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® Fairly rapid development of nuclear power in East
Germany, Bulgaria, and Czechoslovakia after 1980,
based on Soviet technology.

® Further large growth in hydroelectric installations in
the USSR. Some significant development of hydroelectric
capacity in Romania, at least through 1980.

® For other Eastern European countries, no scheduling of
sizable hydroelectric projects for the future.

® Rapid introduction of modern thermal power technology,
such as 500 MW turbogenerators working on supercritical
and subcritical steam. The USSR will remain the basic
supplier of this equipment.

® No introduction of MHD type technology until at least
1985.

® Expansion of long-distance transmission of electric
power within the USSR. by tying in the Siberian and
European Russian grids.

® Expansion of high-voltage transmission lines within the
COMECON bloc.

(CF Hydroelectric Energy in the USSR and Eastern Furope

Hydroelectric energy is created by the flow of water between dif-
ferent elevations.* This energy is used to drive turbines which in
turn drive generators that convert the mechanical energy into electri-
city. Although simple in concept, hydroelectric energy is a complex
enterprise in practice. Stream flows typically vary over the short
term (and long term as well), reflecting patterns of rainfall and run-
off that are beyond control. Short term fluctuations in stream flow
may be mitigated by use of storage reservoirs, but this approach is

less effective in dealing with longer term water shortages. A further

complication is that water developments are frequently designed for

*

This is the concept of '"head' often used in engineering discussions
of hydroelectric energy.




L

multiple uses. Storecd water may also be used for irrigation or main-

tenance of navigation channels, and not all may be available for power
production. Power generation, irrigation, and navigation may be incom-
patible with flood control, which requires relatively low reservoir

levels to accommodate expected water volumes from flooding.

The physical basis for hydroelectric energy is the quantity of
water descending a vertical distance (or flowing past a given point).
The maximum hydroelectric potential of a country is therefore the tota.
quantity of water flowing in its streams and the vertical distance it
descends. This concept of total flow multiplied by head is the "theo-
retical hydroelectric potential,’ and is commonly stated in kilowatts
(kW) or kilowatt-hours (kWh). The theoretical potential can never be
achieved; it represents an upper limit that can only be approached.
Thus, the "technical potential” of hydroelectric energy is employed to
describe resources that can be developed within available technical
capabilities, allowing for losses inherent in any such conversion sys-
tem. These concepts are therefore the equivalent to those of the
"original resource base' and ''remaining resources” of the fossil fuels.
Of course, not all the technical potential will be realized, mainly
because of economic factors; there is thus an "economic potential" that
further limits the developable hydroelectric energy. This latter cate-

gory is comparable to the "recoverable reserves" of the fuels.

Table F-1 summarizes the theoretical hydroelectric potentials of
the Eastern European countries, as determined by the United Nations
Economic Commission for Europe. The largest gross (theoretical) po-
tential is for the USSR's Asiatic part, which alone dwarfs all the
other countries combined. As noted above, however, the theoretical
potential is greatly in excess of what can be economically developed.
Tab'e F-2, also from the Economic Commission for Europe, shows tech-

nically exploitable hydro resources as well as economically usable

4
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Table F-2

EASTERN EUROPEAN HYDROELECTRIC POTENTIALS
(Billion kWh)

F
Technically Economically

Gross Potential Exploitable Usable
Country (Theoretical) Potential Potential

Bulgaria 35 15.8 10.2
Czechoslovakia 41 12.0 8.2*
East Germany 16 2.0 < 1.0T
Hungary 12 3.4 < 2.4*

Poland 32 12,1 6.0

Romania 85 23.4 17.0*

- USSR ~‘5.500# 2,160 1,100

Total 5,721 2,228,7 1,144.8

Calculated from technically exploitable potential based on UN-
determined factor that economically exploitable potential is about
20 percent of gross potential,

Calculation from gross potential yields value greater than tech-
nically exploitable potential; economic potential assumed to be
roughly half of technical potential.

Back-calculated from economic potential using above factor.

Source: United Nations Economic Commission for Europe, ''The Hydro- !
electric Potential of Europe's Water Resources, Vol. 1
Methods of Analysis and Thair Application,’ 1968,

e ——
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hydro resources are only about 20 percent of the Kross theoretical po-
tential. A1l but 4 percent of the economically usable hydro potential
occurs in the F'SSR., Outside the USSR, the largest potentials are tor
Romania and Bulgaria as a result of their mountainous terrain and well-

established drainage system.
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Il ELECTRIC POWER IN THE USSR

The electric power industry has always enjoyed a privileged posi -
tion in the planned economic growth of the USSR. Being the largest

single user of fuel of all the economic sectors, consuming about 32 per-

*
cent of all the available fuel in 1970, it warrants a special attention

in assessment of its potential for growth, particularly as it relates

to factors affecting the economic use of fuels.

In the following sections, a general coverage of the historicol,
present, and future state of the electric power industry of the USSR
will be given. The sections will cover the generation of electric
power by hydroelectric, thermal, and nuclear power stations, with par-
ticular emphasis on the way these play a role in the fuels/energy bal-

ance of the country.

Historical Growth

The original basis for the development of the electric power in-
dustry of the USSR was laid down in the document adopted by the Eighth
All Russian Congress of the Soviets in December 1920. The plan, called
"GOELRO" (the State Commission for Electrification of Russia), was one
of the primary goals of the Soviet regime for laying a foundation “or
industrialization and was strongly sponsored by Lenin, who considered
implementation of the plan as fundamental to the success of Communism.

Even now, although not all the goals of the original plan have been

In all the discussions regarding fuel use in electric power stations,
all fuels will be related to the standard coal equivalent fuel that
is defined as having a heat content of 7,000 Kcal/kg (12,600 Btu/
pound) .




adhered to, it i< used as an example of a rational approach to the de-

voelopment of an industrinl power basce,
The plan included:
1. The construction of large regional electric stations

based on locally available fuel resources.

2. The development of hydroelectric resources with a view

toward not only providing electric power but also foster-
ing water transport and irrigation.

3. A rational distribution of electric power production over
the country,

4. The building of an integrated transmission grid.l

In its essentials, this plan was completed in 1931. The plan was in-

tended to be implemented in a period of 10 to 15 years. If we leave

out the period of the revolution and that of the civil war and compare
the total installed electric power capacity in 1932 to that in 1922, we

See an average annual growth rate of 14,1 percent. Some of this growth

should be attributed to reconstruction of existing facilities laid

waste by civil upheavals. The dynamics of growth of installed electric

power capacity can be seen in Figure F-1,

not sustained in later periods; however, with the exception of the war

period, 1940-1945, it was hevertheless very impressive. The average

annual growth rate was 11.9 percent in the period of 1955 to 1965 and

dropped to 7.6 peércent during the eighth five-year plan, 1966 through
1970,
The dynamics of installed capacity and electric power production

are given in Tables F-3 and -4, respectively,

"Energeticheskaiya, atomnaiya, transportnaiya i aviatsionnaiya
tekhnika kosmonotika' (Electric, atomic, transport, aviation, and

space technology), Nauka, 1. I. Artobolevskii, ed., pp. 16-18
(Moscow, 1969).

This average growth rate was

e o
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B. Hydroelectric Power Stations

flvdroeleetrie power has plaved o glnmorous role In the growth of
the electric industry in the {ISSR, perhaps to the detriment of economic
benefits to be der.ved from it, particularly in later years. The early
emphasis on its development had rational roots in the goals that the new
Soviet government set for itself after the end of the civil war. The
intent to rapidly industrialize demanded large amounts of electricity,.
However, it also required large amounts of foreign exchange for purchases
of industrial machinery, which could most easily be obtained by export-
ing oil. Coal, o0il, and wood constituted the main sources of fuel at
that time, with oil accounting for about 30 percent of all the fuel pro-
duction. It was obvious that coal production and transport could not
be expanded rapidly enough to carry the load of providing all the re-
quired power and that the use of wood resources would have been insuf-
ficient and technically and economically undesirable. The choice of
using local regional resources, such as easily obtainable low grades of

coal, peat, shale, and particularly water resources, was obvious,

3 18 Location of Hydroelectric Complexes

The USSR is endowed with large water resources, however un-
evenly they might be distributed throughout the country. Most of these
are located in Siberia and are yet to be tapped. It has been estimated
by the Soviets that as of January 1969, 10 percent of the economically
developable water resources of the country have been utilized. With

the completion of the current construction projects, this proportion

would rise to 17.5 percent.

These numbers, however, do not reflect the potential for hydro-
electric development in the near future. If we look at the distribution

of the developed sites, it becomes obvious that the extent of




elopment in the most populated and industrialized areas is weil ad-

dev

vanced (Figure F-2).

The present approach to the development of this resource is
based on economic planning, which takes into account the interest on
the capital requirements of this highly capital intensive industry.
The locations of hydroelectric stations will be limited to those areas
where local fossil fuel resources are inadequate or their transport
costs are prohibitive. The momentum generated in the early years in
building hydroelectric facilities had carried into the time when build-
ing of some of these facilities was economically unjustified in compari-
son to the thermal stations. The location of major existing and future

hydroelectric stations is shown on the attached map.

20 Installed Capacity and Sizes of Hydroelectric Stations

The installed capacities of Soviet hydroelectric facilities
tend to be very large. As of the end of 1970, the total installed hy-
droelectric capacity was 31.4 million kW, representing approximately

154 stations (Table F-5). They were broken down by sizes as follows:

5
Hydroelectric Station Installed Capacity

(Megawatts)
Greater Than
5.1-25 25.1-100 101-300 300-1,000 1,000
Number of stations 52 54 27 16 5
Installed capacity
(million kW) 0.6 2.8 4.5 8.2 15.2

There were five stations with individual capacities of well over

1,000 MW,

14
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8. Construction Periods and Costs

The period for construction of hydroelectric projects is in
general much longer than that for themnal stations. On the average,
the reported time span for site preparation, before actual construc-
tion begins, takes two to three years.2 This includes, among other
things, construction of roads, living facilities, electric transmission
lines, sites for production of materials, warehousing, etc. The actual
construction time may vary from five to seven years, or in some cases
much longer. Table F-6 presents examples of reported construction

periods and costs of some of these installations.

In view of the length of time and the heavy capital expendi-
tures required for the development of hydroelectric resources, they are
not likely to sustain the rapid growth rate experienced in the immedi-
ate post-war period. This decision seems to have been made during the

construction of the seven-year plan (1959-1965).°

The reported costs of construction of hydroelectric facili-
ties have been going down since the post-war period. These were about
470 rubles/kW installed capacity in 1952-1957 and had dropped to about
160 rubles/kW in the 1959-1965 period.* These large differences were
mainly due to the inefficiencies in the industry during the reconstruc-
tion period after World War II, lack of equipment, material, and trained

manpower. The growth of the average size of installed units contributed

to further reductions as well.

Energeticheskoe stroitelstvo, No. 10-11, p. 94 (1971).

° A Report on Electric Power Development in the USSR, p. 13 (Edison

Electric Institute, New York, N.Y., 1963).

* A Report on Electric Power Development in the USSR, p. 19 (Edison

Electric Institute, New York, N.Y., 1963).
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Table F-6

CONSTRUCTION PERIOD AND costs
FOR SOME RFEPRESENTATIVE HYDROELECTRIC STATIONS IN THE USSR

Power Construction* Reported Cost*
Station River (million kW) Period (million rubles)
Kamskaiya Kama 0.50 1950-1956 150
Gorkovskaiya Volga 0.52 1950-1956 187
Charvakskaiya Chirchik 0.60 1963-1967 6
Irkutskaiya Angara 0.66 1950-1956 94
Pliyvinskaiya Daugava 0.83 1961-1966 49
Chirkeiskaiya Sulak 1,00 1963-1967 36
Volzhskaiya=Lenin Volga 2.30 1950-1957 701
Nurekskaiya Vakhsh 2.70 1963-1967 118
Bratskaiya Angara 4,10 1955-1962 532
Krasnoyarskaiya Enisei 5.00 1955-1968 491

Excluding site preparation.

Source: Energeticheskoe Stroitelstvo, No. 10-11,

1971, p. 96,

Our estimated present cost of construction is about 110

rubles/k¥ installed power for an average station size of 1,000 MW, This

cost would imply an investment of approximately 1,25 billion rubles for

the planned construction during the 1971-1975 five-year plan, This

amount represents 7 percent of all the capital investment

slated for the
power industry in this period,

The estimated costs include an allowance

for the expected further drop in the construction cests for this plan-

ning period, These costs, however,

are expected to rise beyond 1975,




when new remote sites are to be exploited on the Enisei and Angara

Rivers. (Table F-7 presents a list of the most important hydroelectric

river systems in the USSR.)

4. Uses of Hydroelectric Installations

Much of the power for peak load periods is supplied by hydro-
electric stations. At present, the expansion of some of the facilities
are intended for this specific use. The first pumped storage facility
in the USSR is being constructed at the Kiev station on the Dnepr River
and construction of another one is scheduled to begin before 1975 at

Zagorsk. These installations are primarily intended for peak loads.

The other important multiple uses for hydroelectric facilities
are navigation and irrigation. Most of the dams and facilities installe¢
in central Asia and Kazakh SSR are partly justified by the planners for
irrigation, while those in the European area are used for navigation as

well.

It is expected that the growth in hydroelectricity will not be
sufficient in the future to supply all the peak capacity that is neces-
sary. The slack is expected to be picked up by gas turbine installations.

These are intended to be installed at the hydroelectric sites.

5. Present State of Hydroelectric Technology

The achievements of the USSR in the field of hydroelectric power
technology have become well-known with the worldwide publicitv given to

the construction of the Aswan Dam in Egypt.

Production of turbines and generators has reached a stage
where they are competitive and technically as advanced as any available
on the world markets. Even shortly after the war, when the United States

helped with the reconstruction of the Dneproges by providing the Soviets
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with three turbines and generators build by Newport News Shipbuilding

and Dry Dock Company and by General Electric Company, similar Russian
turbines were installed side by side. They turned out to be as effi-

cient and reliable as the ones of U.S. manufacture.

One of the biggest turbines in the world was installed in 1963
at the Krasnoyarsk station. It is a Francis type turbine rated at 508
MW at 93.8 rpm at a working head of 100 meters. It generates a voltage
of 15.75 kV. Similar turbines are now being built for the Nurekskiy
station, cn the River Vakhsh, as well as for export. They have a capa-
city of 300 MW at 230 meters head. The unique features of the associ-
ated generators are that the stators are internally water cooled and
the rotors are forced air cooled. Investigations are going on into

feasibility of water cooling the rotors as well.

Kaplan type turbines of 115 MW have been produced for such
stations as the Volzhskaiya-Lenin. This station has 20 of these tur-

bines installed.

Specicl units, such as the encapsulated turbine-generators,
have been produced as well. A horizontal unit of this type was built
for the Kievskiy station. Its installed capacity is rated at 18,5 MW

at 85.7 rpm. The voltage output of the generator is 3.15 kV.

Construction of arch and arch-gravity dams has been mastered
in the last few years. An example of an arch dam is the one being con-
structed at the Chirkeisk station on the River Sulak. Some of the others,
such as the Ingurskaiya (Inguri River), are being built with a total head
of 271 meters. 7The Toktogul dam (Naryn River) is to be an arch-gravity
dam of 215 meters head. These are the first of their kind to be built

in the USSR.
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It is obvious from the above examples that the USSR technical
capabilities in construction of hydro projects is at least as advanced

as some of the best projects in the United States or Western Europe.

6. Future Growth of Hydroelectricity

Twenty-five stations were under construction at the beginning
of 1970, with a planned installed capacity of 22 million kW. Of these,
11.4 million kW were expected to be installed in the period 1971 through
1975, of which 11.3 million k% are to be from projects started before
1971 and about 0.1 million kW from projects begun in the current five-
year plan. The planned installed capacity by the end of 1975 is to be
43 million kW and the corresponding production of electricity from these
stations is to be 165 billion kWh., It is our estimate that these goals

are likely to be met.

For the longer time span, it is expected that the present ratio
of the installed capacity of hydroelectric stations to that of all elec-
tric stations (including nuclear) will stay the same. With a probable
annual growth rate of 6.5 percent through 1980 and 5.5 percent through
1990 for all electric power, it is expected that the hydroelectric in-
stalled power capacity will be 43,000 MW in 1975, 59,000 MW in 1980, and
100,000 MW in 1990,

e€. Thermal Power Stations

Thermal power stations represented 80 percent of the total installed
electric generating capacity of the USSR in 1970. These stations pro-

duced about 82,7 percent of all the electric power for that year,

An important segment of the thermal power stations in the USSR 1is
the so-called "district-heat" stations (TETS). They supply both electric

power and steam/hot water to the consumers. They represent, at present,
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over one-third of all steam and hot water supplied to the economy. The
1970 and 1975 shares of thermal power station production of heat in all
heat generation in the USSR is presented in Figure F-3 and F-4, respec-
tively. In terms of power generating capacity, they represented over 35
percent in 1970. Their share in total thermal station electric generat-

ing capacity is likely to remain the same (40 percent of all steam turbine

units),.

The other thermal power stations are represented by the condensing
turbine, large base-load units (GRES). These have been steadily growing

in size and technical performance in order to lower both the installed

costs and fuel consumption.

Figure F-5 shows the location of ma jor thermal power stations in the

USSR,

1. Station Sizes and Steam Parameters of Thermal Stations

The station sizes and individual turbogenerator sizes making
up the station complement have been growing in the USSR at an appreci-
able rate in the last 20 years. Whereas the maximum station size of
the condensing turbine plant (GRES) in 1950 was 510 MW, in 1970 it was
2,440 W and is expected to be 3,000 MW in 1975. For the combined
electricity-heat plants (TETS), they were 150 MW and 600 MW, respec-
tively, and are expected to grow to a maximum size of 1000 MW by the
end of 1975. The growth patterns for the maximum sizes of stations and
individual turbogenerators as well as the steam parameters can be seen
in Table F-8, The breakdown of all installed steam-turbine thermal

station capacity by turbogenerator sizes is shown in Table F-9,

At present, at least one station is reported to operate with
individual turbogenerator size of 800 MW in the supercritical region,
The steam parameters, however, are not as high as those in the United

States. The maximum inlet steam condition used in the USSR is 3,413 psi
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Table F-8

MAXIMUM POWER STATION SIZES
AND STEAM PARAMETERS IN THE USSR

Condensing Turbines Electric Power and
(GRES) Heat Turbines (TETS)
Station Sizes and
Steam Parameters 1950 1970 1975 1950 1970 1975
Max, station capacity 510 2,440 3,000 150 600 1,000
(MW)
Max. turbogenerator 100 800 1,200 25 100 250
size (MW)
Max. boiler capacity 230 1,250 3,600 230 480 950
(metric tons/hr,)
Initial steam parameters
at turbine inlet
Pressure, Kg/cm2 90 240 240 920 130 240
Temperature, °C 500 565 565 500 565 565
Second rcheat, °C - 565 565 - - 565

2
(240 Kg/cm ) at 1,049°F (565°C). Although research is being done on the
use of higher pressures, the Soviet planners have decided to keep the
maximum inlet steam temperature at 1,049°F. Economics and lack of high

quality austenitic steel prevented them from going to higher temperatures.

In the United States, one plant has been operating in the supercritical
region with a pressure of 5,000 psi and 1,200°F. This, however, is not
the norm in the United States either, and most operations are limited

to 5,000 psig and 1,100°F on economic grounds.

A number of plants (GRES) are being constructed, at present,

with individual turbine capacities of 800 MW, and at least one is
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Table F-9

BREAKDOWN OF INSTALLED STEAM TURBINE,
THERMAL STATION CAPACITY IN THE USSR BY
TURBOGENERATOR SIZES

(1,000 MW)
Heat and
Condonling Turbinea Powe> Turbinea
Capacity 1965 1970 1975 1965 19870 1975
Turbogenerator size (MW)
800 - 0.8 3.2 - - -
500 - 0.5 1.5 - - -
300 3.6 20.7 37.2 - - -
250 - - - - - 1.5
200 9.6 16.6 22.6 - - -
170 - - - - - 0.17
180 8.96 12.32 13.44 - - -
150 0.6 0.6 0.6 - - -
135 - - - - - 0.408
100 8.4 9.5 11 1.3 5.1 1.7
< 100 17 15.05 10 31.4 41,9 51,228
Total 48.16 76.07 99.54 32.7 47 65
Inlet steam presaure
(Kg/cu?)
300 - 0.1 0.1 - - -
240 3.6 22 41.9 - - 1.5
200 0.05 0.05 0.05 - - -
170 0.6 0.6 0.6 - - -
130 18.56 29 36.32 9.7 18,2 30.9
60-120 - - - 2:7 2.7 a.a
90 16.95 17.35 17.37 7.3 12,55 15.3
35 and lesa 8.4 6.97 3.2 13 13.55 14.6
Total 48.16 76,07 99,54 32.7 47 85
Type of steam draw-off
Steam for water heating . 9 15.4 28.6
Direct steam and water
heating 13.6 19.9 25.4
Direct ateam 10.1 11.7 14
Total 32.7 47 s

Source: Energetika SSSR v _1971-1975 Godakh, Pub. "Energis,” Moacow 1970,
PP. 108-110.
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reported to be of 1,200 MW size. The largest share of new installa-
tions will have 300 MW units installed. There should be 55 turbines of
this capacity installed between 1970 and 1975, for a total of 124. The
second largest share of installed capacity will have 200 MW turbines,
with a total of 30 turbines to be installed in the same period for a
total number in 1975 of 113. Only three new turbines of 800 MW capacity

are scheduled for installation in the 1971-1975 plan period.

Construction is in progress on new stations such as the one
in Uzbek SSR, Central Asia, near the town of Bekabada. The installed
capacity of this station is scheduled to reach the projected design
capacity of 4,400 kW by 1980, It is to consist of four turbines of
300 MW and four of BOO MW capacity each. The first 300 MW block was

6,6
put into operation in late 1972 and is being fueled by natural gas,

Some of the smaller condensing type turbine installations are
being shifted to operate as heat and power turbines in order to meet the
planned expansion of supplies of hot water for centralized public space
heating. By increasing the production of heat in electric stations, the
Soviet planners hope to reduce the overall fuel consumption for space

heating by the less economic district boilers.

2} Economic Considerations for Installation of Heat and Power
Turbines

In their overall search fu» the most economic utilization of
fuels, the Soviet planners have arrived at certain economic criteria for

installation of heat and power stations.

¥ Ekonomicheskaya gazeta (Economic Newspaper), No. 13 (March 1973) and

No. 28 (July 1973).

® "Elektrifikatsia SSSR," in Energia, P. P. Neporozhnego, ed., p. 239

(Moscow, 1970).
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They have concluded that the overall savings in fuel corre-
sponding to combined heat and power production is justified only in in-
stances where amortized costs of these more expensive installations and
the regional price of fuel are such that it becomes uneconomic to in-
stall separate boilers for heat production. Installation of high capa-
city heat and power turbines such as T-250-240 (250 MW, supercritical
steam) is reserved for cities with populations over 1 million located
in regions of high fuel costs (fuel costs over 12 rubles/metric ton
coal equivalent).* This restriction limits introduction of these large
turbines to the European part of the USSR. They are presently being in-
stalled at Moscow and Kiev. Installation of heat and power turbines
of the 250 MW capacity in thermal powver stations at Leningrad, Kharkov,

and Minsk are scheduled for the period 1976-1980,

Heat and power turbines of the 100 MW capacity (T-100-300)
are installed throughout the USSR in cities with populations of 250,000
to 1 million, with the exception of cities in southern regions where

the winter heating season is relatively short.

There are no current plans to raise the power levels of the
heat and power turbines any higher, except for development of 170 MW
turbines, which will be introduced in areas with high consumption po-

tential but with low fuel costs.

3. Fuel Consumption in Soviet Thermal Plants

Electric power generation is the biggest single fuel consum-
ing industry in the USSR. The projected growth in electric power gen-
eration is going to increase its share of fuel consumption even fur-

ther. Whereas in 1960 it accounted for about 30 percent of all fuel

*
One metric ton coal equivalent = 27.78 million Btu,




consumed in the country, by 1975 this share will climb to 37 percent,
With this fact in view, it becomes important to look at the efficiency

of fuel utilization in Soviet thermal stations.

It is easy to see, by examining the historical trends in heat
rates in Soviet power stations (Table F-10), that the growth in in-
stalled capacity has been paralleled by dramatically decreasing heat
rates. Without higher capacity/higher efficiency units, the supply of
fuel to electric stations would have become critical. Further expansion
of generating capacity will have to call for further reductions in fuel

consumption.

The average heat rates for all thermal plants in the USSR
lagged rather significantly behind those of the United States in the
early sixties, but have since become similar. It appears, too, that the
program of rapid introduction of new supercritical units and phasing out
of obsolete plants in the USSR will further improve the net heal rates.
The plans call for the heat rate to drop to 9,444 Btu/kWh by 1976 in
all public thermal stations, which should lower the overall heat rate

to a figure somewhat lower than that in the United States.

Another dramatic change that was partly responsible for the
lowering in specific fuel consumption in electric stations was the
change in structure of fuels used in thermal stations over the last 15
years. Fuel use and regional utilization of fuels by type are given
in Tables F-11 and F-12, respectively. Two features are of note. The
first is the change to oil and natural gas, which accounted for almost
49 percent of total fuel used in 1970, and the second is the still sig-
nificant use of peat and shale in certain regions of the USSR. The use
of peat, shale, and low grade coal is justified on economic grounds in

certain regions that lack gas and oil resources.
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Table F-11

FUEL USE IN ELECTRIC POWER STATIONS IN THE USSR BY TYPE

(Percent)

1960 1965 1970 1975
Gas 12.3% 25.6% 26 % 26.8%
Liquid fuel 7.5 12.8 22.5 25.1
Coal 70.9 54,6 46,1 42.6
Peat 7 4,5 3.1 3.5
0il shale 1 1.5 1.7 1.6
Others 1.8 1 0.6 0.4

Total 100 100 100 100

Source: Energetika SSSR v 1971-1975 Godakh, Pub,
"Energia," Moscow 1672, pp. 171-173.

Most of the ccal supplied to the thermal stations in the
European part of the USSR in 1965 came from the Donets basin. However,
with large new demands on coking coal for the production of iron, Donets
coal is being replaced by the coal from the Kuznetz basin as well as
other fuels. Because of substantial pollution caused in burning this
coal, a change to other fuels is being considered for the stations that
are located near large cities such as Moscow and Ryazan and that are

supplied with coal from the sub-Moscow basin. To further reduce con-

sumption of the Donets coal, a number of large stations planned for the

western part of the USSR, such as at Pskov, Smolensk, and Cherepovets,
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are intended to burn peat. However, the major part of new fuel demands

is to be supplied by gas and fuel oil for the European pert of the USSR.

The situation in the Urals is somewhat different. There the
future plans call for utilization of the Ekibastuz coal in large quanti-
ties. Already in 1965 almost 73 percent of total production of this
coal was delivered to this region. Further development of strip mining
in this basin makes this coal, according to Soviet planners, competitive
with natural gas. Natural gas is abundantly available in this region
because of a network of gas pipelines running through the region. It
is expected that Fkibastuz coal will account for 25 percent of all fuel

consumed in the Urals by 1975.

Thermal stations in the eastern regions burn primarily local
coals and are likely to stay on these fuels for the near future. In
particular, the strip-mined coals of the Kuznetsk and the Kansko=-Achinsk
basins are going to be the main suppliers of coals to those stations.
However, some boilers, working to cover peak demands, will be fueled by
fuel oil. This is being justified on the basis of lower capital costs

than for boilers working on coal.

Seasonal variations in heat and power demands cause relative
perturbations in supplies of different fuels. Because of high demands
placed during the winter months by households and direct industrial
users, natural gas supplies to electric stations are drastically cur-
tailed, thus requiring stations to shift some, and sometimes all, of
their load to coal or fuel oil. Hence, during the winter months, thermal
stations use more coal and fuel oil relative to natural gas than they
do in the summer months. This method of operation in turn requires in-
stallation of facilities at these stations so that they will be able to
shift from one fuel to the other. Usually the boilers are manufactured

to work either on coal and gas or on fuel oil and gas. The wide
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variations in coal quality require construction of special boilers for
a particular station, and the shift in conl type then requires recon-

struction of existing facilities.

D. Nuclear Power

The first successful test of an atomic reactor in the USSR occurred
on Christmas Day 1945 about three years after an American reactor achieved
criticality. A Soviet test fission weapon was set off on August 29, 1949,
Five years later, in .June 1954, the USSR's first atomic power station be-
gan producing electricity at Obninsk outside Moscow, The rated electri-
cal power was 5 MW, Since 1954, the total installed nuclear capacity in
the USSR has increased to about 500 times that figure (at seven locations).

[n another decade, the USSR's installed nuclear capacity will be 20 times

the present amount.

This rapid rate of growth indicates the importance of the nuclear
reactor to the I'SSR national plans for resource development and the gen-
eration of electricity, In addition to their efforts to use uranium-235
fission, a considerable research program is devoted to the magnetic con-
tainment of high temperature piasmas to study the possibilities of de-
riving energy from controlled thermonuclear fusion of deuterium and tri-
tium. In this area the USSR leads the rest of the world with the design
of its toroidal shaped ''tokomak' at Khurchatov Institute. However, even
with this recent impressive success, it is not anticipated that a suc-
cessful fusion reactor will become reality before the end of the present

study period (1990). Beyond that are the formidable engineering problems

of withdrawing energy and generating electricity from this process--
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problems that may not be solved in this century. Consequently,

*
we shall not discuss the fusion research program in any detail.

The Soviet program for generating electric power from nuclear fis-
sion is characterized by these main features:
® Historical reliance on the Light Water Reactor (LWR)
for power generation from conversion reactors.

i ® National commitment to development of the oxide-fueled
liquid metal fast breeder reactor (LMFBR) .

® Early construction of LMFBR demonstration power plants
instead of reactor test facilities.

® Low reserves and capacity for plutonium production and
little experience with plutonium or mixed oxide fuels.

® Recent reemphasis on newly designed graphite-moderated
thermal converter reactors for power and plutonium pro-
duction until widespread use of the LMFBR is ready
(probably beyond 1985).

e Dependence upon development of nuclear power with highly
flexible plant load factors.

e Specialized uses of nuclear plants for space heating and
desalination of water in addition to production of elec-
tricity.

® Less concern for including safety features to cover small
probability (or "incredible") failures.

These features have important imjp.ications for the rate of development
of the Soviet power reactor program and for estimates of future elec-

trical capacity.

1. Status of Nuclear Power Industry in the USSR

The installed capacity of nuclear power plants in the USSR at

present (2,320 MV) is considcrably smaller than that of the comparable

»
An excellent summary of the Soviet fusion research program appears in

American Scientist, Volume 59, p. 463.
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U.S. industry (20,000 Mw). However, it ig estimated that Soviet in-

stalled nuclear capacity will reach 7,120 MW by 1975 and 21,000 MW by
1980.

A summary of known power reactors either in operation or being
constructed in the USSR is given in Table F-13 by year of completion,
location, type, and size. From this table it is obvious that in the
past the Soviets have emphasized variations of the Light Water Reactor
(LWR) in their construction program. This emphasis and the principal
design features of the LWR power plants have been substantially similar

to the program in the United States and Europe.

The locations of the installations listed in Table F-13 are
illustrated in Figure F-6. Because the supply of nuclear fuel is not
a substantial cost (one trainload shipment a year is adequate to sup-
ply even the largest installation), it is anticipated that nuclear
plants will be located close to the ma jor demand markets, except for
auxiliary uses such as desalination of water (Shevchenko) or space heat-
ing (North-East). Furthermore, a 1971 Russian study indicated that only
in the principal regions of Siberia is nuclear power uneconomical in com-
parison with electrical plunts burning local coal or possessing large
hydroelectric power stations. Therefore, it should be expected that
future locations of reactors will he widespread throughout the European

USSR, perhaps 20 to 30 kilometers outside major cities,

2. Plans for Reactor Development and Construction Costs

The Soviet plan appears now to be baged on simultaneous devel-
opment of the oxide-fueled lLiquid Metal Fast Breeder Reactor (LMFBR) and

a light water-cooled, graphite moderated nonbreeder (LWGR) with modified

design features.
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1966
1967
1969
1970
1971
1973

1975

1980

Table F-13

USSR POWER REACTORS IN OPERATION OR UNDER CONSTRUCTION

Location

Obninsk
Troitsk
Novo-=Voronezh = N
Beloyarsk - No, 1
Melekess
eloyarsk - No. 2
Novo-=Voronezh = N
Melekess
Novo-Voronezh = N
Shevchenko
Novo=Voronezh = N

Oktomberyan = No.
Murmansk = No. 1

Novo-Vorenezh = N
Beloyarsk - No. 3
Leningrad

Leningrad
Smolensk - No. 1,
Kiev = No. 1,2
Kursk - No, 1,2

BWR
PWR
LWGR
FBR - Fast Breed

Construction
Power Cumulative Cost
Type (1,000 Mwe) (1,000 MWe) (rubles/kWe)
TEST 0.005
LWGR 0.60
o.1 PWR 0.21
LWGR 0.09 704
BWR 0.05 0.95
LWGR 0.20 224
0.2 PWR 0.37
FBR 0.01 1.53
o. 3 PWR 0.44 210
FBR 0.35
o.4 PWR 0.44 2.76
1,2 PWR 0.88
PWR 0.88
o. 5 PWR 1.00
FBR 0.60 225
LWGR 1.00 7.12 120
LWGR 1.00
2 LWGR 2.00
LWGR 2.00
LWGR 2.00
PWRs (est.) 6.0
FBRs (est.) 1.0 21

er Reactor.

Boiling Water Reactor.
Pressurized Water Reactor.
Light Water Cooled, Graphite Moderated Reactor.

10
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The two largest LMFBR demonstration plants in the world are
both being constructed in the USSR; one of these is close to completion,
several years ahead of the schedule for an American breeder of compar-
able size. This lead is primarily a result of a Soviet decision for
the early construction of demonstration power plants instead of reactor
test facilities as is planned in the United States. By sacrificing an
early demonstration of power generation from breeder reactors, the U,S,.
approach allows much greater flexibility in making design modifications
during the development of the high performance systems required to satisfy
power industry needs. The Soviet program seems to be based on the con-
viction that the problens of developing high performance breeder systems
can best be worked out with experience gained from demonstration power

plants.

One possible restriction on early wide-scale adoption of the
LMFBR by the Soviets is the comparatively limited supply and rate of

production of plutonium in the USSR.

Plutonium is used as the principal fuel for the initial charge
in the U.S. design of the fast breeder where about 4,000 kilograms of
fissile material is required in the fuel cycle for each 2,000 MwWe g :n-
erated. After the initial loading, however, the breeder produces more
plutonium thun it consumes, converting the abundant, non-fissioning
uranium isotope (U-238) into plutonium. FEstimates of the USSR supply
of plutonium from reprocessing the fuel elements of converter reactors
do not exceed about 10,000 kilograms (10 tons) by 1980.* To overcome
this problem of plutonium shortage, the Soviets have designed their
breeder to be compatible with the initial use of uranium oxide fuel
elements and subsequent conversion to plutonium or mixed oxide fuels as

they become available.

As compared with about 100,000 kilograms of plutonium from convertor
reactors in the United States.
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The limited USSR supply of plutonium can be traced to the
smaller number and size of their conventional reactors both operating
and under construction. It is not known to what extent plutonium can
be produced and diverted from the weapons program for use in the power
reactors, but the Soviet plan to sacrifice some performance in these
reactors by designing them for compatible use with uranium oxide fuel
elements probably indicates that very little, if any, plutonium can be

expected from that source.

As indicated previously, the conventional reactor program in
the USSR has emphasized the construction of Pressurized Water Reactors,
There is now evidence that considerable effort is being devoted to a
modernized version of the old graphite moderated reactor. The Soviets
indicate that some design changes in the original concept of this re-
actor will enable them to make significant reductions in construction
costs. The quoted figures for construction costs are given in Table
F-13 for several reactors of different design, including the first of
two 1,000 MWe graphite reactors presently under construction in Leningrad.
There is some question about whether all capitalization costs have been
included in these figures, but assuming that the method of calculation
is self-consistent, it is clear that the construction costs for the new
graphite reactors are lower than for PWRs. In addition, the conversion
ratio for production of much needed plutonium from fertile U-238 is

higher for graphite reactors (0.7) than for PWRs (0.6).

There has been no indication of any USSR plans to pursue de-
velopment of the High Temperature Gas Reactor (HTGR) which is receiving
much attention in the United States and the United Kingdom. The HTGR.
a thermal converter based on the thorium cycle, will probably dominate
the Western reactor market during the 1980s (before large-scale in{ro-
duction of commercial breeder reactors) because of its high thermody-

namic efficiency (up to 43%) and lower costs. The HTGR uses a
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uranium-thorium fuel mixture and converts thorium-232 into fissile
uranium-2433. The U'-233 can be recovered for use as n fuel in certain
thermal breeder reactors, e.g., the Molten Salt Breeder Reactor (MSLR),
but it is not very useful in fast breeders. The HTGR may not be at-
tractive to the Soviets because of their substantially different nuclear
fuel supply picture and their commitment to ultimate emphasis of the

LMFBR.

Despite the considerable effort being devoted to improvement
of the fast breeder and the early construction of large demonstration
power plants at Shevchenko and Beloyarsk, it is not e.pected that any
significant production of electricity on a national scale will come
from this source much before 1990, However, until such time as the
brecier is producing at least as much fissile material as is being
consumed in reactors throughout the USSR, uranium ore will be andequate
to supply all Soviet reactors with fuel at about the same cost as 1973

supplies.

3. Growth Projections and Comparative Power Costs

Projecting the growth of Soviet nuclear power generation by
comparison of costs with fossil fuel power has always been restricted
by the lack of actual performance and cost data for existing reactor
types. U.S. scientific delegations visiting Soviet reactor sites have
had little success in determining the basis for the Soviet cost figures
that were provided. Furthermore, the technology of only a few reactor
designs has matured to the point where one can estimate with confidence
the costs of a full-scale plant of a size likely to be competitive with
fossil fueled plants. Fuel cycle costs are changing rapidly as a re-
sult of innovations in the design and manufacture of fuel elements. Re-
cent changes in Soviet policy on reactor safety requirements may also

substantially affect costs. Finally, any large-scale introduction of

414




me ___ooba e o _ ol

3

nuclear energy will undoubtedly affect the economic picture for tradi-
tional energy resources, displacing the more expensive fuels from use
in electric power generation and thereby altering its own economic en-

vironment--i.e., important "feedback' mechanisms begin to operate.

In recognizing that inter-fuel competition will make isolated
economic comparisons obsolete, Soviet economists themselves have adopted
a new approach to forecasting the growth of nuclear power. They are
using a mathematical model that Ssimulates the power economy of the USSR
and makes forecasting predictions based upon many different combinations
of economic variables. Some of these variables are: total electric
powver consumption, potential volume of coal and petroleum production,
total capacity of nuclear electric plants, operating characteristics
of the plants (thermodynamic efficiencies, conversion ratios, etc.),
territorial distributions of different types of plants, and costs in

each category of production and in each end-market sector.

A summary of the historical and 2rojected nuclear capacity
has been given in Figure F-1 and Table F-3. Starting from less than
1 percent of the total in 1970, it is anticipated that nuclear capacity
will rise rapidly and overtake hydroelectric capacity by 1990, when each
will be over 100,000 MW, Furthermore, because much of the hydroelectric
powver is reserved for peak load demands whereas nuclear installations
are primarily for base load, the total electrical energy generated by
reactor installations (in kilowatt hours) will substantially exceed

hydroelectric energy, as can be seen from the projected figures in

Table F-4,
By 1990 we expect the following:

® Nuclear plants with load factors flexible enough

that they can be used for either base or some peak
load operations.
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® Total nuclear energy will be 7-8 percent of total energy
1 consumption (oil, gas, coal, hydro, nuclear).

i ¢ The proportion of installed nuclear capacity to total
capacity will be 20-23 percent (including 32-36 percent
f in the European USSR).

® The growth rate of nuclear power will not be very sensi-
tive to the price of other energy resources as long as
the relative capital investment in nuclear plants does
not exceed the capital investment in fossil fuel plants
by more than 50 percent.

® Nuclear plants will be used to provide for the growth
of base load and some fluctuating electric load in the
North-West, Center, Ukraine, and Caucasus. No special
effort will be made to extend nuclear use either to other
regions (Siberia) or to still more fluctuating portions
of the load curve,

® Most nuclear power will he generated about equally from
Pressurized Water Reactors and Graphite Moderated Reactors
with LMFBR:s just beginning to emerge from the testing
stage to full-scale production and use as indicated in
Table F-14.

Table F-14

FORECAST USSR INSTALLED CAPACITY BY REACTOR TYPE
(1,000 Mve)

1975 1980 1985 . 1990
PWR 4,2 10 23 50
LWGR 1.9 9 23 53
LMFBR 1.0 1 3 6
Others - 1 4 9

Total




Finally, it should be mentioned that the Soviets are using

nuclear energy for specialized purposes, such as desalination of sea
water and power generaticn combined with space heating in remote re-
gions where the growth of mining activity has been restricted by limited
fuel supplies and severe climatic conditions. In many ways, nuclear

energy is an excellent solution to these problems.

At the town of Schevchenko on the Caspian Sea, the BN-350 ex-
perimental LMFBR produces almost 20 million gallons per day of desali-
nated water for 60,000 people, The water is used for direct consumption,
industry, and agriculture. Although the expense is rather high (over
$2.00 per thousand gallons) it is the only plentiful supply of fresh
water in this desert region where rich reserves of manganese and phos-

phorites provide the incentive for industrialization.

In extremely remote arctic areas of the Asian North where sup-
ply lines from developed districts often extend several thousand miles,
the problems of maintaining a reliable fuel supply has hampered in-
dustrial development. Considerable deposits of copper, nickel, tin,
gold, and diamonds have been discovered but are not exploited because
of fuel transportation costs which are often more than five times the
costs for economically developed regions. Small nuclear plants gener-
ating less than 50 MW electrical power and providing turbine exhaust
steam for local space heating may be a key to Soviet development of

these resources.

E. Electric Transmisgion System in the USSR

In order to centralize power production and use the savings in-
herent in large power producing complexes, a large transmission grid
had to be built rapidly in the USSR in order to embrace the vast ter-

ritories of the country,
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The rapid growth in transmission facilities that took place in the
lagt ten or so years can be obgerved in the statistics for total length

of transmission lines of various voltages (Table F-15).

Table F-15

LENGTH OF TRANSMISSION LINES IN THE USSR

B TP TR e o e T R o o S e e T i T P T gl T T 0 S S S T

Transmission Length of Transmission Lines with
Voltage Voltages Greater Than 35 kV
(kV) (thousand km)
1960 1965 1970 1975 Plan
*
750-800 - 0.4 0.56 2,15
500 2.4 8.17 13.14 21.0
1-
400 2.1 0.11 0.55 0.55
330 1.0 7.0 13.4 21.4
220 15.4 35.1 50.8 70.0
154 2.0 5.1 5.5 5.5
160 81.2 134.9 185.0 240.00
35 63.1 121.1 175.3 245.0
35-800 167.2 312,05 444,25 605.6
*
DC line,
1-

Of the 2.1 thousand km, 2.0 thousand was upgraded to
500 kV by 1965.

B s e i ke & L L
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The high voltage lines of 750 kV will be used for transmission of
power from the largest stations as well as interconnections between the
various electric regional grids, both in the European and the Siberian
parts of the country. The 400 kV lines are used exclusively for tying
in the COMECON systems with the unified system of southern European
Russia. 750 kV lines are being used in tying in the grids of the
Caucasus, the South, the Volga, the Urals, the Center, and the North-
west into one unifi~d system in the Europeen part of the USSR, Other
lines of 500 kV will tie in the Siberian grids with those of the Euro-
pean part of the country. The electric transmission system of 330-750

kV lines of the USSR is shown in Figure F-7,

Present plans call for the building of large thermal stations burn-

ing coals of the Kansk -Achinsk basin in Siberia, and for the transmission
of power thus generated to the Urals by means of the proposed tie-ins

between the Siberian and the European systems,

The chronic shortage of peak power capacity in the Soviet electric
systems has been somewhat alleviated with the integration of the trans-
mission systems into one unified grid in the European part of the USSR,
The total load over time has been somewhat leveled off because of the
time difference in the various areas constituting this system. However,
at the same time, the introduction of larger base-load thermal plants
and the leveling off of the hydrostation construction have not allowed
the Soviets to build adequate reserve capacity for peaking loads. This
situation has been further complicated by the introduction of the five-

day work week in 1966 and 1967.

The Soviets have had an experimental 800 kV DC 1line 475 km long and

a 750 kV AC 1line 100 km long operating since about 1965.

The present plans call for wide introduction of 750 kV AC lines in
the 1971-1975 period and the development of even higher voltage lines of
1,500 kv DC and 1,150 kV AC after that.
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Patterns of movement of electric energy among countries in Eastern

Kurope are shown as of 1970 in Figure F-8. This figure shows that the
USSR is the largest single exporter of electric energy, with Romania
being the next largest exporter, and Czechoslovakia third. Czechoslo-
vakia is the largest importer of electric energy, Hungary is next, and
Poland is third. The following countries are net importers of electric
energy: Czechoslovakia, Hungary, German Democratic Republic, Poland,

and Bulgaria. Romania and the USSR are net exporters of electric energy.
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[II ELECTRIC POWER STATIONS IN EASTERN EUROPE

A, Present and Future States of Nuclear Power

1. East European Bloc

The East European countries have a considerable stake in the
development of nuclear electrification programs. An enormous invest-
ment of human and economic resources will be necessary to assure an
adequate supply of power to meet their own projected demands for in-
dustrial development. For many of these nations, short in domestic
supplies of fossil fuels and undeveloped hydroelectric possibilities,

nuclear energy represents their only alternative to massive import of

fuel from uncertain supply channels.

Although ambitious plans have been announced in many of these
countries (Bulgaria still anticipates reaching 11,300 million kilowatt
hours from nuclear plants by 1978), actual development has been consid-
erably slower in most. Only the German Democratic Republic, Czechoslo-
vakia, and Bulgaria have a substantial nuclear electrification program
at present, although llungary, Poland, and Romania have laid much of the
ground work for future development,. Table ¥F-16 gives a summary of the
projected growth of nuclear installed capacities and production of elec-

tricity for each of these countries to 1990.

2. Czechoslovakia

The Czechoslovak experience is a good ex=rnple of what can
usually be expected in the development of sophisticated technology in

nations lacking prior experience in the field. FYrom their own reports:




Table F-16

NUCLEAR INSTALLED CAPACITIES AND PRODUCTION
(Capacity = MWe; Production = Mkwh)

1970 1975 1980 1985 1990
USSR
Installed capacity 1,100 7,100 21,000 53,000 118,000
Production 3,600 25,000 95,000 255,000 670,000

Bulgaria
Installed capacity = 410 880 1,760 3,500
Production - 385 2,500 5,500 12,000

Czechoslovakia
Installed capacity = 600 1,800 3,600 6,000
Production - 1,035 3,000 6,000 15,000

German Democratic Republic

Installed capacity - 1,000* 2,000 4,000 7,000

Production 161 2, 300 6,000 10,000 20,000
Hungary

Installed capacity = - 440 880 1,760

Production - - 480 2,000 5,000
Poland

Installed capacity - - - 440 880

Production = = = 1,000 3,000
Romania

Installed capacity - - - 140 880

Production - = s 1,000 3,000

Voprosy ckonomiki, No. 2, 1973, p. 79.
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"The country's inltial plans werce very far-reaching. Nu-
clear power generation was to he developed rapidly on the
basis of gas-couled, heavy-water reactors burning natural
metallic uranium. The construction ol a prototype gradually
rave rise to technological problems which could be overcome
only by creating an appropriate scientific and manufacturing
base. Through concentration of the efforts of the country's
main engineering enterprises, the first Czechoslovakian nu-
clear power station is now ready for operation...the delay
in completing the construction of the prototype station and
the experience gained during construction have made it clear
that a prerequisite for the rapid growth of nuclear power...
is wider international co-operation in the manufacture of

equipment for nuclear power stations."

The present Czechoslovak program of nuclear eleetric power
development entails the construction of two stations of the Voronezh
type, with a total capacity of 1,700 MWe. One of these will be built

in Slovakia, the other in Southern Moravia along with the hydroelectric

power station "balishitse” on the Yiglave River. By 1980 both of these

nuclear power plants, to be built with the technical assistance of the
USSR, should be producing about 4 Billion kWh of electricity and prob-
ably three times that amount by 1985, Along with the construction of
reactors of the Voronezh type, the (zechs plan to shift to larger,

thousand-megawatt reactors as the demand arises,

S German Democratic Kepublic

The German Democratic Republic has had ccnsiderably more suc-
cess in its nuclear electrification program. This siccess can be at-
tributed, at least partially, to a more industrialized, technological

economy and population than exists in the other satellite nations., As




a result, the Germans have been able to complete construction and ob-
tain power from Pressurized Water Henctor plants within two years of

the time when prototype plants were first completed in the USSR. The
construction techniques and standardization accomplished in assembly

of these installations may prove very significant for future develop-
ment of atomic power within the GDR and all of Eastern Europe. The GDR
plans to install several of these standardized 880 megawatt PWRs in the
next few years. If they continue to have the same success, it is likely
that Bulgaria and Czechoslovakia will adopt the same prefabrication tech-

niques to accelerate their own construction programs.

B. Production of Electricity

1 Electric Power Generation in Bulgaria

Bulgaria occupies fourth place in the per capita production
and consumption of electric energy in Eastern Europe. The total electric
powver generation in Bulgaria amounted to 19,513 million kWh in 1970, with
hydroelectric power generation accounting for 11 percent of this total.
There is at present no production of electric power by nuclear plants;
however, they are planned to have a very significant role in the future,

and one is being constructed during this five-year plan period.

The share of hydroelectric power gereration in total electric
power production is declining and has dropped to the present level of
about 10 percent (in 1971) from about 40 percent in 1960. It will prob-
ably decline still further, in view of ambitious schemes for construc-
tion of thermal and nuclear plants. At present, approximately 20 per-

cent of economically develops .ie hydroelectric potential of the country
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is being utilized, and it is unlikely that any significant hydroelectric

*
projects are being planned for the near future.

As in other Eastern European countries, a significant portion
of the thermal stations is devoted to production of heat in the form of
hot water and steam for industry and residential space heating. In 1960
about 34 percent of all eleciiicity generated was represented by this
type of station. It is also expected that these heat and power stations
will represent 23 to 25 percent of all electricity generated byQ%QHO.
Table F-17 shows the generation of electric power in Bulgaria by‘fypes

of stations, v tth Bulgarian projections for the future.

Fuel type usage in thermal power stations and fuel consumption
in public thermal stations are shown in Tables F-18 and F-19, respectively.
As can be seen in Table F-18, the main fuel used in Bulgarian power sta-
tions is lignite, which accounted for almost 72 percent in 1967. In view
of a limited, economically developable fuel rosource hase, the Bulgarian
prognosticators envisage the peaking of production of their low grades
of coals and lignite around 1980, and all future growth in thermal sta-
tion fuel usage will be with o0il and natural gas. These, of course,

would have to be imported from either the USSR or the Middle East.

To cover the deficit of electric power, the Bulgarians expect
to develop almost all of their hydroelectric capacity by the year 2000.
This solution, as the Bulgarians themselves admit, is extremely costly

and is unlikely to happen. Realistically, perhaps no more than 6,100

The Bulgarian projections for hydroelectric power development in the
future are unrealistic, as they themselves admit. (See Table F-17.)

Most Soviet satellite information on electric energy was compiled
from USSR sources; referencrs are given at the end of this appendix.
Projections are from these same sources, and were reported by the
Soviets from estimates made by the country of origin.
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Table F-18

TYPES OF I'UEL USED IN BULGARIAN THERMAL POWER STATIONS™*
(Percent of Total, on Equivalent Fuel Busis)

Type of Fuel 1965 1967
Coal, hard and brown 6.1 14.2
Lignite 74.5 72,0
Fuel oil and other 19.4 13.8

liquid fuels

Natural and manufactured gas none none

Public station only, Approximately 82% of all clec-
tric ecnergy in Bulgaria is generated in public stations.

Table F-19

FUEL CONSUMPTION IN PUBLIC TIHERMAL STATIONS IN BULGARIA
(Grams Coal Equivalent per Nel kWh)

Year (Grams Coal Equivalent/Net kWh)
5
0
2




1

kWh annually will be available Irom hydroclectric development; the rest
would have to be made up from thermal stations nnd nuctear power ag well
as from imports of electricity through further development of the COMECON
"MIR" electric power grid. Even as early as 1980 the Bulgarians envisage
that of the total electric energy demand, 85 percent will be supplied by

nuclear stations and energy and fuels imports.

Bulgarian thermal power stations have, at present, very high
heat rates (Table F-19), These rates are probably due to the use of
small, inefficient stations and are likely to improve as newer and big-

ger stations are built with the help of the USSR.

Detailed historical data for electric power generation and

fuel demand in Bulgaria are given in Tables F-20 and F-21, respectively,

2% Electric Power Generation in Czechoslovakia

Czechoslovakia ranks second in per capita production and con-
sumption of electric power in the COMECON bloc. It pgenerated 47,237
million kWh of electricity in 1971, 5.7 percent being accounted for by
hydroelectric power. At present no power is being generated by nuclear
plants; however, ambitious plans for its development are being made as

is the case with all fuels-deficient Eastern Bloc satellites of the USSR,

The share of hydroelectricity in total power production has
been steadily dropping. It accounted for about 10 percent of total gen-
erated power in 1960 and has dropped to the present level of 5.7 percent.
No significant additions of installed hydroelectric capacity have been
made in the intervening period, and none is being envisaged for the
future. The costs of development of remaining hydroelectric potential
are apparently prohibitive, and most of the new installed capacity is
to be achieved by construetion of nuclear and fossil fueled thermal

power plants. It is estimated that about 46.5 percent of all
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economically developable hydroelectric potential is being utilized now.

Generation of electric power by type of stations is shown in Table 1'-22,

As in other Soviet satellite countries, thermal stations,

fueled by low grades of coal, account for the bulk of electric power

generating capacity. The relative share of fuel types used in Czechoslo-

vak thermal stations is shown in Table F-23, and fuel consumption in

Table F-24., Low grade coals are expected to remain the principal fuel

for themmal stations at least through 1990, Approximately 71 percent

of all brown coal produced in Czechoslovakia in 1960 was used for pro-

duction of electricity and heat as steam and hot water. This number

rose to 77.5 percent in 1970 and is expected to be 87.0 percent in 1980

and 90 percent in 1990.7 The Czechs expect the total amount of hard

coal used in electric stations to decline somewhat by 1990 and remain

constant after this date, while brown coal usage is to grow rapidly to

approximately 28 million tons of coal equivalent by 1990 and then de-

cline as nuclear capacity is brought on-stream (see Figure F-9),

As in other Eastern European countries, a significant portion

of thermal power stations produce heat in the form of steam and hot

water for industrial and Space heating as well as electricity. Of all

the heat used in industry and in the residential and commercial sectors

in 1965, 40 percent was supplied by electric power stations. Heat pro-

duction in electric stations is likely to grow further in the future as

it leads to more efficient overall fuel utilization. Peaking capacit

+ill probably be satisfied by installation of gas turbines with app: i

mately 36 \Mw capacity of the type that Fiat manufactures, as well as by

imports of electric energy from the USSR,

T

Proceedings of the Fourth International Conference,

Geneva, 6-16 September 1971,
A/CONF. 49/P/009.

United Nations,
Peaceful Uses of Atomic Energy, Paper
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GENERNTION OF ELECIR 1 POWER IN CZECHOSLOVAK IA
BY TYPES OF POWER STATIONS*
(Million kWh)

Year Thctmul Plants Hydrocleetrice Nuclcar Total
1960 21,955 2,495 - 21,150
1965 29,731 1,156 - 31,190
1966 32,23 1,237 - 36,171
1967 34,900 3,711 = 38,6141
1968 38,198 3,136 - 11,634
1969 10,639 2,196 - 43,134
1970 11,1493 3,670 - 15,161
1971 11,553 2,681 - 17,237
1972 51,100
1975 63,0007
1980 2,900% 97,000 -
1990 2,900 181,000
2000 345, 00

Except as indicated in othcer footrnotes, all data are from
Statisticheskiy czhegodink stran=chlonov Soveta ckonomichesko .
vzaimnopomoschi 1972 (COMECON Statistical Annual), Moscow 197
p. ¥7.

Czceh nlan for 1975, Voprosy ckonomiki, No., 5 1972, p. 79.

SRI c¢stimatc based on Voprosy ckonomiki, No, 6, 1872, p. 52.

Czech estimates of consumption. They inelude projected import -
of electric chergy.,
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Table I'-23

TYPES OF FUEL USED IN CZECHOSLOVAK TIHERMAL POWER STATIONS

» of Total; on Equivalent IFuel Basis)

Type of Fuel 1965 1967
Hard coal 12,8 19.0
Brown coal 11.7 9.0
Lignite 63.7 60.4
Fuel oil and other liquid fuels 0.4 0.7
National and manufactured gas 0.9 0.7
Other fuels 10.5 10,2
x*
Public stations only. Approximately 78% of all elec-

tric energy in Czechoslovakia is generated in public
stations.

Source: Yu. N. Savenko and Ye. O. Steynganz,
Energeticheskiy baland (Energy Balance), Pub,
"Energia,' Moscow 1971.

Table '-24

FUEL CONSUMPTION IN PUBLIC THERMAL STATIONS IN CZECHOSLOVAKIA
(Grams Coal EKquivalent per kWh)

Year Grams per net kWh Grams per gross kWh
1963 534

1965 500

1967 4168 426

1969 417

Sources: For grams per net kWwh, Yu. N. Savenko and Ye. 0O,
Steynganz, Energeticheskiy baland (Energy Balance),
Pub. "Energia,"” Moscow 1971. For grams per gross
kWh, Statistical Yearbook of the Czechoslovak
Socialist Republic 1970, Prague 1870,
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Figure F~9

ESTIMATES OF coaL CONSUMPTION FOR GENERATION OF
ELECTRIC POWER IN CZECHOSLOVAK|A
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The interconnection of electric grids of the COMECON countries
has allowed electric energy to be exported by the USSR through Romania
into Czechoslovakia. The export has been made possible by the installa-
tion of a 400/200 kV substation at Mukachevo (Ukranian SSR) in 1964 cad
the building of 220 kV transmission lines, At present, consideration
is being given to construction of 750 kV transmission lines to tie in

the various grids of the COMECON countries.

Detailed historical data for electric power generation and

fuel demand in Czechoslovakia are given in Tables F-25 and F-26, respec-

tively.

3. Electric Power Generation in Last Germany

East Germany ranks first in consumption and production of
electric power in the COMECON bloc. In 1970, East Germany generated
67,650 million kWh of electricity, of which nuclear power supplied ap-
proximately 0.7 percent and hydroelectric power supplied 1.8 percent of
the total. Most of the near-term future growth of generating capacity
will be accounted for by themrmal stations burning brown coal, and the
rest, by nuclear power. Table F-27 shows the generation of electric

power by type of station.

The share of hydroelectric power is insignificant, with futare
generation of electric power from these sources likely to remain at :n-
present level of about 1,250 million kWh per year. It has been est.
mated that approximately 80 percent of the hydroelectric potential :=
being used at present in East Germany. The reported production o1 nvdro-
electric power, however, is significantly higher than the estimated
economically developable resources. This higher level is explained by

the fact that a significant portion of this power is generated by .. .

pumped storage facilities. In 1967, these facilities accounted for o .5
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Table =27

GENERATTON OF BLECTRIC POWER IN FAST GEUMANY
BY TYPE OF POWER STATION
(Million kwh)

Year Thermal Plants Hydroelectric Nuclear
1960 39,688 617 =
1965 52,826 785 =
1966 55,816 1,050 96
1967 58,626 1,060 326
1968 61,908 1,197 392
1969 63,828 1,244 425
1970 66,052 - 1,251 164
1971 68,169 1,251 404
1972

1975 1,250%

1980

1990 1,250*

2000

*

SRI estimates.

Oificial East German five-year plan estimate.

, P Lt i i b e e Sk iR 3
QL P i s Al S N el R e . Iy 1o ¥

Total

40,305
53,611
56,866
59,686
63,230
65,463
67,650
69,420

72,800
88,000=T
9,000

275,000%

East German estimate, Voprosy ckonomiki, No. 5, 1972, p. 79.

Source: Statisticheskiy ezhegodink stran-chlenov soveta ckonomi-

cheskoi vzaimnopomoschi 1972 (COMECON Statistical Annual),

Moscow 1972, p. 77.
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million kWh of the total 1,060 million kWh reported for all hydroelectric

production,
Like other countries of lastern Europe,

Fast Germany produces

steam and hot water in a significant portion of its thermal stations

for distribution to consumers. In order to lower fuel consumption, East

Germans have built boilers of capacities close to 420 tons per hour of

steam fueled by brown coal of very low quality (1,700 Kecal/kg). Steam

turbogenerators of 100 MW gize have been available from local manufac-

turers since 1961 and these have been used in combined heat/power sta-

tions together with boilers of high steam throughput,

Table F-28 shows the types of fuels used by public thermal

stations, Lignite is still the predominant fuel and is likely to re-

main so at least until 1980. The use of low quality fuels such as lig-

nite is probably responsible for the high heat rates of public thermal

stations, as can be seen in Table F-29, The specifiz fuel use is ex-

pected to decrease, however, with the current construction of large

thermal stations having large turbogenerators. Turbogenerators of

500 MW capacities and critical steam parameters imported from the USSR

are being installed at pPresent. During the current five-year plan, EFast

Germany plans to expand its installed electric generating capacity by

5,900 to 6,400 Mw, Sixty percent of this capacity is to be fueled by

brown coal, 14 percent (880 MW) is to be accounted for by nuclear power,

and 16 percent by small peak demand plants using gas and fuel oil, The

electric energy production should reach 88 to 90 million kWh by 1975.

The long-range East German plans call for produciion of up to

275 billion kWh by the year 2000. Presumably most of this is to be made

up by nuclear power generation.
Detailed historical data for electric power generation and fuel

demand in East Germany are given in Tables F-30 and F-31, respectively,
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Table F=28

TYPES OF FUEL USED IN EAST GERMAN THERMAL POWER STATIONS*
(Percent of Total, on Equivalent Fuel Basis)

Type of Fuel 1965 1967
Hard coal 1,3% 3.5%
Lignite 93.6 93.8

(including brown coal)

Fuel o0il and other 1.8 2.6
liquid fuels

Natural and manufactured gas 0.3 0.1

Other fuels 0.3 -

Public stations only. Approximately 72% of all thermal elec-
tric power in East Germany is generated by public stations.

Table F-29

FUEL CONSUMPTION IN PUBLIC TIERMAL STATIONS IN EAST GERMANY
(Grams Coal Equivalent per Net kWh)

Ycar Grams Coal Equivalent/kWh
1963 613
1965 557
1967 510
72
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4. Electric Power Generation in llungary

Hungary has the distinction of being the smallest per capita
producer and consumer ol electric power in Eastern Enrovpe, It penerated
14,542 million kWh ot electricity in 1970 and importcd approximately 19
percent of the power it consumed. Of the power it generated internally,
only 0.6 percent was contributed by hydroelectricity. The rest was gen-
erated by thermal stations using mostly lignite. The lHnngarians are con-
sidering the construction of nuclear plants in the future, but at present
no definite plans have been revealed as to when such construction might
begin. The present five-year plan (1971-1975) calls for the expansion
of electric power based on construction of new thermal plants, and this
is likely to be the approach, for the near future as well, probably at

least through 1980,

Hydroelectric power is insignificant in terms of installed or
generating capacity at Present, as can be seen from Table F-32, which
shows the generation of electric power by type of power station. Al-
though only about % percent of the estimated economically developable
hydroelectric resources are at present utilized, no definite plans ex-

ist for expansion of this capacity in the near future.

As in other kKastern European countries, electric power capa-
city was expanded in the period 1966 to 1970 with the introduction of
200 MW turbogenerators of Soviet maninfacture, working on supercritical
steam. It is likely that Hungary will continue to depend on Soviet
equipment in the future, with the 500 MWV turbogenerator being responsi-

ble for most of its future capacity growth,

The thermal stations still depend heavily on low grade coal
(lignite) for their fuel (Table I'-33). However, with the planned recon-
struction of their fuels base, most of the newly installed thermal power

plants will be fueled by Soviet natural gas and fuel oil. At present,
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Table F-32

GUNERATION OF ELECTRIC POWER IN HUNGARY BY TYPLES 01 POWER STA'TIONS
(Million kWh)

Year Thermal Plants Hydroelectric Nuclear Total
1960 7,524 93 = 7,617
1965 11,102 75 = 11,177
1966 11,762 99 = 11,861
1967 12,409 81 = 12,490
1968 13,066 89 - 13,155
1969 13,973 96 - 14,069
1970 14,454 88 = 14,542
1971 14,896 94 - 14,990
1972 n.c, = 16,300
1975 n.e, 100* - 21,000~

22,0007
n.e. - not estimated.

SRI estimate,
Hungarian five-year plan estimates,

Source: Statisticheskiy ezhegodink stran-chlenov soveta ekonomicheskoi
vzaimnopomoschi 1972 (COMECON Statistical Annual), Moscow 1972,
p. 77.
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' Table F-33
TYPES OF FUEL USED IN HUNGARIAN THERMAL POWER STATIONS*
g (Percent of Total, on Equivalent Fuel Basis)
Type of Fuel 1965 1967 1969 1970
3 Brown coal 8.7 11,5
65 66
Lignite 73.1 66,1
Fuel o0il and other 12,6 13,5
petroleum liquid fuels 35 34
Natural gas 5.6 8.9
. J Public stations only, Approximately 93% of all power

generated in thermal stations is in public stations,

llungary imports its natural gas from Romania, but by 1975 significant
quantities are expected to arrive from the USSR, It is expected that
by 1875 at least 43 percent of llungary's energy will be imported. The
specific consumption of fuel (heat rate) is still fairly high in Ilun-
parian thermal stations, but these rates are declining with the intro-
duction of new equipment, Representative heat rates for thermal sta-

tions in the public sector can be seen in Tahle F-34,

Hungary will continue to depend heavily on electric power im-

ports from its neighbors. There is at present a 400 kV line intercon-

necting the southweatern Soviet grid from the substation at Mukachevo

with the Hungarian power grid. Installation of 750 kV transmission

lines are being planned.
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Table F=31

FULL CONSUMPTION IN PUBLIC TIHERMAL STATIONS IN HUNGARY
(Grams Coal Lquivalent per Neot kWh)

ks R sl b o e e e D
crTae - LU - N T L. (e SRR e LN <0 NN MW W e - Ao .

Year Grams Coal Equivalent/Net kWh
1963 536
1965 510

1967 192

1969 1563

1970 152

Jetailed historical data for electric power generation and

fuel demand in Hungary are given in Tables ¥-35 and '-36, respectively.

R Klectric Power Generation in Poland

Poland is in a more fortunate position with its fuel resources
than other Soviet satellite countries. Its coal resources secm to be
more than adequate to supply the electric energy demands well into the
1970s, although plans are being made to expand the hydroelectric power
production as well as to install some nuclear capacity by 1985, In 1970
Poland generated some 64,500 million kWh of clectricity, of which hydro-
power accounted lor only 2.9 percent of the total., It is now self-

sufficient in electric power and could possibly gencrate enough again

for net export as it has done in the past. Because of this seclf-

: . . 1
sufficiency in coal resources, it does not plan to introduce nuclear ;
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power as fast as other lastern Bloc Soviet satellites. Table F-37

shows the peneration of electric power in Poland by type of station,

The Poles plan to keep the relative shiare of hydroelectric
power in the future at the present level of about 2.9 percent of total
power. It is estimated that the utilization of hydroelectricity has
reached 17 percent of economically developable hydroelectric capacity
in 1967. Further, additional capacity indicated in Polish plans are

to be mainly of the pumped storage type facilities, presumably for peak

load coverage.

The themal power plants are currently responsible for nmost

electric power generation and are likely to remain in this position at

least through 1990. Unlike other Eastern European countries, Poland

plans to reduce the proportion of electricity generated in plants sup-

plying both heat and power, with the greatest portion of new capacity

to be installed in condensing type steam turbines., Most of the newly

installed capacity is to be "ueled by brown coal exclusively., The use

of brown coal is planned to be phased out and replaced by o0il and gas

in other sectors. With the projected drop in specific consumption of

fuel in power plants, some increase .. production, and diversion from

other consuming sectors, the availability of brown coal should satisfy

power plant demands in the future. Tables F-38 and F-39 show fuel type

usage and specific fuel consunption (heat rates) of the public themal

stations in Poland. Some planners in Poland feel that the projected

demands in electric energy will require installation of nuclear plants

beyond 1380 because of a possible deficit in brown coal production if

the predicted industrial growth materializes. With the possibility of

using conventional, coal-fired #generators in conjunction with nuclear

reactors, Poland is now designing turbopgenerators of 500 MW size for

subcritical steam. The units of 125 MW and 200 aw capacity have also

been designed to operate in the subcritical region. Both of these units
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Tabler pP-37
GENERATION OF ELECTRIC POWER IN POLAND BY TYPE OF POWER STATION®

(Million kwh)

Thermal Plantéf

Steam Total ltydro-

Year Heat/Power Condensing Others Thermal electric Nuelear Total

1960 8,423 20,225 n.a. 28,648 659 - 29,307
1965 6,004" 36,881 n.a. 42,888 913 - 43,801
1966 16,156 929 - 47,385
1967 50,263 994 - 51,257
1968 51,165 1,055 - £5,520
1969 59,145 908 - 60,053
1970 62,615 1,887 - 64,532
1971 67,939 1,927 - 69,866
1972 - 176,400
1975 2,500 - 95,000%
1980 1,320 126,630%  q.aq. 130,950  3,645¢ 405§$135,0009
1985 5,500° 13:888-~190,000%
1990 270,000°

n.a, = not available,

*

Except as indicated in the other footnotes, all data are from Statis-
ticheskiy czhegidiuk Stran-chlenov sovetu ckonomicheskoi vzaimnopo-
moschi 1972 (COMECON Statistical Annual), Moscow 1972, p. 77.

— e 2V

Data from vu, N, Savenko and Ye. O, Steynganz,

Energctichcskiy baland
(Energy Balanec), Pub. "Energia," Moscow 1971,

From Energetika Mira (World Energy), Pub. "Encrgia,” Moscow 1970,

(Reports of the VIIth World Energy Conference in Moscow, 1968), p. 126,

Polish estimotes (sce Savenko and Steynganz, and Encergetika Mira,

above), These estimates do not inelude possible
for export,

production of power
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Table IF-3K

*
TYPES OF FULL USED N POLISH THERMAL POWER S'TPAT TONS
(Percent ofr Total, on Equivalent Fuel Basis)

Tvpe of Fuel 1965 1967
Hard coal 39.0% 11, 9%
Brown coal 30,8 26.4
Lignite 28.3 30.7
Liquid fuels 0.7 0.7
Natural and manufactured gas 572 0.3

Public station only. Approximately 87% of all
powver generated in thermal stations is in public
statious.

Table F-39

FUEL CONSUMPTION IN PUBLIC THERMAL STATIONS 14 POLAND
(Grams Coal Equivalent per Net kWh)

Year Grams Coal Fquivalent/Net %Wh
1963 182
1965 142
1967 135
1970 1422
1971 419

R83
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are now being manufactured in Poland, although the 200 MW units had to !

be imported from USSR prior to 1967,

The largest thermal station operating in Poland at present
has an installed capacity of 1,600 MW, with additional capacity under

construction for an eventual aggregate capacity of 5,000 MW, Another

{ 2,000 MW is currently under construction. Both of these stations are
coal fueled. The first units of 500 MW capacity arc planned to be in

operation by 1976.

At present, Poland has a well-developed power grid consist-

ing mainly of 400 and 220 kV transmission lines. Further expansion of

this grid is planned, mainly with 400 and 110 kV lines.

Detailed historical data for electric power generation and

fuel demand in Poland are given in Tables F-40 and F-41, respectively. 3

6. Electric Power Generation in KRomania

Romania is the only other Soviet satellite, besides Poland,

which is at present self-sufficient in fuels/energy resources. Even ‘
though Romania imports crude oil, it exports enough refined oil products
to make for a favorable fuels trade halance. Although it is still low
in per capita generation and consumption of electric energy, it h:s
registered a spectacular growth rate in this regard and has moved f{rom ]
last place among the Eastern European sateilite countries in 1960 to
rank over Hungary and about equal to Poland and Bulgaria. The generat- f
ing capacity of newly installed thermal sZations accounted for most of

this growth, although the hydroelectric installed capacity grew ap-

preciably during this period as well. At present, no nuclear power
is being generated in Romania, although plians are being made for such {
construction Leyond 1975. Table }-42 shows the generation of electric '

power in Romania by type of station.
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Table *=12

(WHHLHWON(W‘HHWTHH?PUMH{INIHMMNL\IH'TYMiUFlKMHH:ﬂWTHm
Million Kwh)

Year Tacermal Plants Hydroclcocetric Nuclcar Total
1960 7,253 307 - 7,650
1965 16,210 1,005 - 17,215
1966 19,771 1,035 - 20, 806
1967 23,1293 1,176 - 21,769
1968 26,1266 1,562 - 27,828
1969 2g, 292 2,217 - 31,509
1970 32,315 oS - 35,088
1971 31,959 1,195 - 39,454
1972 13,100
58,000-*
1975 9,760 28,000
60, 800
80,000-"
1980 12,000
85,000
1990 16,000

Romanian cstimates, Voprosy ckonomiki, No, 5, 1972, p., 79.

Source: Statisticheskiy czhepodink stran-chlenov soveta ckonomi -
cicskoi vzaimnopomoschi 1972 (COMECON Statistical Annual),
Moscow 1972, p, 77
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Among all of the Soviet Hastern European satellites, Homania
possesses the highest cconomically developable hydreoelectric potential.,
The share of hydroelectric power in the produetion ol electricity had
risen from approximately 5 percent in 1960 to 11 percent in 1971 of
the total generated electric power. This increase was due to several
accomplishments: completion in 1960 ol the lLenin hydropower station at
Bicaz on the River Bistritsa of 210 MW capacity; the construction in the
period 1960-1966 of a hydroelectric station on the Argesh River of 220
MW capacity (four turbines of 55 M\ each) and 12 small stations on the
Zower Bicaz with an aggregate capacity of 240 MW; and the partial com-
pletion of the large "Iron Gates' station on the banube of the projected
capacity of 2,100 MW. The "Iron Gates’ station is shared equally with
Yugoslavia. The future plans call for further expansion of hydroelectric
capacity. The Romanians plan to have 3,254 MY of total installed hydro-
electric capacity by 1975. With the completion of the "lron Gates'" sta-

tion and a 510 MW station, started in the late 1960s, this capacity will

probably be achieved,

The dramatic restruecturing of the fuels supply to eleetric
stations in the past 15 years or so was required because of rapid growth
in electric energy demand. tuel oil and gas oil accounted for approxi-
mately 36 percent of all fuel supplied to thermal stations in 1958. The
inability to inerease oil production rapidly enough to satisfy growing
demands required ever increasing supplies of natural gas to these sta-
tions., At the same time, as rail transport was shifted to diesel fuel,
more coal became available for electric stations. ‘hese changes are re-
flected in Table F-43, which shows the fuel types used in thermal sta-

tions for selected years over a 15-vear period.

Introduction of new larger turbogenerators and better account-

ing procedures in the electric industry have contributed to the lowering
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Table 1'-43

TYPES OF FUEL USED IN ROMANIAN THERMAL POWER STAT IONS
(Percent of Total, on kEquivalent Fuel Basis)

1955 1960 1965 1970 1971
Brown coal 13.2% 18,77 16,0% 25.1% 25.6%
Hard coal 6.3 3.7 3.6 5.2 7.1
Gas oil 11.8 7.9 3.7 0.6 0.5
Fuel oil 23.9 5.2 1.8 2.7 2.5

Natural gas 41.7 63.6 74.2 63.5 62,2

%
Total 100.0 100.0 100.0 100.0 100.0

The five different totals are 0.7% to 3.1% short
of 1009,

Source: Romanian Statistical Yearbook, Bucharest, 1971.

of the specific fuel consumption in thermal stations. bDuring the
1955-1960 period, turbogenerators of 20, 25, and 50 MY were installed,
as a rule, in Romanian thermal stations, whereas in succeeding years,
generators ot 100, 150, and 200 AW capacities were being installed.

At present, 330 MW units are being installed as standard practice.
Stations of 1,000-1,500 MW, working on supercritical steam, are being
installed now. Table F-44 shows the average heat rates for Romanian

thermal stations.

As in most other Eastern European COMECON countries, the pro-
duction of steam and hot water in thermal stations, for distribution to
consumers, is going to br: increased. Production has grown from about
8.5 million gigacalories (Gecal) in 1960 to 25 million Gecal in 1966 and

will probably reach 45 million Geal by 1975, according to Romanian plan-

ners,
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Table

!

UL CONSINMPTION IN HOMANIAN THERMAL STATIONS
(Grams Coal Kquivalent per Gross kWh)

1955 1960 1965 1970 1971

Stations burning:

Brown coal 759 53K 486 370 372
Hard coal 948K 680 425 389 351
Gas oil 445 420 436 392 365
Fuel oil 723 628 497 340 361
Natural gas GA48 466 380 322 312
For all stations 723 502 407 341 333

Source: Romanian Statistical! Yearbook, Bucharest, 1971,

Gas turbines will continue to he used for peak power genera-
tion as well as for emergency standby. Romania was the first to use
these units among the Eastern LEuropean countries, with the first Fiat
36 MV unit coming on-stream at the Bucharest plant in 1966. Considera-
tion is also being given to the use ol aviction turbines for these pur-

poses.

The electric power grid, which consists ol 110~, 220-, and
400-kV lines, is tied in with those ol the USSR, Crzechoslovakia, Bulgaria,

and Yugoslavia.

Nuclear power is unlikely to be prominent on the Romanian
scene in the near future. The first commercial units are not likely
to go into operation hefore 1980, although earlier plans called for

installation of 1,000 MW nuclear capacitv by 1975. There is no evidence
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of this construction activity at present., llowever, the ltomanians are
laying a basis for nuclear power development with an experimental re-

actor at the Institute of Atomic Physics at Bucharcst.

g T . T T gy T

Detailed historical data for electric power generation and
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fuel demand in Romania are given in Tables F-45 and F-46, respectively.
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MISSION
of

Rome Air Development Center

RADC is the principal AFSC organization charged with
planning and executing the USAF exploratory and advanced
development programs for electromagnetic intelligence
techniques, reliability and compatibility techniques for
electronic systems, electromagnetic transmission and
reception, ground based surveillance, ground
commurications, information displays and information
processing. This Center provides technical or
management assistance in support of studies, analyses,
development planning activities, acquisition, test,
evaluation, modification, and operation of aerospace
systems and related equipment.

Source AFSCR 23-50, 11 May 70




