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FOREWORD

Technological advances in the electric power industry are instituted
almost exclusively to reduce costs of fuel, capital, and labor. Emphasis
on technological improvement and on reducing costs associated with a
particular factor depends on the relative importance of that factor in
the total cost of producing electric power.

This report discusses the economic gains resulting from technological
advances in the electric power industries of the USSR, of the United States,
and, to a lesser extent, of some Western Furopean countries. Focusing
on technological developments that make a significant difference in
factor inputs, this report is concerned primarily with the gains being
achieved through improved technology in thermal electric powerplants,
which account for more than 80 percent of total electric power genera-
tion in both the USSR and the United States.

Soviet cost data have been presented in rubles and US cost data in
dollars. Because of the variation in ruble-dollar ratios implicit in
data pertaining to various aspects of the electric power industry, no
conversion to a common currency was made. The official rate of exchange
of 0.90.ruble to US $L does not accurately reflect the relationship
existing between various costs in the electric power industries of the
USSR and the United States. Moreover, no monetary conversion was neces-
sary, as all international comparisons have been based on internal
comparisons of other factors, such as efficiency of fuel consumption,
numbers of production personnel per megawatt of capacity, internal
savings achieved by economies of scale, and internal differences in
costs ofvhydroelectric and thermal capacity.
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COMPARISON OF POWERPLANT TECHNOLOGY AND COSTS
TN THE USSR AND THE UNITED STATES

Summary and Conclusions

The ‘Soviet electric power industry has achieved substantial gains
in efficiency in utilization of capital, fuel, and labor during the
past decade. Since 1958 the investment required per kilowatt of new
generating capacity has been reduced by about one-third. Operating
efficiency has also increased in thermal electric powerplants, as the
heat rate (that is, the expenditure of fuel required to produce one
kilowatt-hour -- kwh =-- of electricity) declined at an average annual
rate of ‘2.2 percent from 1955 through 1963. The number of production
personnel per megawatt of capacity at thermal powerplants declined at
an average annual rate of 3.9 percent from 1958 through 1962. Never-
theless, the Soviet electric power industry still lags behind that of
the United States in effective utilization of these factors.

The ‘USSR uses about 15 percent more fuel per kilowatt-hour produced
in thermal powerplants than does the United States, and it employs more
than 10 times the number of production-personnel per megawatt of in-
stalled: capacity. Estimated investment in generating capacity installed
in the Soviet electric power industry during 1959-65 exceeds planned
costs by at least 10 percent. Soviet data, however, indicate that by
increasing the average size of new generating units in thermal power-
plants to the average size being installed in US thermal powerplants in
1965, the average cost per kilowatt of new capacity in Soviet thermal
powerplants could be reduced by about 27 percent. Hydroelectric
capacity is more expensive than capacity in thermal powerplants in both
the USSR and the United States. The disparity between the costs of
hydroelectric and thermal capacity in the USSR, however, is only about
40 percent as great as in the United States.

The' disparities in the effectiveness of utilization of fuel, capitai,
and labor directly reflect the relative technological levels attained
in the electric power industries of the two countries. Fuel costs in
1962 represented about 50 percent of the total cost of power produced
in regional thermal powerplants in the USSR but only 29 percent of the
total cost of power produced in thermal powerplants in the United
States. Labor costs accounted for 31 percent of total cost in the
United States, compared with only 14 percent in the USSR. Consequently,
it is not surprising that the Soviet efforts at technological improve-
ment stress fuel economy, whereas in the United States, technological
improvement aimed at saving labor is deemed more significant. Amortiza-
tion charges in the USSR represent about 25 percent of total costs,
compared with 21 percent in the United States, and both countries show
an appropriate interest in achieving economy in capital inputs.
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The gap between the USSR and the United States in efficiency of
fuel consumption probably will narrow in future years. Projection of -

‘present rates of decrease in the heat rates of the two countries would .

mean that the average heat rate in the USSR would not equal that of the

United States before about 15 years. The rate of improvement in the Soviet

industry undoubtedly will decline, however, as technical gains become .
harder to achieve. Because of the Soviet policy of standardization of |
equipment design, which sacrifices opportunity for rapid incorporation

of technical advances in the interest of more immediate gains from

reduced construction times and costs, it may be longer than 15 years

pefore the Soviet heat rate equals that of the United States.

Cains in thermal efficiency are being accomplished in the USSR
by employing larger boiler sizes that operate at higher temperatures
and pressures. Until recently the standard equipment installed in
large regional thermal powerplants in the USSR consisted of units of
150-megawatt (mw) or 200-mw capacity that operate at 1,850 pounds per
square inch (psi) and 1,050° Fahrenheit (F). Soviet power engineers,
however, are now installing a few newly designed supercritical* 300-mw
units intended to operate at 3,400 psi and 1,050° F. Installation by
the end of 1965 of thirteen 300-mw units, instead of approximately the
same capacity in 200-mw units, is supposed to result in a planned .
economy of 33 million rubles in investment and subsequent annual. sav-
ings of 9 million rubles in operating costs. The 300-mw units went into
serial production, however, without sufficient operation of the proto- .
type to eliminate difficulties, and apparently thus far none are '
operating at either design or supercritical levels. If they cannot
be operated at design level, much if not all of the planned savings
may be lost. Experimental work is also being done in the USSR on
even larger units of 500-mw and 800-mw capacity.

Further economies in fuel consumption are being achieved by en-
larging power distribution networks to take advantage of diversity in
loads, thus achieving more constant demand and permitting a higher rate
of utilization of the larger, most efficient generating units. Small
power systems have, in the past, contributed to the lag in Soviet
development of larger units.

The Soviet electric power industry is very slowly reducing the
number of employees per unit of capacity by increasing the size of
generating units and of powerplant capacities and by introduction of
automation. Soviet powerplants not only lag behind those of the
United States and Western Europe in extent of automation but are fall-
ing farther behind as a result of the rapid rate of Western advance
in this field. The USSR apparently is not planning an extensive pro-
gram to overcome this lag completely, because Soviet planning data
for future large generating units call for approximately twice
the number of operating personnel per unit of capacity that is antici-
pated in plants scheduled for construction in the United States.

¥ See the first footnote on p. 5, below.
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I. Technological Efforts to Economize in the Use of Fuel in Soviet
Thermal Electric Powerplants

A. Incentive

Expenditures for fuel constitute the largest item of expense --
currently about 50 percent -- in the cost of electric power produced in
regional thermal powerplants in the USSR, l/* whereas they amount to
only about 29 percent in the United States. g/ Increased use of oil
and gas and location of powerplants near sources of cheap coal supply
have tended to reduce the cost of fuel to powerplants. The cost of
fuel, however, is largely governed by factors outside the control of
the power industry. Reductions in the expenditure for fuel have been
achieved mainly through reduction of the heat rate. National heat
rates offer perhaps the best gauge of the extent of technological ad-
vances in a country's power industry because they reflect the weighted
averages of both efficient and inefficient generating units that con-
tribute to the total national production of electric power.

In 1963 the USSR occupied fourth place among leading power
producers in terms of fuel consumption per kilowatt-hour of electricity
produced. The United States has the lowest rate of fuel consumption.
Second place is held by France and third place by West Germany, as 1s
shown in Table 1.

‘The average heat rate in the USSR, which was 24 percent greater
than the average rate in the United States in 1955, was still 16 per-
cent greater in 1963. Projection of the rates of decrease from 1955 to
1963 indicates that the average heat rate in the USSR will not equal that
of the United States before about 15 years (see Figure 1). In fact, how-
ever, it may be even longer before the average Soviet heat rate over-
takes that of the United States. The rate of decrease in the heat
rate in the USSR is likely to slow down more than in the United States
as a result of the Soviet practice of standardizing designs with
consequent loss of opportunity to improve efficiency. In the United
States,  each generating unit is built essentially as a custom design
and incorporates the latest technology almost as soon as it is developed.

_There is considerable economic incentive for technological
advancement in fuel saving. The average cost of fuel burned in power-
plants in the USSR in 1960 was 39 kopecks per million British thermal
units (btu), and is believed not to have changed significantly since
that time. 3/%¥ It is estimated that the net production of Soviet

¥ TFor serially numbered source references, see the Appendix.
*¥* The average cost per million btu in the United States is about
$0.26. 4/ The average cost of fuel in the United States, as in the
USSR, has remained relatively static over the past five years.
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regional thermal powerplants in 1963 was approximately 265 billion kwh.
1If thermal efficiency in these plants had been equal to the efficiency
in US plants in that year, there would have been a saving of roughly
174 million rubles (about 14 percent of the total cost of fuel used) as
a result of the reduction in fuel consumed.

Table 1

Average Heat Rates in Thermal Electric Powerplants
in Public Utility Systems of Selected Countries g/
. Selected Years; 1955-63

United West United
Year States E/ France E/ Germany & . USSR Q/ Kingdom 9/

British Thermal Units per Kilowatt-Hour Produced

1955 11; 700 16,500 1k, 600 1k4,500 14,100
1958 11,100 13,200 13,300 13,500 13,100
1960 10, 8(30 11,900 12,400 13,000 12,800
1962 10,600 | 11,300 11,800 12,400 12,400
1963 10, 5¢o 11,100 e/ 11,600 12,200 12,400

, Average Annual Rate g
‘of Decrease from 1955 Through 1963 (Percent) £/

1.4 4.8 2.9 2.2 1.6

3. Date have been rounded to the nearest 100 British thermal units
per net kilowatt-hour produced.

b. 5/ |

c. Unless otherwise indicated, data are from source é/. Data for
France have been adjusted from a gross basis to a net basis by a
factor of 7 percent.

a 1/ |

e. Estimated.

f. Based on unrounded data.
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savings in capital stem from use of the "plock" design principle, which
unites into one unit a boiler, turbogenerator, and transformer. (Older
designs called for spare boilers, which required expensive cross-
connections.) The simplified block design saves on the cost of com-
ponents and reduces the volume of buildings needed to enclose the equip-
ment but increases possible losses from malfunction of the equipment.
Practically all thermal powerplants built in the United States for more
than a decade have incorporated block designs. The USSR has used block
designs only in the 1960's and has just lately begun to construct TETs
on block principles. The USSR lagged behind the United States in block
design primerily because the USSR had not developed boilers with the
necessary reliability.

g Additional savings in capital are being attempted in the
USSR: by construction of open-air powerplants, in which generating
equipment is installed without a building enclosure; by increased
utilization of oil and natural gas as fuel, thus reducing the problems
of storage and the labor force and eliminating the conveying and crush-
ing equipment required for coal-fired plants; and by streamlined con-
struction techniques employing prefabricated parts and rigid schedules
for delivery of materials. Open-air powerplants have been constructed
in the USSR only since 1960, principally in the Caucasus and Central
Asian regions, whereas such plants have long been common in the United
States with its milder climate, which is more suitable for open-air
construction. While the USSR is utilizing liquid and gaseous fuels in
increasing amounts, less than one-fourth of its total power generation
is based on these fuels, compared with more than one-third in the United
States. Although Soviet construction techniques are improving, construc-
tion schedules are rarely fulfilled, and generating units seldom go into
operation in less than three years from the start of powerplant construc-
tion. In the United States the first generating units often are placed
in operation about two years after the beginning of powerplant construc-
tion. The additional construction time naturally adds to Soviet capital
costs.

‘ Soviet hydroelectric powerplants have the largest generating
units, the largest total capacities, and the cheapest cost per kilowatt
of capacity in the world. Substantial reductions in the capital costs
of hydroelectric capacity in the USSR have been brought about largely by
careful selection of favorable natural building sites. Reductions in
the amount of earthworks and concrete required are responsible for most
of the cost reduction. These reductions are evident in the comparison
below of the Kuybyshev Hydroelectric Powerplant, which was put into
operation in 1956, and the Bratsk Hydroelectric Powerplant, which was
put into initial operation in 1961.

- 13 -




Volume Volume
, Cost of Capacity of Concrete  of Earthwork
Capacity (Rubles (Million (Million
(Megawatts) -~ per Kilowatt) Cubic Meters) Cubic Meters)

Kuybyshev 2,300 510 6.9 143

Bratsk 4,500 a/ 140 4.9 ke

a. The installed capacity of the Bratsk Hydroelectric Powerplant has
reached 3,600 mw. The remaining generating units are scheduled for
installation during the next two years.

C. Comparative Cost of Adding New Capacity

The USSR is achieving substantial reductions in the average cost
per kilowatt of new electric generating capacity installed, although
plaenned reductions in such costs are not being fully attained. The
planned average cost per kilowatt of generating capacity installed dur-
ing 1959-65 was 159 rubles, a reduction of 37 percent below the average
of 252 rubles achieved during 1952-58. It is estimated that the average
cost of capacity actually installed during the current plan period will
be more than 170 rubles per kilowatt, a reduction of approximately 32
percent below the level of the previous period. The plan called for the
addition of 58,000 to 60,000 mw during 1959-65, with an investment of
9.40 billion rubles. It appears that the goal for addition to capacity
will be fulfilled. New capacity added'during the period will total an
estimated 60,300 mw, of which approximately 49,200 mw will be thermal
powerplant capacity and about 11,100 mw will be hydroelectric capacity.
It is estimated, however, that total investment will be at least 10.40
billion rubles* -- 10.6 percent in excess of plan (see Table 2). It
seems likely that most of the overexpenditures can be attributed to de-
lays in construction projects, caused by late delivery of materials and
equipment, and to underestimation of the time required to introduce and
perfect new models of generating units.

* The actual cost of construction in the electric power industry during
1964-65 reportedly will be 1.3 billion rubles more than planned, 19/ of
which approximately 1 billion rubles would be allocated for generating
capacity and the remainder for transmission lines and heating networks.
Recent reporting that the actual cost of many projects has been in
excess of plan suggests a continuing problem. The cost of construction
of electric powerplants during 1959-60 reportedly was approximately at
the planned level. 20/ If overexpenditures during the entire period
1961-65 were at the rate indicated for the last two years, the total
overexpenditure during 1959-65 could be as high as 2 billion rubles
rather than the 1 billion shown above.

- 14 -




o LT

*Aq1oedBO TBR03 JO JUSD

-zad QT 3noge dn sayeuW Lq1oedeo OoTaj0oTa0IpAY pue jusdIad 2@ ANOUE dn soywsu LqTosdeO TBUISYL 'O
*(o =30u300F 29s8) pappe £a1oedeo mou Te30%3 oYy UT L3Toedsd D TJI909T20JIPAY pUB

TewIay) JO SaJeys ayg 03 Juppaodde psuotjzodde =9 PINOYS sangTpuadxagss0 ay3 3BYF FurUmMssy °q

, *£q1oedBo pauueTd JO qurodptw 8yl JO STsed 3Y3} Uo Po3BTNOTBD ST U2 TUM

¢fqToeded JO 33BMOTTY Id 3800 o8eI10AB ou3 J0I 3do0xs USATS ATTBIOTIIO SB 9% goan3TJ pouustd ‘B

/Ao 0T on'6 00E°09 000°09 ©% 000°8S T830L
eLt 66T /3 JusWISeAUT SFBIINY
66T €61 /a 122 €0z OOT‘TT  000°TT ©3 000°0T £ 1oedBO OTI309TI0IPAH
99T A \m 618 L L 0026t 000°0S ©3% 000¢Lt A3ToedBO DTI309Td TBWASUL

PoYBWT}SE  pouusBld  POJBWTISE PIUUBTI DPIIBWIISH pauueTd
(saTany) ~(s9Tany UOTTTT) ( s338MB53K)
RLa1oedBe) JO QUSWY SDAUT paTTersul £y1oede)

29eMOTTY Jad
1800 93BISAY

/8 G9-6G6T Jurang ¥ssn U3 UT PSTTERsUL fy1oede) JurleILSUSD U QJUSWESSAUT

¢ STqBL

1

n

~
[




Soviet investment in thermal powerplants is less effective than
such investment in the United States, where greater economies of scale
are realized. The Soviet ruble buys slightly less capacity in thermal
powerplants than does the US dollar, primarily because generating units
of larger sizes are installed in US plants. The average cost per kilo-
watt of capacity added during 1959-65 is as follows:

USSR a/ United States

(Rubles) (Us $)
Thermai electric powerplants 137 126
Hydroelectric powerplants 199 290

a. The estimated average cost per kilowatt of capacity
in the USSR during 1959-65 is based on Table 2. The
figure of 166 rubles per kilowatt for thermal powerplants
was adjusted to 137 rubles to eliminate the cost of items
not found in US costs ~-- the share of TETs-type power-
plants;, which cost about 16 percent more than condensing-
type plants, g}/ and the cost of housing and communal
facilities, which make up about 12 percent of total

costs of thermal powerplants. 22/

In the United States the average unit size installed has increased
from 151 mw during 1959 to 221 mw during 1963 23/ and to an esti-
mated 290 mw during 1965. By comparison, units sc¢heduled for instal-
lation in the USSR during 1965 will averagge nearly 90 mw each. g&/
Soviet data indicate that a 200-mw increase in the average size of
generating units would reduce current Soviet investment costs per
kilowatt by about 27 percent. 25/

The advantage enjoyed by the USSR over the United States
when investing in hydroelectric capacity, on the other hand, can be
demonstrated by a comparison of the relative costs of hydroelectric
capacity and thermal capacity in the two countries. As indicated
in the above tabulation, investment in hydroelectric capacity during
1959-65 averaged 199 rubles per kilowatt in the USSR and $290 per
kilowatt in the United States. Within the USSR, then, hydroelectric
capacity costs about 1.5 times as much per kilowatt as thermal power-
plant capacity, whereas in the United States, hydroelectric capacity
costs 2.3 times as much per kilowatt as thermal powerplant capacity
(see Figure 2). These ratios show that in the United States the
cost of hydroelectric capacity in relation to thermal capacity is
more than 1.5 times the same cost relationship in the USSR. Much
of the difference in the ratios probably is accounted for by the
availability in the USSR of choice natural hydroelectric sites which
have no counterpart in.the United States.

- 16 -
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USSR AND US Figure 2

RATIOS OF AVERAGE COSTS PER KILOWATT OF GENERATING

CAPACITY INSTALLED IN HYDROELECTRIC AND THERMAL
* -~ ELECTRIC POWERPLANTS DURING 1959-65 535/

us

Thermal Electric  Hydroelectric

Thermal Electric Hydroelectric
Powerplants Powerplants

Powerplants Powerplants
52563 10-65

ITI. Technological Efforts to Economize in the Use of Iabor

_ A. Incentive
iﬁ@ﬁﬁ The average annual wage in the Soviet electric power industry
' is roughly 1,300 rubles* and $6,300 in the US electric power industry.
However, the number of production personnel employed per unit of
capacity in Soviet thermal powerplants is more than 10 times the
number employed in the United States. The total cost structure in
the Soviet electric power industry is such that labor costs represent
only about 14 percent of the total cost of power produced in thermal
powerplants, compared with 31 percent in the United States. gé/ Never-
theless, there are significant potential gains from increasing labor
productivity.

The relatively low percentage of total cost represented by labor
costs may account for the fact that the "Soviet industry apparently
assigns less priority to increasing labor productivity through tech-
nological improvement than does the US industry. During 1958-62 the
number of personnel per megawatt of capacity in thermal powerplants
Ain the USSR decreased from 5.05 to 4.31. In the United States during
the same period, there was an even larger percentage reduction, with

* The estimated average annual wage in 1962 per worker in regional .
thermal powerplants only.

_17_




the number of personnel per megawatt of capacity declining from 0.54
to 0.36.% gz/' Thus the gap appears to be widening steadily (see
Figure 3). The improvement in labor productivity that is occurring
in the USSR is being accomplished through increased automation of
povwerplants and economies of scale resulting from operation of larger
generating units and of powerplants with larger capacities.

| USSR AND US Figure3
NUMBER OF PRODUCTION PERSONNEL PER MEGAWATT OF CAPACITY
IN THE‘RMAL ELECTRIC POWERPLANTS, 1958, 1960, AND 1962

B. Automation

Although some degree of automation has been in evidence in the
USSR for decades, extensive application of this technology is still in
its infancy. The degree of automation in large hydroelectric power-
plants is probably greater than in any other Soviet industry and is con-
sidered to be on a par with achievements in the United States. As early

* Comparable data for hydroelectric powerplants are not available,
but it is likely that Soviet requirements for labor per unit of
capacity are roughly the same as in the United States.

- 18 -
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as 1959, one-third of the hydroelectric generating capacity in the USSR
was remotely controlled. 28/ Because of the number of large hydro-
electric projects under construction in the USSR, there is the likeli-
hood that the latter may become the leader in control techmiques in

this field. Automation of thermal powerplants in the USSR, on the other
hand, not only lags behind similar automation in Western countries but
is believed to be falling farther behind as a result of the rapid rate
of Western advances. A major cause of this lag is the inadequate sup-
ply of digital computers, which are needed to function as data-loggers
and to control the production process. Soviet progress in automation
of power system control also is retarded by a shortage of computers, gg/
although to a lesser extent than automation of thermal powerplants. The
USSR has no powerplant that is computer controlled, compared with 12 in
Western Europe and 60 in the United States. 30/

C. Economies of Scale

Reductions in labor requirements accompany the lower investment
associated with economies of scale in thermal powerplants. Few more
men are required to operate a 500-mw unit than to operate a much smaller
unit. Planning criteria for the USSR show that as the size of the
generating unit increases, the labor force required per megawatt de-
creases. | With each doubling of capacity the labor force may be reduced
by 30 percent to 60 percent, depending on the size of the units involved.
The planned shift from 200-mw generating units to 300-mw generating units
in the USSR by 1965 is scheduled to release 1,560 men for other activi-
ties. If carried out, this reduction in labor would produce annual sav-
ings of about 2 million rubles in wages.

Planned reductions in labor requirements per megawatt of in-
stalled capacity in the USSR, however, are less than current US achieve-
ments. Soviet data for thermal powerplants using 300-mw and 600-mw
generating units call for 0.5 and 0.3 operational personnel per mega-
watt, respectively. Several US powerplants in 1960 were operating with
less than 0.3 men per megawatt, and forecasts of future requirements
reduce that figure by one-half. Failure to achieve greater reduction
in personnel by installing larger uni%s apparently indicates that the
USSR does not plan as extensive a program of automation as will be
prevalent in the United States. A fairly high degree of automation,
however, will be necessary in the USSR. Use of larger generating units
employing higher steam parameters requires that computer-controlled
operations become more widespread, inasmuch as human judgment may be
incorrect or may be too slow to avert damage to the generating unit.

- 19 -
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