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I 1 NTRODUCTI ON

The objectives of this study are to present a conparative, analysis
of various estimates (such as those by the | AEA and ERDA-52) of the probable
rate of growh of the international nuclear industry, to select a likely
growh for the midterm and to discuss the factors that stimulate or
constrain that growth. W also exam ne the inportance of nuclear ex-

ports to the United States.

The approach to this task will be to consider the role of energy
use in the econom c devel opnent of the | ess devel oped countries (LDCs),
and to investigate the relative benefits of an expanding nuclear industry
to the LDCs and to those nations who are the primary vendors of nuclear
equi prent . Vendor nations include the U S., France, Germany, Canada,
and several others that manufacture and sell reactors and associ ated
equi pnent on the world market. To streamine the discussion, we assume
a famliarity with the principles of nuclear energy and the terninology
of the industry, including the features of the nuclear fuel cycle: nining
and mlling, conversion and enrichnment, fabrication, power generation,
reprocessing, and waste disposal. Because of the time and budget con-
straints of this effort, the format of this report will be confined
primarily to a review of the | AEA, ERDA, and other reports on this
subject with a conparative analysis of their forecasts for tile growth
of the international nuclear industry. W also assune faniliarity with
t he above naned reports and will only review those aspects of the reports

pertaining directly to this discussion.
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As the situation regarding many aspects of the nuclear industry is
in flux, exact predictions of forward capacity are inpossible to make.
Therefore, the enphasis will be on establishing a reasonabl e expectation
and its inplications. The nuclear power industry is a conplex of activi-
ties and facilities that requires several advanced technol ogi es and
substantial investment. It serves one custoner, the electric power
producer, who in turn requires capital intensive, high technol ogy equip-
ment, and deals in a product which nust be produced instantly on denand
with high reliability. These facts and the additional, and inportant
consi deration that the nuclear industry has grown from an exclusive

mlitary interest have made it uni que among nodern industries.

Some segnents of the nuclear industry, such as reactor supply and
fuel fabrication have reached industrial naturity and can offer equipnent
and services on a fully conpetitive basis. Qher portions of the industry
have still not entered the open market. Enrichnment, for exanple, is
excl usivel y under governnment nanagenent in the several countries concerned
and reprocessing has not yet denonstrated commercial feasibility. Even
for the mature segrment (that dealing with power plant and nuclear steam
supply) major technical advances, such as for the breeder reactor, are
possible before the year 2000. |f these are achieved, major revisions

in other segnments are inevitable.

Furthernore, health and safety problens of the industry and the
controls inplemented to deal with these have been evol ved through expe-

rience and the inpact of public debate. These controls have raised the
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costs of, and forecast .costs for, using nuclear energy.The debate has del ayed

governnent decisions that affect industrial developnent as in the case of

pl ut onium recycling from reprocessing.

Finally, further debate and consideration of the prospects of
terrorismand nuclear proliferation have led to government restrictions
and controls which, in prospect, limt the normal conmmercial activities
associated with industrial operations. In sum the industry is maturing,
albeit slomy but its future is not clear with its econom cs, technol ogy,
controls, and public acceptance all uncertain and subject to substantial

change.



Il THE ROLE OF ENERGY AND POAER | N ECONOM C DEVELOPMENT

A Forecasting of Use

Many correl ati ons have been devel oped to relate economic activity, nationa
devel opment, and energy use. * Highly industrialized nations use nore energy
and general ly have higher standards of living than |ess devel oped areas.

Rel ati onshi ps between GNP/ Capita and energy use/ Capita have historically
shown reasonable correlation. The driving forces behind the relationships
are not well understood, however, and recent changes in energy prices,
conbined with a downturn in business activity and changes in attitudes

toward energy use have called these relationships into question.

Forecasts of power growth within nations or groups of nations have
often relied on extrapolations of historic trends, usually by an exponen-
tial function. For industrial nations during the period 1910 to 1970
this was adequate to forecast general trends for a few years into the
future. Wiile major wars caused deviations fromthe forecasts, the
general trends were quickly resuned. Increased enphasis on use of
machi nery, concentration of activity in urban regions, greater economc
advant age gained, central generating stations that could benefit from
econonies of scale, and the nost efficient technologies all favored power
growth. An average electric power growh of 8.1% per annum t hr oughout

the world was observed in the period 1950-70, for example. The LDCs

*

For exanple, see the Ford Foundation Policy Report, “A Time to Choose.’
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electric power growh was nore rapid, 10.3% over the same period. These
growt hs were higher than the annual growth for energy use as a whol e of
about 5% for the world and 6% for the LDCs.

In the period beginning in the 1960s, the energy growh rate first in-
creased and then later decreased under the influence of increased oil prices
and the recessions of the early 1970s. These rapid changes have caused nmany
people to question the undoubtedly sinmplistic forecasting by extrapol ation
of historical growh, a process that does not fully consider effects of mar-
ket saturation, changes in public attitudes (life styles) toward use of energy

and power and the sensitivity of energy use to real changes in energy price on the
demand for energy and power. Questions about availability of supply are

also inportant. How nuch? At what price? Eventually the two forces

shoul d cone to a dynamic equilibrium however, different balance points

and exchange prices can be expected to be different in different regions

and countries of the world. Production costs will differ, transportation
requirenents (and costs) will have an influence, and national policy

expressed in tariffs, enbargos, and interest rates will all influence

the. supply-demand-price relationship. Thus, full forecasts of power

demand require evaluation and projection of at least the foll ow ng:

* Resource-reserve relationships for major fuels, oil, coal

gas, and nuclear fuels in the inportant supply regions.
* Production cost relationships for these various regions.

Z Transportation routes and costs between nmajor supply and

demand regions.



«Analysis and forecast for major demand regions (countries)
of the conposition and sensitivity of demand. This nust
include estimates of efficiency and capital cost associated
with energy consunption, opportunities for conservation, and
forecasts of public attitudes to energy use and environnenta

protection neasures applied to energy activities.

From these, the general (regional) prices of fuels can be reduced, and
rates of consunption estimated. To forecast individual demand into LDCs

requires further analysis and projection, including:

« Devel opnent of demand-price sensitivities in individual or at
| east characteristic economes. (The behavior of industrialized

nati ons shoul d not be assumed for the LDCs.)

€ Estimates of the regional or local efficiency and capital costs

of energy use.

« Forecasts of the individual LDC devel opnent patterns. (WI1
the econony be agricultural, industrial, or service oriented?
If industrial, will the devel opment concentrate on energy

i ntensive or non-energy intensive industry?)

To our’ know edge, there are no existing energy studies forecasting world
suppl y-demand- price that consider regional characteristics and the
dynam cs of the energy market place, so that no one has established nore
t han guesses about future regional or world price of fuels and the

proportion that each will be used. Lacking that information, analysts
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assune various exponential growths related to industrial devel opnent and
divide fuel use according to general estimates of price differentials.

Anal yses generally begin with some assunptions that energy prices will be
| ess than, equal to, or greater than (by specified anounts) the current
price of Md-East oil and nuch general argunent is offered to support the

position taken by the individual setting forth the assunption

In many applications, electricity conpetes with other energy fornms.
For exanple, in the case of residential space and hot water heating, the
| oner fuel costs of oil and gas systems often outweigh the economc
advant age of electrical heating due to the | ess expensive equipnent and

mai nt enance costs. Many exanpl es of conpetition can also be found in

industrial applications. In sone cases, electricity has a clear advan-
tage because of its cleanliness or its essential nature (e.g. , electroly-
sis). In others, it is handicapped because of energy |losses in trans-
mssions. It has one substantial disadvantage. It cannot be stored on

an industrial scale.

El ectric power growth has come because of the essential convenience
of electricity. It can be generated at |large, economically-efficient
stations, transported to point of use, and applied directly to the
required task in alnost any required quantity and manner. The centra
generating station also can be nore easily operated to reduce environ-
mental pol | ution.

Electricity use in the LDCs is generally characterized by |ower capacity
factors than found in the devel oped countries. The reasons for the |ower
capacity factors obtained for many of the LDCs are undoubtedly varied. How
ever, those LDCs that lack a substantial industrial demand based on 7 day-
a-week, 24 hour-a-day operations are likely to have greater fluctuations
bet ween peak and average demand, and therefore |lower capacity factor, than

that shown in industrialized nations. The industrial demand of devel oped



countries increases the use of off-peak power and tends to snooth out a
systenmis |oad curve.
Fi ssion produced electricity generally cones fromlarge units with

high capital and |ow operating costs. It is nDSt economic to operate

these plants at the highest possible rating, therefore nuclear power
stations are usually considered for base |oad application. Some details
relating to costs are given in Chapter II11. These special characteristics
of nuclear power are inportant to the overall considerations of its
application, especially in developing countries. This will be elaborated

in the followi ng section

B. Characteristics of Nations Using Nucl ear Power

At the present time, only a few of the |ess devel oped countries use
nucl ear power. Those expected to join in the future are expected to
have certain essential characteristics now present in the major nations.
First is the lack of cheaper energy sources properly |located. Hydro-
el ectric resources or cheap fossil fuel such as surface nined coal or
excess natural gas generally produce cheaper electricity provided that
supply and demand segnments arc geographically related. A second
characteristic is a sizable and preferably a rapidly growi ng power
demand. Third, the sizable demand nust be in a single, integrated
power system (O if it is spread between two or nore, then at |east
one nust be |arge enough to support a nuclear station. W do not judge
here whether the mininumplant size is 100 or 600 NW) Finally, the
power |oad curves should be such that the nuclear power plant can usually

be operated (for economic reasons) at its full capacity.

Subsidiary to, but also determning, the capacity at load factors

are such things as conpactness of the demand area---a smal| area for the
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distribution systemis desirable, and the presence of industrial operations

that require constant or sustained power.

The larger nuclear plants also require substantial cooling water,
and preferably sites that are free from natural disturbances, e.g.,
earthquakes and tornadoes. (These latter can be accomodated, but at

high capital cost.)

Nations intending to install nuclear power nust have, or be able to
acquire, a |labor force suited to the devel opnment. This force is not
inordinately large, and nations having the required size and industrial
devel opnent will very likely have or can train the necessary nanpower

for power plant operation. (A further discussion s provided by Appendix
A.) Managenent of government interests in the nuclear operations and con-

struction also nmake denands
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[l REVIEW OF MAJOR ALTERNATI VE FORECASTS

Even though we are faced with the inconplete data and uncertain
rel ationships nentioned earlier, it is still necessary to forecast.
Nucl ear power forecasts abound. They include sone by the International
Atom ¢ Energy Agency (1 AEA) alone, and in connection with the Organization for
Econom ¢ Co-operation and Devel opnent, Nuclear Energy Agency (OECD-NEA). The
| AEA/ CECD- NEA forecast was anended by a study group of the International
Energy Agency. This, still further nodified, has been published by the
U S. Energy Research and Devel opment Adninistration. The nore recent
estimates, made between late 1975 and fall 1976, predict total world
nuclear installed capacity as rangi ng between 160-200 GNin 1980, 550-

1000 GNVin 1990 and 1410-2480 GNin the year 2000.

The CECD forecasts, published in late 1975, are shown in Table
111-1. These projections are based on individual CECD nenber country
estimates which can be nmerely national policy statements or, as in the
case with the US. forecast, be based, at least in part, upon analysis

of energy - GNP relationships with certain assuned relative fuel costs

and the |ike.

Two | ess recent forecasts of nuclear power growth in LDCs have been
those made by the 1AEA in its Market Surveys of 1973 and 1974. In the
first of these, the growh of |4 devel oping nations was based upon previous

detail ed surveys of individual power networks and growth expectations.
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The second report was extended to consider projections for 41 additional
countries. Another forecast, critical of the |AEA approach, was made
recently by Richard J. Barber Associates. However, this too seens to use
the Market Survey as a base.

Those forecasts nade before late 1973 were largely out-dated by the
sharp jump in oil prices and the rearrangenent of thinking which followed
the oil enbargo. A simlar situation occurred because of the rapid
escal ation of capital costs and spot purchase uraniumfuel prices noted during the
1974-76 period. These cost increases produced a significant effect on the
econonmi cs of nuclear systens in conmpetition with fossil fired plants.

The general trend of these various forecasts has been toward
progressively smaller nuclear capacity projections. Reduced energy
demand, increases in nuclear fuel cycle and plant capital costs, and
practical operating experience with lower than expected nuclear plant
capacity factors are anmpng the reasons for these increasingly conservative
forecasts. In view of these considerations, and accounting for the
potential devel opment of a worldwide nmarket in coal, and the potential
increased use of hydropower and surplus gas, we believe that the nost
conservative of the mmjor reports, the IEA estimate as nodified by ERDA,
is the nost realistic.

The | AEA forecast approach used in the 1974 market survey formed the
basis for much of the work and analysis which followed. The |AEA market

surveys will therefore be discussed in detail in the follow ng paragraphs.
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A | AEA Market Survey

Table I111-2 lists the fourteen countries considered in the 1973
| AEA market survey. Each of these countries provided basic data and
counterpart staff, and participated with | AEA teams in site surveys.
Included in the individual country data was that on projected popul ation
and GNP growth. A relationship (based upon historical data for 111
countries in the period 1961-1968*) between GNP/ capita and electric
energy generation/capita was established. This relationship was then
used to project annual electricity consunption to the year 2000 for each
of the 14 countries in the Market Survey. In addition to these |AEA
projections, some of the countries involved provided their own forecasts.
For the 5 cases in which there were appreciable differences, they were
i ncluded as high forecast cases above the nore conservative |AEA

proj ections. **

Table 111-2

COUNTRI ES | NCLUDED IN THE 1973 | AEA MARKET SURVEY

Argentina Mexi co
Bangl adesh Paki st an
Chile Phi | i ppi nes
Egypt Si ngapor e
G eece Thai | and
Jamai ca Tur key

Kor ea Yugosl avi a

*This period saw a particularly rapid growth in electric power demand in
countries such as South Korea

**|n each case the individual country forecast was higher than the |AEA
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The existing systens plus planned additions to about 1979 were used
to construct the base system which was then expanded by the |AEA anal ysts
to meet future demand using additions of economc base hydroelectric, base
fossil, base nuclear, and internediate and peaking fossil plants supplenent-
ed when possible by peaking load hydroelectric units. The expansion fitted
new plants into the systemto provide sufficient plant capacity to neet
peak | ocal and reserve criteria with each new plant added bei ng chosen to
obtain mninum present worth cost. Historical data from the individua
countries about |oad patterns and “plausible” patterns of their future
devel opnent were used by the agency and local officials to develop the |oad
patterns. Capacity and reserve were chosen to reduce the generating systens’
| oss of load probability to as close to 0.005* as possible, with a maxi mum
of .01. It was felt that this range of values would be acceptable to devel op-
ing countries, although they would be unacceptable to industrialized nations
The maxi mum si ze of units to be added to the country’'s systemvaried
between 5 and 20% of the peak load foreseen. It is inportant to note that
the | AEA assuned nucl ear power stations as small as 100 MV could be added to
i ndi vidual systenms. The |owest capacity considered econonic was 300 MV and
only 9-10 units (fromlow and H gh forecasts respectively under reference
mar ket conditions) below 400 MWV capacity, or a total of 3200-3500 MN were

assuned to be added by 1990.

* Demand may exceed generating capacity for, at nost, 0.5%of tinme during
the year.
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Capital, fuel and operating costs assuned were those of 1973 and
earlier. In its capital cost estimates the | AEA used U. S.: data as devel oped
by the OCak Ridge National Laboratory and the ORCOST program for their com
parison. Capital costs for equipment were adjusted on a country by country
basis considering the available international sources for equipnent, country
performance, transportation costs, etc. Mterials costs were established
for each country using construction and other cost indices. Labor costs
and efficiencies were individually considered. |In all cases the costs were
estimated to increase at a uniform annual rate in all countries. Adjust-
ments for varying plant size were made by standard scaling factors.

The reference case econonic parameters used by the |AEA are set forth
in Table Il11-3a and Table I11-3b. The plant capital costs assumed here are
based on data as of January 1, 1973, and therefore do not reflect the rapid

increases noted in the md 1970s.

Table |I1-3a
REFERENCE CASE ECONOM C PARAMETERS, GENERAL

Appr oxi mat e

St udy Val ue' Real Val ue
Di scount Rate 8% 12%
Capital and &M Cost Escal ation 0% 4%
Fuel G| and Gas Price Escalation 2% 6%
Depreci ation Li near

1 General inflation rate was assuned constant at 4% yr.
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Table 111-3b
REFERENCE CASE ECONOM C PARANMETERS, CAPI TAL COST

Pl ant Size, MN Type Capital Cost $/ Kw2
Max. Mar ket M n. Market
Survey Nation Survey Nation USA
300 Nucl 593 442 624
al 268 206 315
600 Nuc* 439 322 460
Ol 216 170 253
Coal 287
1000 Nuc® 365 266 283
Ql 189 146 223
'"PVWR

‘Based on data of 1 January 1973

El ectric power production is a capital intensive operation. Rapid
expansi on of plant requires both the generation of excess revenue and
borrow ngs. Current estinmates place capital costs in the range of $1000/ KW
for large nuclear plants and $600 to $750/ KW for coal plants, signifi-
cantly higher than those found in Table Il1-3b.* At these costs, a nodern
large station is a substantial additional investnent for all but the
| argest of electric utility systems. Costs of $1000/KW are far from
the $200/ KW costs forecast for nuclear power stat-ions in the early 60’s
and much has been said about the difficulties of capital formation to

finance nucl ear power growth.**

The higher capital investnent may inpact on devel oping nations with
| ow gross national product. However, the developing countries may find

is possible to raise the capital required, perhaps through favorable |oans

*More detailed discussion of capital costs and capital cost differentials

will be found later in this chapter

**Fr ,the viewoint of the electrical utility systenms (especially those

inthe U S ) who have previously operated with declining real costs for new capita
pl ant (because of technol ogical innovation and econony of scale) and

fuel costs and who now rmust both change their financial viewpoint and justify

the change to consumer-conscious regulatory conmi ssions, the change in

cost is undoubted traumatic.
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made by the exporting country, e. g¢., Federal Republic of Gernmany--Brazil
or international agency loans. For the former loans there is little al-
ternative use possible, for the latter, the LDC must justify the applica-
tion of funds to nuclear power in contrast to other industrial or agri-

cultural devel opnent.

Heat rate data, inportant to evaluation of fuel costs, were furnished
by Bechtel Corporation and represent |ow average of design data for many
plants. This data was checked by ot her experts. Fossil fuel costs were
estimated by the IAEA (R Krym). The price for oil in each country was
based upon the price of crude in the Persian Gulf, then estimted at
$1.80\bbl for Kuwait 31° API. Transport costs to country harbors were then
estimated, e.g., $0.83/bbl to Rotterdam Escal ati on of 6% was assuned for
the crude oil price over the period considered. Costs of coal and lignite
were established for each country having indigenous reserves. These were
essentially each country's estimate of its production cost, a general
escal ation of cost of 4% was used. Fuel oil was priced at 95% of crude.

In no case was tax on inmport duty added to the base cost of oil

Nucl ear fuel costs were estimted by | AEA from published dat a;
the basic cost assunptions are shown in Table I11-4. I nterest was charged
at 8% and paynents were made at reasonable intervals as the fuel progressed
fromstep to step in the processing and fabrication chain. Fuel costs
resulting fromthe calculation for an equilibrium case are shown in

Table 111-5



Table 111-4

NUCLEAR FUEL CYCLE COSTS, | AEA MARKET SURVEY, 1973

$
Concentrate 1
Conver si on 2.60
Enri chment 32
Fabrication--first core 110
--equilibrium core 80
Recovery Cost--first core 44
--equilibrium core 40
Pl ut onium Credit 10
Ot her Data--- - - - - e e
Bum up 13,000 rising to 31,000 MN d/t
Enrichnent 2.41 rising to 3.48% U235
Final fissile Pu 0.46 rising to 0.72%
Load Factor 80%
Table Ill-S

Unit

| b/ u308
Kg U
SWJ

Kg U

Kg U

g Pu fissile

FUEL CYCLE COSTS, EQUI LI BRI UM CASE

U.S. ml/Kwh

Concentrate 0.681
Recovered U -0.104
Recovered Pu -0.228
Conversion, net 0.079
Enri chment, net 0.730
Fabrication 0.392
Recovery 0.131

1.681

IV - 18

Loss %

0.5
0.0
1.0

1.3

No transportation costs to individual countries were charged and genera

inflation of 4% per year was assured
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In 1974 the | AEA issued a supplenentary report which reflected the
hi gher oil prices of that year and new nucl ear cost figures while
extending the report to 41 other countries, including 5 in Eastern Europe.
The sane general nethodol ogy was used but some nodifications were note-

wor t hy.

Det ail ed anal yses of capacity additions were nade for 2 countries
to determine the fraction of total electric capacity additions that would
be nuclear. These results were extended to the 12 other countries in the
original Mrket Survey. Data on population, GNP and electricity consunp-
tion were collected for the 41 countries. These data were used as before
to project electricity capacity to 2000. The |oad order analysis was
changed to consider "practical" as well as economc solution factors in
meeting each load. Break even |oad factors for nuclear plants conpared
to oil fired plants, wusing oil delivered at $6.00/1§ k cal ($9/bbl) with
updated capital costs for. both nuclear and oil fired plants were conputed
as they applied to each of the Market Survey countries. The break even
pl ant capacity factors for small plants obtained ranged from 73.2% for
a 100 MNunit at highest capital cost ($1052/KW, to 29.9% for a m ni mum
cost 400 MN unit ($471/KW. For plant sizes larger then 400 MN nucl ear
plants with even snaller capacity factors would remain economcally
conpetitive with oil. The results of the 1974 | AEA forecast are presented
in Table 111-6.

The two | AEA market studies were conpleted before the total Inpact of

the oil price rise was felt and therefore neglected both the ultimte (current

price) rise in oil and increase in nuclear fuel and capital costs. Oher

| AEA assunptions, nanely high plant capacity factors, availability of small

nucl ear plants, and low inflation (discount) rates gave greater cost
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Table I11-6 (cont.)
1981 ' 1982 1983 1084 1785 1$78G 1987 1988 1089 1090 Totai
Smﬂ!v Plarned
Ecnrumies
Polan 400 400 400 400 400 800 800 100 1200 1200 700
Pomania 400 400 400 400 400 609 600 1000 1000 $200
Czechoslovakla 400 400 600 600 600 800 1000 1000 1200 1200 7500
Bulz:ria 400 400 400 400 600 600 600 600 800 800 5690
Hungary 400 | 400 400 400 400 400 600 600 600 4000
Tot al 29800

¢¢ - A1
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advantage to nuclear plants than now seems justified. These factors were
seemngly taken into account in the nore recent CECD\|AEA review of

Decenber 1975 and further the reviews of early 1976.

B. Bar ber St udy

A study by R J. Barber Associates was published in 1975 which
used different econom c assunptions. These included higher capital costs,
hi gher fuel cycles costs, a |lower plant operating factor and a higher
discount rate. Barber's capital costs, are based on the data given in
WASH 1345. \While Barber argues that the capital costs in the LDCs

m ght well be 25% higher than in the US. , he does not use that factor.
He lists mninmum cost estimtes and conservative cost estimtes to be

used by the LDC pl anner as

Pl ant Cost Estimates, 1000 MW Nucl ear Station*

$/ KW
M ni mum Conservative
PVR 598 745
Coal 485 600
G| (no SO”abatenent) 372 460

*1981 startup

Nucl ear fuel costs were estimated at 4.39 nmils/kWr and 5.17
mlls/kwWr for favorable and unfavorabl e assunptions about the various
par anet ers. (Oxide feed was assumed at $20/1b UQ, enrichnment at
$75/ SWJ, and discount rate at 20 and 25% and capacity factors at 60 and

50% for the favorable and unfavorabl e cases respectively.)
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Fossil fuel prices are discussed at length in the Barber report.

A range of possible prices was presented. Generally it was assumed that
oil could range fromas low as $6.50 a barrel to more likely prices of
$8-9/ barrel .

I ndi genous coal is offered as a viable alternative to oil and nuclear
fueled plants. Several coal prices are quoted but fuel cycle prices of
6.12 mlls/kW assuned.

Most inportant to the conparisons nade is Barber’'s assunption that
nations with high internal inflation will use higher discount factors.
Barber assumes a “reasonable nediunf discount rate of 20% and suggests
that rates as high as 25-30% may be applicable in certain situations.

The Barber study al so assunes that nuclear power plants smaller than
600 MW wi Il not be available and elininates them from consideration. Wile
it nentions taxes and tariffs it nakes no assunptions about them apparently
following the 1AEA lead. An attenpt to include these effects into the
econoni ¢ evaluation would be fruitless, for taxes and tariffs can be used
by an LDC to encourage or discourage the use of nuclear (or other) power.
Even though the Barber study disagrees with many aspects of the | AEA
approach, and with the explicit data used, it still uses the |AEA Market
Survey as the framework for its analysis. In addition, all other studies

di scussed seemtied to the | AEA data base and approach.

C. G her Studies

The | AEA market survey of 1974 fornmed the basis of an OECD\| AEA survey
of 1975. This latter report took advantage of the passage of tine by

consi dering the escal ation of construction costs during the 1974-75 period
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and the continued existence of the OPEC cartel. It is primarily, however, a
di gest of national plans of the participating countries as reported in the
spring of 1975.

In the fall of 1975 and the spring of 1976, the International energy
Agency conducted another survey which projected further changes in nuclear
plant construction and fuel cycle costs. This survey was subsequently revised
by ERDA in a paper entitled “Wrld Requirements and Supply of Uranium”*

Sone of the results of various nuclear growth projections are sunmarized in
Table 111-7. SR has regrouped this published data in certain cases in order

to provide direct conparisons between the studies.

D. SRl Anal ysis

In assessing these studies, SR has not attenpted a new analysis of
el ectric power demand or nuclear power share. [t has exami ned the |atest
data presented on nucl ear power costs and tested the stated assunptions for
r easonabl eness. In general, SR has used high capital and fuel cycle costs.
SRl has assuned that for the earlier periods of devel opment, the devel op-
ing nations will use tall stacks to dilute but not capture S0,enm ssions from
coal -fired plants, resulting in capital costs in the $775/ kW range. (It
assumes the coal mined will have less than 27zosulfur.) SR further assumes
once through cooling, for nuclear and coal-fired power stations. These
assunptions result in capital costs bel ow the naxi numassuned for U'S. built

pl ants.

paper by E.J. Hanrahan, R H W!Ilianson, and R B. Presented at the
Atom c Industrial Forumis International Conference on Uranium Geneva,
Sept enber 1976.
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SRl has estimated ranges of coal and oil prices as part of other
project work. We find that several coal producing sections of the
world such as Australia, S. Africa, and the Western U S. could deliver
coal to seacoast power plants in devel oping countries at prices ranging
from | ow values of $17-24/ton. (Actual prices could be higher if the
demand grows.) W believe that world oil supply estimates cited by
Barber are optimstic and the prices for delivered oil on the |ow side.
However, SRI's anal yses al so have indicated that supplies of oil wll be
adequate through the end of the century and that prices may noderate hy
1980 when expressed on a constant dollar basis (see attached article hy

V. Eugene Harless in Appendix B).

Capital costs of nuclear power plants with once through cooling wll
lie in the $925/KWrange for a 1985 starting plant.* W do not believe
that the rapid changes in capital cost observed from 1970 to 1975 will
necessarily continue. Mich learning has taken place, retrofitting during
construction should dimnish, and |abor efficiencies rise with the advent
of standardized plants. Experience and better planning should also reduce
the time required for plant construction. A reduction of 2-3 years seens
possible with concomtant reduction in interest cost during construction
Whbelieve that costs of $80/kg-SWJ for enrichnment, and $250- 300 per kg
of metal reprocessed are possible. This produces fuel cycle costs that

are as high as 7 nils/kWh.*

Bar ber has suggested plant factors of 60 and 50% and perhaps | ower.

At |east sone of the unfavorable operating experience encountered wth

*V.S. Boyer, "The Economics of Nuclear Power." Speech presented at the Third
Congressional Semnar on the Economic Viability of Nuclear Energy, January, 1976
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current plants has been caused by retrofit and regulatory caution,
especially in the U S. Learning has been an expensive process in many
aspects of reactor operation. Reactor suppliers and custoners are both
paying nore attention to factors that inprove plant on-line tine (better
mai nt enance scheduling and refueling procedures, for exanple). Recent
data have shown that of all light water plants above 150 MWVt hroughout the
world, 75% had an annual capacity factor of greater than 50% and 69% had
a cumul ative factor above 50% U.S. experience shows an average annual
capacity factor of 58% through the end of 1975. Three other countries with
four or nore reactors have achieved higher values: W Germany (73%, France
(70%)  andthe U. K. (66%) . These data include plants such as Brown's Ferry 1
and 2 that were shut down for repair for approximately 8 nonths during the
vear, and otner Pl @Nt'S  SuUbject to extensive nodification. On the other hand
several plants have exceeded 80% capacity factor for a year or nore. SR
has assuned a 60% capacity factor in its analysis. This may be considered
conservati ve.

G ven the previously stated assunptions by SRl concerning prices of
nucl ear and coal power generation systens and nuclear fuel cycle costs,
break even coal costs can be devel oped for various plant sizes and fixed
charge rates. Table I11-8 shows these costs for plants of 600 MA and 1100

MAé capacity installed in the md-1980s.
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Table 111-8

M D-1980s BREAK EVEN COAL COSTS ($/ TON)*

Fi xed Charge Rate Pl ant Size
600 mne 1100 mwe
10% 28 23
15% 35 28
2 0% 42 32
25% 49 37
“Assunptions:  Nucl ear plant capital costs--$925/KW (1100 MY, $1135/ KW
(600 Mw)
Coal -fixed capital costs--$690/ KW (1100 MN, $775/ KW
(600 wmy)

Capacity factor--60%
Nucl ear fuel cycle cost--7.3 mls/kWr at assumed capacity
factor

As the above table indicates, npbderate cost coal, hydropower and perhaps
surplus gas could be conpetitive with nuclear power in the LDCs*. Al-

t hough an independent country-by-country study mght be desirable for
confirmng the conpetitive nature of nuclear power, the scope of this
study precludes such an effort. W believe that the |owest estimte
devel oped, that of the IEA as nodified by ERDA, will be nost representa-
tive of the future. This low estimate can be raised by many factors.
Sone of these are not of direct econom c consequence. For exanple, in-
centives that seemto favor the spread of nuclear power include export
pressures of nuclear suppliers, desire for alternate energy supply on

the part of the installer, desire to prove nodern attitudes and advance

*The conpetitive picture changes when devel oped country economcs is

consi dered . In the first place we expect that requirenents for SO,re-
moval . instead of tall stack dispersal will add extra operations and capital
costs and coul d decrease plant efficiency markedly. Partially counter-
balancing this will be the added cost. of natural draft cooling towers
added to the nuclear plant. Oher factors may al so he inportant.
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industrial training, particularly on the part of |ess devel oped countries,

and interest in nuclear weapon capability.

In addition to making | ess devel oped countries dependent upon
devel oped countries, the extraordinary support requirements of nuclear
plants creates pressure among the devel oped countries to export nuclear
products. The support structure is expensive and unique, if donestic

power requirenments are not adequate to fill the order work of the various

30

support facility, then the owner-operators and perhaps the country in which

the plant is operated falls under pressure to export nuclear power el se-

where, to the LDCs for exanple.

W have not attenpted a detailed analysis of the manufacturing
capacity, engineering abilities and other support services related to
nucl ear power devel opnent. However, it is likely that the U S and
several European countries have excess capacities “for reactor production
and in nuclear support services. The tenporary, if not permanent change
in the rate of growth of electricity consunption, deferments in construc-
tion because of that change and hi gher capital costs, delays, postpone-
nments or cancellations of nuclear power prospects because of public
opposition and related regulatory and judicial rulings has upset the
growth of nuclear power stations. Therefore, existing and planned sup-
port installations in sone segments of the industry are wthout adequate

devel oped country markets.

The rapid changes in nuclear power plant planning--first, a rapid

increase following the oil enbargo and' large step increase in oil price
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and second, a rapid slowdown or cancellation phase follow ng delays in

aut horization and rapid capital cost increases--have interacted through-

out all segnents of the industry --including the fuel cycle as well as

t he manufacturing and engi neering support segments. Pressures also

exist in these segnents to stabilize activity and encourage nobderate

growth. Thus exporting countries may decide to offer trade incentives,
including favorable |oans, an action which reduces the effective discount

rate.

Addi tional incentives for the devel opment of nuclear power are the
desire for diversification of energy supplies and the relative ease with
whi ch urani um and plutonium fuel supplies can be transported and stock-
piled. Al of the front-end fuel cycle materials can be shipped eco-
nomically by air with the exception of the original ore. Thus shipping
delays are not crucial. It is usual for a nuclear power station to have
several weeks, or nore likely, months of fuel supply in new fuel elenents
on hand so that tenporarily interruptions due to enbargo, strike etc. , are
not so disruptive. Fossil fuels do not have these advantages, which can

be inmportant to LDCs with transport, harbor clogging, and simlar

probl ens.

It is obvious fromtheir optimstic forecasts that many LDCs plan to
have nuclear power play an inportant role in their devel opnent. I'n many
regions this energy source represents the nost econonical neans of generating
electricity and also allows for a diversification of energy resources and

a greater degree of energy self-sufficiency.
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Wthout the nuclear option, those countries that do not possess
sufficient indigenous hydrocarbon supplies or hydropower resources would
have to rely on inported fossil fuels. This inplies a strategic dependence
on others for a continuous supply of energy. The possible consequences of
such dependence were felt by mobst LDCs during the 1973 oil enbargo and in
the price junmp that followed.

In oil inporting LDCs, a high oil price makes a strong inpact on
agriculture and industry. There are very few non-essential uses of energy
in LDCs. Hgh oil prices mean higher costs for the fuel and fertilizer
required for donestic food production and for the boiler fuel used in
el ectric power generation and industrial heat processes.

South Korea, for exanple, paid $300 million for oil inported during
1973 but during 1974 this figure increases to $1.2 billion. The effect on
the Korean econony was wi despread; the price increases greatly hurt Korea's
bal ance of payments, sparked further inflation and hindered industrial
producti on.

The price of fuel is only a snmall part of the cost of electricity from
nucl ear power generation. The economics of nuclear plants are therefore
| ess affected by fluctuations in the price of fuel than fossil plants.

Nucl ear power is seen by npst LDCs as a neans of reducing high priced
oil inmports and dependence on foreign-supplied fossil fuels. However,
it is very likely that these nations are currently too optimistic about
the amount of relief fromfossil fuel dependence that even anbitious

nucl ear prograns mght provide. Nuclear energy can only be used practically
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for base-load power generation and it is not likely that nore than a snall
fraction of total end use energy consumption will be in the form of electricity
for many years to cone. (In Asia and Africa electricity presently accounts

for less than 5 percent of total end use consunption, in Latin America this

figure is about 10% in OECD Europe and North America electricity presently

supplies 15% of end use energy).

'V THE MOVEMENT OF NUCLEAR MATERI ALS AND EQUI PVENT

Wth the assunption of noderate nuclear power growth generally, and in

the devel oping countries especially, we examne the likely flows of nuclear

materials. W describe country location of inportant facilities and specul ate

on growth patterns.
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A, Uranium Suppl y*

Data on world w de uranium resources as well as projected uranium demand
to the year 2000 have been conpiled and published in a joint OECD/ NEA - |AEA
Report entitled, “Uranium Resources, Production and Demand” Decenber 1975.
These estimtes (with updated U S. and Canadian figures) are shown in Table IV-la
for two categories of confidence and two |evels of extraction costs. An updated
and expanded version of this report is scheduled for reissue in May 1978. A
relatively recent world wide resource estimate for uranium at $30/1b. U0,which
refl ects data published subsequent to December 1975 has been prepared by
John H Patterson, Division of Uranium Resources and Enrichnment, ERDA, and was
presented at the American Nuclear Society Executive Conference on Uranium Supply
in January 1977. The data assenbled by Patterson is reproduced in Table IV-1b
and is annotated with several recent additions. The two resource categories
used by CECD/ NEA-I AEA, "Reasonably Assured Resources" and "Estimated Additional
Resources" have been retained by Patterson rather than the four resource cate-
gories nornally used in domestic ERDA resource estinmates.

In the oeco/ NEa-1AEA report (op. cit.) the term "Reasonably Assured

Resources" refers

v to uranium which occurs in known ore deposits of such
grade; quantity and configuration that it could be recovered
within the given production cost range, with currently proven
mning and processing technology. Estimates of tonnage and
grade are based on specific sanple data and neasurements of
the deposits and on know edge of ore-body habit. Reasonably
Assured Resources in the cost category below $15/1b are con-
sidered as Reserves for the purpose of the present report.
The term Estinmated Additional Resources refers to uranium
surmsed to occur in unexplored extensions of known deposits
or in undiscovered deposits in known uranium districts, and
which is expected to be discoverable and could be produced in
the given cost range. The tonnage and grade of Estimted
Addi tional Resources are based-prinmarily on know edge of the
characteristics of deposits within the sane districts.”

From Table IV-1 it can be seen that the estimated total resources for
both resource categories each contain approximately 2.4 mllion short tons

O Uo,at $30/Ib. O UO,. About 80% of the reasonably assured uraniumis

*This section prepared by Lorin R Stieff.
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World Uranium Estimates

Categories are by reference to price.

Estimates in this price range are preliminary, restricted only to
principal deposits, and thus very conservative.

Does not include 54,000 tonnes U as a byproduct from
phosphates or 15,000 tonnes U as a by-product from copper
production which might be recovered in the period to the
year 2000.

includes some 80,800 tonnes U reasonably assured resources in
ignites in the cost range $15-30/lb U,0 for which the
availability is uncertaln.

The 350,000 tonnes U total uranium resource for South Africa
as given in Part |l has also been Supplied apportioned as a best
estimate to the various resource categories although reserva-
tions have been expressed concerning the accuracy of split
figures.

URANIUM INVENTORIES (tonnes U)

Australia 1750 (government); Canada 5580 (government); Japan S (producers);

ESTIMATED ADDITIONAL RESOURCES
(7,000 tonnes U)
(Data available 1st January 1976

Cost range < 158/1bU304  15-30%/1bU,0,
Algeria ............oeun - -
Argentina. 15 24
Australia ... 80 -
Brazil. . .. 8:8 -
Canada(a) ........... .. 303 302(b)
Central African Republic .. .. 8 -
Denmark .................. - 10
Finland . .. - -
France .. 25 15
Gabon .. 5 5
Germany 1 3
India . ... 08 22-5
ltaly - 1
Japan - -
Korea. . .. - -
Mexico.................... - -
Niger.............ooot 20 10
Portugal ...... . - - -
South Africafe) 6 68
Spain(d) . 88 98
Sweden - -
Turkey 0-4 -
United Kingdom. - 4
United States(c) 500 312
Yugoslavia - 15-2
Zaire ... 17 -
Total (rounded) ............ 980 830

(a)
(b)

(c)

(d

(a)

Categories are by reference to price.

Estimates in this price range are preliminary, restricted only to
principal deposits, and thus very conservative.

The following additional potential resources of greater
certainty are indicated by the US.

Possible resources <30$/Ib: 978.10°tU
Speculative resources <30$/Ib: 454.10°tU
Includes some_ 63,800 tonnes U estimated additional resources
in lignites in the cost range $15-30/b UO°for which the

availability is uncertain.

The 350,000 tonnes total uranium resource for South Africa as
given in Part Il has also been supplied apportioned as a best
estimate to the various resource categories although reserva-
tions have been expressed concerning the accuracy-of the split
figures.

un-

Mexico 40 (government); Portugal 350 (government);

Sweden 200 (users); United States 55000 (government), 3300 (producers), 15000 (users) and West Germany 1370 (government). Information
on stockpiles in other countries is presently not available.



Table IV-1b

WORLD URANIUM RESOURCES BY CONTINENT — $30/LB U0, @)

(EXCLUDES EASTERN BLOCK COUNTRIES)

NORTH AMERICA

Us.

CANADA

MEXi CO

DENMARK (GREENLAND)

AFRICA
SOUTH &SW AFRICA
NIGER
ALGERIA
GABON
CAR.

ZAIRE

EUROPE
SWEDEN
FRANCE
SPAIN
YUGOSLAVIA
PORTUGAL
FINLAND
GERMANY
ITALY
U.K.

AUSTRALIA

ASIA
INDIA
JAPAN
KOREA
TURKEY

SOUTH AMERICA
ARGENTINA
BRAZIL

TOTAL (ROUNDED)

THOUSAND TONS U3Os

REASONABLY
ASSURED

880
640
225

8
8

500
359
65
36
26
10

520
390

2,400

ESTIMATED

ADDITIONAL

1.860
1,060
787
0

13

160
96
39

0
13
10

2
140

v -

36
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NOTES

Table IV-1b

“Foreign Uranium Sources - Status and Devel opnents”, John A Patterson,
Armerican Nucl ear Society, Executive Conference on Uranium Supply,
Moneterey, California, January 26, 1977.

Most recent ERDA estinates.

New di scoveries should result in significant increases in this estimte.
This estimate reflects the uranium contained in the black shales of

Sweden. It is unlikely that this uraniumwll be available at $30/1b U,0,.
Company Dat a.

Gover nnent Esti mate.



confined to six countries, the United States, Canada, Australia, South

and South West Africa, France and Niger. The large, reasonably assured supply
of very low grade uranium associated with the Swedish black shal es probably
should not be included in the table because the uranium from this source will not
be available at $30/1b. UQ, and because the substantial environmental con-
sequences associated with extraction from this source have not been resol ved.

The total of approximately 2.4 million short tons of UQ,in the category
of Estimated Additional Resources is dominated by only two countries, the United
States and Canada. These two countries possess approximately 1.85 million short
tons or roughly 75% of these resources. It is unlikely that these figures
reflect the true world distribution of the Estimated Additional Uranium Resources.
Rather, this large subtotal reflects the substantial exploration and resource
apprai sal efforts that have been nade by both the United States and Canada. It
seens reasonable to believe that the categories of Reasonably Assured and
Estimated Additional resources wll increase as conparable exploration and

appraisal efforts are nade in other parts of the world.
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Thus the short term and probably even the nmid-term supply of uranium
appears adequate. Nevertheless, it is necessary to add that prudence dictates
a much nore conservative view of the tonnages of uraniumthat will actually be
mned, mlled and available. This prudence stems from the fact that serious
errors in judgement on the long-term availability of uranium wll have profound
econonmic and political inpacts particularly on the major industrial nations;
that certain major decisions directly dependent on reliable |ong-term uranium
resource estimtes nust be nmade now or in the near future, such as national com
mtnents to nuclear power and the decision on breeder reactor devel opnent; and
that it is difficult, if not inpossible, at this stage to assign limts of
error to the estimtes of “Reasonably Assured Resources” nuch less the “Estinated
Additional Resources”. Further, even though the quantities of ore in discovered
reserves may be adequate through a certain date, the time required in devel oping
them may necessitate the discovery and devel opnent of new deposits.

The uncertainty surrounding these appraisals is due, in part, to sone
of the following factors:

- Insufficient geologic information on the occurance, distribution,
theories of origin and controls of ore deposition required to nake the
necessary extrapolations involved in the quantitative estimtes of
addi tional resources.

I nadequat e statistical nethodology applicable to the special problens

associated with uranium resource appraisal.
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- Limtations in the availability of the relatively large anmounts
of risk capital required for the exploration and devel opnent of uranium
mnes and mlls.

- Shortages in the supply of trained mners, skilled mll workers and

qualified professional staffs

- Uncertainties, even in the four major suppliers of uranium concerning

national attitudes towards nuclear energy and non-proliferation, nationa
policies governing the devel opnent of uranium resources and the sale of
uranium and the stability of the political institutions essential to the
orderly devel opnent of a nmjor natural resource and the confidence that
long-term contracts will be fulfilled.

Patterson (op. cit.) estimates that the current annual world requirenent
for UO,of approximately 25,000 short tons is expected to increase to al nost
200,000 short tons annually by the year 2000. The inplied rate of growth for
both the mining and mlling segnents of the industry is fornidable and can be
achieved only with considerable encouragement. The CECD/ NEA-1AEA report is not
so optimistic. It states (op. cit.):

"In general, however, only ‘Reasonably Assured Resources’ can

be considered for specific planning and forecasting in the short
and medium term and even the availability of much of these resources

is constrained. If it were assumed that the present ‘Estimted
Additional Resource’ could be confirnmed and devel oped, the total
of the two categories would still be inadequate to neet the |ong

term urani um requirenent which has been estimated at up to four
mllion tonnes by the year 2000, possibly reaching 10 million
tonnes of uranium by the year 2025."
These projections have been reduced, but the urgency of the uranium resource
problem is still generally recognized. The concerted action by industry as well
as governnments required to forestall serious problems in the late 80's and 90's
is still in the formative stage
B. Conversion

Conversion is now concentrated in the four countries which operate

| arge-scale enrichment facilities--the U S., UK France and the USSR
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The capital costs of this process are not high, approximately $50 nmillions
for a plant that will fuel 82 reactors at equilibrium See Table IV-2.
The technol ogy requirenents are not large. Production of florine, arid

its associated electric power requirement, is the primary technical task.
A 10,000 tonne/y plant requires about 300 workers and about 65 x 1(53 kWh/y

of electricity (or an assured capacity of 7 NW.

Countries supplying substantial volunes of uraniumore may wish to
convert concentrate to UF6 to take advantage of the value that can be added.
In addition, the npbdest capital cost and technol ogy requirenents wll not
present a problem  Therefore, conversion can be expected to spread to

countries without present capacity for it, such as Australia.
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Table V-2

CAPI TAL COST* OF NUCLEAR FUEL CYCLE FACI LI TIES
NECESSARY TO SUPPORT A 1100 MM LI GHT WATER REACTCR
UNDER EQUI LI BRI UM CONDI TI ONS AND NUMBER
OF REACTCORS SUPPORTED BY A LARGE COMMERCI AL FACILITY

Capital Cost of Nunber of 1100 MAe
Fuel Cycle Facility per 1100 MAé Reactor React ors Supported
Facility (in mllions of dollars) by Facility
Mning (surface) 2.33 6
Mining (under gr ound) 2. 84 3
M Iling 10. 47 7
Conver si on 0.61 82
Enri chment 26. 98 101
Fuel Fabrication
(no Pu recycle) 1.75 27
Fuel Fabrication
(with Pu recycle) 6.12 7
Reactor Pl ant 460.0
Fuel Reprocessing 3.65 69

*| nstant construction nmid-1974 costs.

C. Enri chment

Enrichment, now concentrated in the U.S., the USSR France, and the
UK may be spread nore widely, especially through the centrifuge and nozzle
diffusion techniques. At the present, world enrichnent capacity is
25-28 x 106 kg SWJ per annum primarily in the U S and USSR All of this
is not needed today and some “reproduction” is being undertaken so that
future capacity additions can be delayed. New capacity is now bei ng added
by URENCO plants in Holland and the UK, and Eurodif (Coredif) expects to

be in production about 1980 with a plant which will realize 10.8 x 106 SWU.



lv - 43

These additions plus U S. wuprating of its government owned diffusion

plants (an additional 10.5 x 106 SWJ) will bring the total capacity by
1985 to over 50 x 1(? kg SWJU (it could rise as high as 70 x 106 kg SW).
Table I1V-3 lists existing and planned commercial plants and significant

pilot plant operations.

Equi l'i brium operation nuclear electric plants using enriched uranium
are stated to require from 119 to 137 kg SWJVy per MNof capacity at 65%
capacity factor. If we assume all future plants use enriched uranium-
an obvious oversinplification that enphasizes the need for separative
work capacity--and an average equilibrium consunption of 120kg SWJ MN
(60% plant factor), we find that the current capacity and postul ated
additions to 1985 will supply the enrichment necessary for the continuous
runni ng of about 385,000 MV (In this and succeedi ng cal cul ati ons we
consi der that nuclear power is produced only by LWRs. The contribution
of HWR and other converters is estimated to be less than 5 percent before
the md 1990s. Breeder reactors should have little effect before that
tine.)

Enrichnment plants operating before 85 will generally be in the
nations that now produce enriched uranium The FRG (recently announced
in public press) will make additions before then. It nust be noted that
the French organized and operated COREDIF and EURODI F organizations have
additional partners, notably Iran and Spain, but also including Belguim
and Italy, who will contribute financial and other support. After 1985,
other nations plan to provide enrichment services. Brazil and the Union
of South Africa will be using varieties of the jet nozzle process if

current plans are carried forward. Japan has announced its intent to

use the centrifuge process. Iran may build its own plant, etc.
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| V-3*

*
STATUS OF PROCESSTS FOR ENRICHMENT *

gggagw Schedul e

Onner Location Operation
Gaseous diffusion process
Operating plants
ERDA Oak Ridge,
Tenn. 4.73
Paducah, Ky. 7.31
Portsmouth,
Ohio 5"19
Total, US 17.23
USSR Siberia 7-10"
CEA Pierrelatte,
Franca 0.4-0.6
UKAEA Capenhurst,
England 04-06
China Lanchow, China ?
Under construction
Improvement and uprating
of ERDA plants - adds 10-5 1975—1 985
Eurordif (CEA. Iran,
Belgium. Italy, Spain) Tricastin,
France 108 1978—1981
Under construction
ERDA Portsmouth
Ohio 8-75 1985
Coredif (Eurodif, CEA Iran) Tricastin,
France 9—10 1985
Canadif (CEA Ouebec, James Bay,
Canada) Quebec ? ?

Gas centrifuge process
Operating plants
Urenco-Centec

(UK, Holland, Germany)

Capenhurst

England
Almelo, Holland 0-4 to 2-0 1977—1982
Under coonstruction
Urenco--Centec Capenhurst
England Adds
Almelo, Holland 8 1985
Exxon Nuclear Co. USA 10oto 3.0 1982—1986
Centar Associgtes USA 0.3t03.0 1932—1988
Garrett Nuclear éorp . Texas 0.3 3.0 1982—1989
Japan 2 1998
Separation, nozzle process
Kar [ SIUhe  wuckear Center Steag A.G. 0.002 Shut down in
1972
Nuc!ebras Brazil 2 1989
South African process
UCOR Valindaba, S.A. 0.006 Pilot unit ready
5 being
considered

Laser-based processes

Avco-Exxon
Lawrence Rad. Lab.
Los Alamos Sci. Lab.

Everett. Mass.
Livermore. Calif.
s Alamos

Working material
U metal vapor
U metal vapor
UFa Vapor

a—

* From Nucl ear Engi neering International,
Novenber 1976.
** **Prasented by Manson
Conference, June 1976.

+ Believed that 3M SWJ avail abl e for export.
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The capital investment required for enrichment is snall conpared

to that required for nuclear-electric power plants; it has been estimted

capital costs will range from $200 to $370 per SWMAy. A representative
capital cost of $310 per SWJ converts to an expenditure of about $27
mllions required to supply a single 1.100 MW nuclear power plant. See
Table IV-2.  (Conpare this cost with the approximately one-half billion
dollar cost for the nuclear power station.)

The diffusion process has a generally reported cost of 200-300 $\SW
only in large size. The unit cost rises rapidly with decreasing size
The econonics of centrifuge and nozzl e processes are much | ess sensitive
to size and can be installed in smaller units. The centrifuge uses
much | ess power (about 1/10 that of the diffusion), while the nozzle
processes use sonewhat nore power than the diffusion process. Large
diffusion plants require approxi mately 2,000 kWh\ SWJ. URENCO and ot hers
expect that their centrifugation plants (as small as 0.3 - 1 x 10°SWAyr)
will be conpetitive with large diffusion plants in the range of 9 x 10°
SWWyr. Thus, once centrifuge enrichnent becomes a proven comrercial
process, it is likely that plants could be built to economcally serve

a nation with a nuclear electric capacity as small as 3,800 MN

Even though sonme devel oping countries could afford the capital in-
vestment and match their enrichnent needs with an econonic centrifuge
plant, other factors may discourage that choice. Centrifugation requires
an equi prent supply industry that nust produce exceptionally precise and

high quality, high speed, rotating nachinery

More skilled operating manpower will be necessary for a centrifuge

plant than for a diffusion plant. This is due largely to the maintenance
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requirenents inposed by the large nunmber of precision centrifuges. W
nave estimted, from ERDA data, that 1,000 workers are required to operate
a9 x 106 SWJy diffusion plant. It is likely that the centrifuge plant
wWll require two to three times as many workers per unit output, for

exanmpl e from 250 to 300 workers for a lO6 SWJ pl ant .

Thus we do not expect the nunber of nations producing enriched
uranium for a commercial electric utility nmarket to increase greatly
in number. Instead of just the U S, UK France and the USSR capabl e of

serving world needs, we nmight foresee the foll ow ng:

Australia much discussion, but expected opposition from
environnmentalists and unions would nake
enrichnent unlikely in the near term

Brazil (al ready has announced plans for 1989
producti on)

Federal Republic of 6
CGer many announced plans for a 10° SWJ/y plant

lran (will have conpletely independent industry
and direct know edge, through COREDI F, of
di ffusion process)

Japan (announced plans for 1988 production -
centrifuge)

South Africa (announced plans for larger pilot plant;
nozzl e)

Several factors could limt growth. A very inmportant one is the
potential for change in reactor type. A switch to heavy water noderated
reactors or to plutoniumurani um breeding reactor systens would elininate
the need for expansion of enrichnent services, and a gradual decrease
in loading for the plants already' built as they pass from service. Thus
i nvestnent in enrichment has a high speculative elenent, as indicated
by the unwillingness of U S. conpanies to invest in this sector of the

nucl ear industry wthout government protection.
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A smaller practical increnent in investnent is offered by the cen-
trifuge* and nozzle processes but these are still not fully denonstrated
on large scale and thus have sone risk. Also, as pointed out above,
the greater nmechanical conplexity of the system and the specialized
mechani cal industry needed tosupport it could be difficult for a
devel oping country to supply.

It is possible that others of the nore wealthy, highly industrialized
nations will supply enrichment services. They have shown no particul ar
interest thus far in such activities. On the other hand, political
decisions pending in the Netherlands have tended to slow plant devel oprent

and may renove that country as a producer.

D. Fuel Fabrication

In the fuel fabrication segment of the industry the capital invest-
ment required is not as large and the econonmics of scale |ess inportant
when conpared with other fuel cycle activities. Substantial skill is
required in welding (automatic) processes and quality inspection and
and control. However, a noninal 600 tonne/y plant, sufficient in size
to supply about 30,000 MN of nuclear generation capacity, requires a
direct work force of only about 500 workers. The capital investment for
such a plant is small, as shown in Table IV-2.

Currently commercial scale production facilities for oxide fuels
are operating in 9 industrialized countries. See Table IV-4. O the
total capacity, nearly 80% is in tw countries--the U S. and Japan--and
the U.S. has three/quarters of that fraction. Qher producing countries

* Centrifugation is a unit process, therefore plant capital costs vary
nearly linearly with size.
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1. WR FUEL FABRI CATI ON CAPACI TY (Tonnes Heavy Metal/yr)

Pl anned Proj ect ed Proj ected
Countries (1974 1975 1978 1980 1985

Bel gi um 200 200 400- 600 400- 800 600- 1, 200
Denmar k 200- 400
France 200 220 500 >1, 100
Ger many 270 670 1,000 1,400 2,000
ltaly 300 300 300 600 (600)
Japan 910 (910) (910) (910) (910)
Net her | ands 30 30 30 120 200
Spai n 300 400 800
Sweden 250 250 400 400 (450)
UK 100 100 100 (1 00) (100)
USA 3,050 2,750 3,350 8,200 8. 200
Tot al 5,110 5,410 7,110 13,230 15, 560

() Mnimmfigures.
*From "Urani um Resources, Production and Denand," Joi nt OECD/ NEA-| AEA
Report, Paris, Dec. 1975.

are increasing their production capacity nore rapidly than the US. ; but it

still will dominate the world with an estimated 60% of the world capacity

in 1980 (excluding the USSR).

The announced capacities for LWR fuel fabrication in 1985 of over
15,000 tonnes nmetal would be sufficient to fuel 783,000 MV of capacity at
the assumed 60% capacity factor. (I'f fueling of new plants is required
as well, then the fuel fabrication plants can handl e over 500,000 MW of
existing plant.) Expansion beyond this projected capacity, necessary

only after about 1988, can occur in several countries. Developing nations



such as Iran with large nuclear power prograns in prospect, could build
fuel fabrication plants. Brazil has announced its intention to do so;

others can if they wish. (But see Section IV-F.) My of the fuel
fabrication facilities are likely to incorporate provisions for plutonium

recycle after this is denonstrated in the ngjor nuclear countries.

E. @ ecessi ng
The recovery of the slightly enriched uranium and of the plutonium
di scharged from power reactors and their preparation for reuse is the

final step in the fuel cycle. \Wile the recovery step could inprove the
econom cs of nuclear power by reducing the requirements for urani um and
for enrichment services, it is not essential for LWR systens and is not
now used for HWR fuel cycles. It would be essential to the operation of

breeder reactor systemswhen and if they become commercially viable.

(SRl estimates there will be no noticeable direct inpact of breeder
systems on the nuclear fuel industry until 1995.*) At the present tine,
reprocessing of uranium metal fuel elements is available through
government owned and/or controlled facilities in France and the UK.~ These
countries have plants run by government controlled corporations (those
with greater than 50% government ownership). In the US., simlar
facilities exist and are operated by industry in contract to the
governnent in its plutonium producing operations. Facilities also exist

in the USSR and presunably in China.

* Even though the French and others have operated prototype breeders,

the expected tine periods required for construction and conmmercialization

of a full-scale plant account for this estimate. Breeders could have a nore
imediate indirect inpact on the fuel cycle, however. Anticipation of their
future devel opment nmay cause some stockpiling of retrieved plutonium in

conmpetition with its potential use in mixed-oxide fuels for LWRs.
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No commercial scale facilities for the reprocessing of oxide fuel
are in operation. The one conmercial plant that did operate in the US
is shut down and has been effectively abandoned by its owner. Another
plant with 1500 tons/y capacity at Barnwell, S.C., could be put into
operation in 2-3 years after decisions regarding |icensing and waste

treatment are reached. Mdified metal processing plants (with special

additions to handle oxide fuel) may be available in 1977 in France and
slightly later in the UK  Full scale processing plants specifically
designed for oxide fuels are not expected until after 1980. The status
of current and planned plants (excepting those of COMCOM is shown in Table |V-5.
Addi tional capacity (approximtely 1000 te/a) nmay be available in Spain.
by 1985-90.

These facilities are nore capital intensive than many other of the
fuel cycle plants. Thus costs may rise beyond those quoted in Table |V-2.
In the U S., the single commercial plant that was operated and the one under
construction have suffered fromregulatory actions that required retrofit
and/or redesign, and costs have escalated. (Operation of a large plant
may only be justified by nationally generated reactor fuel that anopunts
to 500 t/y or nore, equivalent to about 25,000 MV of installed capacity.

The plant would require an estimted 500 workers to operate.

Because of the capital investnent, not many
LDCs would decide to build commercial plants. However, pilot size

facilities could be constructed and used to produce plutonium for weapons

or other use.

Again, Brazil has announced its intent to engage in reprocessing.



Table 1V-5
SUMMARY OF REPROCESSI NG PROJECTS AROUND THE WORLD*

Lecstion Operator Type of plant Capacity Date Status
ey operational

USA

West Valley NFS old, 300 1966 to 530 is processed before snut
N.Y. 1912 down for expanslon
Expanded, cxrde 750 early 1980s Dependent on new con.

struction permit

Midwest GE Oxide, advanced 300 — present form

M rxTm, . process Currently providing fuel
storage

Barnwell AGNS Commercial, oxide 1500 1977-78 Depending on GESMO

sS.C. decisions

— Exxon Commercial oxide — mid - 1980s Looking for site

U.K.

Windscale  BNFL Nat. U metal 1520-2500 1964 Opacaung near full capacty

Herad end :mprovemaent pio-
qramme n hand

Oxide head erd 300 1972 to Operated Hut shut down ior
1973 invest:gatan of incid2nt 3rg
subsequent maodificatien
Refurbished oxide 400 1977-78 Will 'eed into nat, U sczasa-
head end L d uon piant depanaing on
avwlability of capacity
New commercial 1000 1984 For expected domestic
oxide plant ‘equiramants part ot Ur ted
Reprocessor’'s pfan
New commerctai 1000 13587 Awaring decision on puti:t
oxide plant acceptabihity of overseas
“overseas’” contracts,
France
La Hague CEA Nat. U metal 23d 1968 Msin olant for reprocessing
€aF nat U fusl but a.e to
te changed over to ox.ua
Oxide head ond 15C to 1976 Phased burld up teeding inta
850 ex'sing separation pia~t
New commercial 12CO 1985 Detaiied design just starung
oxe plant
Mascoute CCA Nat. U metal fuel §0C-1200 1958 Early military plant. Will take
. aver commercial nat U from
La Hague
Germany
Kyrisruhs KEWA Pint scale oxide 4an 1970 Oparatirg with fuel of
“WAK NCre vsIng BYInup
—_ PWK/KEWA Commerciai oa-de 1200 1984 0o 3n scechicaton Heon T
ptant prepared. Site 1o D8 seiected
Japan
Tokas Mura  PNC Cemonstizton scite 200 1976 Non-3ctive commissioning
oxioe
—_ PNC Cormercial oxide 1000 tate 1980s Projected f site can be found
oant
Belgium
Mol Eurochemic  Mulls purpose semi- £) 19686 Shut down. Future in daubt
commesCiat inter~aignal ~3as been used for
plant 1210Cessing aeveioprant
Italy
3aluggia ChEN Silot scale onide °9 1969 Cureeatty shut down lor
turec | moaiication
india
Trembay 1AEC 219t scaig nat. U A0 1965
Juoo

.eropment ol res oS-

Ny, g Ire GOIrg nNervid Y Tes
AR ILELR oM R P T LN AR L 39 TR BRSELENNA BN} TIKON N SRVEIALC 1INy
SRS M DGR D b, L Y rynice ang the U K. ang 3
TV DIT RIS AGE e g e

Mote Sevaralcihe:p dtara g
Ceorymimic e

Farad-savorneanes s,

PIENL IO MuxaC LR LM LraniiTy 0ages 435 T

*From Nucl ear Engineering International.
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Japan and Germany are definitely interested. OQher nations, including
Iran, Pakistan and South Korea, have discussed the possibility of inport-
ing the technol ogy. Spain, perhaps Italy, and others would seem |ikely

candidate countries for full scale reprocessing activities.

F. Fuel Cycle Summary

The major elements of the fuel cycle cost nuch less than the reactor
they support (when each unit is nmade to an econonical size) as was shown
in Table IV-2, and countries which can finance reactors can finance the
support elenents. However, if the fuel cycle plants (at an econom cal
size) are sufficiently large to load from 7 to 101 reactors**, their
installation will require that nost of the devel oping nations seek an
export business.

Even with the optimstic assunption of the 1974 | AEA Market Study,
none of the countries considered in that study would, by themnselves,
generate the fuel through-put necessary to justify in the year 1990 the
| arge scale plants considered economic by the US.  Smaller sized fuel
cycle plants could perhaps be considered by Mxico, Brazil, Argentina,
Spai n, Yugoslavia, India, Iran, Korea, Poland, Romania and Czechosl ovaki a
on the basis of their indigenous nuclear power progranms. These are all

countries that:

1. Have large nucl ear power prograns in progress or well advanced
in planning, or

* Germany |s a partner in United Uranium Processors with the UK and France
** The larger nunber refers to a 8.75 x10°kg-SWAy diffusion enrichment

plant. Centrifuge plants serving many fewer |arge reactors nay prove
econonmi cal .
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2. 2. \Wre singled out as likely to have substantial growth by the
| AEA anal ysis, and

3. Are, for the nost part, not fully denocratic, i.e. they are
countries where government policies can be inplemented wthout
full consideration of public wish or direct business interest.

Fuel cycle activities, except for nining and nilling, would not be a

| ogi cal economc investment for the others unless they could attract

extensive export trade

G React or Supply

The reactor supply business has been pursued in several industrialized
countries. The U S., Canada, the Federal Republic of Germany, France
Italy, Japan, Sweden, and the USSR have viable operating conpanies
supplying nuclear reactors. See Table IV-6. These organizations

purchase heavy and special equipnment such as pressure vessels and nuclear-quality
stainl ess-steel valves froma host of suppliers |located in nany of the other
industrialized nations of the world! Many of the conponents of the now
coventional nuclear systems are larger than previously needed for other
industries, and new plants suitable for handling extra |arge and heavy

equi pnent have been built to fill the demand. Al so exceptional quality

is required for many conponents and new standards of manufacturing per-
formance involving physical operations, inspection activity, and quality
control are demanded. For several years general manufacturing capacity

fell behind demand, but today, following a drop-off in the rapid growth

of nuclear plant ordering, there is spare capacity in nost if not al
segments of the reactor supply industry. The existence of this spare

capacity is one factor behind the several efforts to export nuclear

* Sone exanples are Austria, Finland, Netherlands, Belgium Spain, and
Swi t zer| and
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Table 1V-6

PRI NCI PAL SUPPLI ERS OF HAR AND LWR REACTORS

HWR
Atom ¢ Energy of Canada Ltd Canada
Si emans FRG
Canadi an General Electric Canada

LVR
Kraftwerk Union AG FRG
Framatron France
At omener goexport USSR
ASEA- At om Sweden
CGeneral Electric Co* USA
West i nghouse El ectric Co* USA
Toshi ba Japan
H tachi Japan
Conbusti on Engi neering USA
Babcock and W/ cox USA
Ansal do Meccani co Nucl ear SpA [taly
M t subi shi Heavy | ndustries Japan

*Al s, Eur opean based subsidiary or joint conpanies.

systens to devel oping countries.

It is believed that for a reactor supplier to be fully conpetitive,
it musthave a minimum of 4-6 orders per year. The reactor producers in
the U S. have relied on export business to fill their factories. Sales are
hard for new suppliers. Proof of prior successful operation is an inportant
factor for a reactor sale. Examination of the history of nuclear power
devel opnent indicates that the purchaser ordinarily requires a high degree

of confidence in the supplier ( a not unreasonable demand). This is
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evidenced in several ways. For exanple, a long term supplier-user relation-
ship was required in the US. O those conpanies who entered the reactor
supply busi ness, full acceptance has been given only to conpanies who had
long standing relationships with utilities. In the international market,
governnent guarantees or favorable | oans have undoubtedly influenced the
selection of particular suppliers. The existence of a strong relationship
bet ween vendor and purchaser seens inportant here as well." This nust be
suppl emented by aggressive marketing and seemingly a denonstrated ability to
field and operate reactor systems. For exanple, India, Italy, Japan, Spain,
and Switzerland bought their first reactor systens from recognized suppliers
in Canada, the UK, and the USA after the suppliers had built and planned
reactors in operation in their own countries. Now all of these countries
have their own nuclear conponent suppliers, nany of which operate under
license, producing systems whose design was proven in Canada or the U S

If developing countries are to enter the market they nust overcone
fierce conpetition from experienced suppliers. The optimstic |AEA
Survey does not indicate sufficient reactor business in any LDC in the
period 1985-1990 to justify market entry, and any such entry based on export
could only cone at substantial cost. W recognize there can be exceptions.
India is now attenpting to build a reactor supply business nmatched to its
modest reactor needs. Its departnment of atonmic energy is engaged in the
construction of 880 MWN of HWRs now expected to be operational between 1978-82.

The possibility of India making significant entry into the reactor
export business within the next ten to fifteen years is small. In doing so,

India would enter into conpetition with the AECL and Canadi an industry
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whi ch have nore experience and will probably have greater production
capacity. No Indian-built reactors have as yet becone operational, and

as stated above, denpnstrated success is an inportant consideration to

LDC buyers. In addition, the funds that npst vendor nations nake available
to LDCs as an aid to financing a nuclear project are not readily avail able

for India to |end.
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V THE VALUE OF U. S. NUCLEAR EXPORTS

Exportation of nuclear-related equipnent, materials, and services
has had a significant effect on the growth of the U S. nuclear industry.
The two | argest Anmerican reactor manufacturers, Westinghouse and General
El ectric, have together installed al nost 6,000 MN of operating nucl ear
capacity in foreign nations, and are supplying over 19,000 MWV of capacity
to foreign plants currently under construction. Sale of these nuclear
st eam supply systens (NSSS) accounts for the largest share of the revenue
obtained from U S. nuclear exports. Qher major contributors include
"bal ance-of -plant” (non-NSSS) equi pnent, engineering and construction
services, and enrichnment services provided by the U S. governnent. The
dol I ar val ues of these purchases greatly outweigh the revenues fromthe
other nuclear exports.

A primary incentive for the export of nuclear-related comodities
is the favorable cash flow that acconpanies the sale of capital-intensive
equi pment.  Additionally, exports can be used to increase NSSS production

if donestic ordering falls. Reducing idle production capacity can be

extrenmely inmportant, since nmuch of this capacity is unique to the nuclear

industry and very costly.
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Nonecononic factors can also provide sone incentive for nuclear
exports.  For exanple, because of the continuing replacement parts
requirenents, technical aid, and fuel cycle services, some influence can
be gained by the exporting nation. This argument has been raised in
support of the continuation of U S. nuclear exports. It is reasoned
that the safeguards required on American exports and an American presence

in the world nuclear scene will ensure our standards are net.

Nucl ear Pl ant Exports

This country has historically led the world in nuclear technol ogy.
The light water reactor concept, which was pioneered by the United States,
is now by far the nmost commonly used reactor system around the world.
Until relatively recently, Anmerica was the only exporter of LWRs, but
several other free-world nations have now devel oped LWR export capability
(based largely on U.S. technology and license arrangenents). The nost
important of these are Germany and France, which have already penetrated the
world reactor market with major sales. These nations can be expected to in-
crease their share of the narket in the future. In addition, Japan, Sweden,
and ltaly nmay also be expected to become exporters over the coming years
The USSR currently exports LWR systems to the Eastern Bloc countries, but

is not expected to capture a significant portion of the free world narket.
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Heavy water reactors, which enploy natural uranium fuel, have been
successfully marketed by Canada. ) These systens typically require a
higher initial capital investment than LWRs, due largely to the high cost
of heavy water. However, the fuel cycle costs are |ower because the
urani umenrichnent step is not required. In addition, the use of a
natural uranium fueled reactor is desirable to many snaller nations
because of the freedomit provides from dependence on those |arger coun-
tries that possess enrichrment facilities.

As noted previously, the United States has installed nearly 6,000
MWV of nucl ear capacity inforeign countries. Seven percent of this
figure (two reactors for India with a conbined output of 396 MN was ex-
ported to LDCs; the renminder went to European nations and Japan. Total
reactor shipnments to LDCs have accounted for 1,254 mwof capacity, as
shown in Table V-la. The four non-US. supplied reactors were HWRS, and
conprised about 68 percent of nuclear capacity installed to the LDCs.

Table V-1b lists the exports to Lbocs of reactor systens for plants
presently under construction or on order. In order to show current trends,
these orders are split into three categories: those which have expected
commerci al operation dates before the end of 1980, between 1980 and

the end of 1985, and after 1985. In the first tinme category, the Anerican-

supplied capacity is approximtely 4,700 MNor 72 percent of the total

* One was al so exported by Gernany.
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OPERATI NG REACTCORS I N THE LDCs
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u s . Year of Non -U S Year of
Suppl i ed Commer ci al Suppl i ed Commrer ci al
_ e (ww Qper ati on (W) Qper ation
Argentina 319 (German HWR) 1974
I ndi a 198 1969 207 (Canadi an HVR) 1973
198 1969 207 (Canadi an HWR) 1976
Paki st an L 125 (Canadian HWR) 1972
Tot al 396 858 Tot al 1, 254%
* American, 32 percent
Non- Aneri can, 68 percent
Table V-1b
REACTOR PLANTS UNDER CONSTRUCTI ON OR
ON CORDER I N LDCs
Non-U. S

Conmer ci al U.S. Supplied us. Suppl i ed Non-U. S.

Q)er ation (MN) (percent ) ( NW (percent ) Tot al
1977- 1980 4, 657 2% 1, 800 28% 6, 457
1980- 1985 4,570 38 6, 817 62 11, 987
Beyond 1985 0 0 600 100 600
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LDC market. The only foreign conpetition over this time period cones
from Canada and Gernmany.

When reactors starting up in the LDCs during the next time period,
the end of 1980 to the end of 1985, are considered, the situation is
quite different. The U S.-supplied nuclear capacity is approxinately
4,600 MV down only slightly from the preceding period. However, the
Amrerican-supplied fraction of the overall LDC market drops to 38 percent.
For this period, Canada and Germany have increased their share, and
France has entered the export market with two large reactors. To date,
only one order has been placed by an LDC for a reactor starting up
beyond 1985. This is for a Canadian HWR that will be shipped to Argentina.

The apparent trend is toward a smaller Anerican share of the LDC
react or narket In fact, no new orders for LDCs have been placed with
Amrerican vendors for the last two years. (Exceptions are two reactors
that progressed fromthe letter of intent to the ordered stage during
the period. )

The share of the LDC narket that the United States captures in the
future will depend upon many factors. | mportant anong these will be the

cost and also the reliability of Anerican nuclear plants.



[V - 62

Reliability can have a mgjor inpact on the planning of an LDC, because a
nucl ear plant would typically represent a relatively large fraction of the
LDC s total generating capacity. The on-line refueling capability of
the CANADA reactor systemis attractive in this regard

Anot her inportant consideration will be the type of governnenta
restrictions that are placed on nuclear-rel ated exports. It has been re-
ported that. Iran had investigated the possibility of purchasing sone
Arerican reactors but felt that the agreenment required by the U S. govern-
ment was too demanding. Anerican export policy also prohibited the trans-
fer of enrichnment and reprocessing technology to other nations. In ful-
fillment of a contract signed with Brazil, Germany will not only supply
nucl ear generating plants, but will also provide the knowhow for the
construction of a demonstration enrichnment facility. Canadian reactors
can be expected po remain a strong conpetitor with American LWRs for the
LDC s market. The CANADA system has many characteristics that are desir-
able to the LDCs. As nentioned previously, enploynment of a natural uranium
fuel allows freedom from dependence on those countries that will be ex-
porters of enrichment services. This factor would be especially inpor-
tant if LDC planners view the currently proposed enrichment capacity

around the world as being inadequate to neet the expected demand. The
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1974 reversal of the AEC s policy of booking orders for enrichment services
may have contributed to this view In addition, recent occurrences such
as the defeat of the nuclear fuel assurance bill and the continued erosion
of private interest in enrichnment could have only further reinforced the
fear of enrichment shortages.

CANADA reactors are built in a smaller size than nost LWRs presently
being made. A typical CANADA plant is in the 600 MV range, whereas that of
a new Amrerican LWR is about 900 MN  The |ower capacity of CANADA units
makes them nore suitable for use in LDCs, which typically have |ow total system
capaci ties. Compared with LWRs, CANADA reactors are nore efficient in the
production of plutonium and are also able to produce a grade of plutonium
more suitable for weapon production. In addition, the on-line refueling
capabiility of these reactors would enable plutoniumto be renoved without
shutting down. These would be inportant characteristics to a nation that
wanted to acquire a nucl ear weapons capability or give the appearance of
developing this capability.

It now appears that several countries may invest heavily in CANADA
systems in the future. Argentina has ordered a series of these reactors,
and Korea, with two American LWR plants currently under construction, has
chosen a CANADA for its third plant. Mexico has ordered tw U S -built
reactors for its first nuclear plants. However, the Mexican government

has now requested a technical proposal for construction of a 600 MN CANADA,



IV - 64

and is reportedly leaning toward this type of technol ogy. I ndia plans
to produce its own HWR based upon Canadian technol ogy, and is purchasing
heavy water from the USSR The possibility of India making significant
export sales within the next ten to fifteen years, however, is small (see
Section IV G.

Three factors could work against the future spread of the CANADA system
These are Canada’ s potential lack of capital to help LDCs finance plants,
the strong export safeguard measures adopted by the Canadi an government,
and potential linmitations in the reactor production capability of Canada.
It is believed that after neeting its own reactor needs in future years,
Canada may have only about one reactor per year available for export.

At the present time, however, the Canada vendors (along wth reactor
manuf acturers in general) are facing the opposite problem of not enough
orders.

Political factors can also be expected to affect reactor sales to
the LDCs to a certain extent. For countries that have close Amrerican ties,
there will be sone influence to purchase U.S. equipment. As can be seen
by the cases of Mexico and Korea, however, this influence is not a guaran-

tee for reactor sales. Sone LDCs have al so devel oped a mistrust of I|arger
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countries, and the superpowers in particular. This feeling could in-
fluence themto place orders with smaller vendor nations such as Canada
It is very difficult to predict the future of reactor sales, but
trends can be eval uated and estimtes nade. As noted, the American share
of the LDC reactor market has been dropping ,and it appears likely that
this trend will continue. The data suggest that the United States can
be expected to supply between 35 and 40 percent of the LDC plants starting
up in the 1980 to 1985 period. A drop in this fraction, to the 25 to 30
percent range, would be a reasonable expectation for the latter half of
the next decade. Using the estimates for nuclear growth considered to
be the nost representative of the future (see Chapter 111), US. industry
shoul d receive orders for 5,500 to 7,500 MV of capacity starting up in
the LDCs in the former period, and 8,000 to 10,000 MNVin the latter
period. These estimates would result in a total installation of 18,000
to 22,000 MWV of Anerican-supplied capacity in the LDCs during 1977 to
1990. The future revenue to the United States that will result fromthe
sale of these power plants could be expected to range from $5 to$7
billion in 1976 dollars
Arerican industry has supplied approxinmately 5,500 MN of currently
operating nuclear capacity to devel oped foreign nations. The |argest

share of these orders has gone to Japan, which accounts for al nost half



of the total. Table V-2 lists American-supplied reactors for plants in
this group of nations that are currently under construction or on order.
Spain can be noted as the nmjor buyer of American plants in this cate-
gory, accounting for 60 percent of the 17,000 mw U S. export market to
devel oped countries.

Many of the sanme factors that were noted earlier as affecting export
sales to LDCs will play a part in determning future sales to devel oped
nations as well. In the case of devel oped countries, however, the possi-
bility of the buyer becom ng a reactor producer is much nore likely.
Japan has devel oped LWR production capability and currently has operating
reactors built by its indigenous industry, and American reactor sales to
Japan have suffered because of this. In addition, the remaining share
of the Japanese market, which will be open to inports, nmay be |ess avail -
able for U S. vendors, because Japan is reportedly investigating the pos-
sibility of inporting reactors from Germany or Canada in the future
Spain is currently devel oping indigenous manufacturing capability for

many reactor conponents and hopes by 1980 to be produci ng conpl ete NSSS

units
The fraction of reactor installation in devel oped countries, which
is open to the world market, can therefore be seen to be decreasing.

Al so, conpetition fromother reactor exporters is becomng stiffer for
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Table V-2

OR UNDER CONSTRUCTI ON | N DEVELOPED COUNTRI ES
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Japan Yugosl avi a
Capacity Capacity Capaci ty Capaci ty

(MW) Start-Up (MY Start-Up (MY Start-Up (MY Start-Up
1,120 1977 883 1977 912 1977 632 1979
1,067 1977 900 1977 912 1979
1,120 1978 900 1978

883 1978
1,067 1979 882 1979

882 1979

935 1980

939 1981

939 1981

1, 036 1981
970 1982
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these markets. These factors can be expected to result in a smaller
Arerican share of the reactor narket in devel oped countries.

Tabl e V-3 shows the Anerican-supplied and total nuclear capacities
that are currently under construction or on order in Wstern Europe for
the periods from 1977 through 1980 and 1980 t hrough 1985.* The Anerican
share of orders for plants starting up in the first time period accounts
for 18 percent of Western European installations. In the second tine
period, this share has dropped to 9 percent. Considering this trend
and the envisioned devel opnent of the Western European reactor production
capability, an American share of approximately 5 percent would be likely
in the period from 1985 to 1990

Usi ng the expected growth of nuclear capacity in Wstern Europe,

Ameri can-supplied capacity in this region would range from 6,000 to 8, 000
MV installed for plant start-up between 1980 through 1985 and 4,000 to 7,000
MV in the succeeding five years.’” These estimates result in a capacity

of 19,000 to 24,000 MVto be installed between 1977 and 1990. The contri -
bution fromreactor exports to Japan would increase this range to 30,000

to 35000MW of orders for Anerican vendors over the sane tinme period

The revenue (in 1976 dollars) to the United States obtained in the period 1977

t hrough 1990 because of these nuclear plant sales would be in the range

* The countries within this grouping, plus Japan, are the only devel oped
countries expected to make significant purchases of U S. reactors.



Table V-3

AVERI CAN SUPPLI ED AND TOTAL NUCLEAR CAPACI TI ES
UNDER CONSTRUCTI ON CR ON ORDER N WESTERN EURCPE*
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Non- U. S.
Commercial U S. Supplied Us. Suppl i ed Non- U. S.
Oper ation (MV) (percent) (MY (percent) Tot al
1977-1980 8, 700 18% 40, 300 82% 49, 000
1980- 1985 3,900 9 38, 200 91 42,100

*

I ncl udes Yugosl avi a.
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of $5.5 to $7 billion. Wen this is conbined with the revenue expected
fromreactor sales to LDCs over the sane period, the total val ue of
Arerican reactor plant exports would be between $10 and $14 billion
Exported reactor plants currently nake up a noderate share of the
nucl ear capacity produced by Anerican industry. For Anerican-built
plants starting up from 1977 through 1980, the exported fraction is 30
percent. For the entire period from 1977 through 1985, this fraction
will be approxinately 18 percent.* Once again, the long-range trends
are difficult to predict. It can be expected, however, that although
the relative inportance of foreign reactor sales is decreasing, these

sales will continue to represent a significant potential source of incone

to American nmanufacturers through 1930 and probably beyond.

Nucl ear Fuel Cycle Exports

As noted earlier in this chapter, the sale of enrichment services
is another large contributor to the revenues obtained from nuclear-related
exports. Anerican capacity is currently commtted through 1985, and no
orders have as yet been taken beyond that date. Roughly one-third of
this capacity (about 70 nmillion SWJ) has been ordered by "foreign customers
for delivery in the 1977 to 1985 period. Assumng an average charge of

$80 per SWJ, the revenue expected fromthis source will be about $6 billion.

* Tile shares of Anmerican-built plants starting up in the LDCs in the
1977 to 1980 and 1980 to 1985 periods are 8 and 6 percent, respectively.



Because of the many uncertainties surrounding the devel opment of new
enrichment facilities in the United States and el sewhere, it is diffi-

cult to estinate the potential export value of this service above that

which is already conmitted. New U S. capacity will face conpetition from
new centrifuge and diffusion enrichnent plants under construction and
pl anned for Europe. However, if the US. has spare capacity, some enrich-

ment services will be exported.

The export of fuel fabrication services presents a smaller revenue
to the United States than does the sale of power plants or enrichnent
services. This process does not require a large capital investnent and
is not highly technical; therefore, in the future, many countries can be
expected to be marketing fuel fabrication services. This will produce
strong conpetition for this market. In addition, the U S. industry may be
nanpered by the uncertainty about |ong-term permission to export fuel

services and by the existence of governnent-supported activities in other

countries. The value of the export of fuel fabrication services can

be expected to be on the order of $1.5 to $2 billion through 1985.

Tile future of spent fuel reprocessing in the United States is stil
very uncertain. Even if the decision is soon nade to go ahead with reprocessing
and plutonium recycle, it would be many years before a comercial industry
had devel oped sufficiently to provide reprocessing services to foreign

cust omer s,



v - 72

The effect of an American enbargo alone on the export of nuclear-
related commodities would not be expected to have a major effect on
the use of nuclear power around the world. Conpeting manufacturers
such as Germany currently have spare reactor production capacity and
coul d increase their exports. In addition, fuel cycle services (with
t he possible exception of enrichnent in the short ternm) could be readily
obt ai ned on the open market.

It is not clear what influence an American enbargo woul d have on
the export policy of the other exporting nations. If it was to have
a major effect, then the use of nuclear power in many of the LDCs could

be significantly reduced.
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VI CONCLUSI ONS

In the current economic, political, and social climte nany
difficulties arise in trying to forecast the future need for energy.
The continued influence of the OPEC cartel and rapid escal ati on of
construction costs have unsettled traditional methods for calcul ating
economic equilibrium Formerly reliable assunptions relating energy

demand and electricity share to nmacro-econonic parameters have been

questioned and new ones suggested

In analyzing the role that nuclear power will play in the world
SRl has evaluated the |atest data available and drawn from other on-

going studies. For clarity, this task was divided into four segnents:
1. The role of energy and power in econom c devel oprent
2.Review of the major alternative forcasts
3. The novenent of nuclear materials and equi pnent
4. The value of U S. nuclear exports.

The followi ng conclusions have been drawn with regard to these
maj or topics.
1. The role of energy and power in econom c devel opnent
* The quantitative nature of the relationship between econonic

growth and energy use in devel oped countries has been

reevaluated in many studies recently (for exanple, the Ford

-73
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Foundation Policy Report). However, it is certainly still
true that if the LDCs are to continue to sustain any neasure
of economic growh, they will require increasing energy

consunpti on

«A full forecast of power demand for the LDCs would require a
projection of the devel opmental pattern of each country (for
exanpl e, agricultural, industrial, or service orientation),
projections of regional fuel prices, demand-price sensitivities,
generation plant capital costs and regional efficiency of

energy use.

«Certain characteristics predispose a nation to the use of
nucl ear power. The nore inportant of these are a |ack of
cheap and conveniently |located alternative energy sources,
and a sizable (and preferably rapidly grow ng) power demand
inasingle integrated system Qher factors favoring nuclear
power are conpactness of demand area and the presence of

i ndustrial operations with constant power requirenents.

2.Review of the major alternative forecasts of installed nuclear

capacity.

«Junps in the price of oil (and other energy sources) follow ng
the 1973 enbargo, coupled with rapid capital cost increases in
the 1974-75 period, outdated many of the cost assunptions of

the earlier forecasts (such as the | AEA nmarket surveys).

«Direct comparison anong the various forecasts is difficult

because they deal with different groups of countries and
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different tine frame. However, it is apparent that the nore

recent the study, the lower the value estimted for nuclear

capacity growh. The major factors contributing to this are:

A decreased expectation for the growth of energy demand
around the world due to decreases in projections of
popul ation and GNP growh, recent nuch higher average
prices for energy, increased enphasis on conservation

and inprovenents in the efficiency of energy use.

I ncreasi ng experience concerning the rising costs and
difficulties encountered in the construction and opera-

tion of nuclear power plants.

Public opposition to nuclear power around the world has

beconme increasingly effective.

«It seens now that nuclear fuel cycle costs and nuclear plant
capital costs may range as high as 7 mls/kWhr and $925/ kW
respectively, for a plant beginning operation in the md-
1980s. These cost estinates are higher than those in the

other studies reviewed in Chapter III.

Z In general, the forecasts reviewed did not adequately consider
the available alternatives to the use of nucl ear power. For
exanple, increasing use oindi genous coal and devel opnent of

a world-wide trade in steamcoal are likely. SR believes
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that tanker-type shipment of coal could” be achieved to supply
seasi de power stations in the LDCs with coal at prices as |ow
as $17-%$24/ton. For these special |ocations, coal would be

an obvi ous and econoni cal choice.

« Conpetition to nuclear devel opment could also come from hydro-
power and the use of natural gas that is currently a wasted

by-product of much oil production

, Partially offsetting some of the above factors are certain non-

econom ¢ incentives that could be influential in expanding nucl ear

devel opment.  These might include export pressures by nuclear sup-

pliers, the desire for developing diversified sources of energy,

the prestige acconpanying use of a nodern technology, and possible

76

interest in devel oping nuclear weapons capability, or the appearance

t her eof .

«Qur own estimate of nuclear power growth is quite consistent
with that of the International Energy Agency as nodified by
ERDA, the npst conservative of the forecasts reviewed in

this report.

3.The novement of nuclear materials and equi pment. The primry
conclusions for this topic can best be summarized by first

consi dering each segnent of the nuclear fuel cycle:

o Uranium Supply - Uranium ore supplies at foreward production
costs of less than $30/1b are expected to be adequate for the

study period of this report. Canada, Australia, South Africa,
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Gabon, and Niger will be the initial exporters; other nations

wi || undoubtedly become suppliers at |ater dates.

o« Enrichnent - Large-scale enrichnent facilities, all based
upon the gaseous diffusion process, now exist in only four
nations. (The extent of capacity in one other country, the
Peopl es’ Republic of China, is unknown.) Alternate processes
(notably centrifugation) promse to allow econonical plants
at smaller sizes, and such plants are currently under con-
struction in Europe. However, a large increase in the nunber
of nations providing comercial enrichment services is not
expected, due largely to the technical conplexity and capita

costs invol ved.

e Fuel Fabrication - Commercial scale facilities for the fabri-

cation of oxide fuels are currently operational in six
countries. This technique does not require high technol ogy
or large capital expenditure, therefore it could potentially
spread to those | ess devel oped countries planning |arge

nucl ear capacities such as Iran (Brazil has already announced
its intention to fabricate fuel). On economc grounds al one,
many facilities are likely to incorporate plutoniumrecycle

if feasibility is denonstrated in the najor nuclear countries.

Z Reprocessing - No comercial scale facilities for the repro-
cessing of oxide fuels are currently operational, but severa
industrialized nations are expected to provide this service

by the mid 1980s. Due to the capital investment and technical
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requirenents of a full-scale reprocessing plant, not nmany
LDCs coul d be expected to build such facilities. However,
pil ot size plants could be constructed and used to produce

pl ut oni um f or weapons or ot her use.

Brazil has announced its intent to develop a pilot repro-
cessing plant, and several other LDCs have al so discussed the
inportation of reprocessing technology. However, current
indications are that all of the inportant industrialized
nucl ear countries are conmtted to an enbargo on future

*

export of reprocessing technol ogy.

oIt is inmportant to note that the large fuel cycle operations
consi dered econonmic in the U S. are too large to be supported
by the nuclear capacity of any devel oping country, at |east
until. after 1990. This is true even if the nost optimistic
forecast, that of the | AEA Market Survey, is used. [f an
export market could be established, snaller but reasonably
conpetitive plants especially for enrichnment and fuel fabri-
cation could be considered by 11 countries. These are Mexico
Brazil, Argentina, Spain, Yugoslavia, India, Iran, Korea,
Pol and, Romania, and Czechosl ovaki a. (CGther activities
i ncluding fuel reprocessing for plutoniumrecovery could be
established if sufficient government support or incentives

were offered

*

Nucl ear Engineering International, January 1977.
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«Large scale commercial use of breeder reactors is not expected

before the year 1995. Breeders would therefore not have a
significant direct inpact on the nuclear fuel cycle before
the end of this century. However, anticipation of future

breeder devel opment may cause some stockpiling of retrieved

plutoniumin conpetition with its potential use in m xed-

oxide fuels for LWRs.

4. The value of U S. nuclear exports

« The comercial inmportance to the U S. of exporting nuclear

materials and services resides largely in the sale of reactors,
associ ated nucl ear generating plant equipnent, and enrichnent
services. The dollar values of these purchases greatly out-
wei gh the revenues expected fromthe export of other nuclear

services and naterials.

n the past, the US. has captured a very large fraction of
the reactor export market. However, wth increasing conpeti-
tion from other vendor nations, the American share is expected
to fall. For the case of exports to the LDCs, the fraction

of U S.-supplied nuclear capacity beginning conmercial opera-
tion fromthe start of 1977 through the end of 1980 will be
greater than 70% In the succeeding five year period, 1980

through 1985, the Anerican share is down to 38%
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«The major factors contributing to this downward trend are

uncertainties in the future availability of enriched uranium
fromthe U S., governmental regulation of nuclear export sales,

and reluctance of LDCs to become even nore dependent on U S

i ndustry.

«Total foreign nuclear capacity currently committed to startup
between 1977 and 1985, that is being supplied by Amrerican
reactor vendors is in the 25,000 to 27,000 MV range. ( Appr ox-
imately 9,000 MWof this figure is scheduled for export to

devel oping countries.) The future revenue to the U S. accruing

fromthese plant sales can be expected to reach $0-s billion

« Additional new orders for plants conming on line by 1985 will

i kely push total exports to the 34,000-38,000 MV range, of

whi ch 10, 000- 12, 000 MW woul d be to devel opi ng countri es.

By 1990, Anerican-installed nuclear capacity in the devel oping
countries could be expected to range from 18,000 to 22,000 MWV
The revenues accrued from these sales would be on the order of

$5 to 7 billion.

« The withdrawal of Anerican reactors from the world narket
coul d have sone political influence on the use of nuclear

power in some of the devel oping nations. However, because of
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t he many conpeting vendor nations that can be expected to

have excess production capacity, an American export embargo

al one woul d not significantly hinder the ability of LDCs to
obtain reactor systens. It is not obvious to what extent an
Amrerican enbargo woul d influence other vendor nations to limt
their exports of nuclear materials. This influence could be

i mportant, however.

« Enrichnent services supplied by the US. government also have
a major inpact on the value of nuclear exports. About 70
mllion SWJis currently conmitted to foreign custoners
through 1985. Assuming an average charge of $80/SWJ, the

revenue obtained fromthis source will be near $6 billion.
Beyond 1985, it is uncertain how nuch U S. enrichment capacity

will be available to provide for export.
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Appendix A, Nuclear Power Plant Manpower Requirenments

The operation of nuclear power plants, per se, requires the skills
and abilities conmon to other large thermal stations. Mre careful training
is usually given to nuclear plant operators but they are recruited from the
general body of utility plant workers. It has been estinmated that 95
skilled workers are required for normal operation of a nuclear power station
of 1,100 MW capacity and 65 and 80 and required for oil and coal fired
stations of 800 MV size respectively.

Mai nt enance of nuclear stations can require |arger nunbers of skilled
workers with ability to work carefully under conditions of stress and in
unusual €nNvi ronment s. The radiation fields that can be encountered can limt
the working time of an individual worker. These same fields may also require
renote operations and thus reduce worker productivity. The presence of
radi oactive materials can require the use of protective clothing, masks, etc
These tend to reduce worker efficiency and can inpair work quality as well
Many nore workers of a given skill (e.g., welder) may be required for main-
tenance of nuclear power plants.

While large utility systens in industrialized nations usually have the
required reserve of nmanpower for maintenance, it is not clear that devel oping
countries can easily have the reserve manpower that may be necessary for
nucl ear power station maintenance. Inportation of such manpower is possible,
but it's use could decrease the apparent cost advantage of nuclear power.

Construction of nuclear power stations requires |arge nunbers of
skilled workers, many of whom nmust be certified or otherw se specially

qualified. This labor is generally available in industrialized nations but
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scarce in developing countries.* Even in the USA there is evidence that
proper construction labor is sometines in short supply. The conbined
pressures of the Wrld Trade Center construction in NYC, the rapid construction
of an autonobile plant in Chio and the first wave of nuclear power plant
construction in the late 1960s created | abor shortages, a conpetition for

| abor through overtime authorization, and an inflated construction cost for
all projects. Similar effects have been noted during the construction

of the Al askan pipeline. Relevant to this problem of |abor scarcity is the
experience of Babcock and Wl cox who attenpted to establish a plant at

Madi son, Indiana, a labor surplus area, for the construction of LWR pressure
vessel s. B. and W recruited and trained previously unskilled I abor for the
pl ant operations. As the |abor force becane trained in specialty welding and
other related skills, it was rapidly depleted by recruitment from other

enpl oyers and noved to other areas at higher wages. This could happen to the
native construction labor force in a |ess developed country.

In addition to the large nunbers of construction |aborers required, a
large staff with diverse skills is essential for nuclear plant construction.
The erection of a nuclear power plant requires trained engineering staff for
quality control, general engineering, design and other functions. The number
of engi neering man-hours has risen to about 2 mllion over the past severa
years as experience has shown the need. This particular |abor requirenent
will not inpact on all developing countries equally as sone w |l purchase
plant supply services from devel oped countries. Only a few, e.g., India,

will do the engineering support work thenselves

* This statenment is generally true although even projects in industrialized
countries must provide specialist training to many workers



APPENDI X B

Energy in a Changing World

V. Eugene Harless, director

Energy Economics Department

During the last, few years, crude oil
prices have increased to levels that most
of the world's people would have con-
sidered unbelievable in 1970. Pronounce-
ments have asserted that crude oil
supplies would not be adeguate to meet
aggregate demand by 1990 or even
earlier. SRI’S Energy Center is frequently
asked what the availability and prices of
primary energy resources will be in the
future and how energy will affect future
economic developments and political
decisions. Single and multiclient studies

Ul

covering future energy developments for
various countries and for the world have
been prepared. Work isin progress on a
multiclient effort entitied “World Energy
Study- 1950 to 2000,” which will pro-
vide further insights into these questions.
A few observations from these projects
are given below.

.Future petroleum prices may moder-
ate when expressed in constant dollars,
but they are unlikely to return to 1970
levels.

.Petroleum supplies probably will be
adequate for the remainder of the 20th
century.

. Demand for petroleum is expected
to increase at lower rates than earlier

JANUARY 1977

forecasts had indicated because of con-
servation measures and substitution of
other energy Sources.

.Investment and operating costs for
energy production, processing and dis-
t ribut ion, which in many cases had
increased more rapidly than inflation
during tile early 1970s, are anticipated
to increase at substantially lower rates
during the next few years because of
active competition among suppliers of
the various energy sources.

World supplies of crude oils were
abundant and low in cost after World
War Il up to the early 1970s. This
materially contributed to the rapid post-
war industrial recovery of the developed



countries and the concomitant long
period of general prosperity. Although
coal consumption increased moderately,
the majority of the growing demand for
energy was satisfied by the increased use
of natural gasand ail.

However. storm clouds were gathering
that would raise energy costs. modify
energy usc patterns, and even affect
future economic growth rates of the
developed and developing countrics.
The cumulative effects of several events
w'erc  anticlpated by very few people,
and even these individuals did not per-
ceive their full impact.

The 1960 reduction of 10 cents per
barrel in posted crude oil prices for the
Middle East was one of the important
factors leading to the formation of the
Organization of Petroleum Exporting
Countries (OPEC). During the early
1960s, OPEC was primarily concerned
with increasing the volumes of crude oil
marketed. The Six-Day War in 1967
resulted in the closing of the Suez Canal,
which necessitated the increased use of
large tankers to transport crude oil
around Africa for delivery to Europe
and the United States. Severa events
1970 including Syria's
cutting of the tapline in May and its
refusal to alow the line to be repaired;
Libya imposed restrictions on crude oil
production rates: the 1967 Clean Air
Act in the United States was amended
leading to increased oil imports to
replace some high-sulfur coa use; the
Environmental Protection Agency was
created in the United States; oil tanker
shipping costs increased; and Libya
forced the oil companies to increase
posted prices. which led to posted price
increases in other OPEC countries.

During 1971. the Tehran and Tripoli
Agreements provided for additional
increases in posted prices, crude quality
adjustments. and increased tax pay-
ments. The U.S. dollar was devalued late
in 1971, and OPEC raised the principle
of participation: the Geneva Agreement
of January 1972 provided for protection
of crude export values against further
depreciation Of the dOI I ar.

Several Mddle Eastern countries
signed participation agreements earlyin
1973, as well as a supplement to the
Geneva Agreement. Rapid economic
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growth with substantial increases in
energy consumption rates was occurring
in the consuming countries, and concern
was growing over rising inflation rates.
This set the stage for the Arab oil
embargo in October during the Middle
East hogtilities. By the end of 1973,
Saudi Arabian light crude oil had an
f.0.b. price of about $9.50 per barrel, an
increase of more than $8.00 per barrel
over the mid-1 970 price.

An oil price increase of this magni-
tude was sufficient to precipitate a
worldwide recession during 1974 in
nearly all hon-OPEC countries. This cot]-
tributed to the positive benefit of mod-
erating inflation rates. Economic recov-
eries were generally favorable in tile
developed countries in 1975 accom-
panied by declining inllation rates, indi-
cating that the developed countries had
been able to adapt to higher energy
prices.

What will happen during the remain-
der of the 20th century? Speeches have
been given, articles written, and studies
prepared covering nearly every possi-
bility that might occur. A few of the
more prevalent positions are repeated
below. Since 1970 there have been
recurring concerns that capital limita
tions will restrict future economic
growth in developing and developed
countries. Some believe that Inflation
rates cannot be kept under control.
which may lead to further recessions.
There have been frequent pronounce-
ments that the world will incur shortages
of petroleum and uranium during this
period, leading to reduced economic
activity; also, there are those advocating
the need for crash programs to develop
nearly every possible substitute energy
source, regardless of its economic
viability. Some even believe that condi-
tions will stabilize in afew years, result-
ing in economic and energy growth rates
again becoming similar to those occurring
in the 1960s.

Although all projections are subject
to error because of the many variable
factors, everyone (individuals, corpora
tions. and governments) must provide
for the future based on an assessment of
what is likely to happen. SRI’S analyses
lead to the conclusion that major events
of the last five years will cause reper-
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cussions for many years. Petroleum
prices, Whether [hey increase or moder-
ate on a constant dollar basis. are not
likely to return again to 1970 levels.
Economic activity. as measured by gross
national product. is expected to increase
at lowcr rates than prevailed in the 1960s.
Population growth rates should slowly
moderate.

The higher petroleum prices, lower
rates of economic activity, and moder-
ating population growth rates are antici -
patcd to affect the demands for energy
and the prirmary energy mixes. As an
exanpl e of the magnitude of anticipated
energy consumption in  1990. a fairly
representative 1972 projection antici-
patcd 116.3 million barrels per day of
free world demand for oil and 214.0
million barrels per day of oil equivalent
for total free world energy demand. SRI
has estimated 1990 free world demands
of 68.2 and 156.7 million barrels per
day of oil equivalent. respectively (re-
duced forecasts of about 41 and 27 per-
cent ). The use o f ail is reduced more
than total energy because of conservat ion
measures and the substitution of other
energy  resources. However. SRI'S
Energy Center believes that adequate oil
supplies will be available through the
remainder of this century. Conversely,
coal, natural gas, and,. uranium uses will
be accelerated because of high oil prices
and consumer desires to diversify supply
sources, especially  from non-OPEC
count ries.

Lower expected consumption of
total energy and particularly the lower
requirements for oil would have wide
economic and political repercussions.
Tanker requirements for transporting
crude oil and petroleum products would
be reduced. Additional pipelines would
be required to transport natural gas.
Explorat ion  programs for uranium
would be expanded as would the require-
ments for coal mining machinery and
coal transportation facilities. Reduced
economic activity and total energy con-
sumption rates would adversely affect
industry in general by lowering overall
productivity y.

Although only a few examples have
beengiven. SRl has prepared studies to
quantify these effects in assisting clients
to develop their future Iong-rz%\nge plans_



