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THE CURRENT AND PROSPECTIVE ROLE OF
NUCLEAR POWER IN WORLD EWERGY SUPPLIES

1. CURRENT STATUS OF NUCLEAR POWER PROGRAMMES

The statistics reported to the Agency show that nuclear ehergy already
plays a significaot role within the energy suﬁply gsystem of numerous count—

ries.

During 1983, the total installcd‘nuclear power capacity in the world
increased by 10%, ani, as shown in Table 1, at the end of December 1983
there were 317 nuclear power units with a total Capac1ty of 191 GW(e) in
operation in 25 countrlcs. These nuclear units representeﬂ over 8% of the
worldwide electrlcal power capacity and prov1ded about 12% of the total
electricity generated Auring 1983. A further 209 nuclear units with a
total Caﬁacity of 194 GW(e) were under construction at the end of 1983;
during 1983 construction was started on 23inew units with a total capaeity

of 17.5 GH(e).

The impoftance of the already—achieved supply contribution by nuclear
power can be seen in perspective by noting that if the 1000 TWh‘of electrie
city produce‘ by nuclear power plants Juring 1983 had been produced by
fossil-fuel—-fired plants, these plants would have burne:! fuels equivalent
to about 230 million tonnes 011 equlvalent (“TOE) annually (that is, about
i million’ barrels a Jday)}; in other uoris, Hurlng 1983 nuclear power plants

saved fossil fuels equivalent to around 6% of the world oil production.
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Although, the present statlus naturally varies greatly from country to
country, in a number of countries the nuclear share in electricity genera-—
tion is very significant. Table 2 1lsts 15 countries in which during 1983
nuclear power contributes? more than 10% of the total electricity production.

In seven of these, the nuclear share was greater than 25%.

A negative aspect of nuclear power Jevelopment in the last several years
has been the lack of new orders for a-lditional nuclear power units and the
cancellation or postponement of units which were ordered earlier, including
some already under construction. This trend continued Juring 1983.. a
construction was started on only 23 new unlts (17.5 GW(e)) and contracts or

firm plans for 12 units [3 5 GH( e)] Wwere cancelled or fpdefinitely suspended.

Table 3 shows the growth in nuclear power capacity which is planned to -
take place up to 1990 as plants under construction, or scheduled to begin
construction soon, are completel. It can be seen that'among the)Western
countries, France, the Federal Rewubllc of Germany, Ja;an, Spaln and the
USA are expecting rapic expansions in their nuclear power capacities. Also,
the Soviet Union an! most of the centrally planned economy (CPE) countries
of Eastern Burope are V1gor0usly building nuclear plants and are planning a
fast growth of muclear electrlqlty production. It should be noted that the
Soviet Union is constructing nuclear.QiStrict heating ﬁlants for the cities

of Gorki and Voronesh and a co-generation wlant for (Hessa.

during the 1990's the nuclear share of electricity generation in some
countrieé will reach very impressive levels. 1In J,r;r't:i.c:v.x].ar’, France is plann—
ing to satisfy 70% of its electricity needs 1n 19G0 through nuclear power.,
Estimated nuclear shares of electrlclty generation in other countries in
1990 are: over 50% in Belglum, over LO% in Bulgaria, Sweden and Taiwan;

over 30% in the Federal Republlc of Germany, Hungary, the_Republlc of Korea

and Spain and between 20% anc 30% in Finlani, Switzerlan< and the USA.




E/ECA/NRD/E/16
Page 3

How about the nuclear situation in developing countries?

As seen in Table 4 and Figure 1, at the end of 1983 only seven develop—
ing countriesx, namely Argentina, Brazil, India, the Republic of Korea,
Pakistan, Taiwan and Yugoslavia, had 17 nuclear power units in cperation
with a total capacity of more than 8 GW(e), providing 2.3% of the total
electriéity generation in developing countries. By comparison, for the
total world, nuclear energy contributed about 12§ of total eclectricity
generation. At the end of 1983, as shown in Table 4, an additional 21
units Wlth more than 13 GW(e) capacity were under constructlon 1n most of
these seven countries plus the People's Republlc of China, Cuba, Mexlco :

. and the Phlllpplnes.

At least three other countries (Egypt, Turkey, Libya) have plants in

t@e planning stage.

Some other countries, 1nclud1ng Bangladesh, Greece, Indonesia, Portugal,
Syria, Thailand and Tunisia have stated their intention to introduce nuclear
power,y but have not yet made definite commitments to nuclear power plant

construction, wmainly due to financing problems.

Figure 2 shows the increase up to 1990 in the nmumber of countries with _.
operafing_nuclear:power plants, showing clearly that this will be mainly in
the developing countries. Only one industrialized country will put its fi:gt
maclear power plant into service dﬁring this peridd, whiié I dQVelopihé_ééunt—\_L
ries (People's Republlc of Chlna, Cuba, Mexico, the Phlllpplnes) outside CPE-
Burope have their flrst nuclear power units under construction with scheduled
start-up .in this period, and Egypt has announced plans to have its first unit

in operation by 1990. In addition, two developing countries within CPE~Europe

x Unless otherwise noted; the term "developing countries" does not include
developing countries (namely, Bulgaria, Czechoslovakia, Hungary, Poland and
Romania) in Eastern Europe with centrally planned economies (CPE~BEurope) .




£E/ECA/NRD/E/16
Page 4

(Poland and Romania) are constructing their first nuclear units, with scheduled

. start-up before 1990.

In spite of this increase in the number of developing countries using
nuclear power, most of the growth in nuclear béwer capacity will be in the

industrialized countries. C .

2. NUCLEAR POWER PROSPECTS TO_2000 S e T ,

.

. In the longer term up to the year 2000, there are expectat;ons that a
resumptlon in economic growth will stlmulate grOwth 1n energy . and electri-
city needs; and that nuclear plant- orderlng w111 be resumed in :countries
where it ‘has been suspended- Additional incentives for an increased demand
for nuclear energy would 1ncludes a growing’ recognltlon that nuclear energy
is increasingly able to replace fossil fuel not only for electrlclty genera—
tion but. also ‘for heat appllcatlons, a restored publlc and political con-
fidence in nuclear energy as a rellablg, economic. and environmentally
acceptable source of energy; and the foreseeable need to replace a Signifi—

cant amount of older generating capacity.

Based on the 1n;ormat10n available to the IAEA, the. Urospects for
nmuclear power capacity growth to the year 2000 have been estimated as shown
~in Table 5 together with very rough estlmates of the nucléar share in total
electrlclty productlon. It must ‘be empha51zed that the estimates are sub-

ject to large uncertainties.

For developlng ccuntrles, -as shown in Table 5, it is progected that by
the year 2000 ‘the nuclear capacity cbuld reach 65 to 105 GH(e); that is, a
two—~fold to. three—fol; increase over the capac1ty expected to be oneratlng 7
. in 1990. - As shogn in Table 6, this expanslon will take place mostly in the
217 develQping'coGnt£ies which at the end of 1983 already had nuclear power

plants in operation or under construction.
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An additional 5 to 15 GW(e) of capacity might, under optimistic assump=
tions, be brought into szervice in a few alditional developing countries which
may consider having nuclear power plants in operation by the year 2000,
including Egypt, and the OBCD countries (Greece, Portugal.and Turkey) which
are developing plans to introduce nuclear power into their electricity supply
systems and may have 'a total nuclear capacity up to 7 GHW(e) in operation by
the year 2000 according to a recent projection publishe by the OECD Nuclear

Energy Agency.

In the case of the industrialized countries, the nuclear power capacity
is projected to incriease by about 50% between 1990 and 2000; about 85% of the
" world's nuclear power capacity in the year 2000 would be in industrialized
countries. The very few industrialized countries which currently have no
nuclear power projections logically will consider nuclear as one option to
saéisfy part of their longmterﬁ energf needs, even thougihr they have made no
clear commitments to start any nuclear power plants in the near future. 1In
most cases, this reflects the fact that these countries are well endowed

with other energy resources, like Australia {coal) or Norway (hydro).

3. THE SPECIAL DIFFICULTIES IN DEVELOPING COUNTRIES

An dimportant factor limiting the possible introduction of nuclear power
in a larger number:of -Jeveloping countries has in most cases been their small
and fragmentel transmission grics ant the present unavailability of proven
nuclear power plants in a size range of 200 to 400 MW(e) which could be used
in these grids, with the exception of the USSR standardized 440 MW(e) PWR
type, which is still built and exportedl. | ' '

Alsoy in gpite of the expeotéd growth, the majority of developing.count-—

ries have and will continue to have very low électricity consumption levels.

As can be seen in Table 7 eight defeIOPing countries accounted for about
62% of the total electricity production in the developing world during 1981.
All have on—going nuclear power programmes. The remaining 38% of electricity
production was distributed among 153 countries, with an average of 2.8 TWh per

country.
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The total electricity production of all 161 developing countries of
around 1300 TWh corresponds to only around 50% of the electricity prOduCed
in the USA in 1981. '

A generally used, but also a rather simplified, rule—of~thumb is that
a single power generating unit should not exceed 10% of the total generating
capacity of all plants on the transmission grid, for reasons of stability of
the electricity supply. If one applies this rule to Member States of the
IAFA, the number of countries which would be able to use nuclear power plants

in various size ranges are presented in Figure 3.

- At present, the power grids in 37 TAEA Member States could accept
nuclear units of 600 — 1300 MW(e) now available on the market where—
as only 2L actually have operating power plants.

—. Some 15 countries, all developing, could use units in the 200-

600 MW(e) ranges as their biggest units.

This seems to be one lndlcatlon of the potential market for smaller
nuclear power plants, if they were economxcally competltlve and more widely

available, but this also applles for other types of power plants.

However, poor economics, the llmlted availability of mature Jdesigns and
other, mostly technical, uncertainties in the decision-making process have
kept suppliers! and buyers' interests in small and medium power reactors

(SMPRs) at a rather modest level.

To assist in this area apd bricdge existing information gapss the TAEA
has started a study which brings together the three major partners in any
future SMPR plant, namely buyers, suppliers and financing institutions.
This study is intended to analyse the technical and economic grounds for

GMPRs and to identify the size of the pogsiblé market for this type of

nuclear power plant in the future.
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It should, however, be recognized that pgoing nuclear with a small reactor
will require nearly the same commitments to a high technology as in the large
reactor casey namely in respect of manpower, infrastructure, transfer of techa'

nology and financing

Nuclear power is a capital-intensive encrgy source with nuclear power
plant investment costs contributing up to 80% of the total nuclear generation
costs. The total investment for a 600 - 900 M¥(e) nuclear power plant might
be between 1.5 aad 3,0 billion Uaﬁ, that is, between 2500 and 3500 US$/kiW(e)
installed ca”aclty, denending on costs for development of the infrastructuré,
including’eipénsion of the transmission and Jdistribution system and a poss—

ible transition to a higher voltage level.

Because of the high investment requirements, financing proves presently
to be a very important limiting factor for nuclear power'programmeé, parti—‘5
cularly in developin, countries where the present cconomic situation is
extremely precaridus. It is particularly unfortunate that those developing
countries which will need nuclear power and which have — or are close to
nav1ng - the 1nfrastructure needeA te support a nuclear 30wer prégramme are
now in such jlre financial stralts that their nuclear projects havg to be

delayed or cancelled,

It must also be recognized that the nuclear power programme is only one
of several development programmes which will compete for the available invest—
ment funds, and levelopment of nuclear rower should not exclude the possibility

of other options an technologies appropriate to = specific country.

among the developing countries wilth on-going nuclear power programmes,
Mexico is posdibly the most outstanding example where financing constraints
have serlously a.ffe.ctc;'1 the country's nuclgur power programme. The effect
of flhanc1n constralnts has also caused substantlal delays in the programmés
of other countrles, such as Bra21l, Romanla an:l Yugoslav1de Bangla&esh, |
Egypt an’q Turkey are gxamples of Jdeveloping countries wherc the effectife

initiation of their first nuclear oower rOJect seems to _epan malnly on

finding satlsfactorv financing arranpcmentg. In fact, there is harjly a
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country (either developing or iniustrialize!) whose nuclear power Programme
has not been affecte? negatively by this problem, especially uring the re—

cent period of worldwide ecconomic recession.

So far, nearly all impcrte! nuclear power plants in Jdeveloping countries
were financed thrcugh special bilateral arrangements between the supplier and
buyer. However; the preseni economic situation makes it difficult for the
ever—increasing investment costs to be finanmced by only one supplier under
acceptable conditions for the buyer. The sometimes very favc_)urable financ-—
ing previously available from suppiiers seems to be no longer available,
and it appears that the suppliers now have to seek international cooperation

to obtain financing.

A closer co-operation between industrialized countries might be a
possible solution by sharing supply of components and finaneing guarantees
between at least two or more inlustrialize? countries, as the present multi-

lateral negotiations for the first nuclear power plant in Turkey illustrate.

On the other hand, international financing, c.g. by the World Bank, can
realistically not be expecte’ to a large extent within the foreseeable future.
As a result, many nuclear projects in developing countries will be delayed
for a considerable time Jdue to financing problems, an? multilateral financ-—

ing might be the only solution to the problem.

4. BECONOMIC PERFROMANCE OF NUCLEAR POWER

In this context, the economic competitive situation of nuclear power
should be briefly summarized, considering that the costs of constructing

nuclear power plants have risen very rapidly during the past decade.

It must be emphasized that inter—fuel comparisons {nuclear versus fossil),
at either national or international level. have only limited "generic" value
due to the.numbér of assumptions and operating conditions that are behind
each example. Any answers depend on specific conditions and economic paraw-

meters adonted. Nevertneless., in gencral it can be stated that nuclear
9 : 121

power plants of the sizes pfesently on the market are and will continue to
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be economically competitive with oil—fired plants. In fact, the economic
advantage of the nuclear power plants over cil-—fired plants is overwhelming,

given the present level of international oil process.

In comparlng electrlclty costs from nuclear and c0alﬂf1red power

plants, the results depend on a number of factors, anu there 1s no 51ng1e

global answer. However, in most 51tuations large nuclear power plants

becoming operational in the near future, can produce electricity cheaper
than coal—fired power plants. In some special situations, however, such as
in areas of the USA and Canada with low—cost coal available to plants at
nearby or mine-mouth locations, coal-fired powef plants can deliver electri-
city at costs competitive with or lower than nuclear plants. The key eco-
nomic factor for coal—generated electricity is the cost of coal delivered to
the power station. For :nuclear power, the key factor is the total capital
investiment cost, wLiéﬁ-is significantly increased when interest rates are
high and lead times long. For coal fired plants, stringent enwironmental -
profection regulations are expected to be applied in the future. These

will increase their capital and o;eratlonal costs, p1301ng nuclear power in

a more COmpetltlve p051t10n.

_National papefs presented during the September 1982 IAEA Conference on
Nuclear Power Experience confirmed the genérally positive experience from
some 2600 accumulated reactor—years of nuclear power plant operation up to
mid—1982x. Several countries- notably Belgium, -stressed the. importance of
nuclear generation, when it has reached a significant level in a country,

in keeping constant or even decreasing electric energy prices.

. Although the load factors of base-~loaded nuclear power plants are some—
what lower than the expected value used for planning purposes, experience has
confirme? the expectation that, puglsar plants would produce cost savings in
comparison with coal— or oil-fired plants in most countries. In the reporting
countriesy, it was clearly Jdocumented that nuclear plants are by a considerable
margin the economic choice over oil-fired power plants and, except in certain

regions where coal is abunidant an? cheapy also over coal~fired power plants.

x The accumulated experience by the end of 1982 was 2836 reactor-years and by
the end of 1683 3160 reactor-years.
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~ This conclusion is supported also by I4EA studies of projected genera-
tion costs for nuclear power plants larger than 600 MW(e) capacity. Aas
shown in Figure 4y in this size range nuclear plants are estimated to have
generation costs substantially lower than oil-—fired pléﬁfs, and are econo-
mically competitive with coal-fire! plants except in the case of low coai

prices,

There is no currently available information which would provide e
liable cost data for new nuclear power reactor projects in the size range
below about 600 MW(e). However, the IAEA has some data from potential
suppliers of small and medium power reactors (SMPR), providing rather
rough cost estimates in the size range between 200 and 400-MW(e). These
data lead to generation cost estimates, shown also in-Figure 4, indicating
that nuclear power plants within this size range might bé competitive with
Oil-fired plants, which will remain the most important source for electri-

city generation in the majority of developing countries.

In comparison with the electricity genéfétiOn costs of coal-fired power
plants, nuclear plants appear only marginally competitive in sizes as small
as about 300 to 400 MW(e). an? only when the coal price is high, . It should,
however, be noted that a larpge expansion of electricity generation with coal=
fired plants in. developing countries would also require large investments
for the necessary infrastructure, especially transportation systems; these
costs have not been includel in this analysis.. Fhe environmental impact of

a large coal programme also woul? have to be taken into consideration.

In light of these rather encouraging preliminary results with regard to
SMPR's, the Agency has started a study to more precisely determine the PO
bable costs and economic competitiveness of SMPR's, and to identify the

possible market for this type of nuclear power plants-in the future.

4.1 Components of Nuclear Power Generation Costs

The main components entering into the calculation of nuclear power genera—

tion costs are listed in Table 8. The basic elements are capital investment,

nuclear fuel cycle, and operating ani maintenancé”(O@Mj'cbsts. Table 9 shows
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some indicative values for the percentage contribution of each of these

elements to the total cost of electricity production.

Additionally, infrastructure clevelopment costs, such as R&D and transfer
of technology from developed countries, domestic industrial and manpower
deveIOpment associated with a nuclear power programme, should be factored in.
Howevar, it should be considered that there are also national benefits in the
devélopment- of such activities. Plant performance is reflected in its load
factor, power rating and economic life; the economy of the country is
reflected through domestic and foreign interest, escalation and discount

rates used in the”anaiysis.

Nuclear: Plant CaEltal CQsts. Due to its large contribution to total cost

of nuclear power, the capital 1nvestment cost of nuclear plants deserves

particular attention.

One of the most 5eﬁinant factors in the changing costs of nuclear power
Juring the last several years has been the sharp increase, in most countries,

of plant investment costs.

_ Ohe'of the major conéributions to the increases in the capital costs (in
constant money) has been attributed to the changes in regulatory fequirements
) in some countries and the‘eohsequently required changes in designs, increases
in scope. of supply, ana backflttzng during execution of projects. In addition
to their direct costs, all tnese factors will cause lengthene project times,
resulting in very much higher charges for interest durlng constructlon,
especially with the high interest rates which prevailed cduring the late 1970s
and early 1980s. ‘

The importance of project time end escalation fgfe, as Jdriving factors
in plant costs, are shown in Figure 5. The direct cost (sometimes referred
to'aS'"overnight“.cost) of the ﬂlant'ie about 1. 5 bllllon US S If we ‘assume
a modest 5%/year real rate of cost escalation and a 6—year project tlme,'éhe
total investment cost, including interest and escalation durlng constructlon,

is about 2.2 billion US . That is, interest and escalation costs add abOut
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50% to the direct costs in the case of a 6-year project time. However, at
. the same escalation rate, but with a 12-year project time, interest and

escalation add over 200% to the direct costs!

Nuclear Fuel Costs. As was shown in Table 9, fuel costs contribute only

15-30% to the total cost of electricity from nuclear power plants. By .com— .
parison, in fossil-fuel~fired plants the cost of fuel accounts for ACLﬁﬁ% of
the total genefation cost for coal-fired plants and up to 85% for oil-fired
plants. |

The major components of the fuel cycle cost for a light-water reactor
(LWR) using enriched uranium as fuel are shown in Figure 6. Reference data
for this illustrative case are listed in Table 10s It is of interest to
examine the sensitivity of the nmuclear fuel cycle cost, and the totai nuclear
generation cost, to possible future changes in these major components.. Re-

sults from such a sensitivity analysis are shown in Figure 7.

Effect of changes in uranium price (reference case value: US §$ 25/1b

U308). It can be seen that if the uranium price were doubled (that is, a

100f% increase)y the total nuclear fuel cycle cost would increase by 27%.
However, as the fuel cyclz contributes only about 15-30% to the total genera-—
tion cost, the assumed 100% increase in uranium price would. increase nuclear
generation costs by only about 4-8%. By comparison, a 100%.increase in fossil—
fuel prices would inerease generation costs by about 40 — 65% for coal--fired

plants and about 70-85% for oil—fired plants.

Thus, it is clear to see that, once a nuclear power plant is built, the
future generation. costs are much less sensitive to changes in fuel prices

than in the case of ifossil—-fuel-fired plants.

Effect of changr§ in enrichment price (reference case value: US § 140/
SWU). The results are similar to those already dlscussed for uranium prices.,

A 100% increase in enrichment price would lead to about 38% increase in fuel

cycle costs, resulting in only about 6~11% increase in total generation costs.
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 Effect of changes in back-—end costs (reference case value: US$ 800/

kg fuel)., The third major:component of the LWR nuclear fuel cycle is the
cost of managing .the spent fuel, which includes reprocessing and waste
disposal — the so—called "back-end" of the fuel cycle. 4As shown in Figure
7» a 100% increase in the back end costs would lead to about 24} increase
in fuel cycle costs, resultlng in only about L=7% increase in total genera—

tlop costs.

Lo Other Cost Considerations

B;sed‘On the studies discussed above,; the IAEA concludes that nuclear
.powéf is an economically competitive option for future energy and electti-~
'city supplies. However, the economic advantage of nuclear power depends
greatly on the particular circumstances of each case; generalized figures

have little applicability.

The high investment requirements and heavy front—end loading of the
expendlture cycle on a nuclear power statlon may be a difficult burden in
a developlng country having to rely on relatlvely hard loans for a nuclear

power programme.

Alsoy a pre—condltlon for the introduction of nuclear power is that the
local infraetructure shouis be QAEquately developed. Creating an infras—
_tructure into which nuclear power can be introduted may be a lengthy and
_costly process, but it ic essential. The nuclear power option differs in
this respect from other power pldnt alternatives where the infrastructure
deméﬁds are far less stringent and also are more similar to those pre—

viously encountered.

On the other hand, the jeve10pment of a coal industry, or its major
expénslon, 15,‘as many countrles have learned, a compllcated exercise
‘dependent on the careful plannlng of productlon and transport facilities'
to assure regular Supplles to’ consum1ng industries. Where coal has not-
been preV10usly useu for power generatlon, a substantlal front—end invest—

ment w1ll be needeu for coal transportatlon to the power plants, storagey



:E/ECA/NRﬁ/E/lG
Page 14

t

handling and ash disposal arrangements. There is little foreign investor
‘iaterest-in;cqegﬁﬁe'tqat thejmajqr.%nvestments required to'open new mines
Agand:expandﬁgléioqeejmuet-comenfrom;domestic sources, in practice largely
government'\ :Compared. with oil, coal-ig expengive to transport and diffi-
cult ani dirty to handley thus seriously redueing its comparative price’
advantage. The transport element is particularly important in*imported-
c0a1. ‘Whilé oGéan tFanSfort is not expensive on a ton—kiloﬁetef basis,
the costi of 'FAlidd tramspdrt aréd very much: higher,. thus“llmlfingucoal
use in practice to coastal reglons or-toL;nlangg}tggt;qqﬂunh;ch are
particularly well served by rall links. None of these problems is in'and
of itself insuperable, but they adl up to a formidable list of constralnts,
the overcomlng of which require a firm commitment by prbdudlng, transport-

1ng “and consuming entities.
DU NS

5. CONCLUSIONS

' Based on the facts and considerations discussed in this paper, the IAEA
concludes that Nuclear power is a technologically mature and economically

ol

competitive option for future energy and electricity supplies.

Nuclear power has captured and will keep a substantlal share of the
world electrlclty market, and its use has continued to 1ncrease through
years of’ general ‘Pecession at a faster rate than that of any other Slgnlfl—
cant’ enefgy sourées At the global level, its future is quantltat1vely un—

certain-—as is that of all ‘energy sources - but qualltatlvely secure,

simply because it has become an indispensable part of the global energy

supply.

e :
+ Llatsn

The role of’ nuclear energy ‘in the energy supply Hrogramme of both
industrialized and” developlng countrles is expected to grow substantlally
in the futwe. This gréwth is seén as essential due to the need to develop
all available technologles 'in order to meet the contlnued growth in energy

and electricity which will be needed by a growing and increasingly urbanized

world population.
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However, nuclear power is not seen as a panaceay Or. even a-vigble-
near-term- sat“flon, for the maJOPltY of developing countries, due to the
dlfflculties 1n using this- technOIOgy in small, weakly—connected electrical
generation and transmission systems. Up to the year 2000, it is expected
that no moreithan about 15.. developing countries (excluding CPE—Eurepe

countrles) will bé produc1ng electricity with nuclear power plants.

Thus, the great majorxty of developing countries will continue to

rely on oil, coal, gas, hydro and other resources for their energy
Supplles-
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Nuclear Power Status at the end of 1983
.”‘Electricity Supplied
: In . Under - " by Nuclear Power
Operation Construction - Reactors in 198;__
‘ No. of ~Total No of Total TW.h(e) % of
Country Name Units  MW(e)  Units Mi(e) : Total
ARGENTINA | 2 9B 1 592 3.4 8.8
BELGIUM~- ° 6 3473 2 2012 22.8 45.7
BRAZI.L . s BEETAN l 626 1 12.45 _0:2' : 001
BULGARIA 4 1632 . 2 1906 12.3 32.3.
CANADA | 15 8303 8 5925 . < 46.3 12.9
CHINA | 1 300
CUBA 2 816
CZBECHOSLOVAKIA 2 752 S 4354 5.7 8.0
FINLAND 4 2206 16.7 41.5
FRANCE 36 26903 25 29200 136.9 48.3
GERMAN D. R. 5 1694 (11) (12)
GERMANY, F. R. 16 11110 11 11908 62.4 17.8
HUNGARY 1 408 3 1224 2.3 10.0
INDIA 5 1030 5 1100 2.9 (2.2)
ITALY 3 1232 3 1999 5.6 3.2
JAPAN 28 19023 10 10022 104.5 (20)
KOREA, REP. OF 3 1789 5 5474 9.0 18.4
MEXICO 2 1308
NETHERLANDS 2 501 3ud 5.9
PAKISTAN 1 125 0.2 1.0
PHILIPPINES 1 621
POLAND 2 880
ROMANIA 2 1320
SOUTH AFRICA 2 1842
SPAIN 6 3760 9 8369 10.2 9.1
SWEDEN 10 7355 2 2100 39.1 36.9
SWITZERLAND 4 1940 1 942 14.8 29.3
TAIWAN 4 3110 2 1814 18.9 (36)
UK 35 8304 7 h252 4£3.9 17.0
USA 80 63315 49 54228 292.0 12,7
USSR 43 20671 41 38001 (113 (8)
YUGOSLAVIA 1 632 3.7 5.8
World Total 317 190839 209 193854 (1000) (12)

Note: Values in parentheses are IAEA estimates
Sourcey IAEA PRIS, Report XBLMQ7O 840406
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TAZLE 2

LEADING COUNTRIES IN NUCLEAR SHARE OF
TOTAL ELBCTRICITY PRODUCED DURING 1983

16 N11C
Country 1683 Nuclear

Page 17

Share, %
FRANCE | 48.3
BELGIUM 45.7
FINLAND 41.5
SWEDEN _ 36.9
TAIWAN (35)*
BULGARTA 32.3
SWITZERLAND 29.3
JAPAN (20)*
KOREA. REPUBLIC OF 18.4
GERMANY, FED. REP. 17.8
UNITED KINGDOM 17.0
CANADA 12.9
UNITED STATES C12.7
GERMAN DEM. REP. | (iz)x
 HUNGARY | 10

SOURCE: IAEA Power Reactor Information System (PRIS)

x TAEA Estimates
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Table 3. Estimated Expansions >f Nuclear Power C-pacity up to 1990

GW(e) in 0pe1'attnn at End of Year
(1)
Countr ;
Country (acgggl\ (es%lgate) (é%%gmate)
‘North America
Canada 8.3 10.0-10-8 T14.2-15.1
USa 63.3 83.2-90.0 110-111
Sub‘ ot a}. 71 -6 93 s 3“"100 L] 8 l?ll- . 2""12’6 - 1
Western Europe
Relgiuum 3.5 5.5 5.5
Finland 2.2 2.2 _ 2.2
France 2609 3\ 06-'11-003 559 1‘"‘58.8
Germany, - Fed. Rep- 111 15, 2.35.5 22.0-24.3
JTtaly I 1.2 3.2
He*herlands 0.5 0.5 0.5_
Spain 3.0 5.6 5.6
Swadan 7ok 8.L-9.5 9.5
Switzerlaud 1.G 2.9 2.9
United Kingdom 8.3 1601 12.5
Sub-total 65,8 89.3-N4.4  120.8-125.1
Eastarn Euroggg/
(-EEV.LG .[?‘..J.:.'dil I)&l t '-)"
Bulgavia 1.6 L.5a2.6 3.5
Czechoslovakia 0.8 2.0-2.4 L2250
Cerman. Dem. Rep. 1.7 1.7 1.7
tungary 0.4 0,8.1.2 1.6
poland - - C~0.4
Romanis — - _ 1.3
-SSR 20.7 27.5-29.2 58 ?~7A.9
fL.gOsla*fie. T Caif gty e e
Sub total 25.8 3h o L3757 71.5-€9.0
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Table 3 (continuéd). Estimated Expansions of Nuclear Power Capacity

up_to 1990

GH(e) in operation at End of Year

Country 1983 1985(1) _1990(__1_) ,
' (actual) = (estimate) (estimate)
Industrialized Pacific
Japa.n . 19.0 22.8’-’21]-.7 27.9'-'31:7
Sub-total 19.0 22.8-24.7 27.9=31.7
Asia =~
India 1.0 103 1-7“'12.1
K.Orea, Repu of 1.8 3-6—5.4 6-8—900
Pakistan 0.1 0-1 Ool
Philippines - 0.6 0.6
Taiwan 3.1 li.oo-rll-ng [...9
Latin America _ _
Argentina 009 099 106
Brazil 0.6 0.6 1.9-3.1
Cuba - - 0.8
Mexico — - 1.3
Sub—total 1.5 1.5 5.6-6.8
Africa & Middle East
Egy’pt —_— - 0—009
South Africa - 1.8 1.8
Sub=total - 1.8 1.8-2.7




E/ECA/NRD/E/16
Page 20

Table 3 (continued). Estimated Expansions of Nuclear Fower Capacity

up to 1990

Z¥(e) in operation at End of Year . ...

Country Grouping 1983 1985(1) 1990(1)

bomim s w

Industrialized Countries 175.8

(actual) _ (estimate)  _(estimate)

235.5-252.6 7 3EBUILE1L3

Developing Countries

a) In CPE—Europe(3) 2.8 hoh-5.2 10.5-11.8
.’ .- ‘ - Fr
b) Others(*) 8.1 11.7-14.4 20.6-25.3
e¢) Total of DC's 10.9 15.1-20.5 31.1-37.1 -
Worl Total.(rodnded) , ; - 191 'j 2553=273 365-398

‘=

Source: IAEA Power Readtor ‘Information System (FRIS).

Notes:

1.

The lower values for operating capacities are estimated by assuming

that no planned reactors not yet under construction will achieve grid
connection during this period and that half of the capacity scheduled
to achieve grid connection in a given year will slip to the next year.

The high case valucs are estimated by assuming that all reactors under
construction and all planned reactors will achieve grid connection
exactly as currently scheduled.

Capacity figures for Eastern Furope countries in 1990 are JAEA esti—
mates based on project information, which isy however, not complete.
The official target for Eastern Furcpe is about 100 GHW{e) in 1990.

Developing countries in the Centrally Planned Economies (CFE) in
Hurope: Bulgaria, Czechoslovakia, dungary, Poland and Romania.

Other developing countfies: Arpgentina, Hrazil, -People's- Republic of
China, Cuba, India, Republic of Korea, Mexico, Pakistan, Philippines,
Taiwan and Yugoslavia.
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TABLE 4

“NUCLEAR POWER PLANTS IN DEVFLOPING COUNTRIES
(AS OF 31 DECEMBER  1983)

_OPERATING UNDER CONSTRUCTION
COUNTRY NO. OF CAPACITY ~ NO. OF CAPACITY
UNITS MW(E) UNITS MW(E)
ARGENTINA 2 935 ' 1 692
BRAZIL 1 626 1 1,245
CHINA, P.R. e - | 1 300
CUBA o ~ - - 2 816
INDIA 5'“ 1,030 5 ‘1,100
IRAN, ISL. REP. - (SEE NOTE L) e
KOREA, REP. OF 3 178y ”é S5:474
MEXIGO- B »- _ B e 1,308
PAKISTAN ) 1 125 R -
'PﬁlpiﬁpINEs_ ] T 1 sl
TRTEAN Lo 3,10 Tz 1,80
YUGOSLAVIA “".- - 632 ..o T o
TOTAL e T 1a7..w;- 8,27 o PO 13,370
x Not inbldéiﬁnghose In The Centrally Planned Economies
(CPE) in Europe.
NOTE 1: In the Islamic Republic of Iran, Construction on L units has
been suspended; but resumption of work on 2 units is under
negotiation.
SOURCE: IAEA Power Reactor Information System (PRIS) -
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Table 5. Prospects for Growth in Nuclear Power
Capacity and Nuclear Share of Total
Electricity, up to the Year 2000.
1983 -_____1_9_907_ - =S}, S
Region % of % of of
‘ GH(e) elec, GH(e) elec. GH(e) elec.
North America 93-101 17 124=126 20 130-160 20
Western Europe 80-04 28 121-125 35 130-190 40
Eastern Burope %38 . 11 72-89 16 140-240 28
(incl.Asian part of USSR)
Industrialized 23-25 17 28-32 17 40-60 25
Pacific ,
Asia ' 10-12 5 1417 6 3045 8
Latin America 1.5 2 67 A 10-15 6
Africa and Middle 1.8 3 1.8-2.7 2 5~15 6
East :
World Total 253-273 15 366-398 18 L85-725 20
Industriaiized o :
Countries 236--253 18 335-361 23 - 420620 25
Developing Countries - ' ' ,
a« In CPE Europe L6 9 10-12 15 25-35 18
b. Others 12-14 3 21-25 4 4L0-70 6
c. Total 16-20 A 31-37 6 65-105 8
Note: See notes (1 and 2) of Table 3 for explanation of capacity figures for

1985 and 1990, Capacity figures for 2000 are IAEA projections.
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Table 6. Developing Countries Included in Year
2000 Nuclear Power Capacity Projection
Countriese with nuclear plants in Additional countries which
operation or under construction may consider having nuclear
at end of 1983 plants in operation by 2000
Argentina Mexico Algeria - Libyan Arab J.
Brazil Pakistan Bangladesh . Malaysia
Bulgaria Philippines Chile Portugal
China, P.R. Poland Egypt Saudi. Arabia
Cuba Romania Greece Syrian Arab Rep.
Czechoslovakia Taiwan indonesia Thailand
Hungary Yugoslavia Iraq Turkey
India Korea, Venezuela
Dem. Rep.
Iran, Isl. Rep.X
Horsay; Rep. of
Nuclear Capacity Estimated for 2000: o
60-90 GW(e) ' 5--15 GW(e)
in 17 countries in § to 10 countries

-

x Construction of 4 nuclear power units has been stopped; but resumption
of work on 2 units is under negotiation.
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Table 7
ELECTRICITY PRODUCTION IN DEVELOPING
COUNTRIES™ DURING 1981
ELECTRICITY PERCENT OF
PRODUCTION “TOTAL FRODUCTION
TWH( E) ‘ IN DC'S
1. CHINA, PEOPLE‘'S REP. OF 300 23
2«  BRAZIL 140 11
3. INDIA 117 9
L. MEXICO 74 6
5.  YUGOSLAVIA © 57 4
6. KOREA, REP. OF | 43 3
7. TAIWAN B L2 3
8.  ARGENTINA 38 3
SUB-TOTAL g0 62
TOTAL ALL OTHERS 502 38
(153 COUNTRIES)
TOTAL DEVELOPING COUNTRIES
(161 COUNTRIES) 1,322 100

i, —_ T A —_—— - AL W R R

x NOT INCLUDING THOSE IN THE CENTRALLY PLANNED ECONOMIES (CPE)
IN EUROPE.

SOURCE: IAEA ENERGY AND ECONOMIC DATA BANK (EEDB).
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Table B

MAIN COMPONENTS AND INFLUENCING FACTORS OF

NUCLEAR FOWER PLANT ECONOMICS

COmEgnents:

Capital investment costs
" Fuel cost

_ Operating and maintenance cost

Influencing Factors

Infrastructure development costs
_Plant construction duration

Plant load factor

Plant net electric power rating
Plant economic life

Interest rate {foreign and local)
Escalation rate (foreign and local)

Discount rate (national economy)
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Table 9
PFRCENTAGE DISTRIBUTION OF ELECTRICITY
GENERATING COST ’
Nuclear Coal o OLI
Capital 55-80% 25-55% 10-25%
Fuel 15-30% 4LO-65 70-85%

TOTAL 100% 1006 100%




Table 10

REFERENCE PARAMETERS FOR LWR FUEL CYCLE COST

Parameter

Reactor load factor, %

Natural uranium price, US$/lb U308

Conversion price, Usy/kg U
Enrichment price, USL/SWU
Fabrication™, USi/kz U
Back-~end cost, US3/kg fuel
Flutonium credit, Uss/a

x Includes fresh fuel shipping cost.

70
25
G
140
175

E/ECA/NRD/R/15
Page 27

Base value
SERE g e

e ——
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Sourcg: IAEA Economic and Energy Data Bank
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Figure 2

Countries with Operationd
Nuclear Power Reactors

Number of Couniries

.............

[AEA=NENP-B3=188]
BE o eernnenre ittt s st s ot oo s et nangane
Legend
} L2 Developing countries in CPE ~ Europe
304 B Other developing couniries
2 Industriclized countries

.............

1870 1975 1983
Year

Sourca: lAZA Power Recctor Information System
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Figure 3
as a Function of Plant Size

Number of IAEA Member Siates
Able to Use Nuclear Power Plants
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Figure 4

Estimated Cost of Electricity Generated by
Nuclear, Coal and Cil Power Plants

Plant Size, MW(e)

Source: |IAEA estimates except as indicated

Starting Operation in 1990
[lAEA~NENP=83~-139]
120 " i
(1982 currancy valuas;
70 % plant load {actar)
- ‘ ; :
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Figure 2>

EFFECTS OF LEADTIME AND ESCALATION DURING CONSTRUCTION

ON TOTAL CAPITAL INVESTMENT COSTS—1250 MWe LWR

Total Capital Investrnent Cost (109$) (mixed year dollars)

6.0
Bafore tax cost of money: 5.425%/yr reai
55 — 11.750%/yr deflated
6%/yr Inflation rate
50 —
4.5 {—=
> | Real escalation Inerest
40 ~— ; during
rate during construction
3.5 j— construction Q
(%/yr) \
30 \
25 \ Escalation
during
20 \ construction
15 i
1.0 Direct
Cost
0.5 (19825)
0.0 /]
9 Years- 12 Years
Lead Time Lead Time

Source: "Nuclear and Fossil Power Plant Economics",
Chaim Braun (EPRI), Paper presented at ANS
Topical Meeting on Financial and Econcmic
Bases for Nuclear Power, Washington (DC),
USA, 8-11 April 1984. *
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Figure ©

DISTRIBUTION OF LWR FUEL CYCLE COSTS

9.00 mills US $,/KWh(e)

Enrichment
37.8%

=—— Uranium
' | 29.272
- Fabrication
9.4% _

il
AN
ot

Back end
23.67%

’/

Notes;
- Figures for Uranium cost include conversion to UF
for Uranium and Enrichment costs are net, including
e respactive credits from r'eprocessin?
fresh fuel

- Fi?lures
t
— Figures for Fabricalion include shipping o

084-350




18n} ysed} mo Bujddiys eprjou) uojioo1iqo4 Jo) sENbiy —
ulsseoo.des woJj s11peso el dedses ey

Buipnjou) ‘jau 24D S1500 JusWYd|IUT PUD WINUDI Joj Seunb|y —

94N 0} UGS IBAUGS BPN|OU] 150D LWAJUDKY JO) SBINB({ —

SEPN
£1509) 22144 92144
pus o088 juatuydiaug wnuo.n
j0 Buygneq jo Buygnog jo Buyignog aouaajoy

/ B'LE

F—2'67
................................. 0 001 cerieneee - 001

1S09) [aNn4 20UBIBJRY JO JUIDIYY

pus oo 23

....... mwnm.... EO-.—UU-.—DU& g T PR TTRT 4 +FA4

= JuslidIU] (S

g9zl wnjuon =
....................................................... Ucmmwl— TP 2] ]

8Z0-¥B—dNIN-YIVI]

SJ8joLDID }SOT) SNOLIDA O}
$§50Q 81940 [oN4 YM? O Apalisues

; @nbyy






