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AN ECONOMICANALYSISOF NUCLEARPOWERREACTOR
DISSEMINATIONTO LESSDEVELOPEDNATIONS

WITH IMPLICATIONSFOR NUCLEARPROLIFERATION

by

RobertL. Gustavsonand JosephS. HowardII

ABSTRACT

We have appliedan economicmodelto the trans-
fer of nuclear-powerreactorsfrom industrialized
nationsto the lessdevelopednations. The model
includesdemandand supplyfactorsand predictsthe
successof U.S.nonproliferationpositionsand poli-
cies.

We concludethat economicforcesdominatethe
transferof powerreactorsto lessdevelopednations.
Our studyshowsthatattemptsto eitherrestrictor
promotethe spreadof nuclear-powertechnologyby
ignoringnaturaleconomicincentiveswouldhave only
limitedeffect. If U.S.policyis too restrictive,
lessdevelopednationswill seekothersuppliers
and therebylowerU.S. influencesubstantially.
Allowinglessdevelopednationsto developnuclear-
powertechnologyas dictatedby economicforceswill
resultin a modestrateof transferthatshouldcom-
ply with nuclear-proliferationobjectives.

I. SUMMARYAND CONCLUSIONS

A. Summary
The Organizationfor EconomicCooperationand Development(OECD)and the

InternationalAtomicEnergyAgency(IAEA)previouslypredicteda largeand ra-
pid transferof nuclear-powerplantsto lesserdevelopedcountries(LDCS). The
predictionwas basedupon a criticalshortageof energyin LDCS and few alterna-
tiveenergysouces,alongwith a strongdesireby nuclearpowersto exportreac-
torsto establishmarketsand gainproductioneconomiesof scale. Presentde-
ferralsand cancellationsof powerplantsalesto LDCS is indicativeof the dif-
ficultyof LDCS to assimilatethistechnologyand of vendersto have continued
motivationto pursuesales.



We foundthateconomicconsiderationswill dominatenuclear-reactortrade
betweenthe supplyingindustrializednationsand the demandinglessdeveloped
countries.Our major findingsare describedin Fig. I-1.

B. Approach
One can analyzethe transferof nuclear-powerreactorsand thepossibility

of resultingweaponproliferationfroma technical,political,or economicview-
point. We focuson the economicviewpoint. The competitivemodelexplainsand
predictsthe behaviorof thosewho demandand thosewho supplynuclearpower
reactors. LDCS facea seriesof criticalchoicesforcedby theirscarceenergy
resources--a situationportrayingthe essenceof economics.We use macro-and
macroeconomicconceptualframeworksas the basicanalyticaltool for our study.

Our evaluationof economicincentives,nuclear-power-reactorstatus,and
reactorexperienceprovidesinsightsintoanticipatedexpansionof nuclearelec-
tricpowerby LDCS. Nuclearnonproliferationobjectivesformulatedinternation-
allyand incorporatedintobilateralagreementsreflecta desireto promotethe
disseminationof nuclearpowerreactorswhileminimizingthe riskof nuclear
proliferation.Our reviewindicatesthatnonproliferationagreementshavenot
inhibitedeconomicincentives.

c. DemandforNuclearReactors
LDC demandsfor nuclearreactorsreflectstrongeconomicincentivesto in-

creaseenergyavailabilitybecauseit is essentialto economicdevelopment.We
show thisdemandto be strong,as alternativedomesticelectricalenergysources
are exceptionallyscarcein LDCs.

We definelesserdevelopednationsas countrieswithper capitagrossdo-
mesticproductbelow$2000in 1974,plus SaudiaArabia,Venezuela,Greece,Lib-
ya, PuertoRico,Singapore,and Gabon. Thoughthesecountriesexceedthemini-
mum per capitaincome,theyhavenot establisheda matureindustrialbase.

A goodpart of the electricalenergyof most LDCS comesfromoil-fired
generatorsusingimportedoil. For thesecountries,higheroil priceshave

. Competitivemodelillustratesthe importanceof eco-
nomicincentives.

. LDC demandfor nuclearreactorsreflectsstrong
economicincentives.

● Risingsupplycostsinhibitspreadof nuclear
reactors.

● Nonproliferationlegislationand safeguardspromote
internationalinterestsmost effectivelywhen they
paralleleconomicmotivationswithinthe framework.
of the competitivemodel.

..

-.

8

Fig. I-1.
Economicconsiderationswill dominatenuclear-reactor
tradewith LDCS.
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magnifiedbalance-of-paymentsproblems,forcedelectric-powerconservation,and
reducedexpectationsfor economicdevelopment.Even oil-richLDCShaveused
huge oil revenuesto acquirewesternreactortechnologyand enhanceeconomic
development.The largestexpansionof reactortechnologyhas been in the larg-
est LDC with substantialprovenreservesof oil. The oil embargoand subsequent
priceincreaseshave thusprovideda clearsignalto LDCS,bothwith and without
oil, thattheymust developalternativesto thisdominantsourceof energy. As
finitefossil-fuelenergysourcesbecomeincreasinglyscarce,LDCSmust find
otherenergysources,includingnuclear,if economicdevelopmentis to contin-
ue. Thisphenomenonreflectsboth decreasedsupplyand increaseddemand.

D. Supplyof NuclearReactors
On the otherhand,risingnuclearreactorsupplycostshave inhibitedtheir

spreadand resultedin fewertransfersthanprojecteddemandalonewouldhave
indicated.Althoughdemandfor nuclearpowerreactorsindicatesthatsubstan-
tialtechnologytransferto LDCSwill continue, substantialeconomicforceswill
tendto limitthisdemand,particularlyfor otherthanthe largestLDCS. Sever-
al factorshave causedthe rise in supplycosts.

The desireto establishnuclear-reactormarketsthatwouldjustifyin-
creasedproductioncapacityand consequenteconomiesof scaleinitiallymotiva-
ted suppliersto followaggressivecommercializationpolicies. Loss-leadsales
tacticsbasedon highlysubsidizedcontractswere used to establishmarkets.
Poor siteselectionin termsof constructionand operatingcosts,inadequate
infrastructure,*inflation,currencydevaluation,risingcapitalcosts,contract
deferralsoversafetyand environmentalissues, and risinginterestcostsall
serveto magnifylosseson initialreactorcontracts.The effectshavebeen
sufficientto causecontractrenegotiationsand subsequentcontractswith far
lessgenerousterms. Furthermore,LDCShave not limitedtheirreactorpurchases
to one supplier,but have soughtvarioussuppliersand fuelcycles. Failure
to establishmarketsand the financialreversalson loss-leadcontractshave
led to presentcontractsthatmore accuratelyreflectaveragetotalproduction
cost.

Fuel-cycleand vendorselectionseemto havebeen significantlyinfluenced
by financingterms. LDCS initiallyreceivedvery favorablefinancingtermsfrom
supplying-nationexport-importbanks. ThesebankssupportedLDC exportsto help
establishmarketsthatwouldpromoteLDC employment,developmentof advanced
technology,and improvedbalance-of-payments.However,inflationand currency
devaluationshavemade lendingtermsmuch lessfavorable;and otherdomestic
industriesare competingfor the limitedEX-IMBank financingsupport. As a
result,reactorcontractshave had to be negotiatedwithprivatefinancingat
higherinterestrates.

Becauseindustrialnationsand the most industrializedLDCS requirelarge,
efficientnuclearreactors,resultingproductionmodelsare generallyinappro-
priatefor all but the largestLDCS. Most LDCS cannotobtaincapital,provide
infrastructure,establishdistributionsystems,or absorbenoughpower-
generatingcapacityin theirsmallgridsto justifythe use of largerreactors.
The levelof industrializationin smallcountriesis ofteninsufficientto

*Infrastructureis composedof impartantservicesand facilitieswhichLDCS rely
upon,and whichwouldbe costlyfor each firm to provideindividually.It may
includewatersupplywastetreatmentfacilities,transportation,educational
researchand engineering,financialand bankinginstitutions,as well as manage-
ment and publicrelationsconsultants.

3



permitnuclear-reactoroperationat loadcapacitiesthatmake them competitive
with fossilfueland hydroelectricplants. The lackof technologyand experi-
ence to handlenuclearplantswill continueto impedereactordissemination.
Indeed,any skilledmanpowertakenfromthe limitedtotalof trainedworkers
wouldbe subtractedfromothersectorsof the economy. Highercosts,recession,
safetyissues,environmentalconsiderations,uncertaintyof enriched-uranium
supply,and financinghave causedcontractcancellationsand deferrals.

E. Legislationand Safeguards
Finallyour modelindicatesthatnonproliferationlegislationand safe-

guardspromoteinternationalinterestsmost effectivelywhen theyparalleleco-
nomicmotivations.

When initialU.S. effortsto keepnucleartechnologyfromspreadingproved
futile,we reversedour policyto one of widespreaddisseminationof nuclear -
reactors. ThisEisenhower“Atomsfor Peace”policywas subsequentlycomplemen-
ted by the InternationalAtomicEnergyAgency(IAEA)agreementsto verifythat
nuclear-technologyspreadwouldbe forpeacefulpurposesonly. The IAEAhas
provideda forumfor discussingconcernsaboutnuclear-reactordevelopment,and
forpromotingnonproliferationagreements.Nationalcommercializationinterests
initiallyappearedto dominate,as bilateralagreementsincludedtechnology
transferthatcausednuclear-proliferationconcerns. Violationsof internation-
al agreements,however,havebroughtcensureby IAEAmembersand helpedbring
aboutmore explicitand restrictivebilateralagreementsof cooperation.Also,
a suppliersgroupwas establishedto set commonguidelinesand stimulatecooper-
ationin supplyingreactorswhileminimizingproliferationrisks.

LargeinitialOrganizationforEconomicCooperationand Development(OECD)
and IAEAestimatesof demandforpeacefulnucleartechnologycausedsubstantial
proliferationconcern. Althoughmost industrializednationshavenuclear-power
reactors,only fiveLDCShave operationalreactors. ThoseLDCS are the largest
and most industrialized,with establishedmeansof acquiringcapitalto con-
structreactorsand with relativelylargeelectric-powergridsthroughwhichto
servecommercialmarkets. SeventeenadditionalLDCShaveplansto construct
nuclearpowerreactors.Whilea modestincreasein light-waterreactors(LWRS)
may be anticipated, we believethatconcentrationof thisexpansionin a few
largeLDCSwillminimizethe problemof nuclearproliferation.

F. Conclusions
Economicshas dominated the spreadof nuclearreactorsto LDCS. Attempts

to make the spreadof LWR technologydeviatefromwhat economicincentiveswould
dictateseem to havehad very littleeffect. Safeguardinglegislationhas not
impededthe spread. If we allowLDCS to developLWR technologyas dictatedby
economicinterests,the resultingmodestrateof spreadwillnot subvertnuclear-
proliferationobjectives.

We feelthat futureU.S. nonproliferationobjectivesmust explicitlyconsi-
der LDC economicmotivations.Thoughrisingsupplycostshave resultedin
nuclear-powerreactorsspreadingmuch lessthan initiallypredicted,U.S.poli-
ciesmust recognizeLDC demandmotivations.If U.S.policybecomesoverlyres-
trictive,LDCSwill turnto othersuppliersand therebylowerour influencesub-
stantiality.

11. INTRODUCTION

A. Introduction

4
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SinceWorldWar II, electric-powerdemandhas generallyexpandedquiterap-
idlymostlyto satisfypopulationand economicgrowth. At the sametimepredic-
tionsof dwindlingfossil-fuelreservesand hydroelectricpotentialmade some
feelthatnuclearpowercouldbe a panaceafor theworldenergyproblems. Ini-
tialestimatesof a vastlyincreasingnumberof nuclear-powerreactorsthrough-
out theworldraisedstrongfearsaboutnuclearproliferation.Nuclearprolif-
erationmeansthe spreadof nuclear-weaponscapabilityto additionalnations.
The nonproliferationtreaty(NPT)was a responseto fearsthatthe acquisition
of nuclearreactorsunderthe “Atomsfor Peace”policyhad resultedin an accum-
ulationof technologyand experiencethatmightbe appliedto nuclearweapons.

We arguethatnationsdesiringnuclearweaponscan obtainthemmore quickly
and cheaplyby a directeffort. The linkbetweennuclearpowertechnologyand
a nuclear-weaponcapabilityis weak. However,U.S.policyhas reflecteda de-
sireto minimizethe possibilityof disseminatingnuclear-weapontechnology.
Our studyfocuseson the implicationsof LDC supplyand demandconsiderations
with regardto nuclearpowertechnology.Whileproblemsregardingenriched-
uraniumsupplies,safeguards, and spent-fuelmanagementremaincrucialissues
theyare beyondthe scopeof our paper.

Economicsseemsto havehad a significantinfluencein spreadingnuclear
technologyto nearlyall the industrializednationsand remainsa key determi-
nant in spreadingpeacefulnucleartechnologyto LDCS. Additionalformsof
energywillbe requiredto supplementenergyfromfinitefossil-fueland hydro-
electricsourcesand to meet demandsof growingpopulations,risingstandards
of living,and developingLDC economies.The presentenergytransitionmay be
one of the most criticaleconomicproblemssincethe startof the industrial
age. Industrializationrequired200 yearsto reachpresentlevels,but, if de-
mandsfor furtherindustrializationare to be met, additionalenergysources
willbe required.

We evaluateeconomicincentives, nuclear-reactorstatus,and reactorexpe-
rienceto provideinsightsintoanticipatedexpansionof nuclear-electricalpow-
er by LDCS. The U.S. and the U.S.S.R.installedthe firstnuclear-powerreac-
torsin 1954. Sincethen,20 additionalnationshaveproducedelectricpower
fromoperationalnuclearreactors. The majorindustrializednationshave con-
structednuclearreactorsto supplementelectricpower fromalternativesources.
The futurespreadof nuclearpowerin the noncommunistworldwill thereforebe
primarilyamongLDCS. As LDCShave attemptedto obtainnuclearpowerto supple-
mentpresentelectric-powergeneration,however,the transferof technologyhas
beenmuch more difficultthaneitherthe supplyingor demandingnationsinitial-
ly anticipated.

B. CompetitiveModel
Economicsprovidesone of theperspectivesfromwhichwe may examinethe

motivationsfor disseminationof nuclear-reactortechnology.Energyis scarce
and,therefore,an economicgood. We can reasonablyassumethat industrialized
nationswillmaintaintheirhigh-energyeconomiesand thatLDCSwill try to in-
creasetheirenergysupplyto enhanceeconomicdevelopment.Most LDCSnow face
or anticipateconstrainingenergyshortagesand thereis no technologicalfix
to removethe criticalconstraintof energyon growthand developmentin the
next25 years.

The competitive-marketmodelintegratesthe actionsof supplierand demand-
er nationsand characterizesthebehaviorof free-worldenterprise.The owners
of scarceresourcesseekmarketswherethe pricesfor theirproductsare the
highest. Demanderslookfor scarceresourcesat the leastpossibleprice. The
demand-supplyinteractionestablishesa totalpricethatsignalssupplierswhat

5



to produce,how to produceit, and how much to produce;it signalsdemandersas
to possiblealternatives.Competitiveself-servingactionssee thatmarketde-
mandsare met subjectto resourceavailability.The marketprocessallowsesti-
matesof how well the economicsystemcan substituteone resourcefor another.
The competitivemodel letsthe economistobserveand analyzesupply-demandbe-
haviorand therebyprovidesa powerfulpredictivetool;it providesa reasonable
basis for estimatinghow nationswill allocatetheirscarceresources.

The LDC demandfor nuclearpowerreactorsis an inversefunctionof total
priceand quantityin gigawatts. In Fig. II-1,DO showsthis relationship.
The demandcurveD. is shapedby the law of demand--countrieswillpurchasemore
reactorsat a low pricethan theywill at a highprice. The locationof D. is
determined,however,by other,nonpricedeterminants.Theseincludethe wea~~~
or incomeof theLDC; the pricesof alternativeenergysources;expectationsas
to futurepricesand incomes;the electricalrequirementsfor the LDC as a
whole;and “otherpreferences.”Thesepreferencescouldincludesafetyand en-
vironmentalconcerns,energyindependence,etc.

We showan increasein demandby shiftingthe demandschedulefromD. to
Dl, reflectinginci-easesdue to nonpricedeterminants.For example,if oil
pricesrise substantially,LDC demandfor nuclearpowerwouldincreasebecause
oil and nuclearpowerare substituteor competinggoods. Likewise,we use D2
to illustratea decreasein demanddue to nonpricedeterminants.If LDC elec-
tricalrequirementsfallbecauseof,,say, lower economic growth,the demandfor
nuclearreactorswoulddecrease. Conversely,the supply(Sl)of nuclear-power
reactorsfrom industrializednationsfollowsa directrelationshipbetweento-
tal priceand quantity(gigawatts)supplied,as we illustratein Fig. II-2.

The shapeof the curvereflectsthe law of supply,whereproducerswill
make and offerfor salemore reactorsat a highpricethan theywill at a low
price. The positionof the curvedependson severaldeterminants:capitaland
otherresourcecosts;infrastructurecoststo supportnuclearpower,reactor
sizeand economiesof scale, electricalload factors, and externalitiessuchas
proliferationconcerns.

We showour increasein supplyby shiftingthe curvefromS. to S1. If
nuclear-power-plantloadfactorsincrease,for example,the electricalcapacity
in the LDC increasesthoughpriceremainsat P. On the otherhand,we illustrate

\\ —-— INCREASEINDEMAND

~

-\

\

— — DECREASE IN OEMAND

g \ ‘\
A
A --y-<-- , ---=yo,
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Fig. II-1.
Competitivemodelexplainsand pre-
dictsdemandbehavior.

s.

NUCLEAR ELECTRICAL CAPACITY
(GW)

Fig. II-2.
Competitivemodelexplainsand
predictssupplybehavior.
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a decreasein supplyby shiftingour curvefromS. to S2. An examplemightbe
increasesin reactorcapitalcostsby the industrializedsupplynations.

We can easilyshowmarketequilibriumby bringingour demandand supply
curvestogetherin Fig. II-3. Equilibriumor “balancedpricesand quantities”
occurat priceP and quantityQo. Competitionamongpower-reactorbuyers(LDCS)
and sellers(ind%tralizednations)will clearthe marketof surplusesor short-
ages. At pricePI a surplusexists--quantitysupplied(Ql)exceedsquantity
demanded(Q2). The competingindustralizednationswillbid reactorpricesdown
to rid themselvesof theirsurplusuntilmarketequilibriumis restored.

III. DEMANDMOTIVATIONS

A. Introduction
FigureIII-1describessomeof the motivationsthatunderlieLDC demand

for nuclearreactors. Unlikethe industralizednations,the LDCS have low per-
capitaincomesand to a largeextentdependuponnoncom&ercialformsof ene;gy
thatallowno roomfor energyconservation.

B. EconomicDevelopmentand EnergyConsumption
In the earlystagesof economicdevelopment,LDCS supportagrarianecono-

mies on noncommercialformsof energysuchas cow dung,straw>and wood. With
the transitionto an industrialstateand extensivemanufacturing,the develop-
ing economiessubstantiallyincreasetheircommercialformsof energy. We ex-
aminedthe resultsof severalstudieson the relationshipbetweenincreasesin
grossdomesticproduct(GDP)and energyconsumption.Thesestudiesindicated
thatincreasesin GDP resultin even largerincreasesin energyconsumption.A
Pan Heuristicstudyindicatesthat87% of variationin GDP couldbe explained
by variationin energyconsumption.1 Anotherstudysuggeststhat increasing
GDP by 10%will increaseenergydemandby 13 to 16%.2
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● Economicdevelopmentrequiressubstantially
increasedenergyconsumption.

● Historicalevidenceindicatesgrowthirlelectrical
requirementsof LDCS.

● Availabilityof economicallycompetitivedomestic
energysourcesin the LDCS is extremelylimited.

1. Strongdesiresfor energyindependencemotiva-te I
I LDCS to diversifyenergysources.

Fig. III-1.
LDC demandfornuclearreactorsreflectsstrongeconomic
incentives.

We estimatedthatthe developingcountriesincreasedtheirdemandfor elec-
tricalenergyby over250%between1961and 1971. Althoughthisincreaseoc-
curredwhilethepriceof electricenergywas falling,it stillrepresentsa
largeincreasein energyconsumption.In 1971,however,16 of the LDCS con-
sumed3/4 of the LDC total. Six (India,Brazil,Mexico,Argentina,SouthKorea,
and Taiwan)accountedfor overhalf of the totalLDC electricalconsumption.
ThoughLDCSaccountedfor lessthan’10%of currentworldenergyconsumptionin
1975,theirrateof growthwas much higherthanthatof”industrializednations.
We believethatLDC consumptionmay reach20% of theworldtotalby the year
2000.

To meet theseelectricalrequirements”foreconomicgrowth,someLDCS turned
to nuclearpower. TableIII-1showsthe LDCSwith operationalor plannedreac-
tors. Thoughonly fivenoncommunistLDCShave operationalnuclear-powerreac-
tors,fourotherLDCS are constructingreactorsand an additionalthirteenare
planningfor reactors. Our table,however, showsthatonly the richestLDCS
can implementtheirdemandmotivationsfor reactors. Low income,insufficient
wealth,and highpopulationgrowthratesrestrictthe poorerLDCS.

c. Domesti,cEnergyAlternatives
The alternativesto nuclearpowersubstantiallyinfluenceLDCS to promote

nucleartechnology.We foundthatLDCS generallyhavehydroelectricpotential
but have harnessedonlya smallfractionof it. This indigenousenergysource
has a lowpriceat the generatorand alsoavoidsbalance-of-paymentsproblems.
Unfortunately,it is very unevenlydistributedand requireshuge capitaloutlays
forboth damsand long-distancedistributionnetworks. Seasonalwaterfluctua-
tions,irrigationpriorities,and siltationproblemsfrom floodingalso inhibit
hydroelectric-powergeneration.Althoughhydroelectricpowerwill continueto
be an imp@rtantenergysource,it willprovideonlya smallfractionof”LDCre-
quirementsby the year 2000’evenwith extensiveexpansion.

LDCShave almostno coal supplies,as about97Y0 of knownreservesare in
the northernhemisphere.Becausetransportationcosts-area majorpart of total
coalcost,coalbecomesa very expensivesourceof electricenergyfor the LDCS.
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TABLEIII-1

LDC DEMANDFOR NUCLEAR-POWERREACTORSCORRELATESWITH GDP.3

..

,.
COUNTRY+’

Brazil(c)
India(o)
Mexico(c)
Argentina(o)
Iran (c)
Venezuela
Turkey(p)
SaudiaArabia(p)
Greece(p)
Indonesia(p)
SouthKorea (o)
Philippines(c)
Nigeria
Twaiwan(o)
Thailand(p)
Columbia(p)
Libya
Algeria
Egypt (p)
Pakistan(o)
PuertoRico
Bangladesh(p)
Chile (p)
Peru
Malaysia
HongKong (p)
Morocco
Iraq (p)
Singapore(p)
Syria (p)
Ethiopia
Uruguay
Ecuador
Tunisia
Zaire
S. Rodesia
Sri Lanka

-. Guatemala
IvoryCoast
Burma

.? Kenya
Zambia
Jamaica
Dem.Republic

Population
1974GDP GDP Increase, Per-Capita 1974 Increase,
(Millions 1965-1973 1974GDP Population 1965-1973
of Us. $) (%) (Us. $) (Millions) (%)

84,873 9.0
80,051 3.5
65,032 6.5
48,948 4.5
48,423 11.3
29,568 4.5
28,977 6.6
28,441 12.7
19,173 8.0
17,379 6.8
16,862 10.9
14,728 5.8
13,887(’73) --
13,802 10.5
13,252 7.4
12,453 6.1
12,284 10.5
11,561 7.0
9,450 3.3
9,006 5.3
8,135 --
7,940 0.4
7,497 3.3
7,268 4.7
6,813 5.8
6,655 7.4
6,119 4.9
5,327 5.9
5,160 12.7
3,994 6.6
3,678 4.2
3,668 1.4
3,660 6.0
3,533 7.7
3,533 5.8
3,386 6.6
3,210 4.2
3,161 6.1
3,073 7.4
3,057 7.2
2,865 7.1
2,804 2.1
2,469 6.1
2,342 8.4

768
137
1119
1954
1507
2542
757
3267
2140
264
504
355
223 (’73)
709
323
520
5236
710
264
128
2685
100
720
473
602 (’73)
1566
362
483
2324
561
98 (’70)

1210
562
626
146
555
235
555
644
101
222
590
1235
529

103.4
586.3
58.1
25.0
32.1
11.6
38.3
8.7
9.0

132.6
34.7
41.3
61.3
15.5
40.8
22.9
2.4
16.3
36.4
68.2
3.0
75.0
10.1
15.2
11.7
4.3
16.9
10.8
2.2
7.1
27.2
3.1
7.0
5.6
24.2
6.1
13.7
5.9
4.8
29.7
12.9
4.8
2.0
4.6

2.9
2.2
3.5
1.5
3.2
3.6
2.4
1.7
.5

2.1
1.9
3.0
2.7
2.6
3.0
3.2
3.7
3.4
2.5
3.3
2.6
2.8
2.0
2.9
2.8
1.9
--
3.3
1.8
3.3
2.6
1.2
--
2.4
2.8
3.5
2.2
--
2.5
2.5
3.6
3.2
1.7
3.0
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TABLEIII-1Continued

Population
1974GDP GDP Increase, Per-Capita 1974 Increase,
[Millions 1965-1973 1974GDP Pormlation 1965-1973

COUNTRY* if Us. $) (%) (Us. $) (Millions) (%)

Tanzania 2,219 5.3
Ghana 2,155 3.5
Mozambique 1,872(’70) 6.6
Cameroon 1,868(’73) 6.7
Bolivia 1,866 4.9
Sudan 1,832 2.1
Trinidad 1,764 3.8
Panama 1.740 7.6
CostaRica 1,656 6.8
Angola 1,645 2.4
El Salvador 1,576 4.6
Gabon 1,545 8.6
Lebanon 1,488(’70) 6.2
Nicaragua 1,483 4.5
Paraguay 1,333 5.1
Uganda 1,323 4.0
Nepal 1,243 1.9
Senegal 1,163 1.0
Jordan 1,065 0.8

Note: TableexcludesLDCSwith GDP below1000.

*(o) = operationalpowerreactors
(c)= power reactorsunderconstruction
(p)= powerreactorsplanned

155
237
228
303 (’73)
341
117

1649
1068
862”
297
405

2972
603
712
519
135
101
294
407

14.8 2.9
9.6 2.6 ..
9.0 2.3
6.3 1.9
5.5 2:7
15.3 2.5
1.1 -.
1.6 3.1
1.9 2.6
5.8 (’72) 1.3
3.9 --
,5 1.0
2.8 3.0
2.1 3.3
2.6 2.8
11.2 3.3
12.3 2.3
4.0 --
2.6 3.3

ImportedcoalexacerbatesLDC balance-of-paymentsproblems. LDCSaccountedfor
only5% of worldcoalconsumptionin 1975.

Oil and gas accountfor 75% of presentworldenergyconsumption.Oil dis-
coveryhas been a dominantinfluencein the developmentof industrializedna-
tions. It has been a particularlyattractiveenergysourcebecauseof its low
costand easy transportand storage. The 1973oil embargowas a vivid reminder
thatthe supplyof fossilfuelsis finiteand that increasingworldenergy de-
mandshastenthe day when alternatives-to oil must be available.

Presentestimatesplace87% of the world’soil in the EasternHemisphere,
and somewherebetween55 and 67% of the totalworldoil reserveis heldby Mid-
dle East countries.Whilea few LDCSholdmost of the world’soil reserves,
most LDCSmust importoil to meet energyrequirements.Cheapoil Bad been the
hope of most LDCS forpromotingeconomicdevelopment.The 1973oil embargo
raiseddoubtsaboutfurtheringourdependenceon oil and raisedfearsof disrup-
tiveeconomicconsequencesstemmingfromour need for importedoil. The subse-
quentnearlyfivefoldincreasein oil pricesbroughthuge revenuesto oil-
producingcountriesbut adverselyaffectedoil-importingLDCS. The oil price
increasestookso much capitalfromoil-importingLDCS thateconomicdevelopment
was restricted,as we foundreflectedin reducedenergyconsumptionin many
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LDcs. Becausemost LDCSmust importoil, the shortageof foreignexchange
makesthe wisdomof dependingon oil as the primarysourceof energyvery ques-
tionable.

On the otherhand,we see higheroil pricesas an extremelyimportant
sourceof foreignexchangefor the oil-richexportingLDCS. Foreignexchange
allowsacquisitionof advancedtechnology,whichsubstantiallyenhanceseconomic
growth. Foreignoil salescombinedwith increaseddomesticoil consumption,
concomitantwith economicgrowth, can eventuallydepletefiniteoil reserves.
We believeincreasedindustrializationmust ultimatelybe supportedby alterna-
tivesourcesof electricalenergy. Iranis an excellentexampleof an oil-rich
nationthatinitiatedplansto use a part of its huge oil revenuesto promote
developmentof alternativeenergysources. Mexicohas statedan officialgov-
ernmentpositionto use itsvast oil reservesto developnuclearpowerand has
nuclearpowerplantsunderconstruction.AlthoughTaiwanhas recentlymade sub-
stantialoil discoverieson its northand westbanks,theirnuclearpowerpro-
gram continuesamongthe worldleaders. Thus oil-richnationsappearto be the
LDCSmost likelyto developthe nuclearalternative.Theirrapidlyexpanding
GDP,expandingelectricalgrids, increasingmarketsfor commercialenergycon-
sumption,and sizableoil revenueestablishan economicfeasibilityfor nuclear
powerplants.

W= summarizethatoil priceincreasesappearto provideeconomicincentives
for both oil-richand oil-poorLDCS to pursuethe nuclearalternative.

Majortechnologicalbreakthroughswillbe requiredto make solarenergy,
geothermal,and nuclearfusioncommerciallyfeasible. Most studiesindicate
thatit is unreasonableto anticipatesignificantcontributionsfromthese
sourcesbeforethe year 2000. Fossilfuels,hydroelectricpower,nuclearen-
ergy,and solarand geothermalformsof energyshouldnot be viewedas compet-
ing formsof energy,but ratheras complementaryforms.

D. EnergyIndependence
We believethatnationsdesiringenergyindependenceand economicsecurity

may becomestrongdemandersof nuclearenergy,especiallywhen domesticfossil-
fueland hydroelectric-energysourcesare inadequate.By diversifyingits en-
ergy sources,a countrybecomesmore energy-independent,promotesits economic
growth,and minimizesdestabilizingexternalinfluences.For example,inflated
oil pricesafterthe 1973oil embargoaffectedmost LDC economiesadversely.
With 70% of its cost in the initialinvestment, nuclearenergyis relatively
insensitiveto fuelpriceincreasesas comparedwith otherenergysources.

The desirefor energyindependenceis importantfor LDCS thathave opera-
tionalreactorsas well as for thoseplanningand constructingreactors. The
selectionof CANDUreactQrswas in part influencedby the desirefor energyin-
dependence.Most countrieshavenaturaluranium,the fuelrequiredfor CANDU
reactors. Thesereactorspromotesustainedeconomicgrowth,by providingan
independentsourceof energyfreefrom foreignembargoesand inflatedfuel
prices. We also see the desirefor energyindependenceas a basicargumentby
countriesdesiringto developfuelenrichment,fabrication,heavy-waterproduc-
tion,and,ultimately,fast-breederreactors.

E. DemandApplicationsof CompetitiveModel
Our competitivemodelcan graphicallydisplaythe demandmotivationswe

discussedabove. We will analyzethe effectsof fivenonpricedeterminantson
the demandcurvesfor nuclear-powerreactors.

In our Fig. III-2,we assumethatDO givesthe startingdemandby LDCS for
nuclear-powerreactors.
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Fig. III-2
Demandmotivationshave led to an increase
in demandfor nuclearreactors.

the early1970s, optimisticestimatesindicatedthatthe LDCSwouldbe
a strongdemandfor nuclearpower,as shownby the shiftfromD. to

determinantwas the higherpriceand loweravailabilityof alternative
electric-energysources. As thepricesof alternativesourceshave risen,par-
ticularlybecauseof the oil cartel,the demandfor nuclearpowerhas risen.
Demandis furtherheightenedby expectationsof futureoil priceincreasesand
by LDC preferencesto achieveenergyindependencethroughnuclearpower. Thus,
the shiftfromDO to D1. Furthermore,someanalystswouldmaintainthatthe
externalityof nuclearweapons(thatis, obtaininga nuclearpowerplantcan be
a significantway to obtainnuclearmaterialforweapons)wouldcausedemandto
increase. We showlaterthatthisrouteis an expensiveone and,hence,a weak
linkwhen giventhe many otherroutesto.nuclearweapons.

On the otherhand,the oil cartelhas significantlyloweredthewealthand
incomeof the oil-importingLDCS. This incomeeffectmay have substantiallyor
completely“reversedthe substitutioneffectof usingnuclearpowerinsteadof
oil to generateelectricity.We show thisdecreasein demandby movingfromD1
to D2.

BecauseLDCSdependon oil for 75% of theircommercialenergysupply,the
increasedoil priceshaveaffectedtheireconomiessharply. LDCS thatdepend
on oil importshavebeen facedwith largerbalance-of-paymentsdeficitsand ab-
sorptionof fundsthatcouldhavebeen used to purchasewesterntechnologyand
expandproductioncapacity.Higheroil priceshave also contributedto a severe
and extendedrecessionamongLDCS duringthemid-1970’s.Forcedreductionsin
energyconsumptionhave contributedto slowereconomicgrowth.

In summary,Fig. III-2showsthatthe conflictingdemandmotivationshave
probablyled to an overallincreasein demandfor nuclearreactors,as shownby
themodestincrementfromDO to D1 and finallyback to D2. We show,however,
thatthis increasein demandis lessthanthatearlierpredictedbecauseof the
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lossof incometo the oil-exportingLllCs.Furthermore,the supplyconstraints
we discussbelowhaveaffectedthe tradein nuclearpowerreactors.

IV. SUPPLYCONSTRAINTS

A. Introduction
In 1978,the InternationalAtomicEnergy

of totalLDC nuclear-powerreactorsto 50% of
the OrganizationforEconomicCooperationand

Agency(IAEA)loweredits estimate
its 1974estimate. Furthermore,
Development(OECD)recentlyre-

ducedits worldestimatesof nuclear-power-reactorc~pacityin 1985from-arange
of 479 to 530 GWe to a rangeof 277 to 368 GWe and, for the year 2000,froma
rangeof 2005to 2480GWe to a rangeof 1000to 1890GWe. Iran’sorderfor nu-
clearreactorsin mid-1978was the firstorderby an LDC in 18 months.

Our previoussectionshowedthatLDC demandmotivationsare stillstrong,
thoughno~ as strongas in
our competitivemodelthat
nonpricedeterminantshave
Fig. IV-1summarizesthese

the era beforethe oil cartel. We now demonstrate-in
decreasesin supplydue to risingcostsand due to
shiftedmarketequilibriumto a lowerlevel. Our
factors.

B. Infrastructure
We foundinfrastructurea dominantinfluenceon the successof nuclear-

energyprogramsin LDCSwith operationalnuclearreactorsand a strongfactorin
the desirabilityof nuclear-energyprogramsin LDCSplanningand constructing
nuclearreactors.

LDCS acquiringtheirfirstreactorincurthe auxiliarycostsof transport
systems,harbors,housing,and personneltraining. Establishingelectric-power
distributiongridscan costmore thanconstructionof the nuclear-powerreactors
themselves.

Nuclearpoweris uniquein its greaterdependenceon humanresourcesin-
steadof naturalresources.We foundthatLDCSwith nuclear-powerreactors

●

●

●

●

●

s

Inadequateinfrastructurerequiressubstantial
investment.

Reactorcapitalcostshave risensubstantially.

Smallreactorsinvolvepoor economiesof scale.

Suppliershavediscontinuedloss-leadpolicies.

Operationand maintenance(O&M)loadfactorshave
been relativelylow.

Externalitiesor spilloverbenefitshavebeen lower
thanexpected.

Fig. IV-1
Risingsupplycostshave inhibitedspreadof nuclearreactors.
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invariablyrequiredhighlyqualifiedmanpower. The most successfulLDC nuclear
programswere thosewhoseplanningcalledforprioroperationalexperiencewith
researchreactors. Argentina’sexperiencewith researchprogramshas resulted
in substantialtechnologicaland manpowerexpertise. India’semphasison train-
ing is a distinctivecharacteristicof its program,whichgraduatedover3000
engineersand scientistsin nucleardesignand research-reactoroperationsand
whichincludeda separateschoolat Rajas”thanfor nuclearpowerreactors. We
foundthatprograms(especially“turnkey”programs)thathad not providedexten-
sivemanpowertrainingexperiencedgreaterdelaysand largercostoverrunsin
constructionand initialoperationof powerreactors.

Our reviewof LDC operatingexperience.with nuclearpowerreactorsreveals
thatexternaldistribution,insufficientlytrainedpersonnel,inadequatedevel~
opmentof industrialand engineeringinfrastructure,and deficientequipment
supporthavemajoradverseeffectson programsuccess.4 Whilethe IAEAprovides
informationand guidance, it has neitherthe authoritynoi-the abilityto estab-
lishand superviseminimumtrainingand operationallevelsof capability.The
inadequacyof LDC infrastructureduringnuclear-reactorconstructionand opera-
tionhas been particularlyperplexingand has contributedto low loadfactors
and much higherelectricalcoststhananticipated.E. I. Goodmanfoundthat
reactoroutageshavemore oftenbeen due to failureof infrastructurerather
thanfailureof the reactoritself.s Dr. D. B. Nag Chaudhurimade thissame
observationin his studyof India’sexperiencewith nuclear-powerreactors.6
He foundthatinfrastructuresignificantlyaffectsreactoroperation.Nuclear
powerwas initiallytwiceas costlyin Indiaas electricpowerfromcoal. By
1978,afterseveralyearsof experience, nuclearpowerwas slightlymore than
twiceas expensive.Dr. Chaudhuriconcludedthatinfrastructurefailureswere
significantelementsin low loadfactors, whichcontributedto the inabilityof
nuclearpowerto remaincompetitivewith coal.

FigureIV-2 illustratesthe effectsof the abovefactors. Our competitive
modeldemonstratesthatinadequateinfrastructureequatesto a decreasein sup-
ply fromS. to Sl, and equilibriumoccursat lowerquantitiesand higherprices.
We see thisas one reasonwhy LDC demandfor nuclear-powerreactorsis lower
thanpreviouslyestimated.

c. ReactorCapitalCosts
Over the past decade,we estimatethatthe capitalcostof a 10’00-MWenu-

clearreactorhas increasedfroma rangeof 20~ to $300millionto about$1 bil-
lion. For example,IranpurchasedfourreactorsfromFrancefor about$4 bil-
lionin 1978.7 Thoughthisappearsto reflectan averageworldmarketprice
for a 1000-MWereactor,we findit very difficultto getieralizeestimatesof
capitalcostsbecauseof the variabilityof industrialand laborinfrastructure,
siteconditions,scopeof supply,typeof contract,and financingterms. We
thinkit is clear,however,that.capitalcostshave increasedsubstantiallyand
contributedto reducedtradein powerreactorsfor LDCS. We againshowthese
effectsgraphicallyin Fig. IV-3.

Becausethe costsfot constructingnew reactorshave risendramaticallyin
the lastdecade,reactotsupplierscan offera givenelectricalcapacityonly
at higherprices. The overalleffectis to move equilibriumto a pointrepre-
sentinghigherprices(Pl)and lowerquantities(Ql).

Amongthe most importantfactorsin risingcapitalcostshavebeen environ-
mentaland safetyconcernsthatdelaythe constructionand operationof nuclear
reactors. Regulationshave approximatelydoubledthe capitaland manpowercosts
associatedwith concrete,steelpipes,and cables. Theseelementsalonehave
doubledthe costof nuclearreactors.sBecauselicensingrequirementsapplyat
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Insufficientinfrastructurehas contri-
butedco higherelectricalcosts.
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Fig. IV-3.
Risingreactorcapitalcostshave
loweredsupplyof nuclearreactors.

the pointof reactorproduction,LDCS can not avoidcostincreases.The IAEA
suggeststhatcapital-costincreasesresultingfromenvironmentaland safety
protectionrequirementsmay havepeaked. If so, a reductionof licensingproce-
duresfor standardizedunitsmay permitnuclearstationsto achievethe savings
inherentin the up-to-nowelusivelearningc“urve.g

As environmentaland safetyconcernsslowedreactorconstructionand as
infrastructureinadequaciesdelayedconstructionand operation,we foundthat
the LDCSalso incurredsubstantiallyhigherfinancingcosts. Higherinterest
ratesand capitalcostshaveboth contributedsubstantiallyto largecost in-
creasesfor nuclearreactors. The resulthas been furtheruncertaintyand delay
for LDCSpursuingthe nuclearoption. Unavailabilityof capitalwhilecapital
costsfor nuclearreactorshavebeen risingrapidlyhas been a majordeterrent
to reactoracquisition.We also foundthat,as capitalcostsincreased,the
LDCS foundit more difficultto obtainthe necessaryforeignexchange.

D. ReactorSize
Nuclear-reactorsizestronglyaffectselectricitycostsand, therefore,

nuclearpowercompetitiveness.IAEAestimatesindicatethat,evenwithoutadding
first-of-a-kindcosts,600-MWenuclear-powerplantsare not competitivewith
oil-firedplantsat 1977costs. We saw thatthe primaryfixedcostsassociated
with reactorcapitalcostsdependedlargelyon reactorsize. As nuclear-power
technologyhas progressed,the production’sizeof nuclearreactorshas increased
to takeadvantageof economiesof scale. FigureIV-4 showsthat,as nuclear-
reactorsizeincreasesfrom600 to 900 MWe, nuclearenergyga”insa competitive
edge.1° E. I. Goodmanhas also confirmedthe economicdisadvantageof nuclear-
powerplantsof 600 MWe or lesscapacity.11Currentproduction-modelcapacities
are at least600 MWe and are generally800 M’We.

We foundthat the largesizeof currentnuclear-reactorproductionmodels
posesa numberof problemsfor LDCS. The limitedmarketfor electricityin all
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LWR Oil-FiredPlants
600 MWe 900 MWe 600 MWe 900 MWe

PlantInvestment($/kW)l 1150 910 540 510

GenerationCosts(mills/kWh)l
Capita12 24.2 19.2 11.2 10.8
Fuel 7.0 6.8 18.33 18.33
O+M 2.2 2.0 1.4 1.2

Total 33.4 28.0 31.1 30.3

-.

a,

IA1lcost5are in constantU.S.mid-1977dollars.
z61jpercentplantfactor,12 percentannualcharge.
3Ba~edon high sulphurfuelOil at $11/barrel.
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Fig. IV-4.
Reactorsizedirectlyinfluencesits competi-
tiveness.

but the largestLDCS contributesto low loadfactorsfor largereactorsand re-
ducesthe competitivenessof nuclearpower. Operationalexperiencein LDCS in-
dicatesthatnuclearreactorshave significantoutagesformaintenanceand re-
fueling. Whilea reactoris down,an alternatesourceof energymustbe avail-
able. We thereforebelieveit is unwiseto haveone unit of electric-energy
generationprovideover 15%of totalgeneration.For example,if an 800-MWe
nuclearreactoris part of a system,the totalcapacityfor the LDC shouldbe
about5000MWe,whichis muchmore thanmostLDCS consume!in“theirentirecoun-
try.

Large-capacityreactorshavehigh capitalcostsand requirea very expen-
sivegrid to supportan extensivemarket. Only the largestLDCShave the capi-
taland marketsto warrantuse of presentproductionmodels. The IAEAhas
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recommendedthe developmentof smallreactors(400MWe or less)to meet the
needsof selectedAmericanmarketsand the smallergridsof LDCS. A proposal
at an advisorygroupmeetingin Athensin 1977favoredmakingsmallreactors
more competitiveby standardizingthe designand producinga seriesof units.
The Babcockand WilcoxCorporationhas developedexpertisewith smallreactors
formerchantshipsand is aggressivelypursuingdevelopmentof 400-MWereactors.
They arguethatlargereactorshavenot achieveddesiredeconomiesof scale,
theirconstructioncostshave increasedrapidly,and smallerreactorscouldbe-
comeoperationaltwo to threeyearssoonerthanlargerones,with considerable

12 But in December 1978, Babcock and Wilcoxindefi-initialcapitalsavings.
nitelysuspendedsmallnuclearreactordevelopmentbasedupon “aboundinguncer-
taintiesovernuclearpowerexpansionin view of estimatesof 10 yearsrequired
to commercializethe CNSS concept.”13We also foundthata Frenchfirmis de-
velopinga 125-MWe,completelyshop-fabricatedreactorand has a prototypein
operationat the CadaracheCentrein France. Thesereactorsmust obviouslymeet
nationalsafetystandards.

The most seriousproblemwith small-reactordevelopmentis a very limited
market,generallyin the smallerLDCS. Smallreactorshave not yet demonstrated
thattheyare competitivewith largerreactorsor with coal (seeFig. IV-4).
Finally,most LDC reactorsare purchasedby the largestLDCS,who stillfavor
largerand more efficientreactors.14

E. Financingand Loss-LeadPolicies
Most LDCShave accessto nucleartechnologyand fuelonly throughimports

froma still-smallnumberof suppliernations. The primarysuppliersof
nuclearpowerreactorsat presentare theU.S., USSR,U.K., France,West Ger-
many,Canada,Sweden,and Japan. Italyand Indiahaveexpressedstrongdesires
to becomenuclearsuppliers.Braziland SouthKoreahave offeredlimitedsupply
assistanceto otherLDCS. When the nuclear-suppliergroupmet in January1978,
15 nationsattendedto establishguidelinesfor nuclear-technologytransfer. We
believethatsupplyingnationshave a dominantinfluenceon the disseminationof
nuclearpowertechnologyto LDCS.

Sincethe draftingof theNPT (NonproliferationTreaty),a majorsourceof
concernhas been the degreeto whichcommercialnuclear-industryinterestswould
erodethe treaty. The factthatdomesticmarketsdo not totallyabsorbthe pro-
ductioncapacityof privatenuclear-reactorproducersmagnifiesthe competition
amongtheseproducers.For example,a 1977U.S. governmentestimateindicated
U.S. companiescouldproducefourtimesthe then-currentdomesticrequirement.
Privatefirmshave foundthat substantialeconomiesof scaleattendthemass
productionof nuclearreactors, and we foundthatsuppliersof nuclearpower
reactorshave consequentlypursuedaggressivemarketingpoliciesto establish
exportmarkets. The desirewas for exportmarketsto providean outletto ab-
sorbexcesscapacity. Marginalpricingwas practicedto obtainmarketsto gain
somereturnon highR&D costswhileproducingat optimumlevels. Generousfi-
nancingprovisionshelpedin obtainingcontracts.Low-pricedpreferentialac-
cessto nuclearfuelswas also consideredessentialto establishmarkets.ls
Thesepolicies, whichhavebeen referredto as “loss-lead,”haveprovidedreac-
tor systemsto LDCSunderhighlysubsidizedterms.

Sincethe negotiationof initialcontracts,nuclear-reactorsuppliershave
undergonesubstantialincreasesin productioncosts,as discussedearlier. Reg-
ulationsrequiringsafetyand environmentalmodificationson nuclearreactors
mustbe observedforboth exportand domesticproduction.Lack of geological
expertisehas resultedin poor siteselection.Whilethe sitesselectedby LDCS
havenot resultedin majorsafetyproblems,theyhave contributedto
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constructiondelaysand expensivemodifications.Infrastructureinadequacies
have contributedto delaysin attainingreactoroperationalstatusand to unan-
ticipatedhighmaintenancecosts. High inflationratesin LDCSand subsequent
currencydevaluatiorishavenecessitatedrenegotiationsof initialcontractsbe-
causeof financialhardshipson both supplyingand demandingnations. It is
widelyacceptedthatGerman,U.S., and Canadianvendorsof nuclearpowerreac-
torshave incurredsubstantiallosseswhileattemptingto establishnuclear-
power-re”actormarkets.16Most suppliersno longerextendfixed-price“loss-
lead”offersbecauseof the substantiallosseson initialreactorsales.1’

Otherfactorshave alsoalteredsupplierattitudestoward‘loss-lead”poli-
cies in reactorsales. Afterinitiallypurchasingnucleartechnologyfromone
country,India,Argentina,and Taiwanpurchasedadditionalnucleartechnology
fromothercountries,therebybringingthe wisdomof “lass-lead”policiesinto
question. SouthKoreaand Mexicoalso appearto be diversifyingtheirnuclear
fuelcycleand theirnuclearsuppliers.

We believeanotherfactorof substantialimportancehas been the increase
in oil prices. Higherpricesallowedreactorsuppliersto discontinueunsuccess-
ful “loss-leadHpoliciesand negotiatereactorsalescontractsthat reflectmar-
ket costs,whilestillremainingcompetitivewith’alternativeenergysources
suchas the oil-firedplants.

l?. Operationand Maintenance
Operationand maintenancecbstsplus fuelcostsfor a 90’O-MWereactorac-

countfor about30% of totalnuclearpowercostswhen reactorsare operatingat
or near theirdesig’nedloadcapacity. We foundthat reactorutilizationrate
significantlyaffectsnuclear-energycost. If the utilizationratedropsto
60% or’less,otherformsof energygenerallybecomemok~ efficient.18

Argentinaachievedan excellentloadfactorof 85.9%in 1976,but India’s
load factorshave tangedonly from30 to 60%. The otherLDCSwith operational
nuclear-powerreactorshavehad load fa”ctorsaround30%. Operationalexperience
in LDCS showsthatnuclear-energycompetitivenesshas been hamperedby the ina-
bilityto maintainreactorsin operablecondition.

G. UraniumSupply”
Authoritativeestimatesof assuredand probableuraniumreserves(U30Sat

or below$30/lb)are 5.4 milliontons,lgmore thantwicethe requirementassoci-
atedwith 1000GWe of installedcapacityin the year 2000.2° The OECD released
an estimatein February1978reducingby 42% its earlierestimateof installed
nuclearpowercapacityin 1985. The same reportraisedby 48% the OECD estimate
of world reservesof low costuranium.21

Fuel costsfor nuclearpowerare surprisinglysmall. Uraniumaccountsfor
only5 to 10% of the costof electricityat the powerplant. In 1970,the cost
of uraniumwas about$6/lb. By 1978,uraniumundercontractwas averagingabout
$20/lb,thoughspotordershad reached40 to $43/lb. The effectwas to raise
the overallcostof electricityby about20%. Nuclear-fuelcostswouldhave to
changeby 50% to have the sameeffe”ctas a 20% changein the capacityfactoror
the capitalcosts. We concludethathigheruranih costshavenot significantly
affectednuclear-reactorsales.

H. Externalities
Whilethe”dominantfactorin LDC acquisitionof nuclear-powerreactorsis

.

“.

to satisfydemandfor electricity,highlydesirableSpilloverbenefitsor exter-
nalitieshave alsobeen anticipated.The effectof theseexternalitieswouldbe
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to lowerthe realcostsof nuclearelectricenergyand causethe supplycurveto
shiftright,and resultin equilibriumat a lowerpriceand a highercapacity.

We thinkthatmany countrieshaveexpectedprogressto followquicklyafter
acquiringmodern,energy-intensivetechnologies;but experiencewith nuclear-
reactoracquisitionhas introduceda noteof caution. “Turnkey”projectsdepend
on foreignersfor construction,technology,and initialoperation. ‘Dualism”
oftenexists,with an isolatedmodernsectorbenefitinga narrowspectr~ of
peoplein the midstof a largetraditionaleconomy. An expectationthatlarge-
scaledesalinationof sea waterwouldprovidea majorexternalityhas diminished
as the economiesof desalinationwith nuclearpowerhave failedto material-
ize.22 Indeed,nuclearpowercouldprovea negativeexternalityto LDCSby ab-
sorbingeconomicand manpowerresourcesvitalto othersectorsof the economy.

v. PROLIFERATIONPOLICIES

A. Introduction
We summarizeour paperby combiningthe demandand supplycurvesto explain

historicalprice-quantityrelationships.Our competitivemodel thenpredicts
futureequilibriumrelationships.We discussways thatfutureLDC importsof
nucleartechnologymightaffectweaponproliferationand finda weak linkage.
We concludein Fig.V-1 thatfutureU.S. nonproliferationpoliciesmust incor-
porateeconomicconsiderationsto be effective.

B. PoliciesbeforeMid-1970’s
The exportof nucleartechnology,materials,and facilitiescouldbring

substantialeconomicadvantagesto supplyingnations. Someexpertshave estima-
ted thatnuclear-reactorsalesmay exceedthe valueof aircraft-industrysales.
Anticipatedbenefitsin foreignpolicy,commercialdevelopment,nationalsecur-
ity,grossdomesticproductjemplowent~and balance-of-paymentshave

Atoms-for-peaceprogramworkedduringera of strong
LDC demandand low supplycosts.

Nonproliferationtreatiesand safeguardsare acceptable
duringpresentperiodof high supplycosts.

Linkbetweenpower-reactortradeand nuclear-weapon
proliferationis indirectand weak.

OverlvrestrictiveU.S.positionswill causeLDCs
to se~kalternativesuppliersif economicbenefits
are high.

Fig.V-1

-1

Nonproliferationlegislationaid safeguardspromoteinternational

nfluenced

interestsmost effectivelywhen theyparalleleconomicmotiva-
tionswithinthe frameworkof the competitivemodel.
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governmentsto promotepoliciesof assistanceto theirprivatenuclearsuppli-
ers. Thesepolicieshave includedaccessto restrictedinformation,provision”
of materialsand services,preferentialtreatmentfor internationalmarkets,
easingof intergovernmentalregulatoryprocedures,and low-interestfinancing.

The BaruchPlan,however,attemptedto “outlaw”atomicenergyin all forms
in the earlydays. ThisU.S. attemptto restrictnuclear-technologyexportwas
rejectedby the U.S.S.R. America’srestrictivepolicydid not stoptheU.,S.S.R.
and U.K. fromdevelopingatomicweapons. PresidentEisenhowerrejectedthe U.S.
rest-rictiveatomic-energypolicyand established“Atoms-for-Peace,t’whichpro-
motedthe disseminationof nucleartechnologyfor peacefulpurposes.

An attemptto controlthe spreadof nucleartechnologyby international
agreementwas initiatedin 1957with establishmentof the IAEA. The IAEAestab-
lisheda safeguardssystemthat requirednationsto fileregulardetailedre-
portson theirciviliannudlearactivities.It furtherprovidedthatan inter-
nationalinspecturwouldvisitnuclearfacilitiesto verifythesereportsand
ensurethatno materialshad been divertedfromcivilianto militarypurposes.
The IAEAwas to complement“Atoms-for-Peace”by providingsafeguardsfor identi-
fyingartynucleartechnologytransferredforpeacefulenergyproductionbut di-
vertedto militarypurposes. Althoughthe safeguardingralehas expandedcon-
siderably,the IAEAsafeguardsystemis limitedby not includingphysicalsecu-
rityas a safeguardfunction. It also lacksauthorityto prescfibeminimumstan-
dardsfor the nationalsystemsof materialaccountingand management,whichit
must dependuponheavilyin carryingout”its function.

The NonproliferationTreaty(NPT)signedin 1968and effective”in1970 re-
flectedinternationaldesireto limitthe spreadof nuclearweapons. Before
the NPT, only importednucleartechnologywas subjectto safeguards;domestic-
allyproducedfacilitiesthusremainedoutsidethe safeguards.Ninety-eight
nationsthatsignedthe treatyagreednot to developor aid the developmentof
nuclearweaponsin nonnuclearweaponstatesand to put all nuclearfacilities
undersafeguards.Initially,the IAEAand NPT appearedtobe effectivein lim-
itinghorizontalproliferation.The Indianexplosionof a “peacefulHnuclear
devicein 1974and the oil embargowith its subsequentnear-fivefoldincrease
in oil pricescreatedwidespreadinsecurityand broughtintoque”stionthe suc-
cessof nationaland internationalattemptsto mitigatenuclearproliferation.

Theseabovepolicieswere not so restrictivea’sto impingeupon the econom-
ic motivationsof both the suppliers’andthe LDC demandersof nuclearenergy.
As we showon Fig.V-2, the ‘Atomsfor Peace”era was a periodof increasing
demandmotivationsand fallingsupplycosts. PricesfellfromPO to PI, and
the demandedcapacityrosefromQO to Ql, as shownby the increasein demand
(DO toDl) and the increasein supply(SOto Sl).

Optimisticprojectionscallingfor ever-largertradein nuclearreactors
weremade,evenas fearsof widespreadweaponproliferationgrew. Thoughre-
strictivenonproliferationpoliciesWere calledfor,changingeconomicfactors
discussedbelowbecamethe main reasonsfor a greatlydecreasedtradein nuclear
reactors.

c. PresentPolicies
The NuclearNonproliferationAct of”1978was the culminationof nearly

threeyearsof legislativeeffortin the U.S. to promotestringentsafeguards
overour nuclearexports. Underthisact,any nationthatagreesto forgoweap-
on developmentand to accepta systemof internationalsafeguardsconsistingof
inspectionand verificationthroughmaterialsaccountingcan obtainnuclearre-
actorsfor electricalpowerfromthe U.S. Afteran 18-monthtransitionperiod,
theU.S. legislationwillpermitcontinuedsupplyof nuclearreactorsonlyso

.
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longas the receivingcountryacceptsinternationalinspectorsto safeguardall
its facilities.This legislation,oftenreferredto as “de factofull-scope
safeguards,”existstodayin all but fivenonweaponstatesthathave received
or may receiveU.S. nuclearmaterials: India,Egypt,Argentina,Israel,and
SouthAfrica.23 We foundthatthe recentnegotiationsto sellseveralnuclear
reactorsto Iranfellunderthe guidanceof the NuclearNonproliferationAct of
1978and did not appearto be hinderedby the act.

We believethat recentagreementsbetweendemandersand suppliersof nucle-
ar technologyindicatethatthesebilateralagreementsreflectthe spiritand
intentof the internationalagreementsto limitnuclearproliferation.Agree-
mentsthatwerenegotiatedto includecompletefuel-cyclefacilitieshavebeen
extensivelycriticizedfor the transferof technologythatcontributesdirectly
to nuclearproliferation,and theyhavebeen renegotiated.Whilerecentagree-
mentsof cooperationfor nuclear-powerreactorsincorporatesafeguards,the gen-
eral intentof “Atomsfor Peace”and of IAEApromotionof nucleartechnology
forpeacefulpurposesdoesnot appearto havebeen hampered.

We againstatethateconomicconsiderationsare overriding.As we showed
in SectionIV and illustratein Fig.V-3,many risingsupplycostshave substan-
tiallylowerednuclear-reactortradesince1975. Risingsupplycostsdue to
the factorsmentionedpreviouslyhave shiftedthe supplycurvefromSO to S1,
causingan incresein price (POto PI) and a decreasein quantity(QOto Ql).
We postulatethattheseeconomicreasonsare what explainthe acceptabilityof
recentinternationalagreementsto limitnuclearproliferation.

D. Nuclear-WeaponProliferation
A majorfearis thatLDCS thatobtainnuclear-powerreactorswill use the

fissionablematerialand the importedtechnologyto buildnuclearweapons. We
statethatthisis possible;in fact,any nuclearfuelcyclecan be modifiedto
producefissilematerialand serveas a foundationforbuildingnuclearweapons.
We furtherstatethat,althoughtechnologicalfixescan lessenthe dangerof
weaponproliferation,theycannotby themselvespreventit.

---’.
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NUCLEAR ELECTRICAL CAPAClm

Fig.V-2.
Demandmotivationsand subsidized
supplycostsled to sizablereactor
tradebeforemid-1970’s.

%

1~so

---—___PI
1

Po-- —--—+—-–—
I
I I
j

1
1
I Do

I
I

% %

NUCLEAR ELECTRICALCApAClm

Fig. V-3.
Risingsupplycostshavemade re-
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We simplystatethat.therecan be a linkbetweennuclearpowerreactors
and nuclearweapons. Bqt we againassertthateconomicfactorsare of overrid-
ing importance.“Toproducenuclearbombsby usingthe nuclearpowerpath in-
volvesmore expense,time,and expertisethanany of the othersevenpathsnot
involvedin powerproduction.The otherpathsdo not use nuclearpowerplants
and are cheaper,shorter,and.generallylesssophisticated.

Economicsis a powerfulmotive. A countrywantingnuclearweaponscan pro-
duce themby severalroutesthatare more efficientthan the nuclearpower route.
The linkbetweenproduction.powerplantsand nuclearweaponsis weak and tenuous.

We examined’numerousreferences.24 A1l but one supportour assertionthat
the linkbetweenproductionpowe”r‘plantsand nuclearweaponsis weak. The sin-
gle exceptionis the PanHeuristicsstudy25 whichassertedthe politicalbene-
fitsof surreptitiouslyproducingfissionablematerialunderthe guiseof nu-
clearpowerproduction.“Butour otherreferencesdo pot supportthisconclusion.
Beckmannpointsout that“nuclearproliferationhas little,if anything,to do
with powergeneration.”26He uses the followingfactsto s,upporthis statement:
(1)plutoniumqan,bebred fromthe abundant238Uby several,pathswithoutgoing
to the largeadditionalexpenseof producingpowerat the sqme time;(2)uranium
can alsobe,enrichedto weaponsgrade, with moderatelyadvancedtechnology;(3)
laserenrichmentmay eventuallyprove feasible, and becomean extremelycheap
meansof producingbomb-gradematerial.

Beckmannfurt~ershowsthatproducingfissionablematerialunderthe guise
of .a‘powerindustryis naive. It wouldbe the firstplace,thatthe IAEAwould
lookfor-infractions.In any case,politicalmotivesof.theSovietUnionmay
leadthem tc provideor sellmaterialdirectlyto LDCS or ~nationalliberation
movements.“27

Even the antibreederFord Foundationreportconcludes: “TheUnitedStates
is not in a positionto stop the expansionof nuclearpower. Moreover,advanced
countries,and somedevelopingcountries, are not ,dependenton ,nuclearpowerto
producenuclearweapons. None of the presentnuclearweaponsstatesdeveloped
itsweaponsthroughnuclearpower. Each followedthe directpath of producing
the fissionablematerialsin facilities,designedspecificallyfor the pur-
pose.u28

WestinghouseElectricevaluated.11alternativeroutesto nucle,arweapons:
centrifugeisotopeseparation,researchreactors,mass spectrographisotopesep-
aration,graphitepile,heavy-waterreactor,diffusionisotopeseparation,laser
isotopeseparation,Candureactor,HTGR,LWR, and LMFBR. TableV-1 givesthis
evaluation.Note Col&ns 8-11, the powerproductionroutes,particularlyColumn
10 for our analysis. In termsof resou~ces,thesepathsrequirehigh to very
high amounts. Withoutreprocessing,the accessibilityof fissilematerialis
very low,exceptfor the LMFBR. Finally,and we thinkmost important,are the
very h,ighcostsinvolved,and the l~ngtime.b.eforefissionablematerialbecomes
available.An examinationof ‘Column’?,the researchreactorpath,showsthat
resourcerequirementsare low to moderate,and costsare low. We quote: “None
of the routesis absolutelyinfeasible:Each cQuntryweighingthe optionof
nuclearweaponscapabilitytiouldhave differentstartingpoints,perspectives,
and needs. Nothingcan be categoricallystated,but the leastlikelychoice
for a countryinterestedin nuclear.weaponscapabilitywouldseemto be the
costlyand time-consumingrouteof n?tiona.1electricpowerprogram. Each pres-
ent nuclearbomb countryobtaineditsweaponsmaterialfrom reactorsexpressly
dedicatedto thatpurpose,a~ not from fuelfroma powerreactorfuelcycle.
The bomb countrieshad weaponslongbeforetheyhad civilianpowerplants. China
stillhas no civilianpowerbut has ex~lodedmany testbombs. Indiatookits
plutoniumfroma researc~reacto~througha limitedcapabilityreprocessingplante,.

.
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TABLEV-1

THE NUCLEARPOWERROUTENO. 10 TO NUCLEARWEAPONSIS THEMOST COSTLYAND TIME-CONSUMINGROUTE.29

2 3

JEi!i?E

4 5 6 7 8 9 10 11
Centrafuyu Research Mass Graphite Heavy-Water Diffusion Lasar

Reactors
CANDU HTGR

Isotopa Spectrograph Pile
PWRIBWR LMFBR

Reactor Isotopa Isotope Reactor
Separation Iaotopu Separation separation

Separation
Uranium Ptutonium Uranium Plutonium Plutonium Uranium Uranium Plutonium Uranium Plutonium plutonium

RESOURCES
——

Tcchnolo~cal
Sophistication HIGH MOOERATE MODERATE MODERATE MODERATE MODERATE VERY HIGH HIGH HIGH HIGH VERY HIGH

Facilities
Requirement MODERATE LOW MODERATE LOW MODERATE MODERATE Low HIGH HIGH HIGH VERY HIGH

Instrumentation MODERATE MOOERATE HIGH HIGH HIGH HIGH
Capability (ManySta@sJ

MODERATE VERY HIGH MODERATE VERY HIGH VERY HIGH

Personnel MODERATE

(Rewocessing)
LOW

(Reprocessing)

MODERATE LOW MODERATE MODERATE LOW HIGH HIGH HIGH HIGH
Requirenmnt (200-500) (-50) (200-500) (-loo) (lCO-2001 (200-600) (10-50) (2OOO-1O.OOO)(2000-10,000 (2OGO-1O,OOO)(2000-10,000)

DIFFICULTYOF ROUTE

Availability
L)f Information MODERATE VERY HIGH VERY HIGH VERY HIGH VERY HIGH MODERATE vERY LOW VERY HIGH VERY HIGH VERY HIGH VERY HIGH

—
Acc6sibilify HIGH MODERATE HIGH MODERATE MODERATE HIGH HIGH
of FissileMJSS (Nat U) (Nnt U]

VERY LOW HIGH VERY LOW
(LowBurn.pPul(Low Burnup P.) (Nat U) (Nat U) (Reprwauing) (lst Cod IReprocasaing) ‘ERY ‘ow

COST AND SCHEDULE

Cat MODERATE LOW MODERATE MODERATE MODERATE LOW VERY HIGH VERY HIGH VERY HIGH VERY HIGH
($10% ($10’) (s10S) (;1%1 (s10% ($10S) ($10’) ($109) ($10% (s10% ($10%

Schoduld (years VERY HIGH VERY LOW VERY HIGH MODERATE MODERATE MODERATE VERY HIGH
to completion) [>12) (Now) 012) (4-7)

HIGH
(4-7)

HIGH
(4–7)

HIGH VERY HIGH
012) (8-12) (s-12) [8-12) 012)

RISKS

Riskto
Personnel LOW HIGH LOW HIGH HIGH LOW LOW HIGH LOW

(1s[ tire] VERY HIGH VERY HIGH

Riskto Project MOOERATE
LOW

13.qection
(Acc:%btlity)

HIGH LOW HIGH MODERATE VERY LOW MODERATE HIGH
OS%) (Recycle)

HIGH

WEAPON CAPABILITY

Rateof Fissila HIGH VERY LOW VERY LOW LOW
Productmn (1 wpn/yr)
Weapon VERY HIGH HIGH VERY HIG–H
Rclidt.Iility

HIGH
(Enr U) (Low 240Pul IEnr U) (Low 240Pu)

LOW LOW
(:l:ll”g}an; HIGH MODERATE VERY HIGH

(1 wpn/yr) P Y (23 wpnslyr) (8 wpns/yr)
HIGH

(IN Core)
VERY HIGH VERY HIGH LOW VERY HIGH

(Low 2@Pu) (Enr U) (Enr U) (much2~Pu) (Em U)



and not fromits LWR Tanapurplant. Many of the 46 nations with researchor
powerreactorspossessthepersonnel, organization,infrastructureand resources
to acquireat leasta primitivenuclearweaponcapability.N29

We reiteratethateconomicsis a powerfulmotive. An LDC desiringa nuclear
weaponscapabilityusinginternalmeanswouldbe motivaeedto obtainfissLbn-
ablematerialthrougha,researchreactor, not a nationalpowerprogram. if ex-
ternalsuppliesof materialbecomeavailableto LDCS throughChina,the Soviet
Union,or anohhercountry,thenthe problembecomesa politicalone requiring
strongpoliticalactionsby the UnitedStates. Restrictingsalesof nuclear
pow~rplantsto LDCS thatneed-themshouldnot be a part of thispol’icy.

E. FuturePolicy
Our futurepolicymust includethe propermixtureof nonproliferationsafe-

guardsyet recognizethateconomicmotivationswillbe thepredominantimpetus
drivingnuclear-powertransfers.

Recentrestrictivepronouncementson nuclear-powertransfershavebeenpal-
atablebecauseof risingsupplycosts. Overlyrestrictiveor unilateralU.S.
stepsto halt completelyour nuclearpowerexportsto LDCSwillbe self-
defeating,especiallyif demandmotivationsrisein the future. The LDCSwill
turnto othersuppliers, circumventingsafeguardcontrolsby the U.S. To main-
tainsafeguardcontrols,the U.S.must be an active supplierof powerreactors
to LDCS. Our futurepolicymust reflectthe economicrealitiesof the energy
crunchon the LDCS.

We showedthat risingsupplycostshavemade nuclearpowertradedecrease
significantlyin the latterhalfof the 1970’s. We foreseea modestspreadin
powerreactorsthatwill not be counterto nuclear-proliferationobjectives.

Our futurepolicymust recognizeLDC economicmotivations.An overlyre-
strictiveU.S.policywill forcedemandersto seekalterriativesuppliers,as we
showin our Fig.V-4.
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Fig.V-4.
If LDC demandrises,attemptsby one country
to constraincapacityat Q. will fail.because
othersupplierswill step in.
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Herewe showequilibriumat pricePO and quantityQo. If alternativeener-
gy sourcesbecomemore costlyin the future,LDC demandfor nuclearenergywill
risefromDO to D1. Marketequilibriumwill thenoccurat a higherpricePI
and a higherquantityQ1. Our policy,with adequatesafeguards,must recognize
thata nuclearcapacityof Q1 willbe demandedby the LDCSand suppliedby the
developednations. A unilateraldecisionby a supplyingnationto artificially
limitcapacityat QO (witha resultanthigherworldpriceat (P:)will limit
its futurenuclearpowerreactorsalesand thusdegradeits influenceupon safe-
guardcontrols. Othernationswillbecomethe principalsuppliersof nuclear
powerreactors>perhapswith a lowersafeguardstechnologyor more liberalviews
on safeguards.
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APPENDIX

NUCLEAR-POWER-REACTORSUPPLIES

TableA-1 showsthat the UnitedStateshas been the leadingforeignexport-
er of nuclearpowerreactors. Westinghouseand GeneralElectrichavebeen the
primarysuppliersof the 57 reactorsthathad been orderedthroughAprilof 1977.
The light-water-reactortechnologydevelopedby thesetwo companiesdominates
the worldnuclear-reactormarket. Thesetwo companieshavepursuedaggressive
marketingpolicies,and we foundthattheirreactorproductionand saleshave
includedthemost rigidsafetyand environmentalstandards. In compliancewith
U.S. nonproliferationpolicies,Americancompanieshavemarketedneitherenrich-
ment nor reprocessingtechnology.

The U.S. initiateda very aggressivemarketingapproachthat includedsubsi-
dizedreactorsofferingstrongincentivesto LDCS. The U.S.Ex-ImBank offered
loansat 4.5% interestto be paid over 15 yearsand commencingonly aftercom-
pletionof construction.The AEC agreedto guaranteethe enriched-fuelrequire-
mentsfor 20 yearsand the qualityof the fuelelements. A buy-backof spent
fuelensuredthatthe back end of the fuelcyclewouldnot restrictreactor
sales.30

The U.S. revenuesfromthe nuclearmarketamountedto $3.2billionin reac-
tor facilitiesand $700millionin separativework through1974. Since1974,
theU.S. shareof the nuclear-reactorexportmarkethas been droppingsignifi-
cantlyas otherindustrializednationshavebecomesuppliers.The U.S. share
of the reactormarketin the 1980ts,however,is estimatedat $1 billionper
year. We also foundthat roughlya thirdof U.S. capacityfor enrichmentservi-
ces,70 millionseparativework units (SWU),has been orderedby foreigncustom-
ers for deliveryin the 1977-1985period. With an assumedaveragechargeof
$80 per SWU, the revenueexpectedfrom thissourcewillbe about$6 billion.
An exampleof the magnitudeof fuelsalesis providedby a Japanese1978advance
paymentof $1 billionforU.S. enricheduraniumto be deliveredover the next 7
to 10 years. This agreementmay alsobe increasedto $1.5billion,with deliv-
ery to startin mid-1979.32

West Germanyhas two suppliersof nuclearreactors,the GermanKraftwerk
Union (KWU)and Siemens. Thesecompanieshavemade numerousinternationalsa~es
and are activelyseekingadditionalordersin all openmarkets. They have sold
reactorsto Argentina,Austria,Brazil,Iran,theNetherlands,Spain,Switzer-
land,and Luxemburg. The GermanKraftwerkUnionhas activelysoughtexportmar-
kets for its reactorsin an effortto fillits manufacturingcapacityand achieve
the greaterthe economiesof large-scaleproduction.The company’smanagement
desiresexportmarketsfor 40 to 50% of its production.33In pursuingthisgoal,
KWU aggressivelysoughtthe orderforYugoslavia’sfirstnuclearpowerplantbut
lostout to Westinghouse.The companyhas alsobeen negotiatingto builda
1300-MWenuclear-powerplantin East Germany.
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Largelybecause’Gefnianyladksdomesticfuels,the head of energyresearch
and developme”ritin theMinistryof Sciencea~d TechnologyforWest Germany,J.
Schmidt-Kuster,believesthat reprocessingis an absolutenecessityfor GQrmany.
Despiteseriousreservatiotisin Washington;Bonn concludeda completenuclear-
fuel~cycleagreerneritwith 13razi’1.West Germany has been cooperativeon odher
nonproliferationissuesand,perhapspartlybecauseof Washington’sexpressed
concern,builtSeVe”raIcohtrolsintoits agreementwith Brazil. The controls
are similarto thoseappliedby the U.S. on its exportsof nuclearmaterials
and eqhipment. Sincethe initialagreement,West Germanyhas agreedto withhold
furthersalesthat idcludethe entirefuelcycle.34 West Germany,as a part of
the URENCOConsortiti,has agreedto modifyitspositionon <oreignsales. As
of September1, 197~,the consortiumwill supplythe uraniumto Brazil,and the
plutoniumfrbmspehtfuelwillbe storedundersafeguards.35”

France,likeGermany,has two nucletir+reactorproducers. Francehas en-
teredag’reern-entsto-supplynuclearreactorsto Belgium,Iran,SouthAfrica,and
Spain. The Frenchhave constructeda majoruraniumenrichmenti,plantat Pierre-
lattein SouthernI?r#nce’.Theyproduceall theirown eniicheduranium,using
the Samegakebtik-diffusionprocessas the UnitedStates. In conjunctionwith
Italy,Spain,Belgiti,and Iran,the Frenchare buildinga huge additionto the
Pie?relattefacility. It willbeginoperationin the early~9~0’sand will ship
enricheduraniumto customersaroundthe giobe.36

The Frenchare criticallyshortof domesticalternativesto nuclearpower
strohglydesiretb achieveenergyindependenceand sedti-rityby developinga
fast-breederreactor. Franceand her European”partneisare pushingthe develop-
tieritof fast-breederreactorsfueledwithplutonium.37The Frenchnow have a
250-MWebreedercalledPhenixand are buildinga 1,200-tieversioncalledSuper
Phenix. Theirinterestin the breederstemsfrom its abilityto produce50
timesdore electricitythana light-waterreactorconsumingthe sameamountof
fuel. Thoughit takes140 tonsof naturaluraniumper’yea”rto fueltoday’sgen-
erationof light-waterreactors, it would’takeonly 1.5 tonsto powera fast-
breederreactot.

Francehas alsobecomeone of thd world’slargestfueIreprocessors.In
an initialagreement,Francehas offeredto sell reprocessingcapabilitiesto
Pakistan. The Frenchgovernmenthas sinceadnouncedthatthe”portionof this
agreementcoveringreprocessingfacilitit?swouldnot be honoredin view of the
dangerthatweapon-gradefuelwouldcontributeto nuclear-weaponproliferation.
Pakistanis not willingto acceptthisattemptat a renegotiatedagreementand
has indicatedthat it may cancelthe entireContract.38

The Frenchhave contractsto reprocessfuel for Japan,Belgium,Germany,
Switzerland,the Netherlands,Sweden,and Spain. Becauseof internalpolitics,
Germanofficialsdoubtthat theircountfiwill recyclefuelfromothernations;
but Franceplansto make it a big business.

GfeatBritainhas not receiveda foreignorderfor a ,nuclearpower plant
for sevenyears. Reactorshavebeen,suppliedto only Italyand Japan,and they
werevery smallreactors. However,Britainhas enteredthe fast-breedercompe-
titionwith the fast-breederreactorat Dobrntehy,Scotland.

Twb othercountries,Swedenand Japan,are also stipplersof,nuclearreac-
tors. Swedenhas two suppliersbut hhs exportedonlyto Finland. Japanhas
threesuppliers,eachusingU.S. reactortechnologyobtainedthroughlicensing
agreementswith U.S.vendors. Japanesecompaniesare seekingexportmarketsin
Asia and SouthAmericaby assertingthat theirdesigns,basedon earlyU.S.
technology are proven,whereasU.S. technologyofferingreactorsystemswith
the latestadvancedconceptsare of uncertainreliability.
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