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We shall follow the organization proposed for papers in this section. Accord­

ingly, we begin with existing levels of utilization of nuclear energy for peacetime 

purposes. We next examine the likelihood that increased utilization of nuclear re­

sources can help to support growing populations over the next twenty-five years at 

rising levels of living. 

The first part of this framework is easily handled. In brief, existing peace­

time use of nuclear energy is inconsequential in any of the regions of the world. 

Significant military applications are obvious but beyond our discussion. The use of 

radioisotopes for observation, measurement, and other scientific purposes in agri­

culture, industry, and medicine· is also well-knowno Such use is pointing the way to 

important advances which may ultimately be instrumental in_promoting mortality de­

clines both directly through improved controls over disease and indirectly through 

advances in food and industrial technology. 

At this point we may well note that present low levels of utilization are not 

caused by a laok of sou.roe materials for nuclear fuels, nor is it likely that future 

development will be restricted in this way. Careful studies of the distribution of 

the principal fissionable materials, uranium and thorium, indicate their widespread 

distribution in the earth's accessible crust and the faot that they constitute a 

sizable reserve despite their rather low concentration. 1 Of more fundamental impor­

tance for the long run is the established ability to obtain artificial fissile sub­

stances such as plutonium from a nuclear reaction; and the development of a breeder 
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reactor, desigr d to produce more nucleo.r fu.el than it actually consumes
0 

Unfortuna. tely ~ uranium 2 35, the isotope moat readi:.y prcd·acing :fission
9 

is 

only one part in 140 in natural uranium. Whether we ca.n eve:ntually u+.ilize all or 

n good fraction of the u.ranitun in na. tl.U'al i...ranium, or only se,ren,:"'ten-ths of one 

percent of it is the c r itical question i·n dete.,..,.,,~n~_·ng h th ........ we er o~r supply of nuclear 
? 

fuel io a=ple or restr i cted.-

The remainder of thin briof paper will focus upon atomic power and upon the 

possibility of new cheoicals, structural materials, and related products which 

Qight be d0velope~ a s a. result of nuclear energy researcho Any such development 

remains almost wholl:r for the future,, Atomic power exists; but present levels of 

utilization nre either absolute zero or insignificant everywhere 0 In the United 

States power is being derived from various nuclear energy installations but no~here 

in appreciable nffiounts. The Soviet Union has indicated that it is putting a 59 000 

kilov.-ntt renctor into operationo Power from a few nuclear stations elsewhere is 

aiclilnrly limitedo 

From present knowledge we realize that the construction of atomic power plants 

in the future in any part of the world is technically possibleo But possibility and 

probability must be kept distinct~ and the development of any world wide network of 

stations in the decades ju.at ahead seems unlik~lyo The substantial optimism in some 

quarters over the sweeping advances in ir,.dustrial and human prodi..ctivi ty which are 

claimed as derivatives from the introdu.ctj_on of atomic power. into areas of limited 

economic development is certainly not based on atl,)" fu.11-soale o~erating experience. 

Nevertheless 9 where the cu.1 tural context is f'a.vorable and. motivation is strong~ as 

in the United States and the Soviet Union~ nuolear development will not be deter­

mined simply by economic faotorso In both oountries the goal of full-fledged atomic 

power development is pronouncedo Nuclear products have become symbols in the complex 

political process of attracting adherents from among the economically less developed 

nationso Nuclear research is likely to go forward whether atomio power prove~ to be 

justified or not in econoclc termso Russia is cu~rently providing heavy subsidiza-
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tion for its "'rogram, and the United St t i i 1 ¥ a es s s mi arly underw:riti~.g a good part of 

the cost of rese"roh and develo"'ment i th t t Alf ~ ¥ n a coun ryo onso Tamm.arop assistant gen-

eral manager :for research and industrial d·evelopment for the · United States Atomic 

Energy Commission indicated in July that several hundred million dollars are going to 

be spent in research and development in the next five yeara 9 with nearly an additional 

billion dollars likely to go into the construction of prototype plants and pilot models 

before 1964. 3 

Broad segments of the American public have already accepted atomic power as a fact 

of life. Leaders of several major industries have in the last two years given publio 

expression to their tremendous confidence in the potentialities of atomic power and have 

pushed vigorously for nuclear development by private industryo Perhaps this reflects the 

broad swing of reaction from earlier pessimism. Perhaps it represents a desire· not · to • 

lose out on a new field with assumed wide opportunities. Whatever the complex causes be­

hind it, the fact that a tremendous confidence in9 and drive toward the commercial ap­

plication of atomic power exists,measurably increases the likelihood of successful de­

velopment just as apatq and indifference hinder promotion in such a region as Central 

America. One immediate conse4uence is that a number of major .American businesses are 

investing relatively large amounts of money in exploratory pure research on nuclear 

energy, money which yields no immediate profits to the firms involved. Thus, hard eco­

nomic facts, which we shall consider next 9 may yield biased answers if the human 

context is ignored. 

One o! the most important economic generalizations is thia s the capital cost of an 

·atomic power plant will probably exceed that of a comparable steam station based on coal 

or oil. Barrins further innovation, any nuclear station will require the turbine genera­

tor which is part of a conventional steam station so that there will be no opportunity 

for savings here. What is substituted tor is the usual boiler in which coal 0 ~ oil is 

burned. It is replaced with a oonsiderably more expensive combination of reactor and 

heat exchanger. Additional costs for chemical and metallurgical facilities will probably 

3 



:ontinue in the ir::::.ediate future 0 

Even if the r.ecessity for a heat exchanger is eliminated by successful developmen
1 

:)f tr:e expericental boiling water reactor 9 no·:1 under consideration 9 the requisite capi · 

t a l i~vestoent cun still be expected to exceed that for a ~1 1 t compa:ra...i e coa -steam plan . 

Perhaps the most optimistic prediction of such investment oost for a light water-moder­

ated boiling reactor to co::::ie f:.:-om a representative of a major industrial corporation is\ 

t~::.t of !lr. Francis K., McCune, general manager of the Atomic Produci;s Division of the 

General Electric Company.4 According to his data, a nuclear plant of 300 9 000 kilowatt 

capcci ty utilizing a boiling reactor would reqt1.ire an invostmer.:c of S243/1cv1 0 This fig­

u::-e includes the nuclear fuel inYentory., In a comparable coal st.atton. the inv-estment 

v.ould be S 160/~. The kilO\vatt-hour cost for the nuclear station when operating at a 

plant uti li :.ation fec tc::;:- of 80 percent is estimated at 607 mills against a comparable 
5 

kilowatt-hour cost of 6.9 mills for a coal station with the same utilization factor. 

L!r. McCune pre:::ients further do.ta for a graphi te-modera.ted~ water-,c:ooled moderator, 

J. competitive ki l o·,;att-hour cost of 6 .. 8 mills is estimated. This depends !l bowever 9 on 

e~plo:,ing a reactor with the unusually large capacity of 7009000 kilowatts and o~eratec 

at a plant utilization factor of 85 percent. It also involves highly optimistic assump­

tions about a nu::iber of underlying factors such as interest raies, depreciation, fuel 

costs, and reprocessing expenses. In addition to these two types of reactors, the Unite 

State3 Atomic Energy Commission intends to support the development of the pressurized­

water reactor, the fast breeder reactor 9 and the homogeneous r.eactoro Indications are 

that these reactors will require a greater capital outlay than oomparable conventional 

uni ts. 

There are two points in the estimates above which we judge to haYe particular sig· 

nificance for the utilization of atomic power in regions which look toward extensive 

economic development as a means of supporting ino:reased populations or raising leve_ls 

of living or both. These are the extremely large size of plant and the unusual~y high 

- f t wh.4ch have been ass"med in order to produce a competitive coa\l plant uti~ization ao or - ..... . , 
t • t' 

figure. Such levels do not seem realistic fo~ areas where limited capital is a res ric~ 
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ing factor and wh ~re the market for power is ia.rgely undevelop·ed. 

Let ua review briefly the reasons for such a oonclusiono We know that eco­

nomic development in general , a.nd atomic power development in particular, require 

substantial amounts of capitalo Lack of necessary capital is a formidable ob­

stacle, particularly so to the regions which show the lowest levels of living and 

the least consumption per capita of non-human powero The initial investment of 

S73,ooo,ooo required £or a boiling reactor or of 81 94,000,000 required for a gra­

phite reactor of t he size discus sed is hardly negligible in itself and yet at any 

given time must compete witb many other types of capital investment needs in any 

given region. Beyond this, a plant with a capacity of 700,000 kilowatts, or even 

of 300,000 kilowatts, io meaningless unless there is a market for its Qutput . • 

This implies the need for a very sizable stock of power-uoing e4uipment and fa­

cilities. For most underdeveloped regions this means in turn a substantial invest-
6 

ment in industrial and household equipment and machinery which are power operated. 

Strictly from an economic viewpoint there are few parts of the globe outside 

the major industrial nations where extremely large nuclear reactors can now be _ 

r ationally located and operatedo7 Power-using equipment and machinery simply are 

not available in anything like adequate a.mounts and, because of the size of the 

investment required to achieve such levels, are not likely to become available in 

the near future. In regions where r ationalized agriculture and industrialization 

are to be undertaken or speeded up, and where capital is sharply restricted, it 

is a more reasonable course to construct a limited amount of power capacity initi­

ally, say on the order of 10,000 to 50,000 kilowatts, and to apportion the remain­

ing available capital in some balanced distribution among industrial plants, equip­

ment and machinery, agriculture, transportation, housing, education, population 

control, and so on. Yet such balanced development produces the kind of situation 

in wliich a nuclear station tends tO be uneconomic. A station of optimum· size cannot 

be built because of laok of demand for powero And for a relatively small nuclear 

plant the cost of power to the consumer would be high because or · the need to spread 
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ls.ri;e ini tiul ir.vcstuer.t cosi;s over a rel"tiv0 1 __ y f · k 1 
u - '3'-'l i owa ti hov.rs produced. More-

over, it is rare that a plant utilization factor of 80 percent or more 

ncUeveJ, especially where part of the power is consumed by households 
can be 

with the re-

c'..ll t tb.a.t poak co.:rL,ci t;r ~ust exceed ai.rera.ge kilowatt-hO'\,U- use throughout the da.y
0 

United Stn":en oten= plants i;J··p1· cnlly ope_-ate t l 50 • ... , e. on y a percent plant factor. If 

this le·:el of util iza.tio:1 iG subs tituted for the higher figures in Mro McCune's 

,:sti::-.'l.tes, r.:ilowatt-hot.:.:r co3ts rise by roughly four to fi.ve mills. Such costs be­

cc::.c o.bou.t 11 to 12 oills inntead of 60 ·t and 6Q8 mills
0 

8 

In uddition1 there c ~e oerioua problems of acquiring skilled personnel to man 

the progr,.r.::J i cf d-.:! ·;~lopini; a whole series of auxilla.x-y engineering activities needed 

to support n. ::-,njo::r nuclco.r energy installation; and so ono These are costly- items, 

cspecinlly where ::rnn~y rr.ust be borrowedo Both capital cost and interest rates in 

-..i.nde::-dc-reloped nreo.:.; arc well above United States levelso If 9 as we believe, more 

c~r,ito.l io required per kilowatt for a nuclear station than for a steam station, then 

ouch regiono will be penalized additionally for nuclear developmento For an assumed 

ai tuation not greatly different from that presented by Mro McCun.e 9 vre have shown that 

a difference of three percent in the interest rate on borrowed capital between re­

gions (n difference which is less than that between the average of the major indus­

trialized and non-industrialized nations) can result in an increase of 2o5 mills in 

the cost of a kilowatt hour of electricityo9 It is in fac.t to the principal indus­

trialized nations, like the Uni tad States and the Soviet Unionp that e.tomic power is 

likely to be most meaningfulo These already have to varying extents the capital 

needed or can get it at lowest costo They have the best supply of needed scientists , 

engineers, and techn.icianao They are capable of absorbing large blocs 0£ additional 

power 0 And they are most strongly motivated politically to move ahead with an atomic 
10 

program. 

We conclude that by 1975 it ia not likely that atomic power will ha.ve me.de a 

major contribution toward supporting e:Xpa.nding populations at risin.g per capita. 

levels or living 0 By itself it can hardly serve a.s an open sesame to rapid indus-
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tria.lization° And if employed in small quanti ties_9 pe:rhaps under subsidy, it may well 

:fail to promote a ~ ~ J,. hn 1 r a~e ot uec o ogical growth su£ficiently rapid to keep a.head of the 

rate of population grcrlh i n densely populated regions of demographic types one 

through three 0 

Especially in tho midst of a recurr ing wave of optimism about the potentialities 

of atomic power, we beliovo t hese things need to be eaido· But they are not the whole 

story- and alone they undou·btedly understate the significance of' atomic power., 

We have no way of knowing the new production processes and products which may de­

velop as dividends of a nuclear energy programo Noting the somewhat parallel instance 

of the automotive revolution (most meaning1\ll again to the western nations), we would 

be bard-shelled peesimis•;s to deny the strong poseibili ty that the development of new 

chemicals, alloys, and metals and the use of atomic power in new production processes 

can have far-reaching and unanticipated effectso Specifically, such oocurrences may pro­

duce savings and additional revenues which can counterbalance the costly .operations in­

volved in producing atomic power aloneo In underdeveloped regions it may become possible 

to combine atomic power production with other major development projeots such as irriga­

tion and the desalting of brackish water in such a way as to afford an attack on several 

obstacles to industrialization at one timeo Capital savings may be achieved in partioulaJ 

h 11 ~ • 1 t Pases of an industrialization programo Or we may £ind that an a,oml.c power Pan 

can be used for purposes £or which conventional oil and steam stations are unsui_tedo Un­

anticipated consequences of such character may even force a reassessment of our previous 

conclusion that atomic power will prove of greater significance to major.industrialized 

nations than to underdeveloped regionso At present there are no facts available either t 

support or to deny such possibilities nor to indicate when or where new applicati_ons may 

produce revolutionary changes~ 

7 



Footnotes 

1. J. R. !len'.--:e, "l;uclec.r Fission as a Source of Power 9 " Econometrica: 15-4 (October 
1947), PPv 321-324. 

2. Joint Corr..::u.ttee on Atonic Energy~ Report of the Subcommittee on Research and Devel­
o~~ent on the Five-Year Reactor Development Program Proposed by the Atomic 
:Sner .. :y Co~::uss ion (Washingtoni Government Printing Office, 1954), po 20 

3. The Bvenins :B·..illetin (Providence, Rhoda Island), July 22, 1954, p.3, coL 1o 

4. Prcce~te~ to u meeting arruneed by the Atomic Industrial Forum
9 

Inc., in Washington 
in ~ay 1554. Published in A Forum Report~ Nuclear Reactor Development (New 
·fo::!:'k: Atc::-.i c Industrial Forum, Inc. 9 1954). 

5. Ur. UcCu.ne'c tlct~ appe~r in Appendix A to this paper. 

6. A.J. Brown, .Art:l ied Econo:nics (London: George Allen and Unwin, Ltd., 1947 o 

7. "Atocic Enercy - Its Future in Power Production", Chemical Engineering: 53-10 
(October 1946), PP • 125-133. 

8. Based on independent calculations by the authors set forth in Walter Isard and Vin­
cent 7ihi tney, Atomic Power: An Economic and Social Analysis (Philadelphia: 
The Bln.kioton Company, 1952) 1 chapter 2u 

10. I bid., chapter 9. 

11. Cf. Sam H. Schurr and Jacob Marschak (directors) 9 Economic Aspects 0£ Atomic Power 
(Princeton: Princeton University Press~ 1950)~ PPo 267-270° 

8 



Appendix A 

Below are presented the date of Mr. Francis Ko McCune referred to on page 4 of 

this paper. These are reproduced from A Forum Report: Nuclear Reactor Development 

(New York: Atomic Industrial Forum, Inco, 1954), ppo 64-65, where they ap:pear as 

Figures 2, 3, and 4. 

Figure 1. Plant Data (for a boiling reactor plant and a steam plant based 
on coal). 

Boiling Reactor Plant 

Electrical Output (net oapabili ty) 300 m w 

Plant Utilization Factor 
Steam Temperature 

Pressure 
Net Plant Thermal Efficiency 
Reat Generated 

Figure 2. Total Investment, 

Physical Plant 
Land 
Engineering 
Start Up 
Nuclear Fuel Inventory 

Figure 3. Cost of Electricity 

Fixed Charges 
Operating Cost 
Fuel 

Total 

* Coal at 350/million ~TU 

9 

o.a 
450°F(sat.) 
421 psia 
24% 
1250 m w 

Boiling Reactor Plant 

8195/kw 
2 

15 
14 
17 

$243/kw 

Boiling Reactor Plant 

4.65 mills/ltwhr 
.70 

1 .35 

6., 7 mills/kwhr 

Coal Plant 

300 m w 
o.a 
1000°F 
1450 psia 
35% 
857 m w 

Coal Plant 

8140/kw 
2 

11 
7 

$160/kw 

Coal Plant 

3, 0 milla/kwhr 

.5 
3.4• 

6.9 mills/kwhr 




