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After the final no there comes a yes ,M.
.

And on that yes the future of the world depends.
.Wallace Stevens
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Ahc nuclear proliferation problem, as posed,is insoluble.
All policies to control proliferation have assumed that the rapid

t

worldwide spread of nuclear power is essential to reduce depen- [ -

dence on oil, economically desirable, and inevitable; that efforts
4

to inhibit the concomitant spread of nuclear bombs must not b
.

allowed to interfere with this vital reality; and that the interna- 7 ~, -
.

tional political order must remain inherently discriminatory, dom- t
,

inated by bipolar hegemony and the nuclear arms race. These ''

unexamined assmnplions, which artiGcially constrain the arena of
- ~9-

choice and maximize the intraciability of the proliferatio . prob-
|

lem, underlay the innuential Ford-urran report and were c2nbod-
|

<

icd in U.S. policy initiatives under Gerald Ford and especially .(
!*

Jimmy Carter to slow the spread of plutonium technologies. L
(Identical assumptions underlay the recently concluded multilat- :International Nuclear Fuct Cycle Evaluation p

'cral two-year
(INFCE), whoSC lack of sympathy for thosC U.S. initiatives is now E

' hirar 1%rr luurs and Choum: Rejet of the hirar Entry I'ohcr Study Grouj>.Sponu> red by
se i ord Found.uinn. Adminiucred by The MITRE Corporation.C.imbridge. Mass: Ballinger '*

Pubbshing Company, lil77.
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g
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..

sociologist, political scientist, and forester. Leonard Ross, formerly a y
Public Utility Conunissioner, now teaches law at the University of California, 4:L

-

licskeley. All three write here in their private capacities. This article sunnua- /dNG .? N,46
riecs an annotated book to be pubikhed in late sunuucr by tot (Ill Spear St.,
San Yrancisco, CA 91105) under the titic Prolufnation is the Anuar (flut is* hat
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m &m.::.a# *w,s.
N. . mMM I } being cited as a political and technical rationale for dismantling

. ) what is left of them.2 Unfortunately, isrcr.,s assumptions wereg%yg., .~ -
,, ,

e M.d R.m ,; * widely represented as its conchnions, ostensibly. resulting from a !

1

careful assessment of alternatives wh. ,h never actually took place.w a sw r..wWn ic

M yI.
-;ce .

Our thesis rests on a different I>crcei> tion. Our attem1>t to- f pmW reth. k focuses not on marginal reforms but on basic assumptions.".

g[pp p' In fact, the global nuclear power enterprisc is rapidly disappear-
t m

m 4 .I ing. De facto moratoria on reactor ordering exist today.in ~thew Gd7g'TMMC ,!i United States, the Federal Republic of Germany, the Netherlands,
Italy, Swedey, Ireland, and probably the United Kingdoni, Bel-

" h M $' h: f@d gium, Switzerland, Japan and Canada. Nuclear poTver has been

/ $e $h'* MN@yh,9 Iran, China; Australia and New 7.caland. Nuclear power elsewhere

'

xT indq[mitely deferred or abandoned in Austria, Denmark, Norway,
!

u
\- is m grave difficulties. Only in centrally planned economics,

a, .w m.- .

J
ps

N* $ 6 jh notably Fr mce and the U.S.S.R.,is bureaucratic power sufficient
# ~4 + t IR lto override, 4 not overcome, econonuc facts. I he high nuclear

,

i %. growth forecasts that drove isrce's endorsement of fast breeder
M~L.e J k}l reactors are thus mere wishful thinking. For fundamental reasons
.,

44s ;4 wh. .ic, we shall descn.be, nuclear power .is not commercially v. ble,
.

* $e w.w.n1
w ia

..

k,,%y.nN/ and cluestions of how to regulate an inexorably expanding worldsi DYEk

!.!
nuclear reg.une are moot.GW4MFiW

h We shall argue that the collapse of nuclear power in response to
h, ,C f. % . w.q || , the discipline of the marketplace is to be welcomed, for nuclearCy(' @

NYiM@k[; - cast effective known way to displace oil: indeed, it retards oil
IA xer is both the main driving force behind proliferation and the*

h8
N@&@iedM@g, d displacement by the faster, cheaper and more attractive means
M 'r which new developments in energy policy now make available to

h fhpQ -| all countries. So far, nonproliferation policy has gotten the wrong

g$ d [f M ML M answer by persistently askmg the wrong questions, creatmg "a
,

|G%W j', nuclear armed crowd" by assuming its inevitability. We shall

MM '1 - argue instead that acknowledging and taking advantage of the

NM,6 M7.@Wg '. . nuclear collapse, as part of a pragmatic alternative program, can

% p%qQM [- offer an internally consistent approach to nonproliferation, as well
as a resohition to the bitter dispute over Article IV of the Non-## yN7' . '' ; Proliferation Treaty (sn).

'

%CBASW&s:.r.Mp .&:M9 .;.%m ;
i, : Onw im e si4 was published in cicht u Ininn in hhruarv l'00 In the Internationalpy 3 m .. = W . . 4

5,'Dfgh*j4 Anunic Enng> Acenry. Enr (ritiqun of ihr entlaj~r of the 1970,77 ti.S. pilicy initiatisn. see.a.
Vince Ta3 nr. "A Rniew of Rrn ni Effents in ilah the S nca<l of Nuclear wrap.nu !.rw>ns

35-Yd' Nh.'_hd
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NUCLEAR POWER AND NUCLEAR l!OAlllS 1139 i. s.

4 :.

uling .On the eve oi the Second wr Review Conference, to be held ir. / 4,N
%Geneva in August 1980, fatalism is becoming fashionable as the

headlines show proliferation slipping rapidly out of control. Yet
j'
Lg

were
o,m a

dace. seeking Stevens s courage to afGrm, we shall suggest that an ]Qg
pt to effective nonproliferation policy, though impossible with contin- !{ M@
dons. ued commitments to nuclear power, may become possible without j %R

them-if only we ask the right questions. J3Mcear-
/PRa the
U %"ands,

. Bel- All concentrated Gssionable materials are potentially explosive. ,$h
been All nuclear Gssion technologies both use and produce Gssionable jM

may, materials that are or can be concentrated. Unavoidably latent in ij D
vhere those technologies, therefore, is a potential for nuclear violence h j
mies, and er creion. hiost of the knowledge, much of the equipment, g,

acnt and tlic general nature of the organizations relevant to making ]4|. clear bombs are inherent in civilian nuclear activities, and are "in much i ig,y
eder of their course interchangeable and interdependent" for peaceful

j c[ jJ 9
asons or violent uses.'
:able, All commercial nuclear fuel cycles are fueled with uranium.8 .j u ;
vorld Natural uranium as mined contains only 0.71 percent of the fgh

Gssionable isotope uranium-235. Both this concentration and the "s^fg|

ge to few percent of uranium-235 present in " low-enriched uranium"
c! car (t.EU) are too dihite to be explosive. Practicabic bombs require
j the concentrations of tens of percent; highly efGcient bombs, about j'#

,

c oil ninety percent (" highly enriched uranium" or HEU). A few minor
gans types of commercial reactors, notably the Canadian cANDU, are f#
he to fueled with natural uranium. The dominant world type, the U.S.- Mb
''jS designed light-water reactor (twn), is fueled with t.EU. One pro- : I. .

'

spective commercial type (the high-temperature gas-cooled reac-se a . . . .

: hall tor) and many research reactors are fueled with directly bomb- :! W
f the usable HEU. ] hbj

The irradiation of uranium fuel in any reactor produces pluto- f' ,

. ca n

^ ?cIl nium, which is a bomb material regardless of its composition or
'

;
Son- chemical form. The plutonium is contained in the discharged C

spent fuel, highly diluted and intimately mixed with Gssion prod- qq
ucts whose intense radioactivity makes the spent fuel essentially MM'

"f"',' inaccessible for at least a century. The plutonium is thus a ; jiy
.f f+N&1; mns d-i ts t s.

Idor- ' Tids fact w.n recognierd in ihe Acheson Lilienthal report. "A Report on the Internaiional W.
frey Control of Atomic Energy," U.S. State Department 2198, h1 arch 16,1916. ' 3N. '

! . '' \ lb differ only in detail, not in conc nsions. See Amory B. Losins," Thorium cyles and prohren.
.

M*

* Esperimental fuct cicles w hich hrred ihnunable uranium 233 from nonikinnable thorium
; c'~"

Dec url tion," Bulletts of the ,1somic Srientnis. February 1979, pp.16-22, and discussions id.' hiay 1979, J, rj '
'

pp. 50-51, and Sepicmber 1979, pp. 57-59. ' g 5,

. | $:o5
'

'

|

uBn
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1110 FOREIGN AFFAIRSmu. ~:AM); r kin hi proliferation risk only ifit is extracted b
fuel behind heavy radiation shiciding y " reprocessing" the spent. ,dTJap.$pg [

.

.

! chopping up and dissolv-
" gM S Q@ @b

1
! ing the fuel bundles and chemically separating the purified plu-p'

,. g" | Q f ] y form that can be safely handled, is hard to measure precisely, and

'

tonium. lt is then in a concentrated, homogencous and divisible .'

;b ' 4
""

is therefore much easier to steal undetected. Extracted plutonium@E & S b
..

can be made into bombs so quickly (in days or hours).that even[ h i Y'
. instant detection cannot provide " timely warning," the cardinalW,gML j d principle of safeguards since the start of the nuclear age.-

b,. . Md@% NI. U.S. nonproliferation policy since 1976 has rested on distinctionsw w ; .. -. . . q';^
N%f?qp$1 N .,wI between proliferation-prone fuel cycles and fuel cycles thought to'

w&p.gl4uf t 4 tion-resistant so long as technologics or services wlu. h could
i-/ be proliferation-resistant. twas were considered highly prolifera-5

4.w
. M[NNp;4

. .
. .

d further enrich the tcu fresh fuel or extract plutonium from the
c

. $Mg Ij.' spent fuel were not available to non-weapons states. It was consid-
" o' y. a. ?. . 3NM P.t ! cred possible for such states to obtain these technologies on their. m m1n;wcN.a

v
own, but only at lu. h cost, with great techm. cal difficulty, and

-. g.g ,1 b
with a large risk of timely detection. Reprocasing spent t.wa fuel

,.

3 Jg M 5 in conventional large plants, for example, is so difficult that nofMh. I k. country has yet succeeded in doing it on a reliable commercial
'

y . ,. 4 i|c
etf%?

.'p$&FN.,~ :
bas,is.

-yn 9 In return for an open-ended fee w,th no guarantee of perform-T h.
i

@QiiWM 3 ancc (estimated costs rose thirtecnfold in 1974-78 and are still

bfd [N
rising), Britain and France are nonethclcss proposing to c.spand

M. N their existing, rather unsuccessful, reprocessing plants to providep${!@9 ifE h.. cxport 'scrvices, thus relieving others of the technical difficulties.g54"pm.p
_

WM ^a <. llowever, proposed technical mensores to inhibit the use of the,

.~; m5 4 --!:1 m .m i; :

extracted and re-exported plutomum m bombs-clu. fly by dilut-
. .

pMf%h 3.~
e

ing or radioactively contaminating it so that further treatment-MMISN @j would be needed-have been shown to be impracticable or inef-Pi bm n , x%. r eW .N fcctual (especially against governments). International manage--i
. .W M 7#j M W.. Q. ment or weapons-state siting of the reprocess.mg plant cannotM a g W (.} $M1 affect how the re-exported plutonium is used.N:a:IN$.O -[I Because commerce in plutonium therefore poses grave risks toa

m.m.- , y w&c.;. ,.mp
$$y q.v MM.' H

pt
peace, and because ne. her it nor the reprocessmg plants supply,mg

.

it

it can be safeguarded even in principle, the United States soughtQM. TW |1h ~ by its own example, and for a time by mild persuasion (but not$2.M ' f d I

$ by exercising its legal veto over reprocessing U.S.-enriched fuel),

. h i' h fe k'' qd to discourage Britain and France from breaching the formidable% - n. barrier offered by the' difficultics of reprocessing. As further rec-Gy ~uS ommended by the Ford .s:ITRE report, the United States also
~

..
P j. '4 sought to defer ~as long as possible domestic and foreign commit-

kffm u.r a.v w. c : a -4 . r w..s,=.-.. ,.

. k'. , , b+ ,;I
' 'N *

i;.t

>1,.m- - , = . . ; n. i..

.I

-: ; ; .a ,
__

. _ . - . . . -# . -; . m - ..... .. .~.a _

~

N~ M. 9 Q ** j',\, ',
$' 17.q.
h M %y e y" F i[ %,,, M_. g
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T .wg?,6-r,D hd%.W W y
jN[ My ,j ,' ' 4MMg,e e , a , h.

, e .

y
*
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h,h'Jhi recycling plu; onium in t.was and breeding it in fast reactors.

"Z f. "Once-through" (no-reprocessing) Lwas, on the other hand, were a.vg
encouraged for domestic use and for export because of their DJ4#' -

/&. alleged proliferation resistance. /S.sc
% Advocates of reprocessing and plutonium commerce assaulted Midi!

h7
,@#(W

2 the U.S. policy on two contradictory grounds: that power reactors
$did not make plutonium that would be attractive to bomb-makers,'.-

fi and that if they did, commercial reprocessing was not the only-

.

way to extract it. The first limb of this argument claimed that the . 3"
" reactor-grade" plutonium made by normal operation of power

D.ANreactors-currently some 30 tons (about 10,000 bombs' w orth) per
year, a third of it in non-weapons states-could produce only Pi
weak and unreliable explosions, and posed exceptional hazards to -

;
,

..4 persons working with it. Countries sccking bombs would therefore
,, ' s

"
pass up this inferior material in favor of"wcapons-grade" pluto-" ' * ;

nium whose greater isotopic purity offered optimal performance. h i
Weapons-grade plutonium could be made in existing research dg'

reactors (now operating in about 30 countries) or in " production MM.
reactors" specially built for the purpose from published designs. *%
This route was claimed to be casier, cheaper, more effective, hence SN $
more plausible than using power reactors. Concern over power Yk*

-

reactors was thus deemed to be far-fetched. 3h,

The technical premise behind this reasoning, however, is false. 7) -
A detailed analysis of weapons physics has now shown that ariy j 3

practical composition of plutonium-including both " reactor- 34 ;
grade" plutonium and plutonium to which inseparable interfering 5 G
(" denaturing") isotopes have been deliberately added-can be @w
made by governments or by some subnational groups into bombs *W *v
equivalent in power and predictability to those made from "N
" weapons-grade" plutonium.8 Alternatively, power reactors can
be so operated as to produce modest amounts of the latter without gM
significantly increasing costs, decreasing efficiency, or being de- YZ.1

tect ed. 4 &

%(*
More sophisticated bomb design is needed to achieve the same

~$performance from reactor-grade as from weapons-grade pluto-
nium, but this may be a small price to pay for the greater case of A
obtaining the former in bulk. The power reactor has an innocent ti%7

k,gfM,fcivilian " cover" rather than being obviously military like a special f
?Jd giproduction reactor. It is available to developing countrics at zero
MW(&;'or negative real cost with many supporting services. It bears no y

-- 6'The analpis may be found in .\nwry it imim. "Nudcar wrapins and emer-tractor
plumnium." .% tut, February 28,1930. pp. 817-823, and tipographical corrections. .N! arch 13, f# %

0 1980, p.190.

mu.Q,
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reactor anyhow. And it produces extremely large amounts of
pfW7': ( '; extra cost in money or time if one were going to build a power'.

'

.Y.e I>Iutonium: so large that theft of a few bombs' worth per year is
,

. A N
.x.- 4- with.m the statistical nnoise , and can be raade undetectable m

set 1 . .. .,

$fh. wwrh, h{ principle, while nearly a hundred bombs' worth per reactor per
-

Efd.MM
](dr diverted. Power reactors, then, can be considered large-scale mil-

year-more than from any other option-is available if overtly
fdW *f:$fpA.,j2.x

itary production reactors with an electricity by. product rathern c. ).
-ge- A.e . . E than bem.gn electricity producers w. h a m.h.i tardy unattractive

t
%m. .em. it

...

)'N h. N$ h h , plutonium by-product. They are not, as isrCE held, an implausible

4 n. m g. ( g g r ,e.s
but rather potentially a pecuharly convenient type oflarge-scale;w

'a.we e m .y .:! factory for bomb material.
. ,

4

bb Of course plutonium in spent fuel from any kind of reactor is

.hd$$M@%(M.J 7g 'I I. unusable in bombs until extracted by reprocessing, and it is here;

pg/9 (U that plutonium advocates mounted their second line of attack.

dfy#y%aw..;
WE- .m. c .rhe offic. l U.S. v.iew was that reprocessmg is very hard, whereas

. .

. - pg - ia.

".,* W M b u r% Ji:'
making bombs is relatively easy, so reprocessing should be in-gn

mW hibited. Plutonium advocates retorted that, on the contrary,
: bwww u - . .

m g;:qd mak.mg bombs .is very hard but reprocessmg relatively easy. c
.

M., M. @ d F M q
:: .o

4 t' - support this claim, Oak Ridge scientists developed a conceptual

'%@@MD:
9 il t design for a " quick-and-dirty" reprocessing plani which could

. ff;g Q i allegedly separate a bomb's worth of plutonium per week, with
i ( hy/f f 5 only a modest risk ordetection during the relatively short construc-
?1;g#9191%ji tior, time (of the order of a year).7 Restraints on commercial
MMM U y{ reprocessing (its advocates then argued), and indeed the timely

k'.Mppeg. e i
.

t; warmng concept itself, were futd.p n cause any country seekmg
AgAP%gj bombs could build its own ciude reprocessing plant and get

h @/.'*fa b ?N'|
plutonium from its domestic spent fuel anyhow.

N bN.' This double-edged argument was inconsistent, however, with'
# @& j h@ p# a:>M M g the same advocates' reassurances that providing commercial re-

kp ., 7 processing services would dissuade recipient countries from build-
$hMhNM N| mg their own plants; that international safeguards could be relied
i9 6 fv % j '.j ; upon; and that bomb-making could be prevented by returning$. e . M.wA spiked,, w. h unapproachably rach.oactive con-qQ. V it. the plutonium n .

4 E. e .s :y 9 . %.I, , taminants. (The recipient country could use its crude reprocessing
it

h,. Ej%'!N h f p' plant to winnow out the plutonium from the spikants even more
casily than from the original spent fuel.)

%m m.d_ i u N ,,.,-
m s..

Thus the measures sui >I>osed to make reI>rocessing " safe" do not
.g.-im o u o

..

; la' *,y: work. An argument meant to show there was no point d.ircrmu-
n : .

.i } f' ' ' .-~ ,' /,n. ' * * ,' . Thoonh some driait of the Oak Ridee dnien wi er aiiitierd by oilu s esprii . ihe broad"
,

y .j - ' _U.Ny fe.nibihty of its approach um confirmed by the l' S. gmonmenti official Nonprohferation.,

N3M,T[[*"'[,igp n.O, w-5 N. ,.[. ,
th4 Ahernatise Spirms Aucument Program (uur):" Nuclear Proliferation and Civihan Nuclear

N Power Depanmer.: of Energy, DOE /NE4KX)1. INember IN9. Vol. I. p 12 (drafi).

* * *
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nating against plutonium technologies showed only the widers.c .

I

. .f ' dangers of all fission technologics. Far from showing plutonium ''
cycles were safe,it showed only that the rival once-through cycles~~ T.y . .

were nearly as dangerous. For the real implication of the Oak ,

,. s
Ridge design was that the reprocessing barrier is not so substantial yo r<

~~ after all: that both bomb-making and reprocessing are relatively
.

casy (if normal requirements of profitability, environmental con-
trol, and worker safety are greatly relaxed). 'r

~ . .
This conclusion has been reinforced by the recent invention in'

several countries of unconventional medium- and small-scale
methods of plutonium recovery, as yet untested, that are alleged
to be substantially cheaper, simpler and less conspicuous than '
normal reprocessing plants. If, as appears likely, at least one of
these new methods or the Oak Ridge concept proves valid, then !''

it does not mean merely the end of the old timely warning !~ " "'

concept. it means rather that timely warning can be provided
neither for separated plutonium nor for spent fuel, so that all
nuclear fission will be unsafeguardable in principle. |

The Ford 4arter policy that reprocessing is very dangerous, ,

I therefore, was correct but did not go nearly far enough. By ,

emphasizing that plutonium fuel cycles are more dangerous than i
-

.

once-through cycles, it glossed over the risks of the latter. The
WFCE lindings that there is no technical solution to the plutonium |

problem, and that once-through fuel cycles are not necessarily far
less pmliferative than plutonium cycles, are also broadly correct;
for they imply, however unintentionally, that reactors of any kind
are significantly proliferative, and that matttrs are much worse

,

'

than the Ford-urran analysis and the Ford-Carter policy supposed. .

To make matters worse still, more careful scrutiny of the
supposedly innocuous front end of the fuel cycle-the use of
natural uranium or LEU as fresh reaClor fuel-has lately suggested
a similar condusion on independent grounds. Natural uranium
can be gradually enriched to bomb-usable concentrations using
low-technology centrifuges. t.nu can be enriched more than twice
as casily. An effective centrifuge design was published 20 years
ago. Better versions-much less eflicient than high-technology
conuncrcial versions, but still adequate-can be, and have been,
made by a good machinist in a few weeks. Non-nuclear commer-
cial centrifuges may also be adaptable to uranium enrichment. j
Though tens or hundreds of centrifuges and tons of uranium !

would be needed for patient accumul'ation-perhaps reoviring ?'
years-of even one bomb's worth of une the centrifu:;cs are -

i

sin 3ple, modular, concealable, relatively cheap, and highly acces- jj"

: '

..i 4
.1 e-

+1 s
i v.

-
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Qhgap b.h h. sibic. The uranium, mined in tens of thousands of tons per year
.. .

% .

.N.a M(dMhd
M dv t worldwide, would be even casier to get. Thus even without

'VM4 assuming any breakthroughs in fast-moving new enrichment tech-4

F.% m , 0;JG nologies-simplined laser methods, or perhaps the newly discov-cc

.;,fhN.j,i.pph Lj. cred magnetochemical methods--old, straightforward centrif.ge
.MW . 2 s . ;W. M .

q designs suffice to make even natural uramum, as Bernard Barach

.v4,$.i mQ..gw;%n %o
6. -

V
n - d, noted in 1946, a " dangerous". material.

There are also d.isquietmg ind.ications that without using any
. . . .

c .s

n .% pr g.A ,o1 consentional fac.l. .i itics such as uvas or reprocessing plants, and
.

hyd#g$.$w$M|Q
s ;

NWd '
7@

? without serious risk of detection, one unirradiated t.wn fuel bundle
(about a hundredth of a reactor's annual fuel requirement) could

k i v~M%WM pa be made into one bomb's worth of separated plutonium in one4f M C Ic;.d p year by one techm. .cian with about one or two md. h.on dollars,
.

$yw F

.Nf%%$q$($h|.
iE F. worth of other materials that are available over the counter and-

$$ apparently subject to no controls. So far as is publicly known, this*
h6 t? novel basement-scale method has not yet been used, but the

~

g [M M - {M
' ' ' " calculations suggesting its feasibility-unpublished for discre-

M7Y. /.|. tion-appear valid. U.S. authoritics were apprised of this method
Q during 1978-79, but no published assessment mentions it. A vividu@.m $ p.' n indirect confirmadon that no fuel-cycle material is officially

3 p.- .. .

.. , pqu a

. @g.fg% 2
jj [ considered " safe," however, comes from the new U.S.-sponsoredk

- W3p, g '. Convention on the Physical Protection of Nuclear Material. This
M 4 G Ec g ffd. makes it an extraditable international crime (like genocide or

h.dNN&@g (il piracy) for unauthorized persons to incddle with any fissionable
material other than uramum ore or tailm, gs, and expbcitly mcludmg

, , ,

ggyg
sin f5: h; botli teu (such as twa fuel) and purified natural uranium.

;,

'R $ p $@N $ k$i2."i flii@$d, The proliferative routes jtst mentioned are only the latest

NNkk.W p' $ dditi ns to an aheady Icmg list: conventional enrichment tech-
. q nologics, research and prc tction reactors, direct use of bomb

pp#g.f4 ,h , materials of which many tons have been exported (mainly by the
M .~M L@ $ d,.kd United States) for worldwide research, theft of nuclear submarine
W

fuel, theft and dismantlement of military bombs; theft of military?ff Q M X p 6'?C M.?;W@%W 9 bomb components. Collectively, both familiar and newly emerg-
a: ing routes to bombs . imply that every form of everr fiss.ionable+m .. . v . .

g g w.mg. 4.E n .v. n ).d,f. ' material in erny nuclear fuel cycle can be used to make militarysp
$.ky w V .. g 3 3 ?) bombs, e. her on .its own or in comb.ination with other .ingred.ients

- . . .

it

y,Q ", ? $ | g $f made widely available by nuclear power. Not all the ancillary
MN ' 'M M yI operations needed are of equal difHculty, but none i. beyond the.

p i 'G VN.! reach of any government or of some technically informed ama-i

a. w. WM ill teurs. The propagation of nuclear power thus turns out to have
e. 9.%3 . - .- -e.,( y. embodied the illusion that we can split the atom into two roles as

@p[ ;&+d $$[A f.
'. casily and irrevocably as into two parts-forgetting that atomic,

W M .qq .g: .|
cncrgy is a-tomic, indivisible./ i

-a
% I

,3>. .. o
j'

. . .
p 4dhi * 1 s- f ,

GGW%A 9

A,% R '$ .\
.

m -x d A q% i*
)L,'" _L~'

O k1
#$ n .n$ w |dM & ,8 ~r.k.Q@p s n. bN. M,.. $ @ ,PJ k. _M d W E M W fi & %,sE [ h g j
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j Can conceivable " safeguards" weaken this stark conclusion? @g.,, .y.
+

, .

Political arrangements for safeguards must rest on technical mea-
m#

-< s
~ :s

-sures for materials accounting and for physical security. The N
former measures are so . imprecise and post hoc that they cannot, ><.-~.<.

even in principle, provide reasonable assurance that many bombs' 8.e %.,7.k
;

-s

M@M
worth of plutomum per year are not being removed from a good-
sized reprocessing plant. Primary reliance must therefore be placed

'

. dG
on physical security measures to limit access to materials and to :

'
~ g g :.

deter or prevent their removal (or, if they are removed, to recover 46
them). These measures must forestall well-equipped grou ps, per- i ,2

haps including senior insiders acting in concert with the host W|p@W
government or a faction of it. Even modestly effective measurcs &$p.y?'

would be costly, fallibic and intrusive. In the Federal Republic of . gidg
.

; Germany, for example, they would exceed the authority of the

My,y@39
g

Atomic Energy.Act; amending it to permit them would be uncon- q.

.

stitutional; and amending the Constitution to permit them would qq
.

'

.

conflict with human rights instruments to which the Federal r fi.i 0
Republic is a party.8 k

'

.gg)The institutional arrangements which rely on these inherently W c
inadequate accounting and security measures are woven around M ?

,

the International Atomic Energy Agency (IAEA), the Non-Prolif- A %[ cration, EunATost, and Tlatelolco Treatics, and bilateral agree- i Mm'

ments. Though these are a c nsiderable achievement, they have y m.
well-known and collectively fatal flaws, including: non-adherence

^ '$T .
of half the world's population, including two of the five acknowl- 'W
edged weapons states (France, China), all three suspected ones kQ
(India, Israel, South Africa), and all major developing tountries JyMit
except Iran and Mexico; freedom to renounce; no prohibition on . %hydie
designing bombs or building and testing their non-nuclear com- N % Q$ponents; unsafeguarded duplicate facilitics;' inadequate inspection ' '( - hb;stalT, facilitics and morale; virtual absence of developing-country f

^
nationals in key IAEA safeguards posts; high detection threshold; Sh d.,
freedom of host governments to deceive, reject, hinder or intimi- SM$E-

date inspectors or to restrict their access (especially their unan- MMM
nounced access); unknown effectiveness owing to confidentiality;

6 3g;p.;..ambiguous agreements; and unsupported presumption of inno- t ?
cent explanations. The IAEA has already detected diversions of E...., !W-

quantitics too small for bombs and decided they did not justify M .,',

even notifying the supplier states concerned.8 IAEA inspCClors 3( [i,

' Paul Sici; hart, Chapter 4 4 in the Corichen International Review's Report, Beruht des 7-fgQ @
Intematwnales Gutmhrn Gorkbens for .%rdersEthnuhrs .%-iabninisterrum. Ilannoser. April 1979. :h-s .3

'

' Rmiolf Rometuh, remarks in panel discuuion befn.e the Inuiiute of Nuclear Atateriah
.

>>

M ,,3 ~

Af anagement, June 20.1975, reptinsed in firarmgs on t% !.aj nrt Reorgani:ation .Ict of 1976 before .
WWW';h.W...VCM;the Senate Comminee on Government Operations, WaJ epon: cro,1976, pp.1214-17.
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d'rg IM ''Q[,L;y q:;..y.g ,n,y
l

"have found many [ suspicious] indications and acts. . . , but'

% IAEA has never taken action on any of them. I,lus wd, l prob;J

e@ N W 1 continue to be true."' It is no wonder. All the resources of
e%, ,

rctIm
W l U.S. govermnent, in more than a decade of repeated mvest

hNsiPJ@! h tions, were unable to determine whether suspected >luton
~

.> .

T @h M ;U
IEd:" thefts at the Numec plant in Apollo, Pennsylvania hat occur''

i

fk+4l/I , '

L Large unu losses over many years at an Erwin, Tennessee a,

, W 8IP 1 crucial to U.S. naval reactor fnel supply led in 1979 to rc <'

,

.hy W . accounting standards that would make the kisses look "acce
,'

fhMMpjg 1 y ble.~' How, then, could suspected thefts in and perhaps I,

f@ Q M W hj recalcitrant foicign country be investigated?,

Q
j'?/ :.$ Finally, the momentum and bureaucratic entrenchmen
jM@M *@ [M[ ' nuclear programs generally prevent effective sanctions ag:

^'

!
.

cven an obvious, sharp violation, let alone a dimly suspct

$. ,@k)M-1 4xn.]

.

Om creeping one. The breach of r.unxrosi safeguards by the the
.

w'

a 200. ton shipload of natural uranium in 1968 was kept secrcm

M,
, |i nearly ten years. A decade's advance knowledge of the In43.gq$p.M%p(t

~

bomb program by the U.S. and Canadian governments prod <

@W[g;f FV
.$ 3:

'r oil only diplomatic murmurs, and the actual test, as Albert M

g $g7 ;@
stetter remarks," inspired only ingenious apologics" from the
State Department-anxious to conceal the U.S. contributic.-g ;

heavy water-mid a congratulatoly telegram from the cha.
#.., .f. ~ v e m.. n. ..w

$ed. 'c.6ddch
..( { t of the French Atomic Energy Commission. As front pages hero

F?4Ms4.94%g;m}j#n p,*M.UM:fyg%5Ei.9%' / @i Dthe Pakistani bomb program, Pakistan was being unanim<4
I ciccica io the '^t^ s noard of covernors.'

in short, we can have proliferation with nuclear power%pEr4g'.A%dl either end of any fuct cycie. We cannot have nuclear p. .; N t 9 g 4 9 j
without pmliferation, because safeguards cannot succeed citliMEAN0 dhh

{

principle or in practice. But can we have proliferation wit.M
? nuclea power?

M k. M i| % ;W% f;7 It is true that naval scactor fuel and military bombs pri
m, 'Nh.[M h,iNif
N .i ,h non-civilian routes to more bombs; but that means only

nuclear armaments sncourage their own refinement, multi}

F f6 Y # d M M(' h...g b
-

N tion and spread, not that there are significant civilian bomb e
MC$$($[ unrelated to nuclear power. With invial exceptions unimpo
%s s m.egws wa. . p >|i.,
4. . ,.-

. to ilu.s argument-rad. .misotope production reactors,large pa
.

.

b accelerators, pmposed fus.mn reactors-emy known c. i .ivilian
p, w , r; ~ e;g@y% n

,,
.:-

-

;
to bombs involves chher nuclear power or materials and tech

N'~ t rf. 'I.' 'f. " jj ; gics whose possession, indeed whose existence in conuucree:;-

direct and essential consequence of nuclear fissien power. A

a .m .
g R' . ..~ f. J ; . gists, apparently intendmg to be reassurmg, often state nonctlNu ,

,+ p
.

3, . . , . . m| t
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h.h that since power reactors themselves are only one of (say) eight b;;.
A ways to make bombs, restraining power reactors is like sticking a g
f.M thumb in one of eight holes in a dike. But the other holes were MF'

-

i. made by the same drill. Arguing that reactors have little to do >M.,

?O with bombs is like arguing that Gshhooks do not cause the catching @' '

:a- ,
of Gsh, since this can also involve rods, rects and anglers. $v-

%.N
0 The foregoing reasoning implies that climinating nuclear power 3

.." N is a necessary condition for nonproliferation. But how far is it a ,;. .

sufGcient condition? Suppose that nuclear power no longer existed. ?4''
,

m
f, Again, with trivial exceptions," there would no longer be any #-

S3 innocent justincation for uranium mining (its minor non-nuclear W. _~-

uses are all substitutable), nor for possession of ancillary equip- 76'

,

v. h, ment such as research reactors and critical assemblies, nor for E-

QC' } commerce in nuclear-grade graphite and beryllium, hafnium-frec ,p
f zirconium, tritium, lithium-6, more than gram quantities of deu- Me-

Pi terium, most nuclear instrumentation-the whole panoply of -

$. goods and services that provides such diverse routes to bombs. If $
. la

> these exotic items were no Icnger commercially available, they Ji t .b# E-Y would be much harder to obtain; cfforts to obtain them would be
;i' far more conspicuous; and such efforts, if detected, would carry a M

;g ;!! high political cost because for the Grst time they would be f.@p
| unambiguously nulitary m mtent. .h*

:' This ambiguity-the ability of countries, willfully or by mere MM
'T drift, to conduct operations (in Fred Ikle's phrase) "indistinguish- hfW/
d able from preparations for a nuclear arsenal"-has gone very far. 7'if%,

: An NPT signatory subjCCI to the strictest safeguards Can quitC f.,

,5 legally be closer to having working bombs than the United States 56
4" was in 1947.i2 For example, precisely machined HEU spheres have M5.9

recently been seen in Japan, doubtless for purely peaceful criti- kTh
cality experiments. But they could also be hours away from $@c,

RW@.
', bombs. Ms

Bernard Baruch warned in 1946 that the line dividing " safe",x

M from " dangerous" (proliferative) nuclear activitics would change %f
@%i and need constant reexamination. No mechanism to do this was

Q ever set u p. The variety and case of proliferative paths expanded

V@5
''

unnoticed to embrace virtually all activitics once presumed " safe,"
@r, ' " while most of those activitics were enthusiastically broadcast'

worldwide. Yet their direct facilitation of bomb-making was prob-
M@-P
Ta,

'f |

n i a:.
M " The only one of substance is the use of small resran h reactors in inate inedkal and allied *

$' "(-r.ufinisotopes This is wh a spaiabird small-scale operation that effectise international
controls could be reathtically contemplated. :. c. k O''

Tf?
'

" Albert Wohlsietter, " Spreading the Bomb Without Quite Breaking the Rules," Ferngs . i Tb :/2
/Mcy, Winter 1976/7, pp. 88-96. ,) g

x& . k AI.
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,-g,d. b;y- ;,

d f.$$1 -
'

,I . y q g.y gn ,, m .m ..
. .

~ ~-
,

. . _
'8

}



E , .
., - ,- . .

;
, , t

.# - _ .|f
,

|...

.,~~
si : 1118 FOREIGN AFFAIRS'

--
. .~.. w -

-

. d-
. ; j.

G '. M,..E, N-.~ S
ably a less grave threat than the innocent disguise which t:~

um f,g@g@
~ t, .. pursuit lent, and h nds, to bomb mak.mg. Baruch, noting
t,.. n.

66-

importance of adequate " advance warning... between viola:f,-
e

)I- and prcecntive action or punishment," had sought a technolos& Wh. ,40.??
G D Z hw @y f m%

e,

h. :;, p monopoly so that visible operation or possession cf udangero
.. . .n,

gA pj V71 >$.W fD: steps other than by a special international authority, regardles'

~ - MW i!M.ddM % purpose, "will constitute an unambiguous danger signal." Tot

M..LMtW 'L with dozens of countries on the brink of a bomb capacity, sut

W..a.M,n.M
-

su a q' neat solution is temporarily forntallid. But the prmc. le rcm.ip
.' m . W TH

fi. b. sound: detection and deterrence of bomb-making require tho. W E ;" Mff M 'cic @q
-

.E y13 be unambiguously identiGable; and for that, phasing out nnc!

m w ~wg @- f s%g- [} .. '
power and the suppmting services it justifies would be botMMR('

necessary and a sufficient congition.
,

. g. %, W
J m .g lw,q.

.

-

.. - @. a. n, Remov.mg the present amb.igmty will not make prob.ierat
. .y w

g%j y_t u .:
.: .. ;

7;zc3,.xy.y
j ;, impossible. Pak.istan, both operatmg and plann.mg power reactpi

.
. .

q.m

* U j. sought a F,rench reprocess.mg plant rationah. zed as an a.d
.

i. -

M$h.. c <g?gphh energy independence, then, when thwarted, decided'to pm
gWm

W % M.p p MNi bombs more directly with clandestine centrifuges whose advan

MS@W@3.QS%
design was stolen (as predicted) from the Netherlands. Pakisirdf&S

EMM probably did not expect that effort to be accidentally unmag.

' Q' i '2WpGp at an early stage, but was presumably willing to bear the polit,,

k ,3

? "d'.- cost of eventual detcetion (if there was one: India has not yet b

kNMh.hd .y.1 :
..

marie to bear such a cost). Yet the key point is that the reaci
the uranium supply ailegedly needed for them, the hoped

|y!
VpgGMd7

Y/NWM@k@$
,} reprocessing plant, the participation of the Pakistani spy in
}

.g dj' Dutch project, the existgnce of that project and of the uranit

3L@N . by nuclear power.sp' *M~NN.{. , h
nuning industry itself-a!! werejustified and cloaked in benigt),D

@. .
- ~ f. Iggg.gu i

hi For bomb. making by any oute, denuclearization would gre.

O{s g, j W('gE 't d! increase the technical difGcu.ty of obtaining the ingredients,,

6i would automatically stigmatize suppliers as knowing accesso'''

c '. - .-

.g r.y gag H: before the fact, hence clear violators of ni>r Article I in lette1 a
,

spirit. By prov.d.mg unamb.iguous danger s.ignals, denuclean.w m @u y ..
.

zaii
. . w, g. a . . ~ 2. , . :- ac

s',I would make the pohucal costs and risks to all concerned s
.m. s v.#- '

.v
a M-. n. 3- ~u ) h. h-perhaps prolu.b. .itively h. h. .I.h.is does not mean thr

-

ig igt. .,

f!s' _ ~i 2~ J. I determined and resourceful nation bent on bombs can by r
! !i militarv me.ms be abg.lutelv presented from cettine them: mr y'
it ', is already out of the barn. But denuclearization would brans4 ;i w

military the use of those escaped resources and inhibit t'

9|. augmentation and spicad. It would narrow the proliferative '
:o

# ~2. v

# ;' to e:clude the vast majority of states-the latent proliferators
.

N"A =4 q ,djh j
sidle up to the nuclear threshold by degrecs, and those c.h<.6 M tempted.p s-

=.

s
.,.x

'
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NUCLEAR POWER AND NUCLEAR BOMBS Il19c

']C Yet is not the complete civil (and, in due course, military)
'

"
,,

Jp denuclearization required to remove every last shred of ambiguity usM a fantastic, unrealistic, unachievab!c goal? On the contrary, as the J

{'J! following sections show, that goal-and more straightfonvard2.

'

. iatcrim steps on the way to it-would follow logically and prac- /,

tically from obeying the economic principles to which most gov-m

?. crnments pay allegiance.
s.

~.i+;s , tA nl
I

~

:.

p. Nuclear power has been premoted worldwide as both econom-
'4..ically advantageous and necessary to replace oil. Potential prolif-

-

eration,in this view,is cither a small pnce to pay for vast economic
advantages or an unavoidable side effect which we must learn to ig.5. s.e e

efy;+M tolerate out of brutal necessity. But rational analysis of energy eJ. T." needs and economics strongly favors stopning and even reversing V
nuclear power programs. Their risks, including proliferation, are $therefore not a minor counterweight to enormous advantages but $1rather a gratuitous supplement to enormous disadvantages. W.

Replacing oil is undeniably urgent. But nuclear power cannot &
provide timely and signi6 cant substitution for oil. Only about a
tenth of the the world's oil is used for making electricity, which is M,.,

.

n ~. , _ ,
'

the only form of energy that nuclear power can yield on a Asigni6 cant scale in the foreseeable future. The other nine-tenths.of g
the oil runs vehicles, makes direct heat in buildings and industry, g
and provides petiochemical feedstocks. If, in 1975, cecry oil-fired up
power staCon in the industrialized countries represented in the J.
Organization for Economic Cooperation and Development (OECD) gg-
had becu replaced occinight by nuclear reactors, OECD oil Consump- i*

tion would have fallen by only 12 percent. The fraction of that oil W-

consumption that was imported wonid have fallen from about 65 2.,
to 60 percent (compensated by greatly increased dependence on W-
imported capital and uranium), and would have fallen by much 7,

more for the United States than forJapan, France, West Germany g,

or the U.K.'
'

In practice, U.S. nucicar expansion has served
mainly to dis m
of the time: place coal, not oil, by running coal-Gred plants less yy

'

*

the utilization of their full theoretical capacity qqs
:

dropped from G2 to 55 percent during 1973-78. In overall quan- 3 . ~.
-

titative terms the whole 1978 U.S. nuclear output could have 40-
,

, been replaced simply by raising the output of partly idic coal
,i d;p;,

c

plants most of the way to the level of wluch they are practically '.

;
' *

, . .

l'f [y; a. .
"See \'ince T.wlor, "F.ncrgp The rasy Path." regmrt to the U.S. Arms ContrS and .s

.' $'l
Disarmament Agency,1979, avaHable from the Union of Concerned Sc;*ntists. q%Q

,.
,

>'

:, c .Y

: g,
, -

, ' . , d 'Wh:g
,,
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N
3 p,. . . % +.. .

.

W . 4.f'f?. 49),:;p.&]pd NS #;M
,

,i' capabic. And, contrary to the widespread ar.sumption thar
.

.''
j

f nuclear shutdown would cause serious regional shortages,.m

= D i/ W @ ; M. % w.. .S.' ?. analysis of the balance within cach regional power pool foM
.'X n w ; that in 1978 all but 13 U.S. reactors, or all but two if surA.

power were mterchanged between regions, could have been sMg - @. . myr|p T
..

);D} .': down forthwith without reducing any region's " reserve marg
. . . ,, . . . , '

:

P' 1, W Q d d, Q q
p

L
(spare capacity) below a prudent 15 percent of the peak demand

,

- h4eGWi j'.
l $4 ' S M y ' p'l Further confirming the loose coupling between nuclear out).

'

mF,"3Dr, _W_..g+'c ,fj - and oil saving, between 1978 and 1979 the United States redu|
'

-

';.

e_% e7 by 16 percent the amount of o.l used to make electricityi w{
..

ime. . i

.%. $%wMyS/if yj i U.S. nuclear output simultaneouslyfdl by 8 percent: the oil sav6. ,

g came instead from conservation and coal and gas substitutfn W 4 . w ;7 ,,o
ky..c .!

" t ew W Between the first quarters of 1979 and of 1980, total U.S. oil-fi-s. a w

i i generation fell 32 percent while nuc! car output simultancot:
..,

,'~

g dm W ..Q.~SA fell 25 crcent-hardly a substitution.
@ f e- n.w. M x 2 % s

. E P

hn .The OECD CalClilation above for 1975 cxagecrates potentialm s. m . .
,

-g. y%, M $ % y.. displacement by nuclear power, partly becau'sc reactors take
y

c-
one night but about ten years to build. Reactors orden u toc

T. |sg 6M&W
. . .d. 1.m.mr ~ t

,
ismgly h. le thercarwjgtgthy .h can replace no oil .m the 1980s-and surpr. . tt

j w q p+ ,a.S@/~ p %my'
The example of Japan, widely considered the prime case of n'MM for nuclear power, illustrates reactors' relatively small evencf R ,?a,
contiihuimn to inial energy supply. Quadrupi.mgJapan,s nuc{

MQ. ;;,Q; s.;wNy]d dependence by only about ten percent.'8 An 18-fold increase

;: . .r,-. .. . ,

Lt; qq
f- capacity by 1990 would reduce officially projected oil imp

$7f;r&@@j(gN$~T d the year 2000-costing about a hundred trillion of today's -,

!.D$8 kk U and requiring a large reactor to be ordered every 20 days-c;

W . m s $ [. h Q j
theoretically meet half of all Japan's delivered energy needs t[MGM but foss,il-fuel unports would still m, cuase by more than two-thii

.hc;h,r"$ h|' " Rate and mgnitude" calculations for other countries are equ;
F

E
- d. discouraging.

m.jWsgp;b idi It may be said that without nuclear power,-these exam;W m.

f d v ould look even worse. But even prohibitively large nucl
Q@Q@f$iQdi {M; programs cannot go far to meet officially projected energy nei
r

f, d?
>p h:j ^.sM@s@c

j
The official projections reflect an inability to face the fact iV
nuclear power cannot phys.ically play a donu.nant role m.. m . . n ,

6W9 Aqp k;i .mh . c wm W

& 'i.t.,.4'?,:>,*(* %p' % ,9 %[ "This analpis may he found in Stesen Nadis, " Time for a reassessment," Bulletm ,
; j; |g., . <v

,$ .-Itama SmnInts, Rbruary 1930. pp. 37 -11.#.'c --

M$Q) | lendon. July 12.1978.
,1 '4 " Speech by Jmeph S. Nye (then of the State Department) at the Uranium Inst.

a %-r #J '~" "The an'alpis concerning Jap.m awunics enngy denund consistent with 1978 v
.

i 1., ' *
| :~. . ' Vf %.:[,j} I . pmjections, and displacing two delivered cncrgy units with cash unit of nuc! car c!cctricit'u-

4

] deiaih.and other esamptn. ser Amory B. lovins. "Is Nucicar Power Necewary?" f.w*

hirnds of the Earth I.td. 1979, and Anmo H. levins. "Econornically Efficient E.

f,b-y.yp.%.%.$% ) jF~
..

,
,1,. M *. Futures." in wilfred llach it al., eds. Energi/Clunate hieractmer, Dordrecht: Reidel,19:

~'
4

jj press). These tuo essays document section lit and, in part, section V of this article.
g. .q ..

,,_

hMThk.'
k@&w&.%@%t:9

&, n a$ $ +. & wG.},*y

.I* : + , .; ; ;w
uy A

|__
__

4.7 % & j.c .t.$fh$ * Y
, | 0:'n Q Rkf 5 fj.& f.Q f5 h- hf,5n..mman ngmm|scn w@hN

Q 'f

f|% ~ : fgh%X&- z:ydhf;k ;w.r.p::.J.sNT&M$h&M&.G;s.gpchsA
.nA es:a s spguam. a M.w. n. n m .. .

msw %Nf;D3M$JiN&; % Q.W & h.M;6(*Mf.f W Q .M g Q:q.&.yz%@m.m%'yp Q N|/R.:..m . a ._... w , ,. _ m * . m m . _ # %g wip46 4;/ ; d, 'n, M ,e m a y w ef y % ga %, m % 3. bm
-,_ u m y.

.jmfh S;Mh4sggq4gg; q y
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c' -

country's uiergy supply. Solving the oil problem will clearly 4P.S A , require, not a nuclear panar a, but a wide array ofcomp!cmentary ur.

nicasures, most importantly major improvements in energy effi-
'

;. ..n. m, ,

ciency. ,.,__
>

G,. , ;.' It is therefore necessary to compare the cicments of this array in Gr.,'

.

:f,'- ;
costs, rates, difficulties and risks, to ensure that one is displacing T'

.

oil with the cheapest, fastest, surest package of measures. Just as |.e
'

f.

a person shopping for the most food on a limited budget does not 4
,

-

f.

|1 buy caviar simply for the sake of having something from cach %...

y shelf, but seeks the best baqain in a balanced dict, so every dollar
< -

.;,

i~ devoted to relatively slow and costly energy supplies actually ;4. ,
.,

~

i i retards oil displacement by not being spent on more effective
.g- g measures. Nuclear power programs have beenjustified not by thism..

J- rational test but by intoning the conventional wisdom stated in t$js
e

p$w-
Of.O .,
|;hd; g [ 1978 by, Brian Flowers of the U.K. Atomic Energy Authority:

! .;,,s . .

' * ' Ahcrnative sources will take a hmg time to develop on any substantial M i.+
.

'
scale. . . . Energy conservation reqm,rcs massive investment. ., and can at best ZF
reduce :,omewhat the estimated growth rate. Nuclear ower is the only energy g,.

source we can rely upon at present with any certam:y or masswc contnbutions , des
to our energy needs up to the end of the century, and if necessary, beyond." 3D

i/f,W.

Failure to assess comparative rates of oil displacement, as we shall $3- e ,

do in Section V, runs the risk that, having like Lord Flowers if%.
'

dismissed alternatives as slow, conservation as costly, and both-as dDN
--

inadequate, one may choose a predominantly nuclear future that L,. 't
.

'( ' is simultancously slow, costly and inadequate. 1T
- Nuclear power is not only too slow; it is the tvrong kind of

Q:M|'
F,

energy source to replace oil. Most governments have viewed the
; energy problem as simply how to supply more energy of any type, h

.

. :y from any source, at any price, to replace oil-as if demand were

@$y
.

3 homogeneous. In fact, there are many different types of energy
1 *! whose different prices and qualities suit them to different uses. It

%y;[ is the uscs that matter people want coinfort and light, not raw
'|}' kilowatt-hours. Assuming (as we do) equal convenience and reli- L.mne

@t
.

d,'.
ability to the user, the objective should be to supply the amount
and type of energy that will do each task most chcaply. g.;w ta JB.

y This common-sense redefinition of the problem-meeting needs
@dlEM for energy services with an eccnomy of means, using the right tool

.[.1 for the job-profoundly alters conclusions about new cncrgy i %
:.

'

supply. Electricity is a special, high-quality, extremely expensive 3r$.] form of energy. This costly energy may be economically worth- i.$t
-

.

.c .

- Oriarl OOWCrl. 'TUClCar POMCr[' OttN(llN 6[NJr g|lomf( .s(/rmli,lf, htarch |978, pp. 2|.26.

.
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~
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'.C %5%m k;g '['j, while .in such premium uses as motors, lights, smchers, ra.lwaysc: .4 i-

,

%p q and electronics, but no matter how efficiently it is used,it cannot
.

I d~ @. C.h.i a. come close to competing with prewnt direct fuels or with present~
e. i

-

commercial renewable sources for s.uppiv.mg heat or for operatingMM: - v; n ,
.

ve,

QQN % road vehicles. These uses plus feedstoc'la account for about 90'

,

WMr k percent of world oil use and for a similar or larger fraction of

P. c . 4:n+uW:m@$..;%e.'

n ag &x en. A deh.vered energy needs.. .I.he special, uelectricity epecific,, apph.
.. .

-

wa M.NQ
yue ^

4 - 'n! i cations represent .typica!!y only seven or eight peicent of all~- > ..

r d@.MW, y p' deh.vered energy needs-much less than .is now supph. d .m the.e

dM. g?%yys - K form of clectricity.
,

'

imM A
.g w m, - 9 I In most industrial countries, therefore, a third to a half of all'

g. Mm.O. g. .9 n;n lung Ni electricity generated .is already ,ac,mg used, unecononu'caIly, for
..

j a> low. temperature heating and cooling. Additional electricity could;Tyfh L. h
.

y'inM,bpyL
on/ be so used. Arguing about what kind of new power station tof
build is thus like shcpping for brandy to burn in the car orPa -

N Y %q Q dj; The economic absurdity of new power stations is illustrated by -
" g-wp ,[ Chippendales to burn in the stove.

~ h{kk'G
,

'

fC an authoritative calculation of liow much energy Americans .

g M 7 <n-dhi' would have bought in 1978 if for the preceding decade or so they.M,,g ., h had simply met their end use needs by making the cheape.st -V ..ww n
g# P W,4x% w,a. .N - incremental investments, whether .m new energy su. ppiv or .m -

gjy%g%._,m
6 m .s . , .

y W efficiency improvements.3, Had they done so, they would have; ,
'

- Q reduced their 1978 purchases of oil by about 28 percent (cutting-

73p|py g imports by half to two-thirds), of coal by 34 percent (making the -
.WWV 3 stripping of the American West unnecessary), and of cicetricity'

'

!*!! f ) h.+ by 43 percent (so that over a third of today's power stationg
r h M D @% $$ including the whole nuclear program, would never have bech t

,

M@gg$QiKh@ g.$ h. gdj than Americans did pay in 1978 for the same energy services.N
R! built). The total net cost of such a program: about I?. percent les: _.

@yn y;i Detailed studies of the scope for similar measures throughout the
~

a
kr* M.g % industrial world (and, where data are availab!c in dewloping.

f countries) have given qualitatively similar results.h "

E %MWMM
N|: - If we did want "more e!cctricity," we should get it frSnulic ,

'

$ h q% BWQ
gj cheapest sources first. In. virtually all countries, thme..arcQn

h6WjW 4i app,roximate order of mcreasmg price: j . , ; --
} . 7 ,

(
.

Q|MWW]W.i]*I. '| . '* See Roger W. Sant. " Die Least-Cosi Energy Strategy," Arlington, Va.:fousy Produc.%% *e 8. ;PEj.e

-"t,N.W m's . % tivitv Center of the Carnegie-McIlon Imtituie,1979.3 =

, * - Qw ys.gr.'}; ' '' Sec, for example, Gerald trach it al. J I.mr Enngt Simtrerfor lAr Unitr4 Kinc</om, london:. y,
International Imtiinic for Enviromnent and Dnclopment.1979. David OlisierWjil., report to'

,,. $ 'I the Encrgy Technolour Support Unit (llaruell). Iondon: Earth Resources Research 1.td.1930
*
. ' ,

b , ;" i"'7'N[.Ig$'' .' ] * (in prew)i Florentin Krame, II*rrrwhafturarkstum An sinten,/nr &ncerrrrbraseh, Freiburg Ly.'P: :"

f (um): iko.f mtit ut, i9f ? (in prewl; .prgen .%rgfud. Ihrthu/dr%cer ce frurce, Kohenbauh
,.,1* Pulpeknisk Forlag.1979, me Demand am! Comervation Panci. ''lLS. 0 ugy Deninuh.'

* 3

a C PM.,.. 3 S p{ . Some low Energy Fu.ures," Stirner, April i 1,1978, pp. H5-52; and log ~ rh, loc. cet. supra.-g -

- Q~a * footnote 16.;

b f ! [
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,

y c,j 1. Eliminating waste of electricity (such as lighting emptyi
;

'

ofGces at headache level).
'G " . ~ %: 2. Iteplacing with cfGciency improvements.and cost effective

.

,1 C solar systems the electricity now used for low temperaturc.,

' ''

fy
'

hearing and cooling..

, '/|. . @ 3. Making motorg lights, appliances, smelters, etc., cost effec-.-
,

W.y tively efGcient.
'

,

T, ,;
~'

$).O
4. Industrial cogeneration, combined-heat and-power stations,-

solar ponds and heat engines, modern wind machines, Giling. -

'6: empty turbine bays in existing dams, and small scale hy-
'

% droelectricity."
'

'? 5. Central !>ower stations-the slowest and costliest known..

9 , , ,:
? S source.

j|,

,1,H The notion tliat despite all constraints-time, money, politics,,

.' ', tcchtdcal uncertaintics-nuclear power stations are at least a'

souice of energi, and as such can be substituted for significant,' -

'@ . amounts of the dwindling oil supply, has long exerted a powerful
' '

.

influence en otherwise balanced imaginations. But it does not '

..
'

withstand critical scrutiny. It is both logistically and economically
"

t ;q fallacious. The high cost of nuclear power today limits its conceiv.
ably economic role to the bascload fraction of electricity-specinc';<.. _r >

' '

; end uses: typically about four percent of all delivered energy .
,.

needs. In )urely pragmatic and economic terms, therefore, nuclear>
.., ap power fal s on.its own demerits.s -
e i,,

..
" , e ..

'VW. ~

. . . .2. n .. s> .

;1:he aipamentsjust summarized concerning the need for nucleary,- -

x" Jc 719wer might a few years ago have seemed remote and abstract.
,

a.
' 2-

g P lhit un&ar power has in these years come under the strictest test_

_ ,.-
- M, Mf all,^that of the market, and been found wanting. Itising costs,

,

"
'r

'
a

'

v .o . <

g ''' }y', [ !.; f " Typical s.uings for these irrnn arc inpcctisdy about half, half to two. thirds, three. y
' .

3 > Nuarters. and two-f fdn, with typical pa>h.u k times around three, one to femt, fne and trn,, .t
3rars .npociuly agaime margmal cost: primary Sourcn are cited in imim " Economically ''

',.
" . * q" 136 den *3Energ) fut urn," /w, <rt., footnote 16. Combimng dine sasings uith the prevines two, 1

- + !. . , , ' ur;n aypec7 >| yitids total electrical sasings of 60 in lHI p,trent or menc, implying ihat today's |^2
1t

. , ' , U.S 'ruinonne output, and pn.hably morc, rould he supplied udng only prnent hy dro,
,1

microhydm, and wmd. but no thermal w.uct statiom of any Lind For dornmeniation, seeiW foot noics 16,18.19 and 36.,f D "s " An unhurd opiion in caircory I. cheap solar a lh (phoitnohaics), w di probably be on ihe
- "

market lxfore anyone knows what to do wnh ih< m and long before a recently ordered power
'

natinn can be buik. Though our anal) sis conu n atisdy o.niis ibis opiion. the twu comenti. mal
2 . photmoltaic components already in pilot unge and whrduled for marketing in int 210, if i

combined into a single unit, uonld yis hl rice teidty cornparable to or <braper than that now'
,

J ik tnried by conumion..! uaiiom in indourial c onnoin (uc footnote 3ii, bdow. for dm umen.
*D tation). Esen at 1930,uray prica s ($6/W) photovoliairs are stry attractise in muu descloping>

:4 @c-.
, ,.

countries. which tend to h.we cmtlier clectricity and little diuributinn grid: sunlight is. s, '

9 i* diuributed free. ,
.z
'. 'n ~ '' L ' .*

:,,y ,
, e .rc

Cp,s ; q, %.
,y { A

;, .
* t

*
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h hh falling political acceptance, and dramatically decreased prospecta'

MM.. %;ph8M< for electricity demand and utility finance have brought nucleam.|
2We n. m .4.:,a- p

~
.

c
-

Power to a virtual standstdl.
m 2

D. p,: . . . ,

.O Universally-in the United States and in the' U.S.S.R., is. -. e$s
,

R@@D vg@[ h France and in Brazil, under the most varying conditions 03,i

MW. .w . }. w n &. .a .. r
c.re p,- 9.ng , govermnent regulation-the d.irect econonuc costs of nuclear

..

gy7fqd ik,s./ power in real terms (corrected for general inDation) have risc1,(d M k.$/ N unrelentingly since reactors went " commercial."- The most de=Mi

WPf5. ' WV@d
tailed cost data availabic happen to be from the United States,

J/ qc; m li but the same trends and conclusions apply elsewhere.
g[f3'R %g%

w.
A recent detailed statistical analysis of all the U.S. data, ex-p f .

I ining 92 percent of their variation, has revealed that during
'

4

s.MNNhMk P
1971-78, real capital cost per mstalled kilowatt mcreased more

hF.j$a%m?Md3!,g g, than twice as fast for nuchar as for coal plants and already,M . J
3h p!4>

exceeds the latter by 50 percent, despite investments that def.y ' - @gT;d2?]); id'
creased coal plants' air pollution by almost two-thirds and wilmpy.,3NN w g8[$kk-h: soon have done so by nine-tenths. The same study concludes thatb

M, for nuclear plants now starting construction, exclud.ing the posse. ;x ypw:
..

T> hrip$N;6 4 tfQD% .g.gM ' ble impact of tighter fedaal regulatory standards in the wake ol
m

MM&W l Three Mile Island, nuclear capital costs will exceed those of coal
k.ph[5['PhMD@h[f by 75 percent, " indicating that many of the 90 U.S. [ nuclear]

--

?"

wc#wi-RON ~ br units with construction permits could be converted to coal tc

M h proyide cheaper electricity."22

/j6WMg bM y, ,I he real costs of operatmg the nuclear fuel cycle from uraniun'

hif % $ E.. RD.p mining to spent fuel storage have risen even faster. Unexpectedly

A. A . MwMrkW pj high estimated costs ,ior waste management, deconmussionm3n .
v

Tii. nuclear plants after at most a few decades, and cleam,ng up pas-

J h.g "f.p w.8M.h7NI mistakes (for example, burying the hazardous tailings left ovci
.c. .g nt

i from uranium mining) add many billions of do!!ars in liabilitics

D.i,.
w .W -{, r ;h Erratic reactor performance-poor reliability, cracks in key com

, 4> @-@' 's. .@W~k ponents, maintenance problems seeming to go with scarcely :
;

pause from the pediatric to the genatnc-has afDicted mo:--.,.c y

y & w @J. @ w
-

W WW ! .. .

V M. l countries. And as cumulative losses mount into the billions od[g, f
- 75.%. s _ f. - dollars, no vendor in the world appears to have made a ni'ckel oi

M_ b, . ~ /@

y . i

T fg.; y-
' total reactor sales.

3@.C;-i n:+ . p Added to these economic woes is an ever less receptive politier:>

climate, punctuated by Browns Ferry,Three Mile Island, and ifF.N ' : ..n. . |~*L f ;
y,.~ , u n. .s + -; - p. .

1pw my y
" Charles Romanoff. "Cmt fxalaiion at Nut! car and Coal Power Plants." submitted i<.;j" '";~

E.:~ ~ . m;' -'

* C j j;- .bme, libruary 1930 (available from Komanoff Energy Awociaies. New York). Acinal USx

M
~

-

d), total nuctrar generating cm = in 1978 averaged about sesen percent bicher ihan for coal plants
$'' -

'*' '.,ij' Widely qmb d riaim . to ihr contrary rest on selecthe omh ion orne.u fy a!! the rmitiest um fr;
ND, . . . s h r' f fants and cbrapest coal plants see Komanoffs " Power Propaganda: A Critique of she Atom,

ndustrial | Co t Data for 1978." Washington. D.C.: Environ, , . -

h Nb.'NE'h ;# | mental Acu|orum's Nmirar and Coal Powcrj nn 1 oundatmn.1930.gM - JM c ,4 5 4, ;
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- g . ?f 0)
. year-old news of a disaster in the Urals. Demolition by peer W$' ' . '

reviewers compelled the U.S. Nuclear Regulatory Commission to M. M
< - .

. i.f declare that its 1975 Rasmussen Report (claiming that reactors T.pU
'

.

' ' '

are very safc) was no longer considered reliable, and the Canadian .og7

Atomic Energy Control Board to declare its Inhaber Report.

(claiming that renewable sources are very dangerous) officially g@ Q
-

W,d

out of print. The classically assumed " solution" to the nuclear / &$
waste problem-reprocessing, turning the high-level wastes into [ QQ

'

!,' M '
,

glass, and burying them in salt-turned out to be technically

9@1%@
law

flawed. The nuclear industry's credibility, heavily committed to
'

J 0
these and similar premises, suffered a meltdown that seems irre-

a
@versible: as hlark Twain remarked, a cat that sits on a hot stove "+.

|:t lid will not do so again, but neither will it sit on a cold one. Efforts r,' O d to repair the efTects of past lack ofcandor or foresight have exacted C+r i

ci j a high cost in top-level managerial attention--also a scarce re- figj source-out of all proportion to nuclear power s modest potential
.< ?. contribution. gfg

w r4T9
'] As costs rise and credibility falls, the market for more electricity N N:;
#

is quietly evaporating. With the inevitable response to higher L,
-

' '

prices beginning, forecasts of electricity demand growth in most 4
N-n 'J, countrics have been falling steadily. Some are nearing zero or '

negative values. U.S. electricity demand has consistently been p%
g.

AgGfgrowing more slowly than nal cNe oflate, and all the trends are Mcj
: downward. Forecasters unfortunatel

consumers: over the past six years, y responded more slowly than gN
U.S. private utilities forecast

-

that peak demand for the following year would grow by an
p('

,

9 .p, t
average of 7.8 percent, but the actual growth averaged only 2.9 WM
percent.2 Overcapacity in the United States will probably hit 43 {.

percent m 1980 and contmue to nse (perhaps past the Bntish level mp : -
of about 50 percent). U.S. overcepacity in excess of a prudent 15

'

%c.Gavw,
percent reserve margm is already well over twice the present L
nuclear contribution. It is indeed so large that if all U.S. power- ~

)
.'

.; plant construction were stopped immediately, growth in peak 4g:? demand at an annual rate of 1.2 percent-twice that experienced htin 1979-would still leave a national reserve margin of 15 percenty M i
in the year 2000. Growth by at least 2.2 percent per year could be 3$ d3accommodated if the economically advantageous industrial co- t@qsey

generation potential were tapped. The market for power stations ,ffZg iof any kind is simply imaginary. ;Myp& Finally, nuclear (or fossil-fueled) power stations and their grids
incur such extraordinary capital costs and take so long to build gg

,

em0that utility cash flow is inherently unstable. Any utility, whether q ggg'

.. "See 7b Emp lanh. October 30.1978. pp. 3 -1, and December 20,1979,pp.3 1.

, p.p< g$;
.

q
,.' .L ,

9i i.
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public or private, regulated or not, which persists in building sur
t

' . , M .d esc & Sp~ % 7 7,Mk.
: i ^ 4.%W,'M.E. .M.% 1 plan.ts will sooner or later go broke, and many arc already doi7

U '.
' . l,u n d.mg for new plants is scarce and costly; and even .f.

i it.

g;.g.w~Ev,n.%. I .
4

s .L M. avmlable, bud. d.ing new plants is simply no longer m. utih. .tu
so. . .

.
.

y .

@% g %gjg. h|J Gigacial inte,est.l hese probicms, singly and , interactively, have taken the,ir to
- r

M70$$ f
,

"

:

W ~ [m c u fg. sg
p; on mdustry morale, mvestor conGdence, and resultmg expect;@ tions. In only six years from 1973, nuclear forecasts for 2000 ft''

MNM&fM- 2,.

f$ d ;lf. by a factor of Gvc for the world, nearly four for West Germa:
'.

(no new orders since 1975), and eight for the United States (mh

$@.i| @M@54 !27 net orders during 1971-79). Nuclear forecasts worldwide a
'

R. $ .

^ s % h,
still plummeting-more for economic than political reasons. T1< w JMp/2M.M;5 %
U.S.S.R., for exampic, ach.ieved only a th. d of .its nuclear goiri

),M Q. 4 *9 - %[
..

for the 1970s, half for the.past Gvc yeus. And although there bzN. w f

,V'W!dSMh, y$1 11 ; been essentially no procedural barriers to building reacwrshf,a.@. M,,b... p
vcar 2000 has been all but identical in Canada and the Unit,
Canada, the pattern of dech.ne m nuclear capacity forecast for t

'

M, J .
.

m a

, ~ g% @M @N! M.
.,~ .w:p

M - ;m '

" -*
i States.

N9@WQhf. [ Despite imensive sales efforts and universal subsidies (often ifh3 . to or excceding total costs), the drop in expectations for nucle
'

. @C 1/rWl'Mnd,W {,[*. power has ,seen even faster in develop.mg countrics, paced b. irr
.

y,

q g m .. W i E t v. g; w el. m. g . , ,7
which projected 23,000 megawatts for 1991 and will probably i3 .,4

J, e MkM...A j! zero, and by Brazil, which projected 75,000 megawatts for f

fMN.h'M.py#m'Y5~hh !j
year 2000 and is unlikely to want more than the 2,000 megawa. ,

. .

M c
;;. i. that are now in serious d.fGcultics. l,otal nuclear capacity m

D..G. .;;J.GZ'tMMy
. .

iuu
developing countrics in j985 is now unlikely to be as much

- ;

M NMM7 !{ 13,000 megawatts, or about the present West German level. ErG.dd dh Ut if giveaway offers tempt new customers (perhaps Mexico, Ken <
$p$ @ [ W @ ; g]1 Turkey, Za, ire) to undertake the well-known problems ofintegr

,

t cf N F@T. [.! ing gigantic, very costly, complex units into rather small gridsri

countries poor in infrastructure, that extra " business" would 1r.2M$ [; 7 . 7 ., W . % .tj~
tiny fraction of the loss elscwhere. It would not even be proGtt

r;

g?ppk,g,g-.: y
eu .~

,

yyw~gWm;[ x
U Capital cents are aurned in Arnor) tl. Invins. S/l Eritre l'athe Toerare/ a /7t,rab/r l

. ~. . .. z a| w.t., .' , j-j
New Yo:L: Itarper and liow.1979. Chapter re. npdaird in "Sofi Energy Technoingin,",f.'; 3,y q r, m .. q- m.

M. ; J ,[- .-

' i". _ _ , , . , H |1 -
'

M
Retirer of rne,p.1978. pp.177 517, and in lturrs in fuirs,rr: April 28,1978, pp. 38i"*

12l2-13; and April 13.197?.5 .

22.1978, pp 1077-78. Decernher 22.1978, phfor nia l'nblic l!iihties Conuni.
"'>

z ,.
" h,

.

Septriobc.
121-29. The niilitici financial problenn are trrand in Ca,

' , , p,,q,,4,,g, ,,(gh, r,,,1ference err Errero Effirorner noud the l'Isl*ttes: svr.r Dirations toff >rst la 19, I_.. ' .". E |. 'C 'L. I'nh!ir (? ihiin Gmniniuion.1980 (in prn* Inin C. Ilupp et af.. "S?:;- .%< [ iSan f ranc i ne.

' " . h. - 4, ,;y) H.n tgoinmi lnfor m.nion on thc lin.un ial ('muloion of Critain Ins nior Ow ned I.icstric L,, ey^. ,

30.1930. The Tvnri dendon). hlarch I.Companin." ll.nvard Ilmincu School. Alarch
p 1: Anion !! !snim. "r.froric Utihty ' nntmenw Erieliir., or Confrui$", hl.nr h 1979 {

. - ;b* lJnnwr
.. 2 .c eL{' m E F. Ib'uton milis) imnioni confocnce, forthcoming in Jmern ri rf /homru .

' Q MM h C 64 Z,"$
[QI \'ancomer.1980 (in prn* and "Enctgr A Dark Futnre for Utilitin,' B,unru H'ul. AlaJ'

. iM l d.I!j.MugJg a 979..
1 _ - :s m ,

,' .;je. i..Q Q .' ., . . s
'f $* ,

: F, rM G r @_- n &. ?.h.E.l s. ,
~

,

.

- . *
| s 94 . %

[M /' W '. . PQ. [ .I
, d ', . ,

| '

T

' )->

w . .' c .i

b h bb -

.I,.l.d N h f h. e% d ' h. w . m.h. k k lsd9 h,b $h'.o- m s(*:L y o.g. g'~,rw v p.,
..m.{ r%qw%w'J,gg,ccggG,.1/'- n.C.o,.-

k *.
m,. p p.nJe.. ,.,wy; ._*) b1>r. ?~w~ ~,r.yN + '

'g,- g,u. .:;;f;Me .y tyfsp.g y*
n( >gg J N ; ,-y*

! : 4 ,;-vyy.q.n m
.ie a@% +. - . c ,, P, .y - -A;ni,'s :,.

.' ~ -,.

M.6.-W;W , 'y ,@7 e g ,m,4, .4 - 3. p . ,, ~ mv : 'b h.:
t . .

. s

. a' w:: m a m m m a e $ w? b
-

h k Yf&) ''

kh 5. wah wmm~'. .

.muw- _ . _ _



. .

.

-- ,
,

NUCLEAR POWER AND NUf1 EAR BO.\lBS I157

C business-only a way to inject export-bank funds into the vendors' Sp,. 4
*

E .. ading cash Hows. M;.s
g

,

1. The collapse of nuclear markets has already scaled the fate of 7%
.

f~~
~ .

an industry tooled up to meet the inGated expectations of the 7.( m early 1970s. Even with continued domestic and export subsidies, Q;ffk withdrawals by major Grms seem inevitable. While rhetorically h63i' the world nuclear enterprise is pressing forward, in reality it is s'?
. grinding to a halt and even slipping backward. The greatest OW}F collapse of any enterprise in industrial history is now undcrway. MlfikI *~ Thus, as IIarry Rowen and Albert Wohlstetter remark,

$;n,%.
V
4,.. ,

,

.f-:'" . .the argument sometimes shifts subtiv from the necds of a robust and i:n
-w

{ inexorably expanding industry to the sym' pathetic care required to keep alive fM@yj ! '. . a fragile industry that is on the verge of expiring ahogether.23j

M- '

iR. '

The industry's long-term hope has been " advanced" plutonium @w?b;;,.
technologics. But their Grst stage, recycling plutonium in conven-
tional power reactors, was ofGcially acknowledged in the U.K. Mig-

% .3
and West Germany in 1977-78 to save too little uranium to pay j](f%:-

-

ally enthusiastic about plutonium, failed to Gnd recycle inviting. &ghV.for the reprocessing and other costs. Even the iNrce study, gener-,
'

&'

Contrary to one of the earlier arguments advanced for reprocess- ~ $hihh., ., ,

3 5t ing, INFCE has now Concurred in the ofGCial positions of Canada, hh'Jbg$$the United States and Sweden that reprocessing is not necessary
J@W&$

i

for waste management. (Some experts believe reprocessing may
even make it more difficult.) Similarly, one of the strongest gfM M
arguments earlier advanced for reprocessing and pjutonium-rc-

$p[ @7
,

lated technologies--that Gssion reactors would need so much
uranium as to create shortages-is rapidly receding. [hh.r,

,
-

.

b'^ .

In short, .hc economics of fast breeder reactors look ghastly MWuntil far into the next century.26 There are indications that #M?S-

prospects for funding and Gnding acceptable sites for the ex- NMtremely costly next-stage breeder projects range from only fair (in hFrance and the U.S.S.R.) to poor (in West Germany, Japan, the ?MW
United States and the U.K.) Even sympathetic ofGeials are IhMrealizing that the 50-fold potential improvement in uranium

c;%gg.

utih,zation that successful breeders might produce cannot m fact
MW,.ee

be achieved for well over a century because of the time it takes.

; the breeder's fuel cycle to come to equilibrium; for the next 50 to
Q# x"$TF.

taq|A'' Remen and Wohhirtter <f ot., footnoir ' %

LID .2 . Ql,f'* S<-c Hrian G. Chow. "f.conornic Comparison of Hrreders and I.ichi W.m r Re..,. ors." fMT>repmi ACHNCI13 to ihe (3 S Arim Control and Divrm.unent Acenn. Pan liturhi;cs,1979 i?N
ahn see .s!khatl J. Priori analysk |nepared for the Nosember 197H South llant Polytuhnic

%^ @dh3.:conference, available from the author at NCH IEA Sorsices. 11151.nwer Grmsonor Place *

' h[.0W
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. -. . .- nl.: .. %m ph 80 years, the modest uranium savings that could be reali<

m ..-

, . rm~,pm. ..f
% !m . 4., . g. ,r

.. through brceders could be achieved much more cheaply .
3 .

e'.

~. %w v$:GNO
~ ,

.. n-g .w u j, surely tbrough uranium-efGc.ient thermal . reactors mstegA <
am,

'

j t Costly, difGcult breeder programs are thus looking increasir
.

;*
<

,
. , p 4 O. W M J .E like a .conuucrcial blunder, akin to pushing the Concorde w:

h others developed jumbo jets. Further attempts to deploy brcrr .' dWf|%E'kl3
.

.

reactors in an already hostile political climate could indeedjo- d - fi l d'
~ I[U'.

ardize the limited acceptance now enjoyed by thermal reactor
W' ~ ddN|?l.M M

T J 4957)p$ The loss of momentum for the breeder, and for the nuc.

a r M'Mhf>(
'

h. program which it was to culminate, is icGected at the hig'
.

'

. e5%.$$hJ~ political levels in all the main nuclear countries of OECD5W$
M L!., beneath the surface tinoughout the Soviet scientiGc conunur

$@${ji (l At various times in the past few years, the British, French, .
-

} & -| j
West German cabincts haw been sharply s.]s>h,t over whethert .c D nO. ' i). - n.pe. gw.y ,,pii.
whole electronuclear program mak.es sense. Chancellor H_ eh.

s a y;3 m y; .
E;MMQ.J ic. b! Sclunidt has even speculated that 20 billion marks may have b-

MgW4.M/$1 h' thrown out the window.'

Q 8hSsMiM How has U.S. policy affected the foreign nuclear debate at

h political levels? U.S. technological dominance of the nuc
bhMIhM$uf arena, though still preenunent, is no longer hegemome; but I

,

E.? GW.q% '.:h political dominance of world energy policy effectively is. So f:
,

,g...h<,,

has been exercised m exactly the wrong d,irection.
,

y,C.&;$ UT@9.e ,
* t ,;

e

m,.%.s ws
.

c. 7, ( U.S. policy pretends that the nucIcar collapse is not happen
.

n

)! ! or that if it is, it shouldn't be and deserves no encouragen

NM. I).M d}i
The Energy Secretary hasjust committed tgvo-Gfths of his bm

y _. w. .rm0 *. k. . s
for the next Gvc years to nuc! car power. 'I he State Departny M . . .

sb w V - yi says that not usmg nucle.ar power would make proliferation wt
.

p,$MhW Jl Presidential conGrmations of the necessity and the large ent

. Ay;m T.!! potential of nuclear power have bolstered sagging programO
y . . q}

; ;. W ..% -.

.g ' ' #.g:qIj f h,' ;.. >n !<
" Ne narold A. Trivcson it al., "An ISolutionary Strategy for Fiuion Power," .5

' " V i|JJ 5; . January 26,1979,pp.330 37.
2* The French program, widely portrayed as robust. is in reality fragile. h is proceedir.7- ';/J g% '. the moment, with a heavy mortgage. See Jean-Claude Derian and Irvin C. Ilupp,"Itu

* *S- (t .''r; ...

c
- d Water: Nuclear Power on the Mose in France." September 6. n79. available from Pn.

'h j llupp at the liarvard !!usiness Nhnol. To continue for long, the program must 6n? a ,'

3 -

A. .
- Ni fix the growing cracks in the reacton: make the Cap t,a llague reprocening plant u .-

.

the wasic problem; God reactor export markets to support the nmnopoly vendor Frama
.p% find markets for more electricity to Lecp Electricite de Fiance sohent (the recent forcisci

'~

.

Gse milliard francs of Ed!"s debt hcips only semimrarily); Gnd politically accepiahic r' ,-
, ' i; | . sites; make a iruce with the main nuclear union; and win public acquiescence by meam
'a: - % Fg lasting than mere autarchy. Each of the.se juobinns may be soluble in isolation, but the d

._

hj; of whing them all look shm Ne aho Sadruddin Aga Khan. "The Nuclear Power Deh
] p |- Wruern Europe." Bulletin of ter Atomir .Wintnte, Sepirmber 1979. pp.11-12; for p.

-

*
.

'
,

,'g analogics. see Ianber Gerlach. " Energy Wan and Social Change" and "Can Indepei.

| .
Sunisc inn idependenic'". Depanment of Anthropology. l* :isorsity of .%nnew:a. '.:

.

.m. - apolis SSU,.1979. Amory 11 1.ovim, " Democracy and the Energy Ebilization Iloard

% .,eJ2 O ? p! ) . .lfan .f/wt, February 1980, pp.14-15, Friends of the Fanh, San Francisco.
:'p | -', i .:C ( f '~
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,- $,. r"

countries poorer in fuels. Prcmotional rhetoric has given the. , ,

nuclear industry a license to present in Europe a false but largely }p@t
,

'

-

uncontested image of a Dourishing American nuclear program @MM> "
-

_ . ;- (and vice versa). The State Department does not know, and W'. seemingly does not want to know, that however monolithic the lh
+

'

policy front presented by other countries (an appearance carefully C&
-

.,
'

orchestrated by the U.S. nuclear industry), every national nuclear j"'
-

policy is riven from top to bottom by doubt and dissent. Whatever

@M.6
,,.

',!F the United States has done, in policy or in rhetoric, has helped
'

.UL
'', one side of those internal debates and hurt the other. Yet the State

-

$nx7
- Department, maintaining a meticulously lopsided neutrality, has N,

never appreciated that the most powerful U.S. lever for affecting N%.
.

Uf foreign nuclear policies in either direction was not blunt instru- +~

y.' il ments like fuel supply, but rather the politica/ rxample of stated and Q.yC .' f applied U.St energy policy in it's broadest terms.

@W@,I:
7.

. Ignoring this in0uence on domestic energy politics abroad,
..

Y1' advocates of continuing subsidized nuclear exports have argued
pfig$$-O' that if the United States does not supply sensitive nuclear tech- i

nologies, others will, so the United States might as well-and that
> '

ig
;Jh@ffsince others can, the United States has no " leverage" to justify

A. abstention. As Harry Rowen and Albert Wohlstetter put it,"We Th$$V.
'

Q . r,
. .

.f can retam our leverage only if we never use .it. A lever is a form of -

gh'

! abstract art rather than a tool giving us a mechanical advantage." y, %.Today the United States proclaims itself anxious to be seen as a gA
" reliable supplier," spends Gvc billion dollars on a gratuitous

.

expansion of a centrifugal enr. hment capacity to take on new . c %.n. . .

ic e4,

i fuel export commitments, and seeks to make those commitments &Dffr
'

irrevocable; yet at the same time it asks itself, half aloud, how
$dr{-

.

i much " leverage" it can obtain by exporting more U.S.-fueled
. reactors as hostages to later sanctions. Both kinds of exports leave hdi

the United States in the unpalatable position of vigorously prolif- SMM
erating in the name of nonproliferation, sacriGcing for a weak and NN.@J

h@6
c,e counterproductive physical leverage a strong and positive political '

.! leverage. h :
How real is that political leverage? The political vulnerability

'

$$g,M&of nudear projects was strikingly illustrated in 1979 by the West.i.

German govermnent's Grm commitment, allegedly crucial for
g$N.$/pY

.. national survival, to build an enormous reprocessing and waste-
t disposal plant at Gorleben in Lower Saxony. The State Depart-

ment, citing sensitive alliances, had passed up low-cost opportu- $g+3p.
i'

p.

nities to scuttle analogous projects nascent in the U.K., France, .' JJJ
- and Japan before still-Huid political commitments to them had gg%.'j solidined_ In the German case, they seemed solid already, but O, ggjg

: ; Me-
-

:;c. m

L; r[t. c.W' L .
.

,,,.j,.

t. q. qgsr. , e
g ,w>-

wwwasemmann
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mwardly there were doubts, and to defuse !ocal opposition the

, y y .-

> w% %,%nh'ra h- h.
.

v4

governor of Lower Saxony commissioned a technical review by anad hoc panel of 20 independent experts from S countries." Their
.

%% p

R $ * y @ M- % ,4,|d,i

BN M.M,

report was so comprehen9Vely devastalmg that neither the Chan-
.

.

4 j. .

S.. p 4
cellor's party in Lower Saxony nor, privately, the project's ownw h. % P W ,m.3 -

promoters could defend it, and Bonn had to cancel it outright. IffgQArdp
a mere report and hearing with no ofGcial resources behind themcan be the catalyst that reverses a supposedly irrevocable nationalW.sM%2M)k

hDW.S~mM;bC@M T commitment, what political leverage might a country-upccially
-

Dk@q;M9fk[p% MnB the United States-apply by the exampic of its whole energy

policy)'In stun, the forces of the marketin combination with new and
~"
am 1, wc3g a ;

more scarching analysis of other factors-have made the future of[ k$$[,jgMMkh[ nuclear power so precarious that a change in policy by the United'g''

States, or by several other countries, would greatly hasten the$#5%TW h
g| NM.:3w%'q""g. dawning realization that nuc! car power has no valid future eitherin industrialized or developing countries. The issue is not whetherI
4

to maintain a thriving enterprise, but rather whether to accepty k Mg g g jf i

&$$g .Mt} the verdict of the very calculations on which free market econom csWwhMID
Ah[,.ch.N -

rel.Y-t i v
gh:qgm::3.p:y%q,.m.W * , . 4< :

I,o tlu.s pomt we have been balanc.mg the dangers of nuclear- 8 c.p: .

D W635dh@: q:w m a cM je i Gssion power's crucial contribution to the sIarcad of nuclear bombsm the total energy picture and
mited role .

.

agamst its necessarily h.
.

.

f, mWbs..m vo i nuted role
. .

agamst the mountmg evidence that even m that h. nuclear power simply does not make economic sense (as well as
..pu ej .

r,%. ,w p.e.j (
..

r .

m'
p g m m w ;, ! ;.

raismg senous safety and sodal . issues, on wlu. h .it is hardly
.

.m$: y@,Jiind,$..n%A .y :- |
c.

g~ f i ,j necessary to dwell). The balance is overwhelmingly negative, and
..

. J@d.4p;$ggy'&g2 W sg. Q @Q {};
should in itself sufGce to conclude that it is time to phase outlJ. gn nuclear Gssion power once and for all.S .

But, to make a fully rounded presentation, we need to conside.
r'M h.39

what is needed afGrmatively to meet the world's energy needs. Itp % g... Q, g.g Wp .

56
is sometimes argued that nuclear expansion is necessary, in the$s'O'k!pid?:: 'Y GNM W9|. words of W. Kenneth Davis of the Bechtel Corporation, "to

Qip,.Wih. sgi. |h,b
,

m a world strugghng for growth .m the'

nunmuze the n. ks of war .face of inadequate and poorly distributed sources of energy." In
.. . sa a.

Cg N g, w p y .<
?"<"[ $| fact, the balance on this criterion wouH be even more decisive:

.g& , . .
nuclear power creates its own set ofinternational con 0icts-overuranium, fuel cycle services and technologies-and it unavoidably

91:
, o

.- - yi { .:

. . .p.
, e. 't; i|- and
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sq. and incontinently spreads bombs, innocent disguises for bombs, '?
yq. and the ambiguous threat of bombs that motivates rivals to g7

.7- acquire them. --
< 2- Yet there is a danger of international conuict for sources of C'

.

energy, and it revolves primarily around oil. How then can the oil 34j ' ': saving ,o central to security and peace be achicted? Broadly 'h

:.

'

speaking, the important oil-saving measures are distressingly sim-)- ple: stop driving Petropigs and stop living in sieves. @pg.,

l Cars use about half of all U.S. oil, about a tixth of European s

~i. and Japanese oil.' An average car today gets, in round numbers, MEf5,

. about 15 miles per U.S. gallon in North America, about 20 to 25 -13;j- ,; in Europe and Japan. The aserage new domestic car sold in the %
D.1;j ,| United States in 1979 got about 19, the average import about M'

.,

32-a sixth better than the congressionally mandated level for gym'' '' ! 1985 mddels. A dicscl Rabbit, with only a tenth less interior space .y.
than the average U.S. model-year 1978 car, averages about 45 %'

' miles per gallon, its successor model about 64. Volkswagen has MM~

already tested a four-passenger advanced dicsci car with measured Ws' EPA coinposite efGciency of 70 to 80 mpg. A big, comfortable car $%using either an inGnitely variable transmission or a dicscl-clectric WRhp _p series hybrid drive would readily do better than that (as European D'~r
prototypes have done) cven without using existing technologies @for very lightweight but crashworthy body design. . ccg

,

,

For any country, accclerated turnover of the car and light truck f:n
'

stock would provide m'ajor, quick and cheap relief of oil import ?3"

dependence-and great bencGts to domestic industry. The car 9.46
stock normally takes about ten years to turn over, and the collapse gh,

;p of trade-in value for North American gas-guzzlers has only accel- g$.-

7 '
erated their Gltering down to poor people who can Icast afford to<.

pd%|run or replace them. Rather than building synthetic-fuel plants, M g-.
-

p it would be much quicker and cheaper to save oil by using the
$p[fgj!.

*

26
* In F.urope. nunt of the oil is med for low irm, .a ?|

q %g%
of all delierred energy neah in West Germany) perature heating (uhich is, for example, half

Wrg;
and for indmtrial heat. In Japan, n.dmtry W. .$ dominain, and oil mmt he saved chiefly by ofGciency improcements ksurprising scope. sime energy has been subsidurd nen more hr.n,there-for which there is

,

w h, . dy m Japan than m the
5.[ t'niird Statn. and cent Irw in Jap.u. until 197.1. The main tramitional role of coal, too. is to . Mq M. u ,
p|y* replace oil atul q.n under imimirial boilers (npuially with cogeneration), not in new power %W.~

stanom. and this win noi entail a saw npamion of world coal mining or ir.nic if cmt-effcciive @M.

cfGrirncv imprmemenn air done Gnt. 2Jp
h.&. " In ihe wrin h hrid dnien, a dirvi engine for furl o lh rum a erncrator w hi< h c hargn a ~ ;.Q ''3..i

7 '* * few nofinary b.nterin u his h run thise moion The hannin power acceleration and rn harge,

/ wo.' with decritration. The alincl. me ciing only the ascrage i .nl at concant spent and toregor is M.%
.

sm.dl. rtran . uni e sormely rffn irnt. It ran aho be rept.n e ' in a fuel irl! For a fulin an noni P.,
'

of nnor iomentional appeo.n hn io mper+f6 irnt ran, we itoheri 11. Wilh.mn. .\ s2 a Gallon
Pohiital Opgmrtunity." PL'/CEl?i-102. and Frank von Ilippel. "rony .\filn a GaMon hy 19% g.. . : c-& .-

0 .

or limt." PL/CI'ES.101. Center for F.ncrgy and Emironmental Studies. Princeton t'nisersity,
W|h;,.: 7- -.

'
,

N??
' U* I980.

U . ?s,, y
~. s .

- 4
' %.5 f

'

4 &vo! wwM, Q: n jf|y-@!
. <
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. 9,y ... e . ..a hyj@n.Mt)P same funds to pay anywhere from half to all of the cost of giving
people fru dicsci Rabbits or Honda Civics (or an equivalent9:y~Mdr. My fd American car if Detroit would make one) in return for scrapping' $,% r % $; their Brontomobiles. Alternatively, it would be quicker andWEMp3d N. cheaper to save oil by giving cash grants approaching S200 for

W % M S:ffy g.,fgWS6( every mile per gallon by which a new car improves on a scrapped'

MMl:T%il gas-guzzler.32 For once, what's good for General Motors might be

M%%mw"w$k' W|8ood for the world. Replacing all U.S. cars with hybrids gettingNM ! -

n m/ H y.~. Wpp a modest 60 nu.les per gallon (ach.ievable now using off-the-shelf9

16 qqy,q. components in a big, two-ton car) would save nearly four million
M

,vpy.2 q- TW.h. barrels of oil per day-half the present rate of U.S. net oil inmorts,

hS greater than imports from the Gulf, two and a half North S opes,

4Fb,if6%h9[@SMbM@ Qhf80 big synfuel plants, or several Irans.~ Precisely the same logic
applies in other countries.Mf3/iMWMQ d Even an elementary program of systematically applied buildingF b 9 D L:y T "retrolits" (making old buildings efficient), cost-effective at pres-

''

.

kfgg%$Nfdi;.. ent prices, would save half to two-tlurds of space-heating energy,
g

whether ,m the Umted States, Umted Kmgdom, or DenmarkTsMMK
:c%e : 1rWWw.g. without coming anywhere near technical or economic limits.:dre w
w .f.se. wq..*ry[, (Doing that would reduce space heating needs to approximately$MM,., M..

i@M6MfFQ 3- zero even in a subarctic climate.) In the United States alone, half ~
the space-heating energy could be saved by the mid- to late-1980s;W%.M i ch7 ), equivalent to two and a half million barrels of oil per day.WGM f1

M N M.M 32% Improved heat-tightness so far-17 percent better for American$
MT$ i,% kL gas-heated dwcllings during 1972-79,20 percent for West German

g;y oil-heated single-family dwellings during 1973-79 illustrates theMQ;mh>..# ]t .:]; thesis but improvements so far have barely scratched the surface.fr e a mh i In short, just the two largest smgle terms in improved U.,,..
. o

w w w: m ,;j,g. n . e. e.yp. w i ;r energy productivity,just m the 1980s, and pursued to a level farc . . . .

* t,d,- 2
-

m?'"@Qp "qid, short of what is technically feasible or economically optimal,..

E
would together displace four-fifths of U.S. net oil imports. They

K: would " supply" energy at nearly five times the rate deliverable byNME. |jW J.J.M
ji-

the maximum U.S. nuclear capacity physically achievabic in thed
*g % 6 %r . g , g 1

same period-at a small fraction of the cost. And they would do& .x . y ,

4.y ,f j.%.

: h' .g.W :.. 1:
-e.- ...-

,'
3, n; ' y.

" An astrage 1' S car annually goes about 1(U00 miles and mn about 17 barrels nf crude
jdi':h' oil equisalent. A marcinal one. mile-per-gallon imprmcment saves about ne barrel per scarand ghes, at a $200 cmt. a (he > car pajback agaimt delisered sy nfuch (mer Sl0/ bbl). 'rbe'

.

W ' ''Ni |
'1 -

worn cars would pay back faster; brtier ones. more slowly. A bounty should also be o.Tered,
.

j)!
N, ! based on c3ciency and expected hfcome. foracrapping gas-cunfers without replacing them.

*
1

', $ D
w /|i]h, | 1.aw rence Berkeley.I.aboratnrv, Berkeley Cah be nia.1979, aho see Sant. I.cac h. f* ame. and

'" Sce \nhnr !!. Ilmenfeld et al.. "Hailding Energy Compilation and Analysh," 1.lH.-8912.*

':*

-

krc.*ud, ciard in footnoin 18 and 19.
C @$pf|j " See .\farc Rnss and Itobert II. Williams," Drilling for Oil and Gas in Our Buildings,"

w.W %. . g PU/Cr,ES-87. Center for Energy and Environmental Studics, Princeton t'niversity.1979.- d[hD y$k ;
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this before a reactor ordered today could deliver any cncrgy- ..
.

L. - whatsoever.
Y - ,' Such energy-saving measures in all sectors can form the keystone

of a coherent " soft" energy strategy if combined with transitional.M:-
fossil-fuel technologies and with a steady shift, over 50 years or so,3_. to reliance on diverse renewabic sources, matched in scale and in ;.

i-
cnergy quality to their tasks.as-

The four years since the cmcrgence of this concept of a " soft", .
' ' t~ *

energy strategy have seen astonishingly rapid analytic and prac.
. ,

.
'

tical progress. As a result of thousands of studies and experimental
-

projects, what was controversial has become.widely accepted.
2 ,*

Economic claims on,cc made with caution can now be made with.'
conGdence. Findings extrapolated from early analyses in a hand 6tl e.

''

of countrics are now bolstered by dozens of far more detai!cd L.
fHn_, .t

studies in about 15 countries and many localitics-and, increas-
ingly, by practical demonstrations on a signiGcant scale.

. ._

At the same time, projections of future needs for energy, and K
hence for major facilitics to supply it, have dropped strikingly. y
Today the highest ofGcial estimates of U.S. energy needs in the 1g;

M
year 2000 are below the lowest, most heretical unofGcial estimates . k.?

C'' made in 1972. The lowest ofGcial estimates, still assuming a two-3 ,

$thirds increase in real axe, are less than half as large, and more
than a quarter bdow today's level. " The downward trend contin- @@ -ucs as new studies incorporate greater detail (identifying more W
opportunitics for saving) and rapid recent technical progress in
raising energy productivity to an economically efGcient !crel. This N

g-
3.~ ,

$*

" See Amory B. Lovins," Energy Strategy: The Road Not Taken?", Forripi .fffms, Osiober f
1976, pp. 65-96, expanded in Soft Ervrp raths, cited in footnote 21. !!csides such technical
clements as we mennon here, a soft energy path is deGned by its asoidance of the political costs y/c==-

''

that characterire a "hard energy path". centrism, autarchy, vulnerability, technocracy. Its y
policy instrumenis are noncoercive and market. oriented. It r cither acumes nor requires that N
car efGciency, for example, be improved by the particular means mentioned herein. Our soft. i ''V

,

path analysis assumes rapid, undifferentiated, and wurhhvide economic and industrial growth;

pohn,gniGeant changes in social gnah, com;wnition of economic output or patterns of settlements,
~

g ',
no si Qcal organization, or behavior; and implementation only tlanuch " technical Gses"-that &
is, presently proven, presently economic technical measures with no significam cffect

on
;

hfestyles. Readers who comider today's values or institutinns imperfect are welcome to anume
some mixture of technical and social ci.ange which would simphf> impicmentation, but as a
conservatism, we have not donc so; we auume a " pure technical fix."

For a good rsample of the progrew made in ihn area, and the decree to which soft energy
urategics base become common coin, see Robert Sinbauch ami Daniel Vers;in, eds., /Arrgy ';'

Future, New York: Random llouse,1979 h is interesting that the iffuuratisc 9+ quad femand,

| The Road Not Taken?" wasfor energy in the year 2000 shown in 197G in " Energy Strategy:
precisely the forecast published two years later by 1.nergy Sec*etary Schlesinger (for a real oil *,

price of Slubbt).
* These estimates may be found in Solar Encr g) Hescarth Inuinne "Smiainable Pm priity:

An EfGcient Solar future," draft report to the U.S. Department of Ener5y, May 26,1930 (to .

2 q ?,(
be published by the Institute, Golden, Colorado). WA

.' 4 1

b UW
j '- r/Mf ,'
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1* A - ,. _ ob; level is at least several times that now prevailinh in the most

. W T. S. e . a.m y; energy-cfGcient countries: at least a fourfold improvement in West
;w...~ ,

. .. u- ,

. WQg
- , gig ggif, Germany, sixfold in the U.K. 7

j AdM M. ' Far from being uselessly slow, efficiency improvements are the
" M@ 7 ' 9 M h ; fastest growing energy source today. Of all new energy " supplies"

to the nine EEc countries during 1973-78, about 95 percent came2 ($ [-- 7$N.
.,v.t ; hu';h p from more efGcient

nyi .
use and only 5 percent from all supply- ,

. : .
.i n &a 7

expansions comb.med, .mclud.mg North Sea o.l and nuclear.gy . f in m;~w . ..

j> power-a ratio of about 19 to I m. favor of conservation. In Japan,.ua g i M. M ,N the corresponding ratio rose to about 10. In the United States,it77 QZcp% h M i averaged about 2.5; but in 1979, real GNP rose 2.3 percent while

M. W % @.$ $M of the more than S100 billion in annual tax and price subsidies
v ;L total energy use du//wd 0.2 percent-remarkable progress in view

M8 .M
y.y(M s % @M

which underprice fuels and power by more than a third. During/

$Ns M M %y
1973-78, total U.S. efGciency gains yicided twice as much energy-

p[Nq$p%e@M{k.
W '23! " supplying" capacity, twice as fast, as synthetic-fuel advocates

0 claimed they could do-except that their option, if it worked,
r $ would have cost 10 times as much. Even this 10 perc-at gain in

@M,A.W|h,7bd%.4
?M& M national energy efGciency was less than a third of what would

N% b br have been worthwhile at 1978 ener8)- Prices. 8 The 1973-78hs t

efGciency gains in U.S. industry alone yielded twice the 1978
{; 'l[CM7hp.[#

-

" supply" of Alaskan oil, but left the oil in the ground. By 1979,-

pMeq.g m.-t total post-embargo savin 8s were at least Gvc million barrels of oilMA w# q' l . egmvalent per day, nearly two-th. ds of 1979 net oil imports.
a. e .

GMd.W
.

ir

0 tW .m M.pio m. .a u i I.n a crisis the normal reGex is to abandon competition amon8%. m1
niany solut ons m favor of s.mgle but dramatic nonsolun.ons (as in

. . .

., 3.,%.. ~5 Wh5 $g,; g the 1979 post-gas-line WhiteiIoase hysteria for synthetic fuels).%@ . . .sgi ;, .r

O M E.i % y $m% '|}t.
,

But these examples show that the centrally managed supply
. .t programs are being far outpaced by millions ofindividual actions

& @ g Y t y % g){i f..S,m.
~

m
.

~

C. in the market. There are three further structural reasons why
r.q, efGc.iency gains and soft technolog.ies can d.isplace od far faster

...

?g.pM n .q

W.dFo: than other methods:
M.n3 .m '. 'v . ,~ n

T @~ .. V . 9 ,
y

,
.:;wt f..K

.

,The soft-path investments have construction times per unit
qf measured in days, weeks or months, not ten years.

~ > - 3 i' -They diffuse into a vast consumer market, rather like citizen's-.. ;

PU .c 4 -C : band radios, snowmobiles and pocket calculators, rather than
- .. g~ 1 requirmg ted.

.. u technoloev deliverv" to a narrow. specializedious

b. .
and dynamically conservative utilitt maiket.

. . ,
.

;p .
. - -

.-,a .y,A

T ' 6 [ ,( . , ] \ *, f, f Y, f U ( ,

. - h sm un- r."n u . - n- r , r.,d, r.no o n.,n:
.

em m.,d.dde f,mm o,, t ni..n ..r.
..

M[ ( .
Conco ned Scientists; and Sant, lu. or. footnoic i8 The energy ^*supp! irs" f,om tonsen.uinn

;. calcuf.uol in diis paracraph .ur the ddforner in incen the enn gy .n in.dly uwd m pmdnt e*

g '( * |
cronnmic output in a gisen 3rar and the energy that unuld have been mrded in dn so at|~., ,

previous levels of technical efficiency.M;.d, m iL; h ,w'.,.i. c 9.]g |y
.yg

- . ' .~
4./g..

iC; ,
a ~
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-The institutional barriers that hold back their dozens of i @, T.jf- Qx,, , ,

technological cate OAd Mmicrohydro is held'gories are largely independent of each other: #634h
~~ "

,

t

back by regulatory problems, air-to-air heat; .;. i"

1 exchangers by the need to retread the building industry.'Because D.MM.fr,. a -,

these and analogous problems are not generic-like the maj. Gpgor -
facility siting problems that hold back all hard technologies 4U4#1 ,

everywhere at once-dozens of relatively slowly growing individ- W Q E9'

.%.J*A@ie
ual wedges of soft technologies and efGciency improvements can

'

f
, '

' Windependently add up by sttength of numbers to very rapid tota l
. %%.

.

'. w p,* A -* ,5cdp[0W{h, sy=<u

Desubsidization, tariff reform, replacement-cost pricing (or . A.W;!'
-

Q@smn:gequivalent rules for allocatmg capital), and purg.mg of .mstitu-
. . .

e

hyy%k
,

1 1 t. tional barriers are difGcult problems-though casier than the
ig $q- alternative. Their solution, though no longer mysterious, is still at

P W gv@an early stage..Yet price incentives have already accelerated soft-
# seyd;R

i

9' gpath impicmentation. Still faster impicmentation could be. ,

MM.1 achieved by reinventing and adapting the institutional innova-

f[i[kh*M%
~' tions used in the past for major national adaptations, such as the

F}' changes of ciectrical voltage in Sweden or frequency in Toronto ..

m $and Los Angeles, the advent of North Sea gas and smokeless fuels
Q@.?g'i in Britain, right-hand driving and district heating in Sweden. It -

1?[ % .v @!G
-

,,

90 is chastening to recall that when the Swedish government in 1767
kfd

,

commissioned development of the Cronstedt recirculating stove,
Gvc times as efGcient as the open Grcs that were causing a Grewood @g5fg
crisis, the solution was perfected and published within eight years; fMbM

G5ii@6:e@$e
mandatory conversion was rapid throughout Sweden; and soon 2

M, ,, 8.~^ s ,', the stoves were all over Northern Eumpe. -

Developing countries should be able to aclu. eve the same ulti-
.

e c- p
. . . .

1 mate efGciencies as industrialized countries, but faster and Q83
Mg?gggtpcheaper, because they can use the most energy-efGcient technolo-
M CWgics from scratch (the world's most efGcient steel mill is said to be

; in Kenya), rather than having to install them by slow and costly yf g
retroGt of existmg plants. On tins bas,is, preliminary estimates gg.g

,

suggest that a completely mdustriahzed world of eight bilhon gjg&M
G,,M ;W F. ' . people, with a standard of living somewhat above today's West A

h.uropean average, need use no more total energy than the world s w @., ,nm,

#

T. M.. dW
' !n.A.m S '

uses today. 'This energy need-less than a tenth electricity, about-

" M* s" Ser Isnim. "F.conomically 1;fricient f.ncrgy Futurn." /<,c. ut.. footnoie 16 (Sm h a future*

j%y @- p'[Mmas he im;7ihlt or undersirable on grounds other than energy availability.) Third Worht
analot5 are nght io auribute ihe uorhrs enre gy crisis to the .%:ih. but ibc absoluie amount 7 ; aid '}Ty

.

of waste in the North is irrrievant to the merits of efficiency. improving imestm(nts in the
South 'l brir scope and attrai tiom arc immeme, we. for rsamptr. Ianim. " Economically JrWMW..

'

I;tik it m I;nergv i nonrs." pp. 9 13. amt ihe u un in footnoin 37 thmuch 11; World llank -
c., . ' j

Staff WmLing Paper . lib. "Psmpetts for Tradiin..ul and Non-Consentional Ence gy Sources in . - %QNQ' p'
, Dncloping Conmrin." 1979. lilieabet h Cecchki et al. "1Innwhohl energy and the poor in the !

,,

JNf,g@A{fggM. '~,q.', third worbl." Washington, D C.: Itrumern for the future.1979. i,-
' y p. , g;Tfr >:

4;

- O. %,

A%, "M Y2:.GYl' d.! '4 d,bVJ; t %$e

1. n
t .; 4 ; -y %r
r

$ _ _... _.r..p~ m %g_g . y q _.n_t y .e; p ,; ~ _.<<[ Q: w.2 g:74Q%iin , Nyggshy 7 _,a w,m.yhgy.v.-y.yh, , . . . .

*K72 *il. _ *Wr.;];Gi[pg.f. ff.4.pipipis
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3My C.$!iQh; a Gfth liciuid fuels for vehicles, the rest heat-lends itself to supply-gp,. 7n .

e Y rom well-known soft technologies.fcntirci
. y. n:qme_%; Carefully selected and efGciently used, the best soft technologies

.
.

..

Ms C;5 [ %
s.. n~

aircady in or entering commercial service, and matched to local
'

t e , Wp Qg W needs and climates, are sufficient to meet virtually all long-term
7'n[.pe~MNh energy needs in every country so far studied, including the UnitedF

^ J ,'
.

'h![ States, Canada, U.K., the Federal Republic of Germany, France,V MO i E. Denmark, Sweden and Japan-a suggestive list, as it includes- 3Q fJy;MU! countrics that arc simultaneously cold, cloudy, densely populated,hW,_ % dhW4f.

and heavily industrialized. This assumes no technologics yet to bev.
% CMg.g developed, but only the best preson art in passive and active solar

'

f. % [ j . M" W .' heating, passive solar cooling, high-temperature solar heat for
P

f
yMW ' dif industry (collectable even in cloudy winters), converting farm andW4'

M.@d.M Mf,h forestry wastes to liquid fucis for v' chicles, present and small-scale
'

new hydroelectricity, windpmver, and in some cases other simple
YuM..m,4 , W%y27h.bW$

9
-

a dev. ices such as woodburners, biogas plants, and low-temperaturee

ate mix of sources (each cc va. .imng aP,N .:c . .
.

heat engmes. I.he appropn.u 4

m@.MR|@p . ..,v%sd;p.
. ,

:

vast array of subcategories and hybrids) varies hetween < nd within9 @w countrics, but even countries poor m transluonal fuels, such asM . .
. . ..

.

W $u.f?, ige Japan, appear to be amply nch m renewable energy if each kmd
m-

4 %.g.ynMj% :|UW is intelligently used to do the tasks it does best."ildsb.:2$p Given careful shopping for clever designs, efficier.t marketing
$ re ;P WQ . structures, and cost-effective efficiency improvements donc first5%.. C 40i*b (thus making renewable supply smaller, simpler, cheaper and

M@e m$2. M M M h.mo.re effective), soft technologies can be-though not all are-MON /f s vil. Store .unportant. they are consistently.

cheaper than tod.w.s os i

cheaper in capital cost. and-sevetal times cheaper in delivered$x C.N.;'N .d;M 4g aF5 - p r.1 i
5t

cncrgy price, than the power stations or synfuel plants whichNhh'b$h}h,{ would otherw,ise have to bc bmit to replace the od and gas. Th,is
G/5 M c2. A k i companson is conservauve, is based on empincal cost and per-

,
,

66U . , - Mj formance data, and omits all " external" costs and benefits. Thus,EM WmM as the Harvard Business School energy study recently found, the

M M.9 i NM.
::

cheapest energy investments are the efficiency improvements, then'f ~NC .'
soft technologics, then synfuels, and last-costliest-power sta-

.

i4 "M 7, tions. Afost countries have so far taken these options m reverse
J,4~\ M W* ".d '

M||f . order, worst buys first... *
- 1 :f p i The early debate over the technologies and costs of the soft patho

"%
gave way, as critics verified the references, to a residual philosoph-

f.4 f .2 7 f ; ical debate: Will people do it?" No analyst's view of what is

#d'[f*'
'

v'
"Sce liaruki Tmhi a's supply data ir Aft Ennp Norri. May 1960 (in pum). T >pical

t-

-

.b 3 pctfor4. '

G~ l i - te(hnical nudies are irported birnonchly in S/t Enncy Stri by the international Prod fwr by the OfGce of Solar Policy. If i
.%ft 1:ncro l'aihs the 6:st ern iwnn aic rcpunte*

R. rQ'h'I .
!

Dep'artment of Energy, as IX )E/PE.0016.l.See ilugh Nash. ed , The Entry Controsersy: Sft rath Queurons and Ansuers. San Vrar:ivo:
. , -v.

Q M., , *

-|'d hWW:, Vriends of the Earth,1979.
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important or tolerable to people can substitute for asking them. g-

The debate reduces to the Jcffersonian (and market economics) f24.gm

- . view that people are pretty smart and, given incentive and 25i,. .,

- ~ f
~

opportunity, can choose wisely for themselves, versus the llamil- 'gy
' ' '

tonian view that these compicx issues must be centrally decided .. J -
by a technocratic clite. Under the latter philosophy, energy policy - Q(,.

requires massive central planning and intervention which| under '
.

.gthe former, it cannot tolcrate. Mr
Recent experience of what works is empirically resolving this RNB,

dispute in favor of the Jeffersonians. Under a no-strings grant ;

program, Nova Scotians weatherized br!f their houses in one year. WJ
The peopic of Fitchburg, Massachusetts, by. door-to-door citizen
action, did the same in seven wecks, saving a quarter of the town's M./%-:s5&-

.

heating oil. Of the roughly 200,000 U.S. solar buildings, half are M5?3
passive argi half of those are retrolits (greenhouses added to @fM. .

cxisting bud. dm.gs). In the most solar-conscious communitics, from Sg,g
w

a quarter to all of the 1978-79 housing starts were passive solar. - MW.*
More than 150 New England factories, and half the rural house- Qholds in many areas switched from oil to wood. Over half the =

states have active fuc! alcohol programs. Small-scale hydro recon- @Nm..I CO
NDstruction is flourishing. More than forty manufacturers of wind -

w naymach.mes share an explosively growing market whose two biggest ;wrfw
commercial commitments in 1979 totalled S230 million. The size, p~g.
dispersion, rate and diversity of soft-path activities are now so 9,

great t. hat national authoritics are only dimly aware of how fast e2
their own targets are being overtaken.' gg

Governments face special institutional barriers internally. Re- bw
actors can be ordered from Bechtcl. xwe. Framatome. Mitsubishi: Mf@.h.

but the centers of excellence in soft technolocies are sc.utered.
D @M :unprestigious, impecunious, all but unknown. Flistoric parterns of #

reward and prestige make bureaucracies safe for incompetence, rd.34
bypass vision, and scorn technologics that are sophisticated not in ' Yb.
their complexity but in their simplicity. But in national terms soft '

:
technologics, by contrast, are politically efficient, for they are

%+4@@B
correctly perceived to be relatively benign; their impacts are in y.Mi
general directly sensible and susceptible to common-sense judg- 1g%';yj;

2 --

" Ilundreds, probably ihomands. of North American countics cities and tow ns are con- MWW
sciomtv sccLing to implement nnwt or all of the elements of a soft energy path. See l'rwedings $.M g).nfthr Forst.InnualCenferrnu sn Ce mmunstn Rennenhlr Enerv Spremr (Itoulder. Augms 1979).Gohlen.

3'"Y..N.[' QColo.: Solar Encrgv Research Imtituie,1980 (in prc@ Rennr able Energ Dru/rpnent: Iml/suas
and Carabohtur. IX)E/PE/0017. Washington, D C.: U.S. Department of Energy, 1930; James $4'tRidgew ay, Eurrp./@nent Commim. te %mme, Enunam. Pa : )G Press.1979. Office of Consumer F " rg'.

.\frairs. Enerp Cmo,mer. Washington. D C.: U.S. Dcpartment of Encrcy. I'cbruary/.\tarch 19PM, '~,
and project hsis from the Center for Renewable Resources in Washington, D C., the institute ;rQ,R y.p.

, for Ircal Scif Reliance: in \Vashington, D C., and the Imtitute for Fcological Policies, in ' **' * J.-

i ' "Fairfax, Vir5 nia.*
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cy Ad.k
.. . .

ments; they are chosen in the marketplace and at a democraticallyM3 c. gI accountable pohtical level; and they give their costs and bencGts.
,

2

.
a y " .y ygdp to the same people at the same time, so the recipients can decide4

.
. ..

y;a djj[f how much ,s enough.i_.- s tm r. Some will tlu. k that permitting nucIcar power to die is a drasticnq. tJ |jp
/./ . idW$iO gamble, prematurely sacriGcmg an msurance policy which we

2 y g.h, may desperately need if alternatives do not workJ" But the real.

+
M ~ F;QAQ msurance pohcy, besides present overcapacity, is tlic well-proven

y > ' A g[,@.jg .c
{ j

o.
[; compactely conventional efGciency improvements ahd transitional. '.

RMJ fossil-fuel technologies (such as cogeneration) which can each
. :

,. 2p;r }}y unquestionably provide more electricity faster and cheaper than% %

ym.f;;m,.8'h$h
;$$$h h nuclear power but were left out of ofGeial projections The need

for nuclear power is not established by mercly raidn8 doubts.w w.N $u_gAw iv;-

(w g,m;; V w:nd M~ ,
s - about the capac.ity of renewable sources to take over quick!>*. Nor.

.y. :;:-
.

. ..

.n y. q hog, is nucjcar neccj ,,$jurmg tjie transition" established by citing a~ -- me 4.
.

saW4g7Q scarcity of transitional fuels, for this begs the question of what
,

i@iE2 jd8Q.hIh!
li fuel the even longer transition to nuclear dependence.

Ul

M@jw;g,YOM. .Id@SM)Mhp;;
%g ~ hether or not a country has indigenous fossil fuels has nothing

to do with whether nuclear power or soft-path investments ca

#W . < i. ~ ,k ler t displace that country's oil use faster.

3$ fD It is neither necessary nor desirable to do everything at once,
. .

. . -

*i$n.%l.h. %gg
-

. ' .
f .1 gy mid some optmns exclude others. Keepmg the nuclear industry

ah,ve, even m a senn. comatose st:He, is not like olR ring vitamini .w J j j
N;;V[r.,; YNbh;0.w-

.s. tablets; it dem:mds Iictoic measmes to resuscitate and artiGcially
! sustain the v,ictun of,an mcurable attack of market forces. Of our,

7. w :m4gg
G m.te resources, only crumbs would remain. Countries wanting to%_,.. - 7- ' 4

n S . m.e.64 b shift to reliance on renewable sources-both the adequate ones

S; y:y": Q% y, already avai'able and the imoroved ones being rapidly devel.
. 7;7 . Q oped-must do so before the ri..mively cheap fossil fuels, and the

y' r
,

#j.y relatively cheap money made from them, are gone. They are
.

% . .:: M. gomg fast. In this transition, nuclear power does not complement

g.f' h| Mg :j. but devours its rivals. It is a long, irreversible step in the wrong
,.

.

Of' . , i p , p;*-j] y:. ( dircClion.
-

-

m n/ ?J N .
,nv x VI~]y'- s ,,.c e.

& . D a.' h. G
"

_' ~~mf The section just concluded has focused largely on the potential
.

.-
' '

?f', of the soft energv path for industrialized coimtries. What of the
.

f
.-

' .: 3 g16 "It is abo orien .ucord thai ihr ani of writing off nuclear plann ninv niwrating or being,:
>

boils would be prohibiiisc. flut in fact. their estra c|cciricii> can in cencral be used only for.. **

,'

~ d (! . ' Innh nm! car plam. so it is thcaper to w rite of f sm h a plant ami neser oper.ur it. l' infer l'.S

i }, low.irmperature heating aml ronhng. The t hrapest way s of doing ifune t.nb . offiin no
impunements . uni p. mise solar measures ont less than the running onn alone for a newiv

.rx
"' t

*

;! tas law. this sasing plus the sasal future utilii> profia and tas subsidies wonbl probably suffhe
,

., 4 t

G ~:.
^ d ,4 rem d to recoup the planti capital cost too. Similar arguments apply to p.trd) buih partly amoitierd... ,

(N. n - ; tq p, and rowd.rocled power stations.
s - 3 ,t

yon( !. 32 .\
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( '.
developing countrics? And what,in particular, of the statement of' .,

purpose of the International Atomic Energy Agency, which in A-
O 1957 undertook to promote the spread of nucIcar energy for %&gv .. .

'

;

cxclusively peaceful purposes, especially in developing countries- 3f," *-

.

and of the obligation stated in Article IV of the Non-Proliferation C;.4'

.

,

Treaty of 1970, under which all the parties to that treaty under- @'

took "to facilitate" and have a right "to participate in, the fullest 'f;h
.

possible exchange of equipment, materials . . . and information for
"

the peaceful uses of nuc! car energy," with an " inalienable right" dSjC, -

to peaceful uses "without discrimination"? W
- The Hrst thing to be said about Article IV is that it is, by its Q..

own terms, subject to conformity with the primary obligations of 9
'

the same Treaty: Article I, in which nuclear weapons states g.-
promise not to transfer bombs or "in any way to assist (or] g(

cncourage" the acquisition of bombs by others, and Article II, in g
7.

which rion-weapons states promise not to scck or acquire bombs. WN
The ambiguity inherent in this compromisc between promoting <i5

reactors and prohibiting bombs has been well exploited. Some %nations, for varying reasons, adopt the nuclear industry's v.cw f
that Artic!c IV legitimates or even mandates the supply to all NPr d

Tf5adherents of plants that yield pure bomb materials, or of those ,

65materials themselves, so long as they have some civilian use.v
,

Suppliers' declarations of" restraint" in making " sensitive" trans- gy
fers (code for "unsafeguardable in principle") have not said that f
such transfers would breach the Article I obligation "not . . . in h

g d
%{{{.c

any way to assist," but have accompanied reafGrmed commit-
ments to export more reactors. ,

Any attempt to resolve this ambiguity seems to some parties a $gf

discriminatory abrogation of their own hallowed interpretation. -

Tempers are running high. But the impasse results from misstating $$
the problem. Denial-of bombs to states lacking them-is the M
central purpose of the NPT. The compensatory rewards to non- .-M
weapons states were stated in terms of nuclear power because of $9
the nuclear context and background of the negotiators, not as an %f

Q;expression of the essential purpose of Article IV.
MfAs conventionally construed, Article IV is an obligation to

facilitate a transfer which is in fact now a liability for its ostensibic *'R
purpose of providing energy, but is singularly useful for its forbid- f[
den purpose of providing bombs. Nuclear power is something ~gr
which under Art'icle I the givers mustn't give and under Article 11 .W
the recipients shouldn't ask for. The time is therefore ripe to 3jh
reformu ate the bargain in the light of new knowledge. Instead of C.
denying or hedging their obligation, the exporting nations should g$,

(
|wk,

,

+ M.

. - . x,.w,4 . - n y. M m n . w 4. ~ _ em . -- m- y y.=

h N 0 - m., .,

*
s

a w Mwnma m s, Az.kmww. x=m-
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.

~ . J1 'c fulGli it--m a wider sense based on a pragmatic reassessment of
... y.- - .

. . .

D hnDDh;@jh
-tn i,

WOMka what recipients say their real interests.are. When Eisenhower....

spoke in the fading glow of FDR's rural electriGcation pmgram,
and when the ner was negotiated at the zenith of caeap oil,_av

- - Mst q ,,. nuclear power wa: expected to be cheap, easy, and abundant.
. _ . , .m m.

,a%.- .

2 P '. - c nig tP Now that everyone knows better, recipients should insist on aid in
7 n';yr;g ,P meeting their declared central need: not nuclear power per se but

-3
.,

cather oil displacement and cncigy secwity.

- $ g';g.(; .@Sw d
. . .-

MN The arguments that efHeic'ncy improvements and svailable soft

c? @ kV.p g. S . 3 M l'
technologies can displace oil and meet energy needs better than~

'

fig nuclear power are in fact strongest in developing countrics, where
%dQ p y$M capital," delivery systems, infrastructure, and income are most
MMNiEM*k d limited.~ By enhancing resilience, self-reliance, and economic-

Vs5161%bE%h[M'h
!i strength, a soft path aids national security. It can serve equally

PM M hh well, we shall suggest, another !cgitimate motive: prestige. It does
Y/bSp not serve the dieg,itunate motive which wr adherents have chs-

" V :~ M a m ;SgeP , dkp avewed: Setting bombs. It thus isolates legitimate from illegiti-
;

t4M|wg
M-dM~rhi' 9-;ij mate motives and makes proliferators exph. . ly reveal t,icir mten-

. .
'

cit
"

g* w[. L. F M M - y, tions.

, $, W*TSW@MUNi.% @gh
To the e. stent that developing countries scck reactors for pres-c

$ r$ tige, the West's bad example is to blame. But prest ge is normallyi

denned in terms of an accepted theory of national welfare. Reahty4'.1MTP?ihj has debunked the fantasy that nucIcar power would make deserts
a

d

Oh M j g g @"p
bloom, cities boom, and villages prosper. Enormous diversions of

%F.r.@cA.1..c m.. nat.ional resources for p,itiful ends may comfort nuclear bureau-
s.4 .

.. p crats, but not a nnance numster fac.mg massive oil debts, a d.istrict
.. . .. . . .

: m ;A

3dd:- (ilhM
. .

@D@ commissioner fighting deforexation, or a prime minister whose

59M.d. m R. people still cannot cook their rice. Clay stoves, biogas plants, and7Tw m . .

g m |g g;pe.w g m: cogeneration may lack. sex appeal for technocrats, but a practicalw
q. O?* C . 6 Q..e .

projects than from a s.mgle ribbon-cuttmg. Romantic images can
politician has more to gain from thousands of small, successful..

u . . . .y 'u
. ,

W, w;M% ,Q,i
I.

have a long half-life, but ultimately market forces will work, and
;: investment in pyrolyzers and windmills, solar cells, and solar stills,gpygGM Q

ddP.7 i%. will become commonplace and " respectable." To hasten the
~ F 2 demise of decisions based on bad economics and false glamor, thei, .. . .

-?. -klI. industrialized countrics need simply to ask that buyers of nuclear. .M . ' '

=

4: 1i power pay for it-and to provide a psychological lead, as when 81-

.J.
.~,

R percent of Swedes voted in 1980 to stop reactor ordering and
'k

.

'WH~
- . d? |-

phase out nuclear power within about 25 years.
" Some leaders may see short-run glamor in bombs. But as the

ys
.

Vietnam debacle showed a decade ago, prestige comes from a- ..- .

' t
, . ,s \ j

.. . ,

g*Q, d?J.;;- s %|6d{/{i e,t " See materials ciicd in fwtnote 39.

QYL - < ~ ~ ~
.)

-Qgmqp.% f. 'L
.

.,A , ,nt r. m. .. .m~
. . , .

~

J d'

g, ' N h. , Ng | s .A
, . . . ., .

* [, i,M b . . , -- f w,
, ,

-

o,c -- . . . ~ , - - .-- r . .'- 4[g e'p ,
Y' 5 f fh\Y R ?,,' x Ass $., $* h.9 up un$. ,.gp.,w' e''8 \ c .h y*W'v n .. ' $m$) Q*'*> Q~ ? ~~ h $ hbfhk h.f,fh a - .$f?n?|f

* ' * -
. d-n p p m v,Nad

.

ma. . . ~

' bk ..,P * .~ . .
5,

.

.II ~* E[ [
. n. .. .c -. . [s*

f|) h . . h.b . :, ' *a..

u[ ) '..n
. , -, . .

'A* C. .,;.;& sM*yA='-D " i4 0 ] " MI*M'L ,,q- .,
*'** *

a.c .~ ... n[ M. m [ n ,~ M . M M +0 ], !A h C N $ ' - N N,. . . " % ^ S ) . ' %.
_ . . .-C W ' .'3 Or N.TtNM. e.T .4'/G*.

'*
.

=. - --aww- .. - .n - . .: - -
.

,

( [t'j"goif,** E /s * $ h( f 4 T



j:
.

.
.

.

j. - o.

*

NUCLEAR POWER AND NUCLEAR BOMBS 1171
<

,

.
. '

?7.' leader's ability to influence events, not from mere technology or "

7'' trodp strength. In the long run, a policy of self-denial, recognizing
'

the near-irreversibility of a peck over the nuclear threshold, has !fi-W, <..

i<. often been a policy of shrewd self-interest. The costs of nuclear ff.> ,

.f. . ,

- " strength"--more nervous and better-armed generals at home y.
n

and abroad, more entang!cment m superpower rivalr.ies, more w,. .

:

reluctant allics-outweigh the benefits (putative deterrence and Y,

-

distraction from internal problems). Bomb programs have prob- g-_-
| %.-

ably ahvays decreased their patrons' security. The first act in the>''~
.

kworldwide nuclear arn.s race began, chillingly, with the misper-~

ception that a rival (Nazi Germany) was about to develop bombs. &-' -

A nuclear force possessed by, say, India er Japan cannot deter ~.p"

M@4.
a/ ? - !v neighbors' nuclear attacks (which may arrive anonymously by

..

i fm. .!- oxcart or fishing boat); and far from deterring first strikes by the
.

gfgreat powers, it is an attractive nuisance inviting them.M- :'

Many developir.g countries arc cager to avoid these costs and to &f
adyance their people's we! fare by iridigenous, appropriate, non- g'

violent energy policies. As an , impressive literature attests, centrally gf4, ,
,

aided decentralized action toward a soft energy path can benefit JM.,
'

enormously from a few simple tools: F.MFr-

- Classic designs" that can spread rapidly and attract local"'

z, . a ' m

MT[C
Td'refinements, like Chinese biogas plants (nine million installed in'' '

,
1972-78), New h!cxican greenhouses, Indian bamboo tubewells,
and Saskatchewan superinsulation.The incredibly rapid flowering pyK'

of clever, accessible designs worldwide is a tribute to the most ;Q
powerful known tool in the universe: four billion minds wrapping 3.cg
around a probicm. egwp.'

x.
-I,. idworkers, extension services, vandering gossips / min- ger-ic- .

.[o strels/ cross-pollinators, staff exchanges, networking newsletters, g
.,

; appropnate-technology and self-help groups. .-g
.

. . .
_Small-grants programs at national and regional levels. With 91

,K low unit cost, low overheads, high volume, high dispersion, and $,$$;

@M.T0
B:;':F, willingness to take risks, these have been among the richest sources

T .: of rapid innovation. The money needed to build a single reactor,
j,1

'- spread among a million groups and individuals, could hardly ;

;j avoid dispersing a hundred thousand successes where people can @f;,
- see and imitate and improve them. Thousands would probably M

i"' yield innovations each more important to national welfare than %-
the initial foregone reactor. WP

'| -Reliance less on specialized technical institutions, high tech- %,Jis
e' nologies, and credentials than on smart people, who are to be

found everywhere. Technical skills and facilitiet are valuable but i

fd.: c- c [.. -have been overrated as prercquisites. Many of the best soft' tech- j f(. *?.
. . .
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,_, . ;> g nologies can be made in any vocational high school or by a good
..

WQ;@Tf.l(f 10 blacksmith.
--

,%

Min.M A@DR
'. -Small-business soft-energy credit systems and marketing in--

< 4

._- .:7 7 .W frastructures analogous to farm credit systems and co-ops. An-

'
,

( 4'S ~ %Q Indian family might save upwards of S3 a year in kerosene with,

, ' d Q N % j h !,' a S10 stove, but a 30 )crcent annual rc:orn on capital is not1~j

y' .* y aag : compelhng for people w,th no capital.i

.'. -Soft-path lending by national energy development banksT/ %y hjt 3dh d oriented toward farming, small-business, and hou~schold needs,'#
. '

M UU complementing Gnance (mainly in industry, and ensuring that.' '

N R .f/ f E'hi!L Redgling industries buy the most energy-cfGcient technologics) by.

W. DTM L utilities, national fuel companics, and existing public and private
diSf/$$$MN h

; banks.
- Investment balancing tests" by international lending agen- |.7ME' nh

Q'""y[M|b@g%1Mp'
* "

cies, which now fund hard technologies generously and cheaper,
- j softer ones penuriously." The World Bank has apparentiy not

A M[@[ W@y? i even studied mdustrial energy savmg-a maj,or opportumty m ;
,

many developmg countries.%g.n..p e
*W .a ..r.,

tg, ~ s934 j -Soft-technology transfer concess*ons, * clud= g mutual ex-i m m

K.?RMM p changes, licensing of public-sector patents for home and regional
5%&fMW .' markets, and international Gnancing oflocal production.
9;PS %. w%n-L -International ad hoc advisory networks organized by biogeo-6s.
u. exdg g - graplu. cal prov.

s

.9 u.. - mcc.
S' T? M -Humility by " advanced" countrics: many countries they
% W?$ b'.1"f5yj: consider backward are far ahead of them, leaders on a world scale
UpMQ W in truly advanced technologies.

~

i
.

. ;:Nn' Currently there are many forums for Northern nations to ex-RJ ' .

w .b. N '@9!
-

. change energy v.iews and data, nonc for Southern. The Interna-
M.:m
? T ' W@.. 't h'

Ry tiona'l Energy Agency's oil-sharing plans exclude the South. New
global and regional cncrgy and Gnancial institutions will undoubt-

1 - +Mk edly emerge, and NPT adherents, espcCially non-weapons states,
w i,

- M,*%j " U
deserve substantive preference, a strong voice, and preferably a

M'.M ;1%g; Q;.
ML guiding role in them. To reinforce success in energy policies that

ni N make the ser effective, or ultimately unnecessary, countries dis-
W + 7 O D. p placing oil most effectively with inherently non-violent technolo-
e' 'c % 2tg ' gics should be entitled to special Gnancial or oil guarantees by

i ${ .t wea pons states.
_

;. *g g${d
.. Tic global urgency of displacing oil and uranium-like the.

/Ml ; reconstruction urgency that gave rise to the Marshall Plan, World'

m

f .Q Bank, iur, and oECD-offers a good Case for a Fund for Renewable
"5:d.m ;.

f*p| '1 : " nw c enetc ic+ av..c.m imc inwn n, dr . he.> pest wam,f meciing ena.n e neca,. and*

1 can lar gtly amni the enney pricing pmblem: see Imins injwnala/ hnm .&mntmria and*( e.
b, ?'"N[jgf

, . ,

concluding addren in California PUC. le of., footnoic 21.
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Energy Enterprise (rnEE), analogous to the International Fund for Ns
Z Agricultural Development and funded perhaps by a tax on oil 7.
& sales, oil or fossil-fuel use, uranium mining, arms budgets, or #'

. megatonnage of bomb inventories. FREE would aggressiVcly fi- s

nance distribution, site testing, training, and institution-building .?. m
for soft technologies (limited by charter to decentralized systems). ?
It would complement existing institutions, work closely with' .e
appropriate non governmental organizations, substitute broad so- g.,.

cial accounting for narrow profitability tests, take risks, be at least kj7.,
- half controlled by recipient states, and operate via semi-autono- 3M

mous regional centers maximizing their dispersion of staff, deci- $. -
sions and money. As one of the many complementary mechanisms W%a

> p?needed to address the full spectrum of developing-country energy
needs at which Article IV was aimed, this concept could be 2 3ir;
explored 'and refined at the kvr Review Conference and at the DIEy :

1981 U.N. Conference on New and Renewable Sources of Energy. hi$y
g% ,vu
M *WrThe proliferation problem has seemed insoluble primarily be-
(4Nih

.

cause vast worldwide stocks and flows of bomb materials were ,

;f@4Rassumed to be permanent. Policy never looked beyond the nuclearoC

power age because there was no beyond. But that age may be

?'g&ending, with proliferation-given pragmatic planning-arrestable

$gjust short of total unmanageability.-

To abandon nuclear power and its ancillary technologies does
not equire any government to embrace anu-nucleqr sentiment or y
rhetoric. It can lose nuclear power-provided it loves the market S
more. Governments need merely accept the market's verdict in -

@dQgood grace and design an orderly terminal phase for an unfortu-
nate mistake. That should include the least unattractive and most $E
permanent ways to climinate from the biosphere (via interim 2-QZ
mternationally controlled spent-fuel storage) the hundreds of tons M(pfhof bomb materials already created, and helping nuclear technol- .

ogists to recycle themselves into work where their talents are more $7
needed. Phasing out reactors by the means suggested in Sections 23@,C

III and V would take about a decade and reduce both political ?!#7
tensions and electricity prices. ,,r

While collective leadership by other countries is desirable and L;g
sufficient, the U.S. cxample alone would deprive other countries' M
of the domestic pohtical support that an exorbitantly costly bail- 'gF -,
out of their nuclear industries would require. Interdependent

i audgets and narrow electoral raargins, explicit U.S. recognition ; $g i ,aolitical illusions would quickly unravel. In a period of. tight ,#

.; 3%@
*

.
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. N"%{Mn @ij.j jj! that the market has cut short the nuclear parenthesis in favor of

'M Ng!i| -more effective means of oil displacement would focus the accel-1 ,1 *q,e w Jfw-d. e,
xc p cratmg swing of pubh.c and profess.ional op. .mion worldw.de. To

. . .

is.t

W f/ M Q f"d@TnsyMQh .L

- allow the nuclear industry to die without noting and politically
capitalizmg on its passage would be a signal failure of interna-'TM

D M C h % Q h, @f! &'$$.9'@h h_
ji. tional leadership.

9- Second, as efforts to make the market more efGcient hasten the

h@5k$k WiM. unilaterally, and interested states (especially nonaligned non-
recycling of nuclear resources into the soft path, the-United States'*

. y % [, M . %c nihweapons states) multilaterally should freely, unconditionally, and'? '

-

mph N$h j g n ndiscriminatorily help any other country that wimts to pursue
g .4 9 1 a soft path-especially developmg countnes, on the hues suggested

. g,T gsg % M } Wun'n Q in the previous section. Nuclear fuel security initiatives should be
jecMi- 3 turned into energy security initiatives.

yM' hd Third, these efforts must be psychologically linked to the slower

8@; MF:%Mh|}
'

M and more difGcult problem of mutual strategic arms reduction-

h1f
treating them ts interlinked parts of the same problem with' '?

intertwined solutions. All bombs must be treated as equallyW"q"
hM. Ip ~b,,: loathsome, rather than being considered patriotic if possessed by4 M

U one's own ,untry and irresponsible if by others. A vigorous5 g]& @ w$. A . |.3

'Q. Q , [ w g g g ;; g{s;
coag. .ition oy non-wcapons states to tjus end ~is urgently necdcd. But

.
. 3- -.,

iMM$'

the key nussmg ,ngredient for promoting a psychological climateMf . of denucleanzation, m wh,ich it comes to be seen as a mark of
i
,

c%%Wre . t.

S national immaturity to have or want reactors or bombs, is a
Mp.-<k9.-yg%d. .g';.
: 5 reversal of the pol. .itical exampic now set by the weapons states.
,MD,.m %yph81GPihj. These combined actions may succeed only if they are taken
'g#4:.(ip 9M8?hI together and explicitly linkecl together. Our thesis is certain to be

misrepresented as "trying to stop proliferation by outlawing re-
%#~EEh8dTh '

actors." We have not said that. We have presented three. main
MhnXfidg!W7@$!&q?h clements, and many sub-clements, of a coherent market-oriented,,

-Miag $ r program, and emphasize that they have a mutually reinforcing

p p[M %pyE !$ h psychological thrust-a syncrgism-essential to their success.
d Q 'S ,3 p Their linkage is also pragmatic, as illustrated by the common and

M @ S " W .);p Q2Q3 valid a'rgument that if one phased out nuclear power and did
%gjpg ! nothing clse instead, oi1 competition could worsen. Although the

~. AyW i Gght against the " vertical" nuclear arms race will be far more
,

WL
[Ey' ! difGcult than against the " horizontal" spread of bombs, theirp :n

%). - - JJ.d ! interlinkages with each other and with nuclear power are so

35'T;4'Q[y. j inextricabb that they must be pursued jointly and thought of$[
ggQ jointly.
j JM Nonproliferation policy addresses the increase of bombs, not

Mh 0 - their existence. If human life, and perhaps any life, is to persist on

f,jC G.m- @. .$ %: d j hn.@mour planet, the prmnt level and dispersion of bombs cannot be'

p
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i tolcrated. We have no special insight into how the underlying h 3,i.~

.

political problems of the world can be solved, nor special optimism MC
that they can be. Yet we place some small hope in the gathering M;E-

.

portents of a fundamental transformation of human values such W.7T
,

as has not been scen for centuries. As terrible global pressurcs- 'N ^1'

oil, a half-trillion dollars' uncollectable debts, ccological con- .Dg
straints, North-South and East-West tensions, the failure of the '' 3 M

.

; old development concepts, tyranny, poverty, the numbing weight .bf,

of military spending-all converge to crush us, a greater spiritual TN9%'

cncrgy that can inwardly rework human attitudes is starting to bc TE
pressed out of the cracks. In the next decade it may become a 1-

%g)M.N,?
4flood, profoundly extending the ways we care for the earth and

for cach other. No one can say if this will happen; but knowing'

M$,

that it might be starting to happen can alert ns to grasp the
Q9p
I'G''{M

lifelines of.new awareness that our increasin ly cornered psyches'

may throw out. The ego is strong, but the ove of life may yet
prove stronger. S T |.i

Nor can we long survive if that hope proves illusory. Many L.y:W1
nuclear physicists, in reflective moments, have wished for a magic WAD

Q'y%fwand that would make all nuclear Gssion impossible; they would
4wave it instantly. Yet if such a wand were waved, but if we did yf j

. ,

not also reverse the psychic picnuscs of cons of homocentnc, 25 4
d .);dJJ;d$patriarchal culture, then the time bought might only be used to

devise other ingenious ways of killing cach other. The United
States dropped on and around Vietnam the explosive equivalent irs M
of one Nagasaki bomb per week for seven and a half years. There .M5$
are nerve gases, napalm, fuel air explosives, submuni' tion clusters, ;M3
cruise missiles, germ warfare, now high-powered lasers. What .PS*

i next? Nonproliferation, however successful, can only buy time $h
ig p$I before some other holocaust unicss we also come to grips with the

Wyt'central problems: power without purpose, tribalism, human
aggression, injustice. A soft energy path would foster a social 4 1

framework in which to address these problems. but it cannot solve f vep,
them. Indeed, Carl-Friedrich von Weizsiicker suggests that as

m$@'i/Iartillery made city walls and hence the city-state obsolete, so
Mnuclear weapons may make both the nation-state and the insti.

/Q.y$
?tution of war obsolete-a necessity so alien that governments turn

$[hp1to the diversion of" deterrence" to avoid facing it.
StIlcrnard Haruch's choice between the quick and the dead is still

before us, with a new >otential resolution that has every justiG- figh
cation in rational calcu ations of cost, of security, of economic and .MG
political interest. But people and governments are not puscly 1 : a.
rational-as llaruch found when his 1916 plan fcli victim to'the gj(.jfig'

47Qm..
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( ,QQ . ll cold war. Our ideas, or the refinements we seek, may work-if
,

,,

WZ $9 many decisions now made irrationally are brought expeditiously,

@d "{ j within the confines of the criteria which are claimed to guide<

c/MsM them, or if political instincts rest on a wise perception of self-
4 mterest.

7,IEn "j r. Need we have proliferation without nuclear power? Not if we
.c

i
do it right. The methodical collapse of the greatest cause andi'T j'

a

s&#KOj facilitator of proliferation offers, briefly, the chance to start afresh,
WW si to start to unravel the web of hypocrisy and doublethink that has

?.$. %c ..ni stalled arms control and nonproh.feration alike. Perhaps the same
? ,Q,3'g h promotional skill that spread reactors around the world can now
w

I
nurture alternatives to them and so place prohibitive political

|(fhqMLh ebstacles in the way of making bombs The same ingnuity andp$;
! doodwill that managed, aga,mst all odds and ,mconsau.nc,ies, to. . $%% . l' d%I d il obtain the small mer.sure of international nuclear agreement we? M-

have today can now, freed from commercial imperatives that have
f %y f o h M?P c

L.y p proven vacuous, find ways to divert trend before it becomes;

destmy.
jNT.$q2 h In 1916, the Acheson-Lilienthal report proposed a technological
9 .j
'EE1hh monopoly to prevent proliferation in an inevitably nuclear-pow-

c. a;cQ' i,p! ered future: mere treatics and poh,emg, it reasoned, would prove
$7 :~ W! weaker than national rivalries, some national instabilitics, and

%)hMlC.$$0ih or even pragmatically attractive, the same political logic leads to
: human frailties. In 1980, with nuclear power no longer inevitable

hQ.*Wg$ d quite a different policy prescription. Yet as we frame our differentf

s A4 t..N. answers to different questions, the same p,rescient Acheson-Lilien-
W- %y?.t- thal conclus. ions seem apposite:

.

.
k@i::

'

M9
$ % . y] f ({ j ',

- 3
We have outlined the course of our thinking in an endcavor to find a

; solution to the problems thrust upon the wald by the development of thei.g
'l, atomic bomb-the problem of how to obtah. >ccurity against atomic warfare,S.C'

p and relief from the terrible fear which can do so much to engender the very
i.p A V{6MM**Cf. L thing feared.
T 1 % :{!-O As a result of our thinking and discussions we have concluded that it would
T be unrealistic to place reliance on a simpic agreement among nations to

. b[FDP4.{
T

u -- le outlaw the use of atomic weapons in war. We have concluded that an attempt
1 3[, f,f to give body to such a system of agreements through international inspection

w/ 4 .. i ! holds no promise of adequate security.
And so we have turned from mere policing and inspection by an interna-

4,'[ ,1 |p'+ s

; tional authority to a program of affirmative action . This plan we believe1;;4,*
holds hope for the sohition of the problem of the atomic bomb. We are even;L- mu

!; sustained by the hope that it may contain seeds which willin time grow into
{~ |Q' .t

- :.E q. ,
that cooperation betwecn nations which may bring an end to all war.

The program we propose wi!! undoubtedly arouse skepticism when it is firstt-

,; k.. e 6 ! considered. It did among us, but thought and discussion have converted us..Mw~@,-
. :c. ;.s > ,

h, 3.+). L '. I:f
,62 [h i t.

''

. W W W M. ) ^
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*f
Yd kh: '

.w:%c ,

, QGMF;5
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It may secr.; too idcah. .stic. It seems time we endeavor to bring some of our y :. . m .. ..
,.

'

expressed ideals into being. G.,M.. A' ~ * ' ''-

~

p
w c ;.t.g,%a.".I: may seem too rad.ical, too advanced, too much beyond human exper.ience..

.;

.?.G 2All these terms apply with peculiar 6tness to the atomic bomb.r
-<. m. g ai$.

.

+.

In cons. derm.g the plan, as inevitable doubts arise as to its acceptabih.t y, - gi

, L l i,6,.M~Y. ..L.2
....,2one should ask oncscif"What are the alternatives?" We have, and we Gnd no e

Mtolerable answer.
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