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• E I G H T * 

Nuclear Fusion : Boundles s 
Optimism an d Limite d Energ y 

The fron t pag e o f th e Washington  Post  trumpets , "U.S . Makes Majo r 
Advance i n Nuclear Fusion, " wit h th e first  paragraph quotin g a  govern -
ment exper t sayin g thi s "coul d lea d t o th e productio n o f th e first  prac -
tical workin g fusio n reactors." 1 Thi s wa s no t a  referenc e t o th e 
short-lived hop e fo r "col d fusion, " bu t rathe r t o th e long-standin g bil -
lion-dollar governmen t projec t t o tame the power o f the sun fo r peaceful 
use. But thi s headlin e appeare d i n 1978 , and "workin g fusio n reactors " 
remain decades away . 

The Washington  Post  stor y wa s neithe r th e first  nor th e las t time tha t 
breakthroughs hav e been breathlessly announce d i n the effort t o produc e 
energy fo r electricit y b y the same process used i n the hydrogen bomb . In 
the lat e 1950 s newspaper s i n Grea t Britai n wrot e abou t earl y fusio n 
research wit h th e implicatio n tha t reactor s woul d soo n b e on-line. 2 I n 
1992, the chair of the House Committee on Science , Space, and Technol -
ogy spok e o f a  recen t "breakthrough " i n fusio n researc h whil e callin g 
for continue d America n fundin g o f th e fusio n program. 3 Al l o f thi s i n 
the fac e o f a  progra m tha t ha s ye t t o achiev e "breakeven" 4—the poin t 
where more energy come s out a  controlled reactio n tha n goe s in—and a 
program fo r whic h th e governmen t itsel f no w project s tha t commercia l 
reactors wil l no t go into operation befor e 2040. 5 

Clearly fusio n ha s promise . Onl y th e prospec t o f extraordinar y bene -
fits could sustai n enthusias m fo r a  program tha t ha s bee n underwa y fo r 
forty year s an d i s stil l mor e tha n fort y year s awa y fro m commercia l 
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reality. Th e read y availabilit y o f fue l an d th e possibilit y o f saf e an d 
environmentally soun d reactor s ha s convince d man y tha t fusio n coul d 
someday outperfor m no t only the nuclear fissio n proces s use d i n curren t 
reactors, but other source s of energy a s well. 

Fusion ma y someday play a  role in American energy supply, but thos e 
expecting miracle s wil l b e disappointed . Eve n fort y year s fro m now , 
there wil l b e n o magi c en d t o lega l an d economi c constraint s o n majo r 
sources of energy . In the meantime, fusion provide s an illuminating view 
of th e hazard s o f doin g bi g scienc e i n a  singl e agenc y an d o f th e pros -
pects fo r internationa l cooperation . An d i t illustrate s ho w eve n th e 
distant prospec t o f limitles s energ y ca n affec t ou r thinkin g abou t th e 
appropriate scal e for huma n technology . 

The Underlying  Science 

The basi c scienc e tha t underpin s nuclea r fusio n goe s bac k mor e tha n a 
hundred year s an d display s a  familia r patter n o f unpredictabl e twist s 
and turns. 6 Discussion s o f th e scienc e o f nuclea r powe r usuall y begi n 
with Alber t Einstein' s 190 7 assertio n that , i n theory , an y tin y bi t o f 
matter ca n b e converted int o a n enormou s amoun t o f energy . Althoug h 
the equatio n e  = mc2 represente d a  quantum lea p i n th e developmen t o f 
nuclear power, i t is arbitrary t o regard tha t formul a a s the first step. The 
idea tha t mas s contains energ y grew ou t o f Einstein' s 190 5 pape r o n th e 
theory o f specia l relativity , whic h i n tur n dre w i n par t o n th e wor k 
of th e nineteenth-centur y Scottis h physicis t Jame s Cler k Maxwell . Th e 
progressive natur e o f scienc e ensure s tha t eve n th e mos t astonishin g 
ideas hav e antecedent s an d eve n th e mos t ordinar y observation s ma y 
have surprisin g consequences . Neithe r Maxwel l no r Einstei n ha d th e 
slightest ide a whe n the y publishe d thei r wor k tha t i t woul d someda y 
lead to nuclear power . 

In th e twentiet h centur y th e practica l tas k o f liberatin g energ y fro m 
mass develope d alon g tw o lines , fission  an d fusion . I n 1938 , uraniu m 
atoms wer e spli t b y neutro n bombardment , a  proces s quickl y terme d 
nuclear fission.  Splittin g the ato m lef t les s mass tha n ha d existe d befor e 
the bombardment , th e remainde r havin g bee n give n of f a s energ y i n 
accordance wit h Einstein' s equation . Fissio n serve d a s th e sourc e o f 
power fo r th e atomi c bomb s droppe d o n Hiroshim a an d Nagasak i a s 



NUCLEAR FUSIO N •  13 3 

well a s fo r th e civilia n nuclea r reactor s tha t no w provid e abou t 1 5 
percent of the electricity i n the United States . 

The theor y underlyin g nuclea r fusion , th e othe r lin e o f development , 
emerged befor e fission,  bu t it s practica l impac t appeare d later . A s earl y 
as 1927 , scientist s speculate d tha t stars , includin g ou r sun , wer e fuele d 
by th e forcin g together , o r fusing , o f tw o lightweigh t atom s an d thi s 
fusion diminishe d mas s an d release d energy , agai n i n accordanc e wit h 
Einstein's equation . The precise process tha t power s th e star s was deter -
mined b y Han s A . Bethe  i n th e lat e 1930s . Afte r Worl d Wa r II , th e 
United State s developed th e hydrogen bomb , which use s fusion t o creat e 
destructive capabilitie s fa r beyon d thos e o f th e fission-powered  atomi c 
bomb. 

In th e 1940s , man y scientist s realize d tha t fusion , lik e fission,  migh t 
be harnessed fo r civilia n use . The basi c metho d o f generatin g electricit y 
from fusio n parallel s tha t use d i n generatin g electricit y fro m fission, 
coal, or any other heat source. You begin by generating heat , which boil s 
water, thu s producin g stea m t o tur n turbine s tha t produc e electricity . 

Producing heat in a controlled manne r fro m fusio n i s terribly difficult . 
Because th e nucle i o f ligh t element s ar e positivel y charged , the y repe l 
each othe r electrically . I n th e enormou s gravit y o f th e sun , the nucle i o f 
hydrogen atom s ar e fuse d togethe r t o th e poin t tha t a  heavie r element , 
helium, i s forme d an d energ y i s released . O n earth , w e lac k th e sun' s 
gravity, s o scientist s nee d t o achiev e temperature s man y time s hotte r 
than th e sun's core while containing the colliding nuclei a t those temper -
atures fo r a  sufficien t lengt h o f tim e an d a t a  sufficien t densit y i n orde r 
for significan t amount s o f energ y t o b e give n off . Fusio n researcher s 
discovered i n th e 1950 s tha t forcin g hydroge n isotope s t o achiev e th e 
necessary temperature s o f ove r 10 0 millio n degree s Celsiu s an d th e 
necessary densities was even more difficult tha n expected . At the temper -
atures involved i n fusion, mos t atoms ar e stripped o f thei r electrons wit h 
the resul t tha t matte r become s a  mixtur e o f positivel y charge d nuclei , 
called ions , an d fre e electrons . Matte r i n thi s stat e i s know n a s plasm a 
and behave s differently  fro m solids , liquids , o r gases . A n enormou s 
amount o f basi c scientifi c researc h o n plasm a physic s ha s bee n an d 
remains necessary fo r determinin g ho w t o control a  fusion reaction . 

Research o n fusio n ha s bee n takin g plac e sinc e th e 1950 s i n th e 
United States , Europe , Russia , an d Japan . Som e o f th e mos t promisin g 
results t o dat e too k plac e i n lat e 199 1 whe n th e Join t Europea n Toru s 
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facility i n Grea t Britai n pu t ou t abou t tw o millio n watt s o f energy , an d 
in lat e 199 3 whe n a  Princeto n Universit y laborator y produce d ove r five 
million watts. 7 Thes e tests , however , laste d onl y a  fe w second s eac h 
and, mor e importantly , the y produce d les s energy tha n the y consumed. 8 

Clearly scientist s ar e stil l shor t o f th e "breakeven " point , wher e fusio n 
produces mor e energ y tha n i t use s up , an d the y ar e eve n furthe r awa y 
from makin g th e reaction s "self-sustaining, " i n othe r words , capabl e o f 
keeping themselves going while remaining under control. 9 

Obviously, controllin g fusio n i s a n extraordinar y undertaking—th e 
head o f th e America n progra m onc e describe d i t a s "probabl y th e mos t 
difficult technica l tas k tha t ha s eve r bee n attempted , ba r none." 10 Bu t 
the promis e a t th e en d o f th e roa d i s considerable . Th e mos t promisin g 
fuel fo r th e fusio n reactio n i s a  combinatio n o f tw o isotope s o f hydro -
gen: deuteriu m an d tritium . Deuteriu m occur s naturall y i n ordinar y 
water an d thus supplies are far mor e ample than fo r oi l and gas . Tritium, 
which i s radioactive, i s produced fro m lithium , anothe r readil y availabl e 
substance.11 Moreover , th e amount s o f deuteriu m an d tritiu m i n reac -
tors woul d b e s o smal l tha t a  malfunctio n woul d no t caus e a  majo r 
calamity. I f something wen t wrong , the plasma woul d strik e the walls of 
the containmen t vesse l an d quickl y coo l down. 12 Th e wast e disposa l 
problems als o see m les s dauntin g tha n wit h nuclea r fission.  Th e onl y 
radioactivity associate d wit h reacto r operatio n woul d com e fro m th e 
tritium an d fro m neutron s strikin g th e reacto r structure . Neithe r sourc e 
is expecte d t o b e a  majo r problem . Finally , lik e nuclea r fission,  fusio n 
involves no fossi l fuel s an d thu s no combustion product s tha t contribut e 
to global warming. 13 

The American  Fusion  Program 

Although i t i s no w see n a s a  civilia n energ y program , th e America n 
efforts t o contro l fusio n bega n i n secre t an d i n th e shado w o f Worl d 
War II. 14 Becaus e o f th e wartim e lin k betwee n nuclea r energ y an d na -
tional security , the Atomic Energy Act of 194 6 created a  nearly complet e 
government monopol y ove r nuclea r matter s an d se t u p a  ne w agency , 
the Atomi c Energ y Commission , wit h authorit y ove r bot h th e militar y 
and civilia n aspect s o f nuclea r power . I n 1951 , the commissio n create d 
Project Sherwood , a  secre t progra m unde r whic h laboratorie s aroun d 
the country took divers e approaches to the problem o f controlling fusio n 
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reactions. In 1958 , the United States , the former Sovie t Union, and Grea t 
Britain simultaneousl y mad e thei r fusio n program s public . 

Today, th e America n fusio n progra m i s ru n b y th e Departmen t o f 
Energy, a successor agenc y to the Atomic Energy Commission . Althoug h 
a few other agencies play a  minor role , fusion i s for al l practical purpose s 
a Departmen t o f Energ y operation. 15 A t present , tha t operatio n i s 
funded a t a  level of abou t $30 0 millio n a  year. 16 

Science counselor s hav e becom e abundan t i n th e fusio n field , a s re -
searchers hav e sough t t o avoi d th e sor t o f overpromisin g tha t wa s s o 
costly t o nuclea r fission.  I t i s generall y politician s an d journalist s wh o 
talk repeatedl y o f fusio n breakthrough s an d o f solvin g the energy crises . 
Dr. Willia m Happer , Directo r o f th e Offic e o f Energ y Researc h i n th e 
Department o f Energy , speak s cautiousl y o f fusio n a s "a n important , 
long-range element o f the National Energ y Strategy" an d o f the need "t o 
improve th e environmenta l an d safet y characteristi c o f fusion." 17 Hi s 
most optimisti c goa l i s "having an operating demonstration powe r plan t 
by abou t 202 5 an d a n operatin g commercia l powe r plan t b y abou t 
2040." 1 8 

Even wit h th e appropriat e caution s o f scienc e counselors , th e regula -
tory ga p wil l b e a  dramatic on e i f nuclear fusio n eve r enter s the market -
place. Solvin g th e scientifi c problem s an d creatin g efficient , self-sus -
taining reaction s wil l b e a n impressiv e achievement , bu t i t wil l no t 
guarantee a n economically an d environmentall y soun d technology . 

Consider first  the costs of fusion energy . Every discussion o f this topi c 
begins b y notin g ho w inexpensiv e th e fue l will  b e fo r fusio n reactors . 
But fuel cost s are only a small part of the costs of generating electricity. 19 

The hig h capita l cost s o f buildin g fission  reactor s contribute d t o thei r 
decline, and fusio n wil l fac e a t leas t comparable problems . According t o 
Robert L . Par k o f th e America n Physica l Society , eve n i f "tritiu m wer e 
free an d w e coul d us e i t tomorro w th e capita l cost s o f a  fusio n reacto r 
would mak e i t financially  impossibl e to buil d i n the near future." 20 

Moreover, fusio n energ y doe s inevitabl y involv e radioactivity , an d 
thus som e publi c oppositio n i s likely . The radioactivit y proble m will  b e 
less tha n wit h fission,  an d th e ris k ma y i n an y even t b e fa r les s tha n 
numerous societa l risk s fro m nonradioactiv e sources . Bu t unles s atti -
tudes change, there wil l be public opposition o n thi s score. 

As note d earlier , radioactivit y will  b e create d b y tw o source s i n 
fusion reactors. 21 First , neutrons produced i n a fusion reactio n will  mak e 
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reactor component s radioactive . The exten t o f thi s problem wil l depen d 
on th e type of material s use d in the components. Second, the radioactiv e 
tritium use d a s fue l diffuse s throug h mos t metal s a t hig h temperatures . 
Even i f tritiu m wer e t o escape , i t i s les s hazardou s tha n th e radioactiv e 
materials use d i n fission  reactor s an d i t ha s a  half-lif e o f onl y twelv e 
years.22 Bu t peopl e d o no t necessaril y evaluat e radiatio n risk s i n tha t 
fashion. Th e publi c outcr y tha t followe d a n accidenta l 197 9 releas e o f 
tritium indicate s tha t man y peopl e fea r radioactivit y pe r se . An Arizon a 
plant mad e glow-in-th e dar k watche s an d self-illuminatin g signs ; whe n 
tritium leaked , demonstrator s carrie d sign s readin g "Tritiu m Spell s 
Death" an d th e state ultimately seize d the tritium hel d b y the plant.23 I n 
1992 an d 1993 , simila r publi c oppositio n t o tritiu m contaminatio n 
flared u p in South Carolin a an d Arizona. 24 

To scientists , thes e fear s ma y simpl y b e irrationa l an d thu s o f n o 
consequence. Bu t t o politicians , i f voter s ar e afraid , tha t fea r i n an d o f 
itself i s a reality tha t mus t b e dealt with. O f cours e public education an d 
discourse ca n chang e attitudes , bu t a t an y give n momen t publi c fear s 
are a n importan t elemen t i n th e rea l equatio n o f ho w publi c polic y 
is formulated . 

Alternative Approaches  to  Fusion 

Attention no w t o thes e economi c an d environmenta l factor s coul d nar -
row th e regulator y ga p i f fusio n eve r entere d th e commercia l world . 
There i s mor e tha n on e wa y t o buil d a  fusio n reactor , an d th e varyin g 
approaches ma y no t b e fungibl e fro m a  socia l poin t o f view . A  descrip -
tion o f magneti c confinemen t an d inertia l confinement—th e tw o basi c 
approaches currentl y unde r study—wil l demonstrat e som e o f th e 
choices no w bein g mad e an d th e difficultie s i n assurin g tha t socia l fac -
tors pla y a  rol e i n thos e choices . Magneti c an d inertia l confinemen t d o 
not exhaus t th e option s availabl e i n bringin g abou t controlle d fusion, 25 

but they illustrate the choices that li e ahead . 
In an y fusio n device , the key proble m i s to buil d a  container tha t ca n 

hold th e plasm a whe n i t i s a t temperature s o f literall y million s o f de -
grees. Magneti c confinemen t system s rel y o n th e fac t tha t th e plasm a 
consists o f charge d particle s tha t ca n b e containe d b y magneti c fields. 
This approac h date s al l the way bac k t o Projec t Sherwoo d i n 1951 . The 
most successfu l magneti c confinemen t system s t o dat e ar e th e Soviet -
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invented doughnut-shape d magneti c bottle s calle d tokamaks,  a  wor d 
that come s from th e Russian acrony m fo r torodia l magneti c chamber . 

The alternativ e approac h t o fusio n containment , on e tha t doe s no t 
use magneti c fields,  i s inertial  confinement.  Inertia l confinemen t date s 
back no t t o Projec t Sherwood , bu t t o th e 195 8 inventio n o f th e laser , a 
device tha t initiall y ha d nothin g t o d o wit h fusion . Laser s generat e 
powerful an d coheren t beam s o f ligh t tha t ca n b e focuse d o n a  spo t a 
few hundred-millionth s o f a n inc h wide . B y th e lat e 1960s , nuclea r 
scientists wer e theorizin g tha t a  lase r coul d creat e fusio n i n tin y pellet s 
of deuteriu m an d tritium . Thi s wor k ha d weapon s implication s an d 
much o f i t wa s classified . Bu t th e sam e principle s hav e give n ris e t o 
research o n civilia n energ y generation . Inertia l confinemen t devices  hav e 
been buil t i n whic h severa l lase r beam s ar e focused  fo r les s tha n a 
billionth o f a  second on microscopi c deuterium-tritium pellets . By crush-
ing the pelle t core , the intens e pressur e achieve s ver y hig h temperature s 
and densities . A s with magneti c confinement , fusio n ha s bee n achieved , 
but no t yet in an efficient manner . 

Lasers ar e no t th e onl y inertia l confinemen t system . I n suc h system s 
the pulse d energ y source , calle d th e driver , ca n b e heav y o r ligh t io n 
beams rather tha n lase r beams . 

The social consequences o f magneti c and inertia l confinemen t system s 
are no t identical . Neithe r i s clearly superio r an d i t i s difficul t t o projec t 
how eithe r woul d loo k i n actua l operatio n a s par t o f a n electri c utilit y 
grid. With tokamak s i t will be necessary t o maintai n th e large supercon -
ducting magnet s use d t o confin e th e plasma . Lasers , on th e othe r hand , 
have t o b e show n t o b e sufficientl y durabl e t o actuall y wor k o n a  day -
to-day basis . It seems likely that a  given tokamak reacto r would generat e 
more electricit y tha n a  singl e lase r system , s o dependin g o n one' s view s 
about centralizatio n o f energ y production , on e syste m migh t b e bette r 
than th e other . A s t o radioactivity , i t i s plausibl e tha t lase r system s 
would involv e smaller inventories o f tritium tha n tokamaks . 

In an idea l world , differen t fusio n system s would compet e s o that th e 
most sociall y desirabl e optio n woul d ultimatel y b e chosen . I t ma y eve n 
be tha t som e utilitie s woul d choos e magneti c confinemen t system s 
whereas other s would op t fo r inertia l confinement . Bu t the nature o f th e 
fusion researc h progra m make s i t unlikely tha t bot h technologie s will  b e 
available for publi c scrutiny . 

First o f all , fusio n researc h take s place , fo r al l practica l purposes , i n 
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one agency—th e Departmen t o f Energy . A s budget s hav e tightened , i t 
has becom e impossibl e t o fun d ever y avenu e o f research . Magneti c 
confinement ha s th e enormou s advantag e o f bein g close r t o demonstra -
ting breakeven , o r scientifi c feasibility—i n othe r words , gettin g ou t 
more energ y tha n yo u pu t i n will  probabl y happe n first  i n a  tokama k 
rather tha n a n inertia l confinemen t device . Thi s result , an d th e likel y 
follow-ups involvin g th e creatio n o f a  self-sustaining reaction , wil l hav e 
important scientifi c consequence s i n term s o f ou r understandin g o f 
plasma physics . I t i s unsurprising tha t scientist s wan t t o stres s th e mos t 
scientifically promisin g approach . 

At present , ove r 8 0 percen t o f th e roughl y $30 0 millio n spen t annu -
ally o n fusio n goe s t o magneti c confinemen t approaches. 26 Althoug h 
there wa s a  brie f perio d i n th e 1980 s whe n Departmen t o f Energ y 
officials trie d t o foste r mor e direc t competitio n betwee n magneti c an d 
inertial confinemen t systems , tha t ende d rathe r abruptly. 27 A t present , 
Energy Departmen t official s will  onl y asser t tha t commercializatio n o f 
inertial confinemen t i s a decade or two behin d magneti c systems. 28 

In practice , o f course , thi s mean s tha t i f societ y eve r judge s fusion , 
that judgmen t will  b e base d o n magneti c confinemen t systems . Th e 
enormous investment , bot h economi c an d political , necessar y t o brin g a 
new technology on-lin e has long-lasting consequences . The situation wil l 
be precisel y lik e tha t wit h nuclea r fission.  Ligh t wate r reactor s o f a 
particular desig n cam e on-lin e first  an d shape d publi c an d politica l 
attitudes towar d fission.  Th e fac t tha t man y believ e tha t alternativ e 
reactor design s availabl e toda y woul d b e superio r doe s no t mea n tha t 
those designs ar e immediately trie d out . Too man y people and to o man y 
utilities have soured o n fission  to give other approache s a  fair shot . Afte r 
decades pass , a  ne w styl e o f fission  reacto r ma y ge t a  hearing , bu t th e 
costs in the meantime wil l have been enormous . 

Thus fusio n face s th e possibilit y o f a  dramati c regulator y gap . O f 
course, i t i s possible tha t th e first  fusio n reacto r brough t on-lin e wil l b e 
the bes t possibl e fro m a  societa l poin t o f view . I t i s als o possibl e tha t 
inertial confinemen t systems , eve n i f the y ar e societall y desirable , ar e 
simply no t technicall y feasible . Bein g sociall y desirabl e doe s no t mak e 
something scientificall y possible . Bu t ther e i s th e ver y rea l chanc e tha t 
we will  mis s ou t o n sociall y promisin g an d scientificall y plausibl e ap -
proaches t o fusion becaus e they ar e not presently th e leading approache s 
in the Department o f Energy bureaucracy . 
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The scienc e counselor s a t wor k i n tha t bureaucrac y hav e mad e a 
difference. Ther e i s far mor e concern toda y wit h th e social consequence s 
of tokamak s tha n ther e eve r wa s wit h th e socia l consequence s o f ligh t 
water fission  reactor s i n th e 1950s . Bu t a  mor e thoroughgoin g infusio n 
of socia l value s i n th e researc h proces s i s no t likel y i n th e curren t 
bureaucratic environment . 

The National  Environmental  Policy  Act  and  Fusion  Research 

The current lega l regime is not structured t o pressure the science bureau -
cracy to conside r alternative s t o magneti c confinement mor e seriousl y a t 
an earlie r date . A s w e know , i t i s generall y th e cas e tha t court s exhibi t 
great deferenc e t o decision s b y the scienc e establishmen t i n th e researc h 
phase—it i s whe n technologie s com e on-lin e tha t lega l norm s com e t o 
predominate. Ther e i s on e statute , th e Nationa l Environmenta l Polic y 
Act (NEPA) , that , o n it s fac e an d i n it s conception , migh t hav e altere d 
this balanc e an d injecte d a  study o f alternative s mor e forcefull y int o th e 
current fusio n program . Bu t th e developmen t o f th e la w unde r NEP A 
demonstrates onc e again how th e views of the scientific communit y hol d 
sway in American research . 

The National Environmenta l Polic y Act , passed i n 1969 , requires tha t 
federal agencie s prepare environmental impac t statements fo r "proposal s 
for legislatio n an d othe r majo r federa l action s significantl y affectin g th e 
quality o f th e huma n environment." 29 Th e reference s t o "major " an d 
"significantly" hav e bee n rea d quit e broadl y b y th e courts , s o a n enor -
mous arra y o f federa l action s ar e subjec t t o th e statute ; a n earl y cas e 
held, fo r example , tha t buildin g a  jai l triggere d NEPA' s requirements. 30 

Moreover, NEP A require s tha t a n environmenta l impac t statemen t in -
clude an analysi s o f alternative s t o th e proposed actio n s o that compari -
sons can be made.31 

It i s unclea r whethe r Congres s intende d NEP A t o b e a  technolog y 
assessment statute. 32 The languag e i s sufficiently vagu e tha t i t has falle n 
to th e court s t o giv e conten t t o i t through litigation . I n term s o f scienc e 
policy, th e centra l issu e i s whether NEP A coul d b e interprete d t o mea n 
that th e government ha s to stud y th e environmenta l implication s o f an d 
the alternatives t o entire researc h programs , o r whether i t is sufficient t o 
do separat e an d discret e impac t statement s o n individua l facilitie s with -
out ever evaluating the overall program . 



I40 •  NUCLEARFUSIO N 

In th e contex t o f th e fusio n program , th e issu e play s ou t a s follows : 
When th e federa l governmen t build s o r license s a  particular tes t facility , 
it must do an impact statement o n that facility . Thus, for example , when 
the Departmen t o f Energ y funde d constructio n o f th e Tokama k Fusio n 
Test Reacto r i n Princeton , Ne w Jersey , i n th e 1970s , i t prepare d a 
statement analyzin g the effects o n th e loca l environment o f buildin g an d 
operating th e facility , includin g a  study o f radiatio n release s unde r nor -
mal condition s an d i n case of a n accident . Th e statemen t eve n discusse d 
how th e 78 0 peopl e employe d a t th e sit e woul d affec t loca l housin g 
conditions an d schoo l enrollment. 33 

What th e statemen t di d no t discuss , however , wa s th e overal l direc -
tion o f th e fusio n program . Th e Tokamak Fusio n Tes t Reacto r wa s jus t 
one par t o f a  tota l progra m tha t include d inertia l confinemen t fusion , 
albeit a t a  lower level than magneti c approaches. Should the Departmen t 
of Energ y eve r hav e t o prepar e a  programmati c environmenta l impac t 
statement fo r th e whol e fusio n program , a  statemen t tha t woul d con -
sider, fo r example , th e alternativ e o f givin g greate r emphasi s t o inertia l 
confinement approaches ? 

In th e earl y year s o f NEP A litigation , th e questio n o f whe n agencie s 
had t o d o programmati c impac t statement s wa s a  majo r issue . A t on e 
time, th e Cour t o f Appeal s decisio n i n Scientists'  Institute  for  Public 
Information, Inc.  v.  Atomic  Energy  Commission  (SIPI), 34 imposed seri -
ous dutie s o n agencie s i n thi s regard—dutie s tha t migh t hav e actuall y 
pushed agencie s t o a t leas t conside r issue s the y ten d t o side-ste p durin g 
research. The rise and fal l o f SIPI illustrates the limits of judicia l involve -
ment in basic science. 

In SIPI the U.S. Court o f Appeal s fo r th e Distric t o f Columbi a Circui t 
ordered th e Atomi c Energ y Commission , a  predecesso r o f th e Depart -
ment o f Energy , t o prepar e a n environmenta l impac t statemen t fo r th e 
breeder reacto r program . Th e breede r reactor—late r largel y aban -
doned—involved a  fission technology i n which th e reactor , during oper -
ation, bre d ne w fue l fo r othe r reactors . A t th e tim e o f SIP I th e breede r 
program wa s furthe r alon g tha n th e fusio n progra m i s today, bu t none -
theless it remained years away from havin g a direct impact on the public. 

When SIPI was decided, the commission ha d begun building a demon-
stration reacto r i t hoped t o hav e i n operation i n abou t seve n years , an d 
an impac t statemen t ha d bee n complete d fo r tha t reactor . Th e cour t 
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concluded tha t a t some point a n impac t statemen t woul d als o be neede d 
for th e entire breeder program; th e program cam e before Congres s every 
year as a "proposa l fo r legislation" i n the form o f appropriation request s 
and i t woul d inevitabl y affec t th e environmen t i n th e future . Fro m th e 
court's perspective , th e fundamenta l issu e wa s determinin g whe n th e 
statement fo r th e breede r progra m ha d t o b e prepared . Th e cour t thu s 
focused o n th e centra l dilemm a i n controllin g scientifi c research : a n 
impact statemen t a t th e beginnin g o f a  researc h progra m woul d b e 
meaningless, whereas a  statement on the eve of commercialization woul d 
be too late . The cour t quote d fro m th e tria l judge' s statemen t t o counse l 
in the SIPI litigation t o highlight the problem : 

I say this: I say there comes a time, we start out with E equals MC squared, we 
both agreed you don't have to have the impact statement then. Then there comes 
a time when ther e ar e a  thousand o f thes e breede r plant s i n existence al l over 
the country. 
Sometime before that , surely as anything under the present law, there has to be 
an impact statement, a long time before that, actually. 
But the question i s exactly wher e i n thi s chain d o we have to have an impac t 
statement.35 

To solv e thi s problem , th e Cour t o f Appeal s formulate d fou r factor s 
to be weighed i n determining when a  statement i s necessary: 

How likely is the technology to prove commercially feasible , and how soon will 
that occur? To what extent is meaningful informatio n presentl y available on the 
effects o f application o f the technology and of alternatives and their effects? T o 
what extent are irretrievable commitments being made and options precluded as 
the developmen t progra m progresses ? Ho w sever e wil l b e th e environmenta l 
effects i f the technology does prove commercially feasible? 36 

Applying these factors , th e cour t conclude d tha t a n impac t statemen t 
on the entire breeder program wa s necessary a t that time . 

The elements delineate d i n SIPI represent a  substantial effor t t o guid e 
the applicatio n o f NEP A t o researc h an d development . O f course , thi s 
particular formulatio n coul d b e challenged . Th e final  factor , fo r exam -
ple, i s phrase d i n a  seemingl y negativ e wa y ("Ho w sever e will  b e th e 
environmental effect s . . . ? " ) , lendin g credenc e t o th e notio n tha t tech -
nology assessmen t i s antitechnology . I t woul d b e eas y t o reformulat e 
this factor b y inquiring how substantia l th e positive or negative environ -
mental effect s will  b e i f a  technolog y doe s prov e commerciall y feasible . 
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There i s no reaso n earl y analysi s canno t provid e a  spu r t o certai n area s 
of scientifi c researc h tha t see m particularl y promisin g fro m a  socia l 
perspective. 

But, mor e importantly , SIP I represente d a  deviatio n fro m th e usua l 
laissez-faire attitud e o f th e court s an d th e lega l syste m t o basi c research . 
And becaus e o f th e broa d languag e o f NEPA , SIP I ha d th e potentia l t o 
alter th e statu s qu o i n a  wid e variet y o f areas . Bu t th e Suprem e Cour t 
put a n en d t o tha t possibilit y whe n i t rejected th e SIP I holding an d thu s 
brought NEP A int o conformanc e wit h th e law' s usua l approac h t o 
basic science. 

The relevan t cas e wa s Kleppe  v.  Sierra  Club, 2'7 whic h involve d th e 
Department o f Interior' s coa l leasin g progra m i n th e Norther n Grea t 
Plains region . I n Kleppe,  environmenta l group s brough t sui t agains t th e 
Department o f the Interior claimin g that a  comprehensive environmenta l 
impact statemen t wa s necessar y t o asses s th e government' s progra m o f 
issuing coa l leases , approvin g minin g plans , an d otherwis e licensin g 
private companie s an d publi c utilities to develop coa l reserve s on federa l 
land. The plaintiff s maintaine d tha t onl y b y looking a t the program a s a 
whole coul d seriou s environmenta l analysi s b e done . Th e Cour t o f Ap -
peals fo r th e Distric t o f Columbi a Circui t adapte d it s four-par t SIP I tes t 
to include all federal actions , not just technology development programs , 
and i t conclude d tha t enoug h informatio n wa s alread y availabl e o n th e 
overall progra m t o d o environmenta l analysi s an d tha t th e potentia l 
environmental effect s o f th e progra m wer e severe . Th e U.S . Suprem e 
Court, however , squarely rejecte d th e SIPI approach : 

The [appellate] Court's reasoning and action find no support in the language or 
legislative history of NEPA. The statute clearly states when an impact statement 
is required, and mentions nothing about a balancing of factors. Rather . . . under 
the first sentence of io2(2)(C ) the moment at which an agency must have a final 
statement ready "is the time at which it makes a recommendation or report on a 
proposal for federal action." 38 

The Suprem e Cour t di d recogniz e tha t i n som e circumstance s a  vari -
ety of agenc y action s migh t b e so closely connecte d t o eac h othe r tha t i t 
would b e irrationa l fo r a n agenc y t o den y tha t i t ha d mad e a  proposa l 
for a  broa d progra m an d thu s a n agenc y woul d hav e t o d o a  program -
matic environmenta l impac t statement . Bu t th e Cour t emphasize d tha t 
ordinarily th e questio n o f whethe r a n agenc y ha d t o do a  programmati c 
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statement wa s u p t o it , becaus e "[r]esolvin g thes e issue s require s a  hig h 
level of technica l expertis e an d i s properly lef t t o the informed discretio n 
of the responsibl e federa l agencies." 39 

Commentators swiftl y note d tha t Kleppe  weakene d NEPA' s abilit y t o 
inject environmenta l value s a t a n earl y poin t i n th e decision-makin g 
process.40 Subsequent case s in the basic research contex t have hammere d 
home th e poin t tha t i t i s now th e agency—not th e courts—that decide s 
when t o tak e a  broa d loo k a t th e implication s o f a  researc h program , 
and tha t agencie s rarel y ar e incline d t o d o that . I n Foundation  on 
Economic Trends  v.  Lyng, 41 th e plaintiff s wante d th e Departmen t o f 
Agriculture t o prepar e a  programmati c impac t statemen t o n agenc y 
efforts t o us e recombinan t DN A technique s t o enhanc e anima l produc -
tivity, bu t th e Cour t rejecte d th e claim , finding  tha t th e agenc y ha d 
discretion i n thi s are a an d th e plaintiff s wer e inappropriatel y usin g 
NEPA a s a  politica l weapo n t o tr y t o forc e th e Departmen t o f Agricul -
ture t o reevaluat e it s researc h priorities . I n a  simila r case , th e Cour t 
rejected effort s t o forc e th e Nationa l Institute s o f Healt h t o analyz e it s 
overall progra m o n th e releas e o f geneticall y engineere d organism s int o 
the environment. 42 

Finally, the Supreme Cour t ha s squarel y rejecte d a s well the alternat e 
theory unde r whic h th e Cour t o f Appeal s i n SIPI had impose d a  duty t o 
do a  broa d environmenta l study—i n Andrus  v.  Sierra  Club 43 th e Su -
preme Cour t hel d tha t Congres s di d no t inten d t o reac h throug h NEP A 
appropriation request s a s "proposal s fo r legislation " o r "proposal s fo r 
. .  . major Federa l actions. " 

The ne t effec t i s tha t court s will  no t b e i n a  positio n t o forc e th e 
Department o f Energ y t o d o a  programmati c environmenta l impac t 
statement o n th e nuclea r fusio n program . Whe n an d i f suc h a  statemen t 
is done i s almost entirely within th e control o f the agency, as is the scope 
of an y statement tha t migh t be prepared . 

Now NEP A i s simpl y a  statute , no t a  par t o f th e Constitution . Con -
gress could amen d i t to bot h requir e tha t agencie s d o impac t statement s 
when th e four-par t SIP I tes t i s me t an d t o empowe r court s t o engag e i n 
searching revie w o f whethe r agencie s ar e followin g tha t mandate . Bu t 
that i s no t goin g t o happen . Th e Suprem e Court' s rejectio n o f SIP I wa s 
hardly idiosyncratic . I t fits  wit h ou r overal l societa l judgmen t t o leav e 
policy decision s relatin g t o basi c researc h wit h th e scientist-dominate d 
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agencies tha t conduc t tha t research . Neithe r Congres s no r th e court s 
are likel y t o second-gues s th e poten t combinatio n o f bureaucrati c an d 
technical expertis e that a n agency represents . 

Funding Problems  for  Fusion 

So the Department o f Energy fusio n progra m plow s ahead wit h it s focu s 
on th e tokamak . Bu t freedo m fro m oversigh t o n tokamak s versu s laser s 
does no t translat e int o massiv e fundin g fo r th e program a s a  whole. O n 
the contrary , th e fusio n progra m ha s prove n t o b e enormously vulnera -
ble t o th e budgetar y constraint s tha t hav e marke d federa l polic y sinc e 
the earl y 1980s . The Departmen t o f Energy' s annua l fusio n budge t ha s 
dropped fro m ove r $50 0 millio n a  yea r i n 198 0 t o abou t $30 0 millio n 
at present , a  tremendou s cu t whe n inflatio n i s take n int o account. 44 A 
particularly tellin g blo w wa s struc k i n the early 1990 s when th e depart -
ment cancelle d plan s fo r th e $1. 8 billio n Burnin g Plasm a Experiment , 
which wa s to have been the next major ste p in the tokamak program. 45 

Several factor s hav e combined agains t fusion . Firs t of all , the promis e 
of distan t payoff s canno t b e sustained forever . Whe n a  researc h projec t 
seems alway s t o b e decade s awa y fro m commercialization , suppor t wil l 
erode. Ther e ar e benefit s t o pur e scienc e i n learnin g abou t fusion , bu t 
fusion ha s alway s presente d itsel f a s a n energ y progra m first  an d fore -
most. Som e observer s hav e argue d tha t becaus e i t i s so unlikely tha t w e 
could maintai n politica l suppor t fo r fusio n a t th e leve l an d fo r th e 
time necessar y t o produc e commercia l electricity , th e progra m shoul d 
be halted. 46 

Moreover, fusio n ha s al l o f it s egg s i n on e basket—th e Departmen t 
of Energy . Mos t America n scienc e i s sprea d aroun d amon g numerou s 
agencies, a prudent syste m i n times of tigh t budgets . This i s how scienc e 
spending generall y weathere d th e 1980s , whe n a  ris e i n defense-relate d 
research offse t decline s elsewhere . A s a  bi g scienc e projec t centere d i n 
one agency and i n a  few large facilities , fusio n als o has been cu t off fro m 
broader suppor t i n th e communit y o f universit y scientists. 47 I t run s 
the ris k o f congressiona l terminatio n i n a  singl e vote—th e fat e o f th e 
superconducting supercollider . 

Fusion's roug h roa d politicall y demonstrate s th e nee d t o refin e th e 
usual divisio n betwee n "bi g science " an d "littl e science. " Th e Huma n 
Genome Initiativ e i s big , i n th e sens e o f involvin g million s o f dollar s i n 
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the pursui t o f a  singl e goal , the mappin g o f th e human genome . But th e 
work i s spread amon g many universities , the funding come s from severa l 
agencies, an d a  variet y o f disciplines , includin g molecula r biolog y an d 
computer sciences , ar e involved . Fusio n i s big , bu t i t i s also monolithic . 
It has increasingly becom e a  single program i n a single agency emphasiz -
ing a single technology. As such i t is a sitting duck fo r budge t cutters . 

The reactio n o f th e fusio n communit y t o thes e fiscal  problem s ha s 
been dramatic . The major focu s o f the program ha s shifted t o a  multina -
tional project , th e Internationa l Thermonuclea r Experimenta l Reacto r 
(ITER). Begun i n 1987 , ITER i s a join t effor t b y the European Commu -
nity, Japan, Russia , an d th e Unite d State s t o buil d th e larges t an d mos t 
powerful tokama k i n history . Al l fou r power s hav e lon g supporte d 
fusion research ; indeed , a  European tokamak , th e Joint Europea n Toru s 
(JET), ha s enjoye d considerabl e success . Th e America n fusio n commu -
nity now places great stress on our involvemen t i n ITER. 48 

There i s a  certai n iron y here . Fo r decades , i n fusio n an d elsewhere , 
American scienc e was supporte d i n par t o n th e grounds tha t w e wante d 
to lea d th e world , bot h becaus e o f th e col d wa r an d fo r nationa l pride . 
With th e col d wa r ove r an d budgetar y constraint s makin g prid e a  bi t 
expensive, we now loo k fo r othe r nation s to share the financial  burden . 

There certainl y ar e positiv e feature s i n thi s development . I f w e ca n 
spend les s money , bu t en d u p i n th e sam e plac e technologically , th e 
nation i s well served . An d workin g wit h Europe , Japan, an d th e forme r 
Soviet Unio n o n peacefu l project s build s tie s tha t ca n hel p internationa l 
relations generally . 

But ITE R i s no panacea . Eve n reduce d budge t request s will  continu e 
to com e under scrutiny , an d th e American willingnes s t o spen d substan -
tial mone y fo r man y year s on a  project i n which w e are no t th e unques -
tioned leader s i s uncertain . Moreover , th e proble m o f distan t payoff s 
remains. ITE R i s stil l i n th e desig n phase ; actua l constructio n i s year s 
away. I f i t i s buil t an d work s t o perfection , it s supporter s sa y tha t th e 
next ste p woul d b e constructio n o f a  demonstratio n reactor , "perhap s 
within th e next three decades." 49 

The Solar  Comparison  and  the  Dream  of  Limitless  Energy 

So th e abilit y o f fusio n t o provid e electricit y t o ou r home s remain s 
very uncertain . Bu t fusio n ha s nonetheles s alread y provide d fue l fo r th e 
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formation o f America n value s an d expectations . Fusio n i s invariabl y 
presented a s a  potentia l godsen d fo r ou r energ y needs , and , a s such , i t 
plays a  rol e i n a  familia r story . Th e scientists ' belie f i n endles s progres s 
becomes a  central them e in our consideration o f our future . 

The shar p debate s tha t hav e alread y take n plac e ove r th e desirabilit y 
of fusio n d o no t undercu t thi s reality , becaus e thos e debate s ar e invari -
ably in terms of othe r wondrou s technologie s tha t ar e said to be prefera -
ble t o fusion . Th e usua l candidat e i s sola r energy . Thu s Departmen t o f 
Energy fusio n official s ar e ofte n aske d whethe r thei r progra m coul d 
compete with " a cheap , efficient sola r cell." 50 With sola r energy , we ar e 
always told , th e fue l i s free. Bu t a s fusio n itsel f illustrates , fue l cost s ar e 
a smal l par t o f tota l energ y costs . A  closer loo k a t sola r energ y reveal s 
the persistence of the American fait h i n progress . 

Solar energy takes a  variety o f forms . Fo r the production o f electricit y 
it i s usuall y associate d wit h th e photovoltai c cell . Photovoltai c device s 
are among the most attractive forms o f solar energy because they conver t 
sunlight directl y int o electricity . Photovoltaic s ma y someda y pla y a  cen -
tral an d desirabl e rol e i n ou r energ y picture , bu t the y ar e n o mor e 
magical tha n fusio n reactors . Indee d thei r developmen t follow s th e pat -
tern w e have see n befor e an d the y will  fac e th e same challenges a s othe r 
energy sources. 

First o f all , the initia l developmen t o f photovoltaic s demonstrate s th e 
unplanned natur e o f scientifi c progress. 51 In 1839 , Edmund Becquerel , a 
French scientist , observe d tha t whe n ligh t fel l o n on e sid e o f a  certai n 
type o f batter y cel l a n electri c curren t wa s produced . Neithe r Becquere l 
nor anyone else could explai n thi s "photoelectri c effect. " I n this century , 
scientists cam e t o understan d th e effec t i n term s o f atomi c structure — 
when a  photon o f ligh t strike s a n atom , i t can b e absorbed b y electron s 
with th e adde d energ y drivin g of f on e of th e atom's oute r electrons . Th e 
stream o f electron s se t fre e i n thi s fashio n form s a n electri c current . I n 
the earl y par t o f thi s centur y scientist s use d thi s knowledg e t o buil d th e 
first simpl e photovoltai c cells . Th e cells , mad e o f selenium , wer e s o 
costly an d inefficien t the y had n o practical use . 

In 1954 , researcher s a t Bel l Laboratories accidentall y discovere d tha t 
certain silico n devices  produce d electricit y whe n expose d t o sunlight . 
Bell Lab s pursue d th e matte r becaus e i t wa s intereste d i n finding a  wa y 
to generat e electricit y fo r telephon e system s i n remot e area s no t con -
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nected t o powe r grids . I t turne d ou t tha t silico n sola r cell s wer e muc h 
more efficien t tha n selenium . Stil l th e cos t o f generatin g electricit y wit h 
silicon cell s wa s enormou s compare d wit h conventiona l methods . I t 
looked a s thoug h photovoltai c devices  wer e agai n goin g t o b e withou t 
practical use , and researc h slowed . 

At thi s point , a s i s s o ofte n th e cas e wit h basi c research , th e federa l 
government bega n t o pla y a  majo r role . Scientists workin g o n th e spac e 
program neede d a  power sourc e fo r satellites . Silicon sola r cell s filled the 
bill, particularly becaus e twenty-four-hour sunligh t i s available i n space . 
By the late 1950s , satellites had sola r cell s and th e National Aeronautic s 
and Spac e Administratio n (NASA ) ha d begu n fundin g researc h int o 
photovoltaics generally. 52 

Today federa l suppor t fo r photovoltai c researc h continue s i n severa l 
agencies, includin g NAS A an d th e Departmen t o f Energy . Althoug h 
some photovoltai c devices  ar e i n us e i n remot e area s an d i n demonstra -
tion projects , cost s are stil l too high fo r routin e residentia l use . 

Thus researc h continue s o n severa l fronts . Ther e i s basi c scientifi c 
work aime d a t a  bette r understandin g o f th e fundamenta l propertie s o f 
photovoltaic devices , an d ther e i s mor e applie d wor k aime d a t improv -
ing production o f existing types of devices. 53 

On th e surface , photovoltai c devices  may seem like an unlikely candi -
date fo r th e regulator y gap . After all , solar energ y i s generally describe d 
as nonpollutin g an d inexhaustible . Presiden t Carter , fo r example , sai d 
that "[ejnerg y fro m th e sun is clear and safe . I t will not pollute the air we 
breath or the water we drink."54 I f costs come down, won't photovoltai c 
devices march unimpede d int o the marketplace ? 

The short answer i s no. President Carter' s quote i s similar to Presiden t 
Eisenhower's 195 3 statemen t abou t nuclea r energy : "peacefu l powe r 
from atomi c energ y i s n o drea m o f th e future . Tha t capability , alread y 
proved, i s here—now—today. [Wit h adequat e material ] thi s capabilit y 
would rapidl y b e transforme d int o universal , efficient , an d economi c 
usage."53 Jus t a s nuclea r fission  an d fusio n d o no t ge t a  fre e ride , 
photovoltaics wil l not either . 

Consider th e matte r o f pollution . Silico n cell s remain th e leading typ e 
of photovoltai c device . Large-scale productio n o f silico n cell s would no t 
be entirely benign . I t is well-known tha t exposure to silicon dust , smoke , 
or fumes pose s a health hazard . I n particular, inhalation o f silicon smok e 
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leads t o silicosis , a  chroni c lun g disease . Whe n silico n i s presen t o n a 
small scale , a s i n glas s blowing , th e proble m i s handle d b y usin g ade -
quate exhaus t ventilation . Large-scal e productio n o f silico n cells , how -
ever, coul d mea n tha t exhaus t woul d hav e a n effec t o n ai r breathe d b y 
the general public. 56 

Other material s use d i n silico n cel l production als o coul d rais e prob -
lems. Smal l amount s o f boro n an d phosphorus , whic h ar e highl y toxic , 
are used . Freon , use d i n th e cleanin g o f silico n cells , has raise d environ -
mental problems i n a  variety o f settings. 57 

Researchers, seekin g highe r efficienc y fo r photovoltai c devices , hav e 
developed alternative s t o silicon . Bu t th e leadin g alternative s d o no t d o 
away wit h environmenta l problems . Cadmiu m sulfid e cells , whic h ar e 
relatively inexpensiv e t o manufacture , rel y i n par t o n cadmium , a  toxi c 
element tha t ofte n accumulate s i n th e body , leadin g t o kidne y o r live r 
problems. Galliu m arsenid e cells , which ar e highl y efficient , rel y i n par t 
on arsenic , which i s not only poisonous, but potentially carcinogenic. 58 

None o f thi s mean s tha t photovoltai c energ y i s a n environmenta l 
disaster. Th e danger s ma y wel l b e controllabl e an d the y ma y b e fa r les s 
than th e danger s fro m othe r way s o f generatin g electricity , includin g 
fusion. Th e poin t i s simply tha t photovoltaic s will  no t ge t an exemptio n 
from th e regulator y ga p whe n the y ente r th e commercia l world . Painfu l 
and controversia l calculation s concernin g threat s t o lif e an d healt h wil l 
have t o b e made . An d i f a  casua l approac h t o photovoltai c safet y i s 
taken, th e regulatory ga p will  take it s toll . The Occupationa l Safet y an d 
Health Administration , th e Environmental Protectio n Agency , and othe r 
regulatory mechanism s ar e alread y i n place , and thu s photovoltaic s wil l 
automatically b e subjec t t o searchin g revie w whe n widesprea d commer -
cialization begins . Fortunately som e science counselors hav e undertake n 
to narrow the gap; researchers at Bell Laboratories an d at federal labora -
tories have begun environmenta l assessment s o f photovoltaics. 59 

This i s no t t o sa y tha t photovoltai c cell s an d nuclea r fusio n ar e 
comparable source s o f electricit y i n the sens e tha t on e coul d simpl y ad d 
up th e cost s an d benefit s an d pic k a  winner . Ther e i s a  fundamenta l 
difference i n tha t sola r cell s coul d b e place d individuall y o n houses , 
whereas fusio n powe r woul d b e centralized an d the n linke d t o homes by 
a traditional electricit y grid . To use Amory Lovins' s influentia l terminol -
ogy, solar energy offers th e possibility of a  "soft " pat h t o our technologi -
cal future , wherea s nuclea r takes us down th e "hard " path. 60 
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Now t o some , thi s i s a  distinctio n withou t a  difference—the y wan t 
reliable electricit y a t th e lowes t cos t wit h th e fewes t environmenta l 
problems, and whethe r th e source i s on the roof o r a t a  plant mile s awa y 
makes n o difference . Bu t t o others , the sof t versu s har d pat h debat e ha s 
important politica l an d cultura l implication s relatin g t o th e centraliza -
tion o f governmenta l powe r an d citizens ' sens e o f contro l ove r thei r 
lives. Thu s Lovin s himself , a s earl y a s 1976 , describe d fusio n a s a 
"complex, costly , large-scale , centralize d high-technolog y wa y t o mak e 
electricity—all o f whic h goe s i n th e wron g direction." 61 O f course , th e 
hard pat h ha s it s supporter s a s well , becaus e t o som e puttin g a n energ y 
source on a  rooftop i s a nuisance an d a  recipe fo r a n unhealth y relation -
ship betwee n a n individua l an d th e community. 62 Moreover , whe n you r 
energy sourc e i s on you r roof , you r neighbor' s decisio n t o plan t a  larg e 
shade tre e take s o n ne w consequences . America n court s an d legislature s 
have onl y begu n t o wor k ou t whe n homeowner s shoul d b e abl e t o 
prevent thei r neighbor s fro m cuttin g off acces s to the sun. 63 

Similarly, widespread us e of photovoltaics o n residentia l rooftop s will 
raise issue s concernin g th e structur e o f th e energ y distributio n system . 
Should individua l home s receivin g electricit y fro m th e su n b e require d 
or allowed t o hook u p with traditiona l powe r grids? How shoul d electri c 
bills be determined whe n individual s wan t t o b e linked t o the grid a t al l 
times but only use i t when thei r sola r system i s inadequate? 

So, in the end, sola r energy , lik e fusion , wil l emerge a s something les s 
than a n instan t solutio n t o ou r problems . Bu t w e stil l hea r reference s 
from group s lik e th e Nationa l Academ y o f Science s t o sola r an d fusio n 
energy a s offering "th e potentia l fo r indefinitel y sustainabl e energ y sup -
ply. Tha t is , eac h coul d suppl y u p t o te n time s ou r presen t energ y 
requirements fo r thousand s o f year s (o r muc h more)." 64 An d wherea s 
the academ y goe s o n t o discus s th e economi c an d othe r choice s tha t 
have to be made, the image of endles s plenty i s left . 

There i s an d shoul d b e a  plac e i n America n cultur e fo r image s o f 
endless progress . But we are enriched a s well by images tha t portra y ou r 
limits. Year s ago , E . F . Schumacher , drawin g explicitl y o n th e Sermo n 
on th e Mount , urge d u s t o remembe r i n th e contex t o f ou r energ y 
debates tha t "w e ar e poor , no t demigods . We have plenty t o b e sorrow -
ful about , an d ar e not emergin g into a  golden age." 65 This turned ou t t o 
be mor e propheti c tha n a  bushe l o f headlin e storie s o n energ y "break -
throughs." Ou r sens e o f wh o w e ar e shoul d dra w o n huma n frailtie s a s 
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well a s huma n potential . Keepin g suc h idea s i n min d ha s nothin g t o d o 
with a n establishmen t o f religion ; i t ha s everythin g t o d o wit h a  mor e 
rounded sens e o f wh o w e are . A s researc h move s on , lif e ma y becom e 
easier i n som e ways . But , th e huma n conditio n i s no t somethin g t o b e 
cured b y technology . 


