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A CRITIQUE OF AMORY LOVINS' 
SOFT ENERGY PATH 

Ronald L. Simard 

ABSTRACT 

Our c u r r e n t  energy po l i cy  i s  cha rac t e r i zed  by Amory Lovins 
a s  r e l y i n g  upon t h e  r ap id  expansion of c e n t r a l i z e d  "hard" tech- 
nologies  t o  i nc rease  s u p p l i e s  of energy, e s p e c i a l l y  i n  t h e  form 
of e l e c t r i c i t y :  i t  is c r i t i c i z e d  f o r  d i v e r t i n g  l a r g e  amounts 
of c a p i t a l  from o t h e r  s e c t o r s  of t h e  economy, imposing undes i r -  

' a b l e  l i f e  s t y l e s  upon energy u s e r s ,  and enhancing t h e  p r o l i f e r -  
a t i o n  of nuc lear  weapons. 

An a l t e r n a t i v e  po l i cy  i s  o f f e red  by Lovins which r e l i e s  upon 
d i v e r s e ,  renewable energy sources.  These "soft"  technologies  
a r e  cha rac t e r i zed  a s  more f l e x i b l e  and l e s s  complicated than  t h e  
hard technologies  and a r e  b e t t e r  matched i n  s c a l e  and energy 
q u a l i t y  t o  end-use needs. Combined wi th  conserva t ion  and tech- 
n i c a l  f i x e s  t o  improve e f f i c i e n c y  and reduce o v e r a l l  demand from 
c u r r e n t  p ro j ec t ions ,  t h e s e  systems a r e  t o  supply a l l  domestic 
energy needs by t h e  year  2025. 

Lovins'  s cena r io  has been reviewed by t h r e e  consu l t i ng  
groups under subcont rac t  t o  Oak Ridge National  Laboratory (OWL). 
Their  op in ions  a r e  summarized he re in .  

1. INTRODUCTION 

Amory Lovins i s  a consu l t an t -phys i c i s t ,  t h e  B r i t i s h  r e p r e s e n t a t i v e  of 

Fr iends  of t h e  Ear th .  H i s  c r i t i c i s m s  of c u r r e n t  energy s t r a t e g i e s  and h i s  

ve r s ion  of a  d e s i r a b l e  domestic s t r a t e g y  f o r  t h e  f u t u r e  have been s e t  
2 f o r t h  i n  a  r e c e n t  book,' symposium proceedings, and a journal  article. 

The impact tlial: h i s  views a r e  having may be gauged from a r e p o r t  t h a t  t h e  

jou rna l ,  Forsign Affairs, has received more r e q u e s t s  f o r  r e p r i n t s  of h i s  

a r t i c l e  than  f o r  any o the r  a r t i c l e  i n  i t s  h i s t o r y .  

To assist s t a f f  i n  t h e  U.S. Energy Research and Development Adminis- 

t r a t i n n  Div is ion  of Nuclcar Researcl~ and Appl ica t ions  i n  eva lua t ing  

~ o v i n s '  energy s t r a t e g y ,  t h r e e  consu l t i ng  groups were asked t o  review and 

comment upon h i s  ~ o r k . ~ - ~  The groups a r e :  

1. Energy Research Group (ERG) 

2. Donovan, Hamester, and R a t t i e n  (DHR) 

3 .  Univers i ty  of Cal:i.fornia, Davis, Council on Energy and Resources 
. . (UCD) . 



Thei r  f i n d i n g s  a r e  summarized h e r e i n  i n  t h e  form of responses,  on a 

point-by-point b a s i s ,  t o  t h e  main p o i n t s  r a i s e d  by Lovins i n  h i s  Foreign 

Affairs a r t i c l e .  The a r t i c l e  covers  t h e  fol lowing a r e a s :  

D e f i n i t i o n  of energy pa ths ,  hard and s o f t  

Undesirable  consequences of fo l lowing  t h e  hard pa th  

Ways of ame l io ra t ing  t h e s e  consequences 

Des i rab le  consequences of fol lowing t h e  s o f t  pa th  

Ways of making t h e  t r a n s i t i o n  from hard t o  s o f t  pa ths  

Comparison of t h e  c o s t s  and r i s k s  a s soc i a t ed  wi th  each pa th  

I n t e r n a t i o n a l  i n lp l i ca t i sns  of 3 domestjc f i h i f t  from hard t o  
oof t 

S o c i o - p o l i t i c a l  impact of such a switch 

Energy po l i cy  a s  a c a t a l y s t  f o r  s o c i a l  change 

and reviewer comments i n  each of t h e s e  a r e a s  have been c u l l e d  from t h e i r  

r e p o r t s .  



2. DEFINITION OF ENERGY PATHS, HARD AND SOFT 

2.1 Lovins 

The hard pa th  "resembles present  f e d e r a l  po l i cy  and' i s  e s s e n t i a l l y  

a n  e x t r a p o l a t i o n  of t he  r e c e n t  p a s t .  It r e l i e s  on r ap id  expansion of 

c e n t r a l i z e d  high technologies  t o  i n c r e a s e  s u p p l i e s  of energy, e s p e c i a l l y  

i n  t h e  form of e l e c t r i c i t y .  The second ( s o f t )  pa th  combines a prompt and 

s e r i o u s  commitment t o  e f f i c i e n t  u se  of energy, r ap id  development of 

renewable energy sources matched i n  s c a l e  and i n  energy q u a l i t y  t o  end- 

u se  needs, and s p e c i a l  t r a n s i t i o n a l  f o s s i l - f u e l  technologies ."  

The two pa ths  a r e  descr ibed  a s  mutual ly exc lus ive .  Lovins argues 

t h a t  a commitment t o  t h e  s o f t  pa th  i s  p r e f e r a b l e  and must be made soon 

before  t h e  consequences of fol lowing t h e  hard pa th  prevent  making t h e  

switch.  

2.2 Energy Research Group 

Hard and s o f t  t echnologies  need not  be mutual ly exc lus ive .  There 

i s  evidence t h a t  they  "can and must co-exis t ,  a s  we l l  a s  t h e  c l e a r  

demonstrat ion of t he  compa t ib i l i t y  of conserva t ion  and hard technology. 

There i s  no reason  why a b e l i e f  i n  t h e  n e c e s s i t y  of main ta in ing  c u r r e n t  

hard technologies  and the-  d e s i r a b i l i t y  of developing new ones should be 

incompatible  w i th  a b e l i e f  i n  t h e  n e c e s s i t y  of conserva t ion  and t h e  

d e s i r a b i l i t y  of implementing appropr i a t e  s o f t  technologies ."  

2.3 Donovan, Hamester and R a t t i e n  

DHR a l s o  c r i t i c i z e s  t h e  claim of mutual e x c l u s i v i t y  and p o i n t s  ou t  

t h a t  even i f  a complete commitment t o  t h e  s o f t  pa th  were made, t h e  

changeover would t ake  q u i t e  a while .  More r e a l i s t i c a l l y ,  t h e  mix of 

energy op t ions  i n  t h e  f u t u r e  w i l l  combine t h e  bes t  f e a t u r e s  of both pa ths .  
1 t To suppose o therwise  assumes a s o c i a l  consensus never matched before."  



2.4  Un ive r s i t y  of C a l i f o r n i a ,  Davis 

The UCD r e p o r t  t a k e s  t h e  approach t h a t  c l a s s i f y i n g  t h e  two pa ths  a s  

mutua l ly  exc lus ive  i s  r e g r e t t a b l e  because "it d ismisses  a  p r i o r i  t h e  prom- 

i s e  of what could be a  new and i n t e r e s t i n g  combination of hard and s o f t  

t echno log ie s  - a  combination which may be extremely e f f e c t i v e  i n  al lowing 

a  s o f t  technology pa th  t o  func t ion  e f f e c t i v e l y  on a  n a t i o n a l  sca le . "  

Furthermore, "however c o r r e c t  t h e  arguments Lovins and o t h e r s  have put  

f o r t h  a g a i n s t  l a r g e  s c a l e ,  h igh  technology energy development, they  

c o n s t i t u t e  only t h e  b a s i s  of a r a t i o n a l e  f o r  explor ing  o t h e r  pa ths ,  no t  

a c a s e  f o r  adopt ing  any p a r t i c u l a r  pach." 



3. UNDESIRABLE CONSEQUENCES OF FOLLOWING THE HARD PATH 

3 .1  Lovins 

Lovins'  p r o j e c t s  hard pa th  requirements  of 450 t o  800 nuc lea r  r e a c t o r s  

i n  t h e  year  2000 "including perhaps 80 f a s t  b reeders ,  each loaded wi th  

2.5 me t r i c  tons  of plutonium, 500 t o  800 huge coa l - f i r ed  power s t a t i o n s ,  

1000 t o  1600 new c o a l  mines and some 1 5  m i l l i o n  e l e c t r i c  automobiles." 

The corresponding energy requirements  f o r  t h i s  mix of hard technologies  

i s  est imated t o  be 160 quads (10" Btu) per  year  by t h e  year  2000. 

This  s cena r io  i s  c r i t i c i z e d  because of i t s  adverse  environmental 

impact,  i n e f f i c i e n t  use  of r e sou rces ,  and enormous c a p i t a l  i n t e n s i t y .  

The environmental impacts inc lude  " the  r e l e a s e  of waste h e a t  

s u f f i c i e n t  t o  warm t h e  e n t i r e  f reshwater  runoff of t h e  cont iguous 48 s t a t e s  

by 34-49 OF. Mining c o a l  and uranium, inc reas ing ly  i n  t h e  a r i d  West, 

e n t a i l s  i n v e r t i n g  thousands of communities and m i l l i o n s  of a c r e s ,  o f t e n  

wi th  l i t t l e  hope of e f f e c t i v e  r e s t o r a t i o n .  The commitments t o  a long- 

term c o a l  economy many t imes t h e  s c a l e  of today ' s  makes t h e  doubling of 

atmospheric carbon d iox ide  concen t r a t ion  e a r l y  i n  t h e  next  century  

v i r t u a l l y  unavoidable,  w i th  t h e  prospect  then  o r  soon t h e r e a f t e r  of 

s u b s t a n t i a l  and perhapa i r r e v e r s i b l e  cliariges i n  g loba l  c l imate ."  

Shortages i n  o i l  and n a t u r a l  gas a r e  p red ic t ed .  "Worse, a t  l e a s t  

ha l f  of t h e  energy growth never reaches  t h e  consumer because i t  i s  l o s t  

e a r l i e r  i n  e l a b o r a t e  conversions i n  an  inc reas ing ly  i n e f f i c i e n t  f u e l  cha in  

dominated by e l e c t r i c i t y  genera t ion  (which wastes  about  two-thi.rds of 

t h e  f u e l )  and c o a l  conversion (which wastes  about  one- th i rd) .  Thus i n  

B r i t a i n  s i n c e  1900, primary energy - t h e  iriput t o  t h e  f u e l  cha in  - has 

doubled while  energy a t  t h e  po in t  of end u s e  - t h e  car ,  furnace  o r  

machine whose func t ion  i t  f u e l s  - has increased  by only a h a l f ,  o r  by a 

t h i r d  per  c a p i t a ;  t h e  o t h e r  ha l f  of t h e  growth went t o  f u e l  t h e  f u e l  

i n d u s t r i e s ,  which a r e  among t h e  l a r g e s t  energy consumers." 

I n  a d d i t i o n  t o  adverse  environmental impacts and sho r t ages ,  one of 

t h e  b igges t  b a r r i e r s  t o  implementing t h e  pro jec ted  hard pa th  requirements  

is  t h e i r  c a p i t a l  c o s t s .  For example, Lovins e s t ima te s  t h a t  ex-President 

Ford ' s  1976-1985 energy program would have c o s t  "over $1 t r i l l i o n  ( i n  



1976 d o l l a r s )  i n  i n i t i a l  investment ,  of which 70 t o  80% would be f o r  new 

r a t h e r  t han  replacement  p l a n t s . "  These long-lead-time, long-payback-time 

inves tments  a r e  c h a r a c t e r i z e d  as h ighly  i n f l a t i o n a r y  and a  tremendous 

s t r a i n  on t h e  investment  s t r u c t u r e .  Three-fourths  of t h e  $1 t r i l l i o n  

f i g u r e  c i t e d  would go i n t o  e l e c t r i f i c a t i o n  and t h e  "combination of d i s -  

p r o p o r t i o n a t e  and r a p i d l y  i n c r e a s i n g  c a p i t a l  i n t e n s i t y ,  long l ead  t i m e s ,  

and economic responses  i s  a l r e a d y  proving awkward t o  t h e  e l e c t r i c  u t i l i t y  

i n d u s t r y .  . . ." The i n d u s t r y  f i n d s  i n s e l f ,  i n  ~ o v i n s '  view, i n  a  

" s p i r a l  of i m p o s s i b i l i t y "  a s  " l a rge  c a p i t a l  programs ---t poor cash  f low ---+ 

h ighe r  elcctririty p r i c e s  ---+ reduced demand growth ---t worse cash  
1 1  f low,  . . , c to .  

3 .2  Energy Research Group 

The ERG r e p o r t  does n o t  add re s s  ~ o v i n s '  e s t i m a t e s  of environmental 

impact o r  p r o j e c t i o n s  of 450 t o  800 nuc l ea r  r e a c t o r s ,  e t c . ,  but i t  does 

p r e s e n t  a  comparison of e s t i m a t e s  of U.S. energy demand i n  t h e  year  2000 

t aken  from a  v a r i e t y  of sou rces .  None of t h e  e s t i m a t e s  is  a s  h igh  a s  

Lovins '  f i g u r e  of 160 quads and t h e  average  o v e r a l l  e s t ima te s  i s  only  

118.8 quads.  

The r e p o r t  c o n t a i n s  a good d i s c u s s i o n  of p a t t e r n s  of energy use  and 

energy/output  r a t i o s  . Whlle f ecognizlng tile need f o r  improvement i n  

e f f i c i e n c y  of r e sou rce  u t i l i z a t i o n ,  t h e  ERG r e p o r t  p r e s e n t s  a  d i f f e r e n t  

p i c t u r e  of h i s t o r i c a l  t r e n d s ,  e .g . ,  a  f i g u r e  shows U.S. per  c a p i t a  

ou tpu t  energy i n c r e a s i n g  f i v e f o l d  s i n c e  1920 (compare w i th  Lovins'  c la im 

t h a t  B r i t i s h  end-use energy per  c a p i t a  has  increased  by only  one-third 

o inoe  1900). 

While po in t ing  o u t  t h a t  Lovins ove re s t ima tc s  hard p a t h  c o s t s  

( p a r t i c u l a r l y  f o r  nuc l ea r  power), t h e  r e p o r t  a g r e e s  w i t h  Lovids t h a t  

"very high" year  2000 supply s cena r io s  of over  150 quads a r e  " i n t r a c t a b l e "  

because of t h e  l a r g e  amount of c a p i t a l  investment r equ i r ed  [ i n  excess  of 

3% of cumulat ive g r o s s  n a t i o n a l  product  (GNP)]. 



3 . 3  Donovan, Hamester and R a t t i e n  

The DHR r e p o r t  p o i n t s  ou t  t h a t  a n  energy demand of 160 quads by 

t h e  year 2000 "is on t h e  high s i d e  of t h e  range of c u r r e n t  accepted 

es t imates ."  However, even t h e  use  of a more r e a l i s t i c  growth r a t e  would 

imply "a huge c a p i t a l  ou t l ay ,  and Lovins'  p o i n t s  concerning t h e  unheal thy 

economic e f f e c t s  of such l a r g e ,  long-payback investments  i n  one s e c t o r  

,of t h e  economy a r e  wel l  taken." 

3.4 Univers i ty  of C a l i f o r n i a ,  Davis 

The UCD r e p o r t  con ta ins  no q u a n t i t a t i v e  a p p r a i s a l  of t h e s e  p o i n t s  

and makes t h e  c la im t h a t  ". . . we do not  b e l i e v e  t h a t  s p e c i f i c  numbers 

a r e  t h e  key t o  understanding t h e  i s s u e s  r a i s e d  by Lovins. Indeed, too 

much emphasis a t  t h i s  po in t  upon them can r e a d i l y  d i s t r a c t  a t t e n t i o n  from 

t h e  fundamental i s s u e s  r a i s ed . "  However, some of Lovins'  energy growth 

and decay r a t e s  a r e  compared wi th  o the r  e s t ima te s ,  p r imar i ly  t hose  of 

ERDA-48 (1975), and found t o  be reasonable.  



4. WAYS OF AMELIORATING THESE CONSEQUENCES 

4 .1  Lovins 

According t o  Lovins ,  t h e r e  a r e  b a s i c a l l y  two ways t o  do more w i th  

less energy.  Technica l  f i x e s  "use t oday ' s  t echnologies ,  a r e  advantageous 

today  by conven t iona l  economic c r i t e r i a ,  and have no s i g n i f i c a n t  e f f e c t  

on l i f e  s t y l e s .  . . . " Examples i nc lude  cogenera t ion ,  thermal  i n s u l a t i o n ,  

h e a t  pumps, more e f f i c i e n t  fu rnaces  and automobile  engines ,  e t c .  Or, "we 

can  make and use a sma l l e r  q u a n t i t y  o r  a d i f f e r e n t  mix of t h e  o u t p u t s  

themselves ,  t h u s  t o  some deg ree  changing . . . our l i f e  s t y l e s . "  

Examples i nc lude  car -pool ing ,  smal le r  c a r s ,  u se  of mass t r a n s i t  systems, 

e tc .  

Lovins f e e l s  t h a t  w i t h  t e c h n i c a l  f i x e s  a lone ,  w e  could improve 

energy e f f i c i e n c y ,  " i n  t h e  l ong  t e r m , "  by. a f a c t o r  of t h r e e  o r  four , '  and 

he c i t e s  a source  which c l a ims  t h a t ,  u s ing  those  t e c h n i c a l  f i x e s  which 

could  be  implemented by t h e  t u r n  of t h e  cen tu ry ,  we could n e a r l y  double  

t h e  e f f i c i e n c y  w i t h  which we u s e  energy. 

A s  a n  example of t h e  p o s s i b l e  impact of t e c h n i c a l  f i x e s ,  he p o i n t s  

t o  Sweden and West Germany. ,"Americans would s t i l l  use  about  a t h i r d  

less energy than  they  do now i f  they  were a s  e f f i c i e n t  a s  t h e  Swedes. . . . 
U.S. per  c a p i t a  energy i n t e n s i t y ,  t oo ,  is  about  twice  t h a t  of West 

Germany i n  space h e a t i n g ,  f o u r  t i m e s  i n  t r a n s p o r t . "  A s  f u r t h e r  examples, 

he  o f f e r s  conse rva t ion  and cogenera t ion .  

The c a p i t a l  s av ings  p o s s i b l e  w i t h  conse rva t ion  a r e  s a i d  t o  be 

impress ive .  " . . . t h e  investments  needed t o  save  t h e  equ iva l en t  of 

a n . e x t r a  b a r r e l  of o i l  per  day a r e  o f t e n  . . . f a r  l e s s  than  t h e  amounts 

needed t o  i n c r e a s e  most k inds  of energy supply.  I '  

A s  f o r  cogenera t ion  ( t h e  gene ra t i on  of e l e c t r i c i t y  a s  a by-product 

of i n d u s t r i a l  p rocess  s team),  Lovins quotes  an  e s t i m a t e  t h a t  "by 1985 

U.S. i n d u s t r y  could meet approximately h a l f  i t s  own e l e c t r i c i t y  needs 

.(compared t o  about a seventh  today)  by t h i s  means." Again us ing  West 

Germany a s  an  example, he  c l a ims  t h a t  "cogenerat ion provides  about  4% of 

e l e c t r i c i t y  today i n  t h e  United S t a t e s  but  about  29% i n  West Germany. 

Cogenerat ion and more e f f i c i e n t  u se  of e l e c t r i c i t y  could t oge the r  reduce 



our u se  of e l e c t r i c i t y  by a  t h i r d  and our  c e n t r a l - s t a t i o n  gene ra t ion  

by 60%." 

Lovins f e e l s  t h a t  t h e  scope f o r  t e c h n i c a l  f i x e s  i s  so  g r e a t  t h a t  "we 

could spend s e v e r a l  hundred b i l l i o n  d o l l a r s  on them i n i t i a l l y  p l u s  s e v e r a l  

hundred m i l l i o n  d o l l a r s  per  day - and s t i l l  save money compared wi th  

inc reas ing  t h e  supply." 

The reason we a r e  no t  embarked f u l l y  on such a  program now is  not  

t e c h n i c a l  o r  economic: i t  i s  due t o  t h e  e x i s t e n c e  of a  "wide a r r a y  of 

i n s t i t u t i o n a l  b a r r i e r s ,  inc luding  more than  3000 c o n f l i c t i n g  and o f t e n  

obso le t e  bu i ld ing  codes, an  innova t ion - re s i s t an t  bu i ld ing  i n d u s t r y ,  

l a c k  of mechanisms t o  ease  t h e  t r a n s i t i o n  from kinds  of work t h a t  we no 

longer  need t o  k inds  we do need, oppos i t ion  by s t rong  unions t o  schemes 

t h a t  would t r a n s f e r  jobs from t h e i r  members t o  l a r g e r  numbers of l e s s  
I 1  ' s k i l l e d '  workers, promotional u t i l i t y  r a t e  s t r u c t u r e s ,  . . . e t c .  

By address ing  these  i n s t i t u t i o n a l  problems and by in t roducing  

"sound" economic p r i n c i p l e s  such a s  i nve r t ed  u t i l i t y  r a t e  s t r u c t u r e s ,  

l i f e - c y c l e  c o s t i n g  and proper ly  a s se s s ing  environmental c o s t s ,  we should 

be a b l e  t o  improve our energy e f f i c i e n c y  s i g n i f i c a n t l y  and no t  have t o  

in t roduce  s o c i a l  changes, o r  changes i n  l i f e  s t y l e .  I n  f a c t  Lovins f e e l s  

t h a t  "we should be a b l e  t o  double end-use e f f i c i e n c y  by t h e  t u r n  of t h e  

century  o r  s h o r t l y  t h e r e a f t e r ,  w i th  minor o r  no changes i n  l i f e s t y l e s  o r  

va lues .  I '  

A s  a  "bas i s  f o r  a  coherent  a l t e r n a t i v e "  t o  t h e  usua l  hard pa th  

f o r e c a s t s ,  Lovins assumes a  primary energy demand of 95 quads as being 

poss ib l e  f o r  t h e  year  2000 wi th  t o t a l  energy demand g radua l ly  d e c l i n i n g  

t h e r e a f t e r  "as i n e f f i c i e n t  bu i ld ings ,  machines, c a r s  and energy systems 

a r e  slowly mod i f i ed 'o r  replaced."  

4 .2  Energy Research Group 

The ERG r e p o r t  says  t h a t  comparisons of per  c a p i t a  energy consumption 

o r  energy/gross  domestic product (GDP) among d i f f e r e n t  c o u n t r i e s  can be 

misleading because mixes of goods and s e r v i c e s  may be d i f f e r e n t  w i th  d i f -  

f e r e n t  propor t ions  of energy-intensive products .  Even when t h e  mixes a r e  

roughly s i m i l a r ,  t h e  energy needed t o  produce, t r a n s p o r t ,  and d i s t r i b u t e  



given  products  may vary.  They quote a s tudy  of f i v e  i n d u s t r i a l  c o u n t r i e s  

where "about one-half of t h e  d i f f e r e n c e  between t h e  energy/GDP r a t i o s  of 

t h o s e  c o u n t r i e s  and t h a t  of t h e  United S t a t e s  i s  a t t r i b u t a b l e  t o  d i f f e r -  

ences  i n  t h e  composition of goods and s e r v i c e s  r e l a t i v e  t o  t h e  U.S. The 

o t h e r  h a l f  ( roughly)  i s  a product of two f a c t o r s  - t h e  energy i n t e n s i t y  

per  t a s k  i n  each count ry  and an  ' i n t e r a c t i o n '  e f f e c t  a t t r i b u t a b l e  t o  both 

t h e  k inds  of t a s k s  and t h e  energy i n t e n s i t y  of each task."  

The ERG r e p o r t  a l s o  recognizes  t h e  b e n e f i t s  of cogenera t ion  but  p o i n t s  

o u t  t h e  fo l lowing  i n s t i t u t i o n a l  b a r r i e r s  t o  i t s  widespread use:  

1. geographic mismatches of primary product ion and "byproduct" demand 

( t h u s  Lovins'  sugges t ion  t h a t  t h e  U.S. could s a t i s f y  i t s  e l ec -  

t r i c a l  needs i n  t h e  l a t e  1980's  wi th  a combination of t e c h n i c a l  

f i x e s ,  p r e s e n t s  h y d r o e l e c t r i c  capac i ty ,  and cogenerat ion capac i ty  

involves  s eve re  geographica l  mismatches). 

2 .  t h e  need t o  s i t e  gene ra t ing  c a p a c i t y  away from l a r g e  popula t ion  

c e n t e r s  and community r e s i s t a n c e  t o  i t s  l o c a t i o n  near  t h e  

community, 

3 .  r e g u l a t o r y  problems (environmental,  f i n a n c i a l ,  e t c . ) ,  and 

4 .  inadequate  i n c e n t i v e s  f o r  a n  indus t ry  t o  cogenera te  more than  

i t s  own needs. 

Regarding t h e  l a c k  of i n c e n t i v e s  f o r  i ndus t ry  t o  adopt cogenera t ion ,  

t h e  r e p o r t  u ses  as an example one p a r t i c u l a r  cogenera t ion  system which 

would r e p l a c e  t h e  equ iva l en t ,  s epa ra t e ,  b o i l e r s  and power p l a n t ,  and 

n o t e s  "an 80% i n c r e a s e  i n  f u e l  procurement and a 120% inc rease  i n  emissions 

a s  w e l l  as t h e  increased  c a p i t a l  c o s t .  It i s  d i f f i c u l t  t o  convince a n  

i n d u s t r i a l  concern t o  accep t  t h i s  burden u n l e s s  i t  p l ans  t o  u se  a s i g n i f i -  

c a n t  f r a c t i o n  of t h e  power, o r  i s  given s u f f i c i e n t  f i n a n c i a l  inducement 

(such as a high t a x  c r e d i t  o r  high r a t e  of r e t u r n ) ,  o r  has  t h e  u t i l i t y  

cover  p a r t  of t h e  c o n s t r u c t i o n  c o s t s .  I n  f a c t ,  given c u r r e n t  i n s t i t u -  

t i o n a l  problems of c o a l  u se ,  i t  may be d i f f i c u l t  enough t o  ge t  t h e  indus- 

t r i a l  producer t o  swi tch  from f l u i d s  t o  c o a l ,  l e t  a l o n e  t o  i n s t a l l  co- 

gene ra t  ion .  " 
However, t h e  r e p o r t  acknowledges t h e  increased  e f f i c i e n c y ,  c a p i t a l  

s av ings ,  and b e n e f i t s  t h a t  would acc rue  t o  s o c i e t y  a s  a whole from 



increased  cogenerat ion c a p a c i t y  and recognizes  t h e  need t o  remove t h e s e  

i n s t i t u t i o n a l  b a r r i e r s .  

4 . 3  Donovan, Hamester and R a t t i e n  

Addi t iona l  i n s t i t u t i o n a l  and implementation b a r r i e r s  t o  cogenera t ion  

i d e n t i f i e d  i n  t h e  DHR r e p o r t  inc lude  

1. I n t e r f a c i n g  between t h e  indus t ry  and t h e  l o c a l  u t i l i t y .  How 

should t h e  e l e c t r i c i t y  so ld  t o  t h e  u t i l i t y  be t r e a t e d  - as f u e l  

sav ings ,  c a p i t a l  sav ings ,  o r  both? How would t h e  t iming of t h e  

a v a i l a b i l i t y  of t h e  e l e c t r i c i t y  a f f e c t  t h e  exchange r a t e s ?  

2 .  Regulatory problems f o r  t h e  indus t ry .  I f  t h e  i n d u s t r y  owns t h e  

cogenerat ion system, i t  would be s u b j e c t  t o  Pub l i c  U t i l i t y  

Commission r e g u l a t i o n  of r a t e s  and f i n a n c i a l  p r a c t i c e s ,  as we l l  

as f e d e r a l  and s t a t e  r e g u l a t i o n  of environmental impact., 

3 .  Problems £,or t h e  u t i l i t y .  I f  t h e  u t i l i t y  c o n t r o l s  t h e  co- 

genera t ion  system, how would i t  "deal  w i th  s t r i k e s  by t h e  indus- 

t r y ' s  l a b o r  organiza t ions?"  ' How would i t  d e a l  wi th  "reduced 

demand f o r  t h e  i n d u s t r y ' s  ,product?" How would i t  "coordinate  

power product ion wi th  indus t ry  schedules  t o  main ta in  o v e r a l l  

system r e l i a b i l i t y ,  synchroniza t ion ,  and v o l t a g e  s tandards?"  

How would i t  "manage investment i n  new power capac i ty  i n  conjunc- 

t i o n  wi th  indus t ry  p l a n t s ? "  

Some environmental and s o c i a l  impacts of cogenera t ion  and d i s t r i c t  

hea t ing  are al.so addressed and a r e  descr ibed  i n  Sec t .  7 .  

4 .4  Univers i ty  of C a l i f o r n i a ,  Davis 

The UCD r e p o r t  p o i n t s  ou t  t h a t  e f f i c i e n c y  has o f t e n  been s a c r i f i c e d  

f o r  f l e x i b i l i t y .  A c h a r a c t e r i s t i r .  of systems wi th  h igh  thermodynamic 

e f f i c i e n c y ,  such a s  l i k e l y  cogenera t ion  systems, i s  t h e i r  c a r e f u l  des ign  

wi th  " t i g h t l y  interconnected" elements.  It becomes "exceedingly d i f f i c u l t  

t o  r edes ign  o r  change i n  any major way any ind iv idua l  po r t ion  of a  p l an t . "  



5. DESIRABLE CONSEQUENCES OF FOLLOWING THE SOFT PATH 

5 .1  Lovins 

The " so f t "  p a t h  i s  de f ined  by t h e  r ap id  deployment of " so f t "  tech- 

n o l o g i e s .  There a r e  f i v e  c h a r a c t e r i s t i c s  of s o f t  t echnologies :  They 

a r e  : 

1. renewable,  

2 .  d i v e r s e ,  

3 .  f l e x i b l e ,  

4 .  matched i n  s c a l e ,  and 

5. matched i n  q u a l i t y  t o  end-use needs. 

That is ,  

1. They r e l y  on renewable energy sources.  

2 .  They r e l y  on d i v e r s e  energy sources  "so t h a t  energy 

supply i s  an  aggrega te  of very  many i n d i v i d u a l l y  modest.con- 

t r i b u t i o n s ,  each designed f o r  maximurh e f f e c t i v e n e s s  i n  p a r t i c u l a r  

c ircumstances."  

3 .  They a r e  f l e x i b l e  and less  complicated than  hard technologies  

( "acces s ib l e  r a t h e r  than  arcane") . 
4.  They a r e  matched i n  Sca l e  and geographical. d i s t t i h ~ l t j . n n  t n  

ellcl-use ~ l r e d s .  

5 .  They a r e  matched i n  energy q u a l i t y  t o  end-use needs. 

The major cand ida t e s  which meet t h e s e  c r i t e r i a  a r e  s o l a r  hea t ing  and 

c o o l i n g ,  biomass convers ion ,  and wind-hydraulic systems. So la r  hea t ing  and 

c o o l i n g  i s  claimed ro be cheaper than  present  e l e c t r i c  hea t ing  v i r t u a l l y  

anywhere i n  the  U.S., cheaper than o i l  hea t  i n  many p a r t s  of t h e  U.S., 

and cheaper  than hea t ing  wi th  gas and c o a l  i n  some p a r t s .  Biomass con- 

v e r s i o n ,  on a  "reasonable" s c a l e  (roughly 1.0 t n  .I4 t . i . m e s  the f l u i d  out- 

pu t  of our  domestic wine and beer  i n d u s t r i e s ) ,  could meet a l l  our t r ans -  

p o r t a t i o n  needs e a r l y  i n  t h e  next  cen tu ry  (assuming a "reasonable" 

t h r e e f o l d  inc rease  i n  o v e r a l l ' e f f i c i e n c y ) .  Wind-hydraulic systems 

"a l ready  seem l i k e l y  i n  many des ign  s t u d i e s  t o  compete wi th  nuc lear  power 

i n  much of North America and Western Europe." 



Energy s t o r a g e  i s  no t  a major problem when t h e s e  t echno log ie s  a r e  

employed a t  t h e  a p p r o p r i a t e  s c a l e .  " ~ a i l y ,  even seasona l ,  s t o r a g e  of low- 

and medium-temperature hea t  a t  t h e  po in t  of u s e  is  s t r a igh t fo rward  wi th  

water  t anks ,  rock  beds,  o r  perhaps f u s i b l e  salts. Neighborhood hea t  . 

s t o r a g e  is  even cheaper .  . . . On t h e  whole, t h e r e f o r e ,  energy s t o r a g e  is  

much l e s s  0 f . a  problem i n  a s o f t  energy economy than  i n  a hard one." 

The a p p r o p r i a t e  s c a l e  a t  which technologies  a r e  t o  be employed 

a l s o  a l lows  a t  least f i v e  t ypes  of economies no t  a v a i l a b l e  t o  l a r g e r ,  

more c e n t r a l i z e d  systems. F i r s t ,  overhead c o s t s  a r e  reduced, e .g .  

"For e l e c t r i c a l  and some f o s s i l - f u e l  systems, d i s t r i b u t i o n  accounts  f o r  

more than  ha l f  of t o t a l  c a p i t a l  c o s t ,  and a d m i n i s t r a t i o n  f o r  a s i g n i f i c a n t  

f r a c t i o n  of t o t a l  ope ra t i ng  cos t . "  

Second, d i s t r i b u t i o n  l o s s e s  a r e  e l imina ted .  

Thi rd ,  "Small systems a l s o  avoid d i r e c t  diseconomies of s c a l e ,  such 

a s  t h e  f r equen t  u n r e l i a b i l i t y  of l a r g e  u n i t s  and t h e  r e l a t e d  need t o  

provide  i n s t a n t  ' sp inn ing  r e s e r v e '  c a p a c i t y  on e l e c t r i c a l  g r i d s  t o  r e p l a c e  

l a r g e  s t a t i o n s  t h a t -  suddenly f a i l .  ' I  

Fourth,  "Small systems w i t h  s h o r t  l e ad  t i m e s  g r e a t l y  reduce exposure 

t o  i n t e r e s t ,  e s c a l a t i o n ,  and mistimed demand f o r e c a s t s  - major d i r e c t  

d i ser.nnomies of l a r g e  s c a l e .  " 

The f i f t h  kind of economy i s  t h a t  p o s s i b l e  wi th  mass product ion .  

There a r e  medium s c a l e  a s  w e l l  a s  smal l  s c a l e  a p p l i c a t i o n s  p o s s i b l e .  

For i n s t ance ,  urban neighborhoods o r  r u r a l  v i l l a g e s  can employ s o l a r  

c o l l e c t o r s  and communal hea t  s t o r a g e  systems, thereby  reduc ing  t h e  need 

f o r  ex t ens ive  r e t r o f i t t i n g  of i n d i v i d u a l  bu i ld ings .  

Equal ly  important  i s  t h e  matching of energy q u a l i t y  and end-use 

needs. According t o  Lovins'  c l a s s i f i c a t i o n  of end-use needs,  about  58% 

of a l l  energy a t  t h e  po in t  of end use  i s  r equ i r ed  a s  hea t  i n  t h e  U.S.: 

38% goes i n t o  mechanical motion; on ly  "8% of our energy end u s e ,  then ,  

r e q u i r e s  e l e c t r i c i t y  f o r  purposes o t h e r  t han  low-temperature hea t ing  and 

cool ing .  Y e t ,  s i n c e  w e  a c t u a l l y  u se  e l e c t r i c i t y  f o r  many such low-grade 

purposes ,  i t  now meets 1 3  percent  of our  end-use needs - and i t s  gene ra t i on  

consumes 29  percent  of our f o s s i l  f u e l s .  . . . P l a i n l y  w e  are us ing  

premium f u e l s  and e l e c t r i c i t y  f o r  many t a s k s  f o r  which t h e i r  h igh  energy 



q u a l i t y  i s  supe r f luous ,  was t e fu l  and expensive, and a  hard pa th  would make 

t h i s  i n e l e g a n t  p r a c t i c e  even more common." 

The 8% t o t a l  of end usds  which r e q u i r e  e l e c t r i c i t y  could be reduced 

t o  about  5% v i a  c e r t a i n  t e c h n i c a l  f i x e s .  Lovins c la ims  t h a t  a t  t h i s  l e v e l  

"we could  probably cover  a l l  t hose  needs wi th  present  U.S. hydroe lec t r i c  

c a p a c i t y  p l u s  t h e  cogenera t ion  capac i ty  a v a i l a b l e  i n  t h e  mid-to l a t e  1980s. 

Thus an  a f f l u e n t  i n d u s t r i a l  economy could ope ra t e  wi th  no c e n t r a l  power 

s t a t i o n s  a t  al l!"  

Lovins p r e s e n t s  a  " p l a u s i b l e  and r e a l i s t i c "  growth p a t t e r n  f o r  s o f t  

t echno log ie s  which could r e p l a c e  even o p t i m i s t i c  p r o j e c t i o n s  of nuc lear  

ou tpu t  i n  t h e  1990s and meet v i r t u a l l y  a l l  our  energy needs by 2025. He 

c o n t r a s t s  t h i s  w i t h  hard pa th  p r o j e c t i o n s  by p o i n t i n g  o1.1t tha. t  "roughly 

h a l f "  p l u s  "a f u r t h e r  app rec i ab le  f r a c t i o n "  of t h e  g ros s  primary energy 

produced i n  t he  hard pa th  i s  l o s t  i n  conversions t o  end use  and i n  d i s t r i -  

bu t ion .  Thus a t  t h e  p o i n t  of end use ,  t h e  amount of energy a v a i l a b l e  

"is thus  n o t  v a s t l y  g r e a t e r  than  i n  t h e  s o f t  path,  where conversion and 

d i s t r i b u t i o n  l o s s e s  have been a l l  but  e l imina ted .  But t h e  s o f t  pa th  makes 

each  u n i t  of end-use etiergy perform s e v e r a l  t imes a s  much s o c i a l  func t ion  

as i t  would have done i n  t h e  h a r d  pa th ;  so i n  a r.nnventinna1 sense ,  social 

w e l f a r e  i n  t h e  s o f t  p a t h  i n  2025 i s  suhsta .nt i -al ly  g r e a t e r  than  i n  t h e  hard 

p a t h  a t  t h e  same d a t e . "  

5.2 Energy Research Group 

The ERG r e p o r t  a t t r i b u t e s  t he  "d isproporf iona te ly"  l a r g e  cnnt r ih l l t inn  

uL r l e c t r l c i t y  ro end-use energy product ion t o  i t s  convenience and p r e d i c t s  

f u t u r e  growth f o r  t h e  fo l lowing  reasons 

1. increased  demand of e l e c t r i c a l  end uses  

2. convenience, p a r t i c u l a r l y  tn i n t e r - f u e l  switching 

3.  i n s t i t u t i o n a l  problems f o r  d i r e c t  c o a l  use  

4. l i m i t s  t o  n o n e l e c t r i c a l  energy source  product ion 

Because of n a t u r a l  gas  sho r t ages  and t h e  precar iousness  of o i l  supply s i n c e  

t h e  embargo, many i n d u s t r i e s  "may p r e f e r  t o  swi tch  t o  e l e c t r i c i t y  and pay 

t h e  p r i c e  premium r a t h e r  than  become embroiled i n  f u e l  procurement prob- 

lems o r  i n  Federa l ,  S t a t e  and l o c a l  r e g u l a t i o n s  over c o a l  u se  - l e av ing  



u t i l i t i e s  t o  a c t  a s  t h e i r  su r roga te  i n  procurement and r e g u l a t o r y  

ma t t e r s .  " 

There may be mismatching between energy q u a l i t y  and end-use needs 

but  "where a  mismatched energy source i s  economically compet i t ive ,  some 

o the r  resource ,  such a s  l abo r  o r  c a p i t a l ,  i s  being conserved more e f f i -  

c i e n t l y .  Thermodynamics i s  not  t h e  f i n a l  c r i t e r i o n . "  

The c a p i t a l  requirements  a s soc i a t ed  wi th  t h e  suggested s o f t  pa th  a r e  

descr ibed  i n  Sec t .  7. Although Lovins sugges ts  on ly  "reasonable" goa l s  

f o r  t h e  year  2000 on (e.g. ,  a  year 2000 demand of 95 quads - 25 from c o a l ,  

35 from o i l  and n a t u r a l  gas ,  and 35 from s o f t  t echnologies )  and does no t  

break down t h e s e  goa l s  a c c o r d i n g , t o  end-use, such an  a t tempt  i s  made i n  

t h e  ERG r e p o r t  "following Lovins' sugges t ions  a s  c l o s e l y  a s  poss ib le . "  It 

can be seen t h a t  "monumental changes a r e  r equ i r ed  even by 2000 (with j u s t  

37% ' s o f t '  energy a s  compared t o  100% by 2025): . 

1. 60% of a l l  i n d u s t r i a l  p rocess  steam b o i l e r s  a r e  converted t o  

coa l - f i r ed ,  f luidized-bed,  gas  t u r b i n e  cogeneratio'n systems; 

2. 12 112% of i n d u s t r i a l  steam b o i l e r s  a r e  coa l - f i r ed  and 27 112% 

a r e  solar-powered ; 

3. a l l  i n d u s t r i a l  hea t ing  i s  converted t o  gas ;  

4 .  a l l  cooking and dry ing  i s  converted tn  gas; 

5. v i r t u a l l y  a l l  r e s i d e n t i a l  and commercial space i s  equipped wi th  

h igh-ef f ic iency  s o l a r  hea t ing  (70% of space h e a t ,  83% of water 

hea t )  w i th  n a t u r a l  gas  backup; 

6. 55% of cool ing  i s  s o l a r  w i th  e l e c t r i c  backup; 

7. e l e c t r i c i t y  demand i s  23% higher  than  1975 (57% cogenerated 

15  112% wind, 1 5  112% hydro, 122 c o a l ) ;  

8. 4 O Z  of t r a n s p o r t a t i o n  demand i s  provided by biomass a l coho l .  

. . . t h e  changes requi red  seem hard ly  l e s s  s t agge r ing  than  f o r  ~ o v i n s '  

hard pa th ,  p a r t i c u l a r l y  i f  t h e  a s soc i a t ed  support  f a c i l i t i e s  and i n f r a -  

s t r u c t u r e  changes are included." 

5.3 Donovan, Hamester and R a t t i e n  

The DHR r e p o r t  c a l l s  Lovins' p r o j e c t i o n s  of 5  quads i n  1985 and 35 

quads (37% of t o t a l  needs) i n  2000 from s o f t  t echnologies  "highly 



improbable." Other "more r e a l i s t i c "  p r o j e c t i o n s  a r e  c i t e d  which put  

"renewable energy source  c o n t r i b u t i o n s  a t  4% t o  6% by 2000 under favor-  

a b l e  c o n d i t i o n s  ( t h e s e  a r e  percentages of presumably l a r g e r  t o t a l s ,  how- 

eve r .  " 

The c o n t r i b u t i o n  p ro j ec t ed  f o r  biomass conversion might be a c c u r a t e  

bu t  Lovins '  c a l c u l a t i o n s  a r e  "misleading i n  terms of t h e  scale-up implied 

t o  produce one-third of our  c u r r e n t  gaso l ine  consumption. A cu r so ry  

r ead ing  l e a v e s  t h e  impression t h a t  a scale-up of 10-14 t imes would s a t i s f y  

t h i s  demand; t h e  a c t u a l  r a t i o  i m p l i c i t  i n  Lovins c a l c u l a t i o n s  i s  about 

150 times." 

I n  defense  of ~ o v i n s ,  t h e  DHR r e p o r t  no te s  t h a t  

"Some have argued t h a t  i f  Lovins' s o f t  pa th  were, i n  f a c t ,  techno- 

l o g i c a l l y  f e a s i b l e ,  p u b l i c l y  accep tab le ,  environmental ly  sound and c o s t  

e f f e c t i v e ,  our  energy p o l i c y  would have n a t u r a l l y  developed along t h e  

l i n e s  he has  proposed - t h e  f a c t  t h a t  i t  has not  is  t e s t i m o n i a l  t o  t h e  

i n h e r e n t  inadequacy of h i s  energy s t r a t e g y .  This  c r i t i c i s m  seems u n f a i r  

a t  t h i s  s t a g e  f o r  a number of reasons :  

1. Energy has  been r e l a t i v e l y  inexpensive (indeed d e c l i n i n g  i n  r e a l  

c o s t )  because of an apparent  abundance of energy r e sources ,  

improved economies of s c a l e  and government s u b s i d i e s  t o  c e r t a i n  

s e c t o r s  of t h e  indus t ry .  There seemed l i t t l e  reason t o  change 

t h e  system as long as i t  maintained growth r a t e s .  

2. Powerful pro-growth ves ted  i n t e r e s t s  would be expected t o  r e s i s t  

changes i n  t h e  system which s i g n i f y  low growth ( i . e . ,  small  

inves tments ) .  

3 .  The a c t u a l  phys i ca l  energy i n f r a s t r u c t u r e  i s  i t s e l f  so  ex t ens ive  

a s  t o  d iscourage  d e v i a t i o n s  from i t  [e .g . ,  a l though d i s t r i c t  

hea t ing  i s  q u i t e  economic as a t o t a l  system, t h e  c o s t  and prob- 

lems a s soc i a t ed  wi th  now i n s t a l l i n g  a steam-heat d i s t r i b u t i o n  

system i n  urban a r e a s  a r e  s u b s t a n t i a l  i n  comparison t o  t h e  use 

of l e s s  e f f i c i e n t  bu t  e x i s t i n g  c a p i t a l  s tock  ( e l e c t r i c i t y  and 

gas d i s t r i b u t i o n  sys tems)] .  

4 .  The v a l i d i t y  of l i f e - c y c l e  c o s t i n g ,  environmental economics and 

renewable r e sou rces  a r e  j u s t  becoming recognized,  whi le  a t  t h e  



same time, t h e  long-assumed c o r r e l a t i o n  between s o c i a l  well-being 

and energy growth is  beginning t o  b e . s e r i o u s l y  quest ioned."  

5.4 Univers i ty  of C a l i f o r n i a ,  Davis 

I n  a d d i t i o n  t o  t h e  p o s s i b l e  t r ade -o f f s  between energy e f f i c i e n c y  and 

o t h e r  r e sou rces  l i k e  labor  o r  c a p i t a l ,  another  cons ide ra t ion  i s  t h e  i n t e r -  

a c t i o n  of e f f i c i e n c y  and f l e x i b i l i t y .  "A c h a r a c t e r i s t i c  of systems wi th  

high thermodynamic e f f i c i e n c y  i s  t h a t  they  a r e  c a r e f u l l y  designed,  and t h e  

elements a r e  t i g h t l y  in te rconnected .  Under t h e s e  circumstances it becomes 

exceedingly d i f f i c u l t  t o  redes ign  o r  change i n  any major way any i n d i v i d u a l  

po r t ion  of a p l a n t .  . . . An advantage of i n e f f i c i e n c y  i s  t h a t  it provided 

f l e x i b i l i t y  - both of process  des ign  and of process  and p l a n t  l o c a t i o n .  . . . 
It is  p r e s e n t l y  unknown t o  what degree thermodynamic matching of energy 

sources  t o  l oads  might impede i n d u s t r i a l  ou tput  growth." 

The UCD r e p o r t  f i n d s  Lovins'  demand p r o j e c t i o n s  t o  be reasonable ,  on 

t h e  whole, w i th  two except ions.  F i r s t ,  h i s  t o t a l  energy input  i n  2025 

of 63 quads is  considered "except iona l ly  low by any s tandards ."  Second, 

h i s  p r o j e c t i o n  of c o a l  u ses  i n  2000 would mean "an inc rease  i n  c o a l  u se  

from a p re sen t  1 5  quads (about 650 m i l l i o n  tons  per year )  t o  29 quads 

(about 1 .3  b i l l i o n  tons  per  year ) . "  Product ion of t h i s  much c o a l  "would 

r e q u i r e  ex t ens ive  inc reases  i n  c o a l  mining, wi th  t h e  a t t e n d a n t  envirun- 

mental problems from mining, combusion, e t c .  It i s  by no means c l e a r  t h a t  

such expansion i s  c o n s i s t e n t  w i th  t h e  philosophy of a  ' s o f t  technology'  

f u t u r e .  Technologies f o r  c o a l  product ion a t  t h i s  l e v e l  a r e  known which 

would be massive i n  s i z e ,  c e n t r a l i z e d  i n  management, expensive,  an3 

r e q u i r i n g  ex tens ive  new t r a n s p o r t a t i o n  networks." 



6. WAYS OF SWIT'CHING OVER FROM HARD TO SOFT PATHS 

6 .1  Lovins 

, T h e  recommended way t o  swi tch  from one pa th  t o  t h e  o t h e r ,  " to  bu i ld  

a b r idge  t o  the  energy-income economy of 2025," is  through t h e  development 

of t r a n s i t i o n a l  t echno log ie s  which e x p l o i t  " b r i e f l y  and spar ingly"  our 

c o a l  r e sou rces .  

Examples of s u i t a b l e  t r a n s i t i o n a l  technologies  inc lude  t h e  cogen- 

e r a t i o n  of e l e c t r i c i t y  from e x i s t i n g  i n d u ~ t r i n l  steam prosesseE and t h c  

u s e  of was te  heat  for d i s t r i . r . t  h ~ a t i n g ,  as weLl ao ocvcra l  ' ' s a p l ~ i s t i c a ~ e d "  

u s e s  of c o a l  - s u p e r c r i t i c a l  c o a l  g a s i f i c a t i o n ,  f l a s h  hydrogenation, 

f l a s h  p y r o l y s i s ,  panel-bed f i l t e r s  and " s imi l a r  ways t o  u se  c o a l  c l e a n l y  

a t  e s s e n t i a l l y  any s c a l e  and t o  cream o f f  va luab le  l i q u i d s  and g a s e s , a s  

premium f u e l s  be fo re  burning t h e  r e s t . "  Lovins  i s  p a r t i c u l a r l y  o p t i m i s t i c  

about  t h e  u s e  of f lu id ized-bed  burners ,  ,claiming t h a t  they  a r e  "simple, 

v e r s a t i l e , "  "ready t o  be commercially app l i ed  t o  r a i s i n g  steam and opera t -  

i n g  Xurbities;!' and. ' f l e x i b l e  i n  . sca le .  ItFlu.idized bed b o i l e r s  and t u r -  

b i n e s  can power g i a n t  i n d u s t r i a l  complexes, e s p e c i a l l y  f o r  cogenera t ion ,  

and a r e  r e l a t i v e l y  easy t o  back f i t  i n t o  o ld  municipal power s t a t i o n s .  

Scaled down, a  f l u i d i z e d  bed can be a  t i n y  household device  - c l ean ,  

s t r i k i r l g l y  simple and f l e x i b l e  - t h a t  can r e p l a c e  an  o rd ina ry  furnace  

o r  g r a t e  and can recover  combusion hea t  w i th  an  e f f i c i e n c y  over 80%., 

A t  medium s c a l e ,  such technologies  o f f e r  v e r s a t i l e  b o i l e r  b a c k f i t s  and 

improve h e a t  recovery i n  f l u e s .  " 

The s c a l e  employed can  a l s o  be ad jus t ed  t o  a l low t h e  plugging i n  of 

s o f t  t echnologies  l a t e r .  For example, neighborhood-sized hut  water tanks  

i n  a t r a n s i t i o n a l  d i s t r i c t  hea t ing  scheme "can i n  t h e  long run be heated 

by neighborhood s o l a r  co l l . . ec tnrs ,  wind-driven hcnt  pumps, a f ac to ry ,  a 

pyro lyzer ,  a geothermal w e l l ,  o r  whatever e l s e  becomes l o c a l l y  a v a i l -  

a b l e .  . . . I I 
The i d e a  i s  t o  u se  c o a l ,  conserva t ion ,  and s o f t  t e c h n o l o g i e ~  toge the r  

such t h a t  "most of t h e  f r o n t i e r  e x t r a c t i o n  and medium-term imports  of o i l  

and gas  become unnecessary and our convent iona l  r e sou rces  a r e  g r e a t l y  

s t r e t c h e d .  Coal can  f i l l  t h e  r e a l  gaps i n  our  f u e l  economy wi th  only  a  



temporary and modest ( l e s s  than  twofold a t  peak) expansion of mining, no t  

r e q u i r i n g  t h e  enormous i n f r a s t r u c t u r e  and s o c i a l  impacts implied by . . . I 1  

Lovins' p r o j e c t i o n s  of t h e  hard pa th  f u t u r e .  

6.2 Energy Research Group 

The ERG r e p o r t  makes no s p e c i f i c  comments on ~ o v i n s '  suggested t r an -  

s i t i o n a l  technologies  but n o t e s  t h e  environmental problems t o  be expected 

with t h e  widespread use  of f o s s i l  f u e l s ,  i . e . ,  "With d i s p e r s a l ,  p o l l u t i o n  

c o n t r o l  i s  more d i f f i c u l t ,  l e s s  amenable t o  r e g u l a t i o n ,  and hard ly  more 

environmental ly  sound than t h e  'hard '  path." 

6 . 3  Donovan, Hamester and R a t t i e n  

Lovins' view of t h e  s t a t e  of t h e  a r t  of f l u i d i z e d  bed technology i s  

chal lenged by t h e  DHR r e p o r t ,  e .g . ,  "Small s c a l e  f l u i d i z e d  bed technology 

t h a t  may be u s e f u l  f o r  a  s i n g l e  dwel l ing  u n i t  i s  s t i l l  f a r  i n  t he  f u t u r e  

f o r  t h e  U.S. The c o s t  and environmental consequences of such a  system a r e ,  

t h e r e f o r e ,  q u i t e  unknown. A s i g n i f i c a n t  need e x i s t s  t o  redevelop an  

i n f r a s t r u c t u r e  t o  t r a n s p o r t ,  d e l i v e r  and s t o r e  c o a l  and t o  remove t h e  ' 

wastes.  We a r e  once aga in  faced wi th  t h e  problem of c o n t r o l  and t h e  

simple danger of many energy conversion systems r ~ i n n i n g  without  adequate ly  

t r a i n e d  ope ra to r s  superv is ing  t h e i r  func t ioning  t o  he lp  a s s u r e  adequate  

s a f e t y  and environmental con t ro l . "  Also, I '  . . . t h e r e  a r e  emissions 

u ~ l c e r t a i n t i e s  which muEt be r e c t i f i e d  he fo re  t h e s e  burners  a r e  a p p l i c a b l e  

on a  wide s c a l e .  This  would a l s o  r e q u i r e  a  complex i n s t i t u t i o n a l  monitor- 

ing  and eva lua t ion  s t r u c t u r e  t o  d e a l  w i t h  c o u n t l e s s  small  po in t  sources  

of emissions.  " 

I n  a d d i t i o n ,  t h e  r e p o r t  c i t e s  t h e  Council f o r  Energy 1ndependence7 

rough c a l c u l a t i o n s  of t h e  c o s t  of "home f luidized-bed c o a l  burners  f o r  

t h e  U.S. housing s tock  us ing  b a s i c a l l y  f avo rab le  s i n g l e  system p r i c e s  and 

investment terms." The widespread use  of such burners  is  expected t o  

c o s t  "hundreds of b i l l i o n s  of d o l l a r s . "  

Fu r the r ,  Lovins f a i l s  t o  account f o r  t h e  ve ry  r e a l  problems of 

" t r a n s i t i o n  that: would be encountered i n  moving from t h e  e x i s t i n g  hard 



t e c h n o l o g i e s  t o  t h e i r  s o f t  a l t e r n a t i v e s .  The r a t e  a t  which e f f i c i e n c y  

improvements and s o f t  energy technology a r e  introduced i n  our  economy 

would a t  b e s t  be equa l  t o  ( i n  l i e u  of p o l i c y  a c t i o n s )  t h e  r a t e  of a d d i t i o n  

t o ,  replacement  o f ,  o r  improvement i n  c a p i t a l  s t ock .  

These r a t e s  of change i n  t h e  c u r r e n t  s t o c k  of automobiles ,  houses,  and 

i n d u s t r i a l  i n s t a l l a t i o n s  would presumably r e f l e c t  an  a n a l y s i s  of t h e i r  

c o s t - e f f e c t i v e  u t i l i z a t i o n  over  t i m e .  Unless r e s t r i c t i v e  government man- 

d a t e s  a r e  used,  however, i t  would appear  l i k e l y  t h a t  on ly  a  f r a c t i o n  of 

such  a d d i t i o n s ,  rep lacements  o r  improvements over t h e  next  two o r  t h r e e  

decades  w i l l  u t i l i z e  t h e  t echno log ie s  a s s o c i a t e d  w i th  t h e  s o f t  pa th ,  f o r  a  

v a r i e t y  of environmental ,  economic and i n s t i t u t i o n a l  reasons .  I f  a  work- 

a b l e  ( accep tab l e  economic impacts) p o l i c y  s t r a t e g y  does no t  r e a l l y  e x i s t  

t o  e f f e c t  t h i s  t r ans fo rma t ion  r a p i d l y ,  then  t h e  energy demand l e v e l s  pro- 

j e c t e d  by Lovins'  Road-Not-Taken f o r  t h e  pos t  2000 per iod w i l l  be no th ing  

more t han  hopeful  specu la t i on . "  

"The most l i k e l y  adop t ion  of t h e  s o f t  p a t h  would f i r s t  be a  mixed 

system of c e n t r a l i z e d  product ion  of e l e c t r i c i t y ,  o i l  and gas ,  supplemented 

by d e c e n t r a l i z e d  u s e  of s o l a r  hea t ing  systems. Ea r ly  a p p l i c a t i o n s  of t h e  

s o f t  t e chno log ie s  a r e  most l i k e l y  f o r  d i s p e r s e d ,  o f t e n  i s o l a t e d  r u r a l  

energy needs ,  whi le  e x i s t i n g  urban developments cont inue  t o  r e l y  on t h e  

developed energy i n f r a s t r u c t u r e  and c e n t r a l i 7 e d  power sources .  I n  govern- 

menta l  pu l i cy  as w e l l ,  t h e  most probable  r e a l  world outcome i s  t h a t  n e i t h e r  

road w i l l  be  taken  t o  t h e  exc lus ion  of t h e  o t h e r . "  

The UCD r e p o r t  does n o t  d i r e c t l y  add re s s  t h e  problems n f  t r a n s i t i o n  

from t h e  hard t o  t h e  s o f t  p a t h  but  makes t h e  comment t h a t  t e chno log ie s  

f u r  c u a l  producciori a t  t h e  l e v e l s  r equ i r ed  "would be massive i n  s i z e ,  

c e n t r a l i z e d  i n  management, expensive,  and r e q u i r i n g  ex t ens ive  new t r ans -  

p o r t a t i o n  networks. ' '  



7. COMPARISON OF THE COSTS AND RISKS ASSOCIATED WITH EACH PATH 

7.1 Lovins 

I n  genera l ,  t h e  c o s t  advantages of t h e  s o f t  pa th  a r i s e  because t h e  

s o f t  t echnologies  have, f i r s t ,  much lower and s t a b l e  ope ra t ing  c o s t s  

than t h e  hard technologies  and, second, lower i n i t i a l  c o s t s  due t o  "tech- 

n i c a l  s i m p l i c i t y ,  small  u n i t  s i z e ,  very  low overheads, scope f o r  mass 

product ion,  v i r t u a l  e l imina t ion  of d i s t r i b u t i o n  l o s s e s  and of i n t e r f u e l  

conversion l o s s e s ,  low exposure t o  e s c a l a t i o n  and i n t e r e s t ,  and prompt 

incremental  cons t ruc t ion  (so t h a t  new capac i ty  i s  b u i l t  only when and 

where i t  i s  needed) .'" 
The est imated c a p i t a l  c o s t s  a r e  expressed i n  terms of equiva len t  

b a r r e l s  of o i l  (one bbl lday = 67.1 kW). Lovins' e s t ima te s  f o r  hard,  s o f t ,  

and t r a n s i t i o n a l  technologies  per  day ( i n  cons t an t  1976 d o l l a r s )  a r e  

shown i n  Table 1, taken from hi's testimony' dur ing  a  Congressional hear ing  

on t h e  c o s t s  of nuc lear  power. 8 

The t o t a l  c a p i t a l  investment a s soc i a t ed  wi th  t h e  hard pa th  (e .g. ,  

ex-President Ford 's  1976-1985 energy program) is  over $1 t r i l l i o n  ( three-  

f o u r t h s  f o r  e l e c t r i f i c a t i o n ) .  No corresponding e s t ima te  i s  presented f o r  

t h e  s o f t  pa th .  The c a p i t a l  would be r a i s e d  d i f f e r e n t l y ,  e .g . ,  1 1  . . .  
s o l a r  investments  a r e  borne by t h e  householder,  e l e c t r i c  i nves tn~en t s  by a 

u t i l i t y  t h a t  can f l o a t  low- in te res t  bonds and amqr t ize  over 30 years .  

During t h e  t r a n s i t i o n a l  e r a ,  we should t h e r e f o r e  cons ider  ways t o  broaden. 

householders '  a cces s  t o  c a p i t a l  markets.  For example, t h e  u t i l i t y  could 

f inance  t h e  s o l a r  investment ( leav ing  i t s  execut ion  t o  t h e  householder 's  

d i s c r e t i o n ) ,  then  be repa id  i n  i n s t a l l m e n t s  corresponding t o  t h e  house- 

h o l d e r ' s  saving." 

The r i s k s  a s soc i a t ed  wi th  each pa th  a r e  c l a s s i f e d  i n  terms of economic 

r i s k s  and environmental impacts. For example, t h e  hard pa th  

1. r e l i e s  on a  few technologies  whose success  i s  no t  c e r t a i n ,  

2 .  r e l i e s  on technologies  vu lne rab le  t o  e r r o r ,  a c c i d e n t s ,  and 

sabotage,  



T a b l e  1. Approximate m a r g i n a l  c a p i t a l  investment  (1976 $) needed t o  
b u i l d  complete  energy  systems t o  d e l i v e r  energy t o  U.S. consumers 

a t  a  r a t e  e q u i v a l e n t  t o  one b a r r e l  of o i l  pe r  day (abou t  
67 k i l o w a t t s )  on a hea t - supp l ied  b a s i s  ( e n t h a l p i c ,  

w i t h o u t  r e g a r d  t o  q u a l i t y  of energy s u p p l i e d )  
a assuming p r e s e n t  t e c h n o l o g i e s  

Energy system $1 (bb l 'day)  

T r a d i t i o n a l  d i r e c t  f u e l s ,  1950s-1960s, o r  d i r e c t  2-3,000 
U.S. c o a l ,  1970s 

Nor th  Sea o i l ,  l a t e  1970s 10,000 
U.S. f r o n t i e r  o i l  & g a s ,  1980s  10-25,000 
S y n t h e t i c  f u e l s  from c o a l  o r  s h a l e ,  1.980s 2M270, 000 
Conven t iona l  c e n t r a l  c o a l - e l e c t r i c  w i t h  170,000 

s c r u b b e r s ,  1980s 
Nuc lea r -e lec  r r i c  (LWR) . mid-1980s 235,000 

" ~ e c h n i c a l  f i x e s "  t o  improve end-use e f f i c i e n c y  : 
New commercial  b u i l d i n g s  b  -3, 0OOb 
Common i n d u s t r i a l  and a r c h i t e c t u r a l  l eak-  0-5,000 

pluggi l lg  
Most hea t - recovery  sys tems  -5, O O ~  
Worst -case ,  v e r y  thorough b u i l d i n g  r e t r o f i t s  %25,000 

T r a n s i t i o n a l  f o s s i l - f u e l  t e c h n o l o g i e s .  
' C  Most i n d u s t r i a l  c o g e n e r a t i o n ,  1970s 60, OOOb 

Coa l - f i r ed  b lu id ized-bed  g a s  t u r b i n e  w i t h  ' 30,000 
d i r e c t  h e a t i n g  and h e a t  pumps (COP = 2) , 
e a r l y  1980s  

S o f t  t e c h n o l o g i e s :  
RrLruI lcced  1002 s d l a ~  s p a c e  h e a t  w i t h  no 5 k 7 0 ,  OOob 

backup r e q u i r e d ,  assuming c o s t l y  t r a d i -  
t i o n a l  f l a t - p l a t e  c o l l e c t o r s  and 
s e a s o n a l  s t o r a g e  by s e n s i b l e  h e a t  i n  
w a t e r ,  mid-lY8Us 

300°C s o l a r  p r o c e s s  h e a t ,  assuming Winston 100,000 
b  

c o l l e c t o r s ,  1980 
Bioconvers ion  of  farm and f o r e s t r y  was tes  1 3 2 0 , 0 0 0  

t o  f u e l  a l c o h o l s ,  1980 
P y r o l y s i s  of munic ipa l  w a s t e s ,  l a t e  1970s 

d 
30.000 

M i c r o h y d r o e l e c t r i c  p l an t s  30-1/tO, 000 
v e r t i c a l - a x i s  200-kW(e) w i n d - e l e c t r i c ,  l a t e  200,000 

1970s ,  Canadian (DAF) d e s i g n  

Form s u p p l i e d  

Fue l  

Fue l  
Fue l  
Fue l  
E l e c t r i c i t y  

E l e c t r i c i t y  

Heat 
Heat 

Heat 
Heat 

E l e c t r i c i t y  + h e a t  
Heat 

Heat 

Heat 

Fue l  

F~rpl  
E l e c t r i c i t y  
E l e c t r i c i t y  

a ~ h e s e  d a t a  a r e  d e r i v e d  and documented i n  d e t a i l  i n  Chap te r s  6-8 ( s e e  a l s o  
C h a p t e r s  1 and 3) i n  Ref. 1. 

b ~ h e s e  c o s t s  i n c l u d e  t h e  c o s t  of end-use d e v i c e s ,  which a r e  o f t e n  v e r y  
expens ive :  a n  unpubl ished 1976 S h e l l  a n a l y s i s  c a l c u l a t e s  t y p i c a l  c a p i t a l  r e q u i r e -  
ments ,  i n  ' ~ 1 9 7 6  d o l l a r s  p e r  pr imary b b l / d  used, of o r d e r  $120-200,000 f o r  a 
European c a r ,  $35,000 f o r  a  c o n v e n t i o n a l  house h e a t i n g  system,  $5-10,000 f o r  
i n d u s t r i a l  b o i l e r s ,  and $14,000 f o r  a  b l a s t  f u r n a c e .  

C Assumes t h a t  b o t h  p r o c e s s  h e a t  and e l e c t r i c i t y  a r e  f o r  i n - p l a n t  u s e ;  o t h e r -  
w i s e  a  modest sum should be  added f o r  marg ina l  e l e c t r i c  d i s t r i b u t i o n  f a c i l i t i e s .  

d ~ x c l u d e s  investment  c r e d i t  f o r  byproducts  ( e . g . ,  m a t e r i a l s  r ecovery)  and f o r  
w a s t e  d i s p o s a l  s e r v i c e s  r e p l a c e d .  



3.  w i l l  f a i l  "with widespread and s e r i o u s  d i s r u p t i o n ,  i f  any of i ts  

exac t ing  t echn ica l  and s o c i a l  cond i t i ons  i s  no t  s a t i s f i e d  

cont inuously and i n d e f i n i t e l y . "  

While t h e  s o f t  pa th  

1. d i s t r i b u t e s  t h e  r i s k s  among s e v e r a l  d i v e r s e ,  l e s s  complicated, 

technologies  "most of which a r e  a l r eady  known t o  work we l l , "  

2. r e l i e s  on d i v e r s e  energy sources  which a r e  not  a s  vu lne rab le  t o  

e r r o r ,  acc iden t s ,  and sabotage,  

3. i s  more f l e x i b l e  - and thus  robus t .  Its t e c h n i c a l  d i v e r s i t y ,  

a d a p t a b i l i t y ,  and geographic d i s p e r s i o n  make i t  r e s i l i e n t  and 

o f f e r  a  good prospect  of s t a b i l i t y  under a  wide range of condi- 

t i o n s ,  foreseen  o r  no t .  

The environmental r i s k s  a s soc i a t ed  wi th  t h e  hard pa th  a r e  poorly 

understood and some "have probably not  y e t  been though o f . "  The possi-  

b i l i t y  of near-term c l i m a t i c  co r l s t r a in t s  on c o a l  combustion is  brought up. 

The environmental e f f e c t s  of t h e  s o f t  pa th ,  however, " a re  r e l a t i v e l y  

smal l ,  t r a c t a b l e  and r e v e r s i b l e . "  

7.2 Energy Research Group 

The ERG rep0r . t  c r i t i c i z e s  Lovins'  use  of d o l l a r s  per  equiva len t  bar- 

r e l  of o i l  per  day i n  e s t ima t ing  c a p i t a l  c o s t s  f o r  two reasons  - i t  

doesn ' t  t ake  i n t o  account c a p i t a l  replacement o r  d i f f e r i n g  e f f i c i e n c i e s  

of end .use. By p u t t i n g  o i l  and gas  product ion on a  l i f e  c y c l e  equiva len t  

tn  e l e c t r i c  power product ion,  t h e  ERG c a l c u l a t e s  a  marginal c a p i t a l  c o s t  

f o r  o i l  and gas product ion about one-half t h a t  f o r  e l e c t r i c i t y  (vs  t h e  

approximate f a c t o r  of 10  shown i n  Table 1 ) .  

Lovins'  comparison of d i r e c t  f u e l  c o s t s  and e l e c t r i c i t y  c o s t s  i s  

a l s o  c r i t i c i z e d  because Lovins "while meticulous about i n f r a s t r u c t u r e  c o s t s  

and T&D l o s s e s  f o r  e l e c t r i c i t y  genera t ion ,  n e g l e c t s  . r e f in ing ,  t ranspor-  

t a t i o n  and o t h e r  c o s t s  and l o s s e s  f o r  ' d i r e c t '  f u r l  use." 

H i s  ca1.culation of nuc lear  e l e c t r i c i t y  c o s t s  a r e  s a i d  t o  be too  h igh  

by a  f a c t o r  of 2  - a "reasonable" e s t ima te  of $140,000 d o l l a r s  (1976) per  

b a r r e l  per  day f o r  a nuc lear  u n i t  i n  t h e  mid-1980's is  presented (vs  t h e  

$235,000 shown i n  Table, 1 ) .  Also see Appcndix A.  



Not on ly  a r e  hard pa th  c o s t s  overest imated,  bu t  s o f t  pa th  c o s t s  a r e  

cons ide rab ly  underest imated.  Rough c a l c u l a t i o n s  a r e  done f o r  a  v a r i e t y  

of wind-e lec t r ic  systems and t h e  r e s u l t s  ( i n  1976 d o l l a r s )  range from 

$275,000 t o  $548,000 per  b a r r e l  per  day (vs  t h e  $200,000 shown i n  Table 1 ) .  

Rough c a l c u l a t i o n s  a r e  presented ,  too ,  f o r  100% s o l a r  space hea t ing  and 

a g a i n  t h e  ERG r e s u l t  i s  cons iderably  h igher  than  Lovins'  - $470,000 per  

b a r r e l  per  day ( v s  t h e  $50,000 t o  $70,000 shown i n  Table 1 ) .  

The t o t a l  c a p i t a l  c o s t  of t h e  s o f t  pa th  t o  t h e  year  2000 i s  a l s o  

es t imated .  I n  1976 d o l l a r s ,  

1. $2.5 t r i l l i o n  i s  a l l o c a t e d  f o r  t h e  developl~lerlt o f  t h e  35 quads 

from so1  L Lec l~~ iu log ie s  which ~ o v i n s  c a l l s  t o r ,  

2 .  $400 b i l l i o n  i s  a l l o c a t e d  f o r  the 60 quads to he nbtained from 

c o a l ,  o i l  and gas  i n  t h e  year  2000, and 

3 .  $180 b i l l i o n  i s  a l l o c a t e d  f o r  t h e  e a r l y  r e t i r emen t  of c e n t r a l i z e d  

e l e c t r i c i t y  product ion  and a s soc i a t ed  t ransmiss ion  s t r u c t u r e s .  

The cons ide rab le  u n c e r t a i n t i e s  a s soc i a t ed  wi th  t h e s e  numbers a r e  acknowl- 

edged and es t imated:  t h e  r e s u l t a n t  c o s t  ( i n  1976 d o l l a r s )  of fol lowing 

t h e  s o f t  p a t h  t o  t h e  year  2000 i s  put  a t  $2.1 t o  $4.1 t r i l l i o n .  This  

corresponds t o  "about 5  112% of cumulative GNP f o r  t h e  period 1975-2000" 

and i s  2--4 t imes t h e  $1 t r i l l i o n  f i g u r e  a t t ached  by Lovins t o  ex-President 

Ford ' s  energy program. Thus. t h e  same c a p i t a l  c.onst,rai.nts (or  worse) 

would apply  t o  Lovins'  s o f t  p a t h  which he a p p l i e s  t o  t h e  hard p a t h .  

The EKG r e p o r t  cau t ions ,  however, t h a t  t h i s  a n a l y s i s  does not  argue 

a g a i n s t  a " r e a l i s t i c "  deployment of s o f t  t echnologies .  "Obviously, some 

s o f t  t echnologies  can provide l e s s  expensive energy than  competing hard 

technology supply,  even a t  h igher  c a p i t a l  c o s t .  This  a p p l i e s ,  f o r  example, 

t o  t h e  u s e  of s o l a r  ho t  water  hea t ing  o r  t o  t h e  s u b s t i t ~ l t j . o n  of s o l a r  space 

h e a t i n g  f o r  e l e c t r i c  r e s i s t a n c e  hea t ing  i n  many reg ions ."  

The ERG r e p o r t  admits  Ll~iiL  he deployment of solar-based energy 

sou rces  t o  t h e  maximum ex ten t  f e a s i b l e  i s  obviously d e s i r a b l e  i n  terms 

of t h e i r  low environmental impact" but  n o t e s  t h a t  t h e  d i spe r sed  use  of 

f o s s i l  f u e l s ,  p a r t i c u l a r l y  i n  t h e  t r a n s i t i o n a l  s t a g e ,  can make p o l l u t i o n  

c o n t r o l  "more d i f f i c u l t ,  l e s s  amenable t o  r e g u l a t i o n ,  and ha rd ly  more 

environmental ly  sound than  t h e  'hard '  path."  



7.3 Donovan, Hamester and R a t t i e n  

The DHR r e p o r t  con ta ins  few q u a n t i t a t i v e  comments i n  t h i s  a r e a  

"because of t h e  l a c k  of s u f f i c i e n t  s p e c i f i c s  i n  t h e  Lovins a r t i c l e  and t h e  

genera l  u n c e r t a i n t i e s  of c o s t s  a s soc i a t ed  wi th  emerging technologi,es," 

bu t  i t  does po in t  ou t  t h a t  ~ o v i n s '  f i g u r e s  a r e  biased on t h e  s o f t  s i d e  

and t h a t  hard and s o f t  pa th  system c o s t s  were not  c a l c u l a t e d  on an  

equiva len t  b a s i s .  For example, a d d i t i o n s  t o  d i r e c t  f u e l  u s e  and e lec-  

t r i c a l  genera t ing  capac i ty  can o f t e n  u s e  e x i s t i n g  transmission/distribution 

systems e i t h e r  " d i r e c t l y  o r  through 'low-cost' a d d i t i o n s  t o  t h e  e x i s t i n g  

i n f r a s t r u c t u r e , "  whi le  Lovins assumes t h a t  t h e  a s soc i a t ed  t ransmiss ion/  

d i s t r i b u t i o n  systems a r e  rep laced  wi th  each a d d i t i o n  of genera t ing  

capac i ty .  

Fu r the r ,  "while Lovins i n s i s t s  on l i f e - c y c l e  c o s t i n g  o r  long-range 

marginal c o s t  p r i c i n g  f o r  t h e  hard technologies ,  t h e r e  i s  nothing s a i d  of 

t h e  replacement o r  decommissioning c o s t s  of t h e  s o f t  technologies ."  

While agree ing  wi th  Lovins t h a t  " the  r e l a t i v e l y  s h o r t  payoff i nves t -  

ments r e l a t e d  t o  some of t h e  s o f t  pa th  approaches such a s  u se  of thermal 

i n s u l a t i o n  and s o l a r  hea t ing  produce f a s t e r  c a p i t a l  turnover  than  t h e  long- 

range investments  of c e n t r a l  power s t a t i o n s , "  t h e  DHR r e p o r t  no te s  t h a t  

"much of t h e  ' sof t -pa th '  approach upon which Lovins r e l i e s  t o  reduce demand 

a l s o  r e q u i r e  l a r g e  ou t l ays  of long pay back c a p i t a l ,  e . g . ,  t h e  piping 

system f o r  d i s t r i c t  heat ing."  

DHR present  no e s t ima te s  of t h e  t o t a l  c a p i t a l  o u t l a y s  a s s o c i a t e d  w i t h  

t h e  two pa ths  but  do quote some rough c a l c u l a t i o n s  of t he  Cnl~ncil, f o r  

Energy independence7 on t h e  t o t a l  c o s t s  of s o l a r  hea t ing  ($364 b i l l i o n ) ,  

w ind -e l ec t r i c i t y  ($520 b i l l i o n ) ,  and household-sized f l u i d i z e d  bed 

burners  (hundreds of b i l l i o n s  of d o l l a r s ) .  The DHR r e p o r t  o f f e r s  t h e s e  

f i g u r e s  "pri.marily t o  i l l u s t r a t e  how c o s t l y  r ap id  across-the-board 

implementation of t h e  s o f t  t echnologies  might be us ing  c u r r e n t  p r i c e s  and 

s ta te -of  - the-ar t  . " 

7.4 Univers i tv  of Cal i f  o r n i , ~ .  Davis 

The UCD r e p o r t  cnn ta ins  no d i scuss ion  of t h e  c o s t s  of e i t h e r  pa th  

because i t  i s  f e l t  t h a t  such an  approach is  n e i t h e r  a p p r o p r i a t e  nor 



a c c u r a t e .  F i r s t  of a l l ,  t h e  r e l a t i v e  weights  assigned t o  decision-making 

c r i t e r i a  ( e .g . ,  economics, r e l i a b i l i t y ,  environmental impacts) change wi th  

t h e  planning hor izon .  I n  o t h e r  words, economic cons ide ra t ions  might be 

t h e  most important  c r i t e r i a  i n  near-term planning (a u t i l i t y  expanding i.ts 

e l e c t r i c a l  c a p a c i t y  and t r y i n g  t o  dec ide  between nuc lea r  and c o a l )  but  

become secondary t o  o t h e r  c r i t e r i a  l i k e  environmental impacts o r  n a t i o n a l  

s e c u r i t y  i n  long-term planning (a  government agency p l o t t i n g  t h e  energy 

f u t u r e  of a n a t i o n ) .  Second, even i f  a n  economic a n a l y s i s  were a p p r o p r i a t e  

on such a  l a r g e  s c a l e  and over  such a  long  time span, i t  would be woeful ly 

imprec ise .  "One i s  n e c e s s a r i l y  concerned wi th  t h e  evo lu t ion  of energy 

aystei~ls  uvrr s e v e r a l  gene ra t ions ,  and t h e r e  i s  no p o s s i b i l i t y  whatever of 

a c c u r a t e  p r o j e c t i o n s  of energy systems c o s t s  over t h e s e  t ime frames, o r  

even of t h e  p r e c i s e  t e c h n i c a l  c h a r a c t e r i s t i c s  of technologies ."  



8. INTERNATIONAL IMPLICATIONS OF A DOMESTIC 
SWITCH FROM HARD TO SOFT 

8 . 1  Lovins 

One of t h e  most important advantages seen by Lovins i n  t h e  " u n i l a t e r a l  

adopt ion of a  s o f t  energy pa th  by t h e  United S ta t e s "  is  t h a t  i t  "can go a 

long way t o  c o n t r o l  nuc lear  p r o l i f e r a t i o n  - perhaps t o  e l i m i n a t e  i t  

e n t i r e l y  ." 
C i v i l i a n  and m i l i t a r y  nuc lear  technology a r e  in te r twined:  "by no 

longer  a r t i f i c i a l l y  d ivorc ing  c i v i l i a n  from m i l i t a r y  nuc lea r  technology 

we would recognize  o f f i c i a l l y  t h e  r e a l  d r i v i n g  f o r c e s  behind p r o l i f e r a t i o n . "  

Lovins urges t h e  U.S. o f f i c i a l l y  t o  recognize t h i s ,  t o  t r e a t  "non- 

p r o l i f e r a t i o n ,  c o n t r o l  of c i v i l i a n  f i s s i o n  technology, and s t r a t e g i c  arms 

r educ t ion  a s  i n t e r r e l a t e d  p a r t s  of t h e  same problem wi th  in te r twined  

so lu t ions . "  Adoption of t h i s  s t ance ,  p l u s  phasing out  of domestic nuc lear  

power programs, p lus  r e d i r e c t i o n  of resources  d i v e r t e d  from these  programs 

i n t o  s o f t  energy development, w i l l  s e rve  t o  " r ebo t t l e "  t h e  nuc lear  "genie ."  

The reason such a  scheme would work i s  t h a t  "for  a t  l e a s t  t h e  next  

f i v e  o r  t e n  yea r s ,  while  nuc lear  dependence and commitments a r e  s t i l l  

r e v e r s i b l e ,  a l l  c o u n t r i e s  w i l l  cont inue  t o  r e l y  on t h e  United S t a t e s  f o r  

t he  technica l  , t h e  economic and e s p e c i a l l y  t h e  p o l i t i c &  support  they need 

t o  j u s t i f y  t h e i r  own nuclear  programs." 

Lovins does not  e l a b o r a t e  on t h e  a s p e c t s  of t e c h n i c a l  and economic 

dependence but c la ims  t h a t  " in  almost a l l  c o u n t r i e s  t h e  domestic p o l i t i c a l  

base t o  support nucl-ear power is  not  s o l i d  but  shakey. However great 

t h e i r  nuc lear  ambit ions,  o the r  c o u n t r i e s  must s t i l l  borrow t h a t  p o l i t i c a l  

support  from t h e  United S t a t e s . "  He goes on t o  c i t e  oppos i t i on  t o  nuc lear  

power i n  s e v e r a l  c o u n t r i e s ,  and s t a t e s  t h a t  "nuclear  power could not  

f l o u r i s h  . . . ( i n  Europe) . . . i f  t h e  United S t a t e s  d id  not  want i t  to . "  

Tovins cons ide r s  t h e  c e s s a t i o n  of nuc lear  power genera t ion  so 

important t h a t  by " r e b o t t l i n g  t h a t  genie  we could move t o  energy and 

f o r e i g n  p o l i c i e s  t h a t  our  grandchi ldren  can l i v e  with.  No more important 

s t e p  could be taken toward r e v i t a l i z i n g  t h e  American dream.'' 



8 . 2  Energy Research Group 

Lovins '  c r i t i c i s m s  of nuc lear  power a r e  i n  t u r n  c r i t i c i z e d  a s  "a 

weary l i s t  of r i s k s  i n  ope ra t ion ,  human f a l l i b i l i t y  and mal ice ,  r i s k  

through greed f o r  p r o f i t ,  v io l ence  and coerc ion ,  abrogat ion  of c i v i l  

l i b e r t i e s ,  guarding of long-l ived wastes  . . . a shopping l is t  f o r  a  

technology where eve ry th ing  i s  t o  be a s  bad a s  poss ib l e ,  i n  c o n t r a s t  t o  

s o f t  technology where eve ry th ing  is  t o  be as good a s  poss ib le . "  

The c l a im of f o r e i g n  r e l i a n c e  upon America f o r  t h e  " p o l i t i c a l "  

suppor t  of nuc lea r  power i s  denied and i s  "contrary t o  t h e  fact o f  a 

growing world commitment t o  nuc lea r  power that i s  outpacing t h a t  n f  the 

United S t a t e s . "  

~ o v i n s '  s ta tement  t h a t  a  u n i l a t e r a l  c e s s a t i o n  of domestic commercial 

n u c l e a r  power a c t i v i t i e s  would lead  t o  a  h a l t  i n  nuc lear  p r o l i f e r a t i o n  i s  

c a l l e d  na ive .  " I f  t h e  U.S. were t o  h a l t  i t s  nuclear  energy programs, 

o t h e r s  might f a l t e r  temporar i ly  but i t  i s  doub t fu l  t h a t  they  would 

h a l t .  . . . A s  is  o f t e n  t h e  c a s e ,  t h e  s imple s o l u t i o n s  sound a t t r a c t i v e  

bu t  t hey  a r e  u n l i k e l y  t o  work. Control  of i n t e r n a t i o n a l  nuc lea r  p r o l i f -  

e r a t i o n  w i l l  mean hard work t o  develop comprehensive safeguards  and i n t e r -  

n a t i o n a l  agreements.  . . . I 1  

8 . 3  Uonovan, Hamester and R a t t i e n  

The DHR r e p o r t  does n o t  comment on t h i s  a spec t  of Lovinsf  po l icy .  

8.4  Unive r s i ty  of Cal i f  ~rnia.- D a v i ~  -- 

The UCD r e p o r t  sugges t s  t h a t  Lovins'  endorsement of s o f t  t echnologies  

could be l a r g e l y  motivated by h i s  d i s l i k e  of nuc lear  power. The UCD 

r e p o r t  t a k e s  the  p o s i t i o n  t h a t  " the  ques t ion  of whether s o c i e t y  should 

choose t o  exclude a l l  energy der ived  from nuclear  systems i s  fundamentally 

s e p a r a b l e  from t h e  gene r i c  i s s u e s  r a i s e d  by Lovins." 



9. SOCIO-POLITICAL IMPACT OF SUCH A SWITCH 

9.1 Lovins 

Lovins claims t h a t  t h e  most profound d i f f e r e n c e  between t h e  rwo 

pa ths  i s  apparent  i n  t h e i r  domestic s o c i o - p o l i t i c a l  impacts.  Both pa ths  

" e n t a i l  s i g n i f i c a n t  change. But t h e  k inds  of s o c i a l  change needed f o r  

a  hard pa th  a r e  a p t  t o  be much l e s s  p l easan t ,  l e s s  p l a u s i b l e ,  l e s s  

compatible with s o c i a l  d i v e r s i t y  and personal  freedom of choice ,  and l e s s  

c o n s i s t e n t  wi th  t r a d i t i o n a l  va lues  than  a r e  t h e  s o c i a l  changes t h a t  could 

make a  s o f t  pa th  work." 

The d i f f e r e n c e s  i n  s o c i o - p o l i t i c a l  impact a r i s e  because of d i f f e r e n c e s  

i n  s c a l e ,  d i v e r s i t y ,  and technologica l  complexity and because of t h e  spe- 

c i a l  problems a s soc i a t ed  wi th  nuc lear  power. 

F i r s t ,  " the  hard pa th  depends on d i f f i c u l t  l a rge - sca l e  p r o j e c t s  

r e q u i r i n g  a  major s o c i a l  commitment under c e n t r a l i z e d  management." 

These l a rge - sca l e  p r o j e c t s  r e q u i r e  a  l o t  of money, a s  noted i n  Sec t .  3 .  

I n  a d d i t i o n ,  " t h e i r  s i m i l a r l y  heavy demands on o t h e r  s c a r c e  resources  - 

s k i l l s ,  l a b o r ,  m a t e r i a l s ,  s p e c i a l  s i t e s  - l i kewise  cannot be met by 

market a l l o c a t i o n ,  but. r e q u i r e  compulsory d i v e r s i o n  from whatever p r i o r i -  

t i e s  a r e  backed by t h e  weakest c o n s t i t u e n c i e s ,  Quasi-warpowers l e g i s l a -  

t i o n  t o  t h i s  end has  a l r e a d y  been s ir iously proposed." 

Second, t h e  c e n t r a l i z a t i o n  of ' these l a rge - sca l e  energy sources l e a d s  

t o  i n d u s t r i a l  c l u s t e r i n g  and u rban iza t ion  whi le  " s o f t  t echnologies  can 

match any se t t l emen t  p a t t e r n . "  Cent ra l ized  systems " a l l o c a t e  benef i t s  t o  

suburbani tes  and social.  c o s t s  t o  p o l i t i c a l l y  weaker r u r a l  ag ra r i ans"  whi le  

s o f t  t echnologies  "give everyone t h e  c o s t s  and b e n e f i t s  of t h e  energy 

system he chooses." And c e n t r a l i z a t i o n  " p i t s  c e n t r a l  a u t h o r i t y  a g a i n s t  

l o c a l  autonomy" d iv id ing  those  who use  energy from those  who supply and 

r e g u l a t e  i t .  

Thi rd ,  " the s c a l e  and complexity of c e n t r a l i z e d  g r i d s  not  on ly  make 

them p o l i t i c a l l y  i n a c c e s s i b l e  t o  t h e  poor and weak, bu t  a l s o  inc rease  t h e  

l i k e l i h o o d  and s i z e  of mal func t ions ,  mis takes  and d e l i b e r a t e  d is rup-  

t i o n s .  . . . S o c i e t i e s  may t h e r e f o r e  be tempted t o  d iscourage  d i s r u p t i o n  

through s t r i n g e n t  c o n t r o l s  a k i n  t o  a g a r r i s o n  s r a t e .  I n  times of s o c i a l  



s t r e s s ,  when g r i d s  become a  l i k e l y  t a r g e t  f o r  d i s s i d e n t s ,  t h e  s e c t o r  may 

be  p a r a m i l i t a r i z e d  and f u r t h e r  i s o l a t e d  from grass - roots  p o l i t i c s . "  

F i n a l l y ,  nuc l ea r  power i s  a t tacked  on each of t hese  p o i n t s  and more. 

Accidents  a r e  p o s s i b l e  and p o t e n t i a l l y  d i s a s t r o u s .  One e f f e c t  of an 

a c c i d e n t  a t  a  nuc lea r  p l a n t  could be a  gene r i c  shutdown of a l l  s i m i l a r  

p l a n t s .  The p o t e n t i a l  of such an acc iden t ,  i t  i s  suggested,  might l ead  

t h e  government t o  cons ider  r e s t r i c t i o n s  on c i v i l  l i b e r t i e s .  A t  any r a t e ,  
I I  d i s courag ing  nuc lea r  v i o l e n c e  and coerc ion  r e q u i r e s  some abrogat ion  of 

c i v i l  l i b e r t i e s ;  guarding long-l ived wastes  a g a i n s t  geo log ica l  o r  s o c i a l  

c o a t i ~ l g e n c i e s  imp l i e s  some form of h i e r a r c h i c a l  s o c i a l  r i g i d i t y  o r  homo- 

g e n e i t y  t o  i n s u l a t e  t h e  t echno log ica l  pr ies thood from s o c i a l  turbu- 

l c n c e .  . , . II 
I n  Lovins'  op in ion ,  even i f  nuc lear  power were "clean,  s a f e ,  economic, 

a s su red  of ample f u e l ,  and s o c i a l l y  benign per  s e ,  i t  would s t i l l  be 

u n a t t r a c t i v e  because of t h e  p o l i t i c a l  imp l i ca t ions  of t h e  kind of energy 

economy i t  would l o c k  u s  i n to . "  

9 .2  Energy Research Group 

The ERG r e p o r t  quotes  an  a n a l y s i s  of Lovins' s t r a t e g y  by two pro- 

f e s s o r s  of e t h i c s g  on t h e  need f o r  central i .xa. t ion and argueo t h a t  "son~e 

c e n t r a l i z e d  a u t h o r i t y  is  r equ i r ed  i f  s o c i e t y  i s  t o  achieve  e q u i t y  and 

j u s t i c e . "  A t  any r a t e ,  t h e  s o f t  pa th  probably wouldn't l e ad  t o  t h e  degree 

of d e c e n t r a l i z a t i o n  envisioned by Lovins. F i r s t  of a l l ,  " l o c a l ,  small- 

s c a l e  i n s t i t u t i o n s  a r e  a s  l i k e l y  a s  m u l t i n a t i o n a l  co rpo ra t ions  t o  adopt t h e  

i iopersonal,  bu reauc ra t i c  s t y l e . "  Second, widespread deployment of t h e  

so f t  t echnologies  would l ead  t o  "considerable  i n f r a s t r u c t u r e  i n  manufac- 

t u r i n g  and d i s t r i b u t i o n ,  p a r t i c u l a r l y  i f  t h e  b e n e f i t s  uf mass product ion 

a . re  t o  be real.i.sed. " 

F i n a l l y ,  t h e  d e s i r a b i l i t y  of d e c e n t r a l i z a t i o n  i s  quest ioned.  Lovins'  

c l a im  t h a t  i t  would l e a d  t o  a  " f r ee r "  s o c i e t y  " f l i e s  i n  t h e  f a c e  of cen- 

t u r i e s ,  i f  n o t  m i l l e n i a ,  of hl~man  transition^ and t h e  desire f o r  l e s s  

i n d i v i d u a l  e f f o r t  (o r  f o r  much of t h e  world, l e s s  hardship) . "  



Lovins' advocacy of s o f t  t echnologies  f o r  r u r a l  v i l l a g e s ,  urban poor,  

and l e s s  developed c o u n t r i e s  i s  cha rac t e r i zed  a s  " the  'noble  savage'  con- 

cep t  r e su r r ec t ed  i n  modern dress . "  

The ERG r e p o r t  is  w i l l i n g  t o  concede t o  Lovins t h a t  "our s o c i e t y  

cannot c a r r y  i n t o  t h e  f u t u r e  wi th  t h e  p a t t e r n s  of ' t r a d i t i o n a l  economic 

growth' t h a t  have cha rac t e r i zed  t h e  p a s t  half-centruy" but  ques t ions  t h e  

c a p a b i l i t y  of t h e  s o f t  pa th  t o  s o l v e  t h e  "wide range of s o c i a l  and p o l i t i -  

c a l  ills" which he c la ims  f o r  i t .  

9 . 3  Donovan, Hamester and R a t t i e n  

The DHR r e p o r t  c o n t r a d i c t s  Lovins' e s t ima te  of t h e  r e l a t i v e  impact of 

t h e  two pa ths  on l i f e  s t y l e s :  t h e  s o f t  pa th  is  s a i d  t o  c o n s t r a i n  s e t t l e -  

ment p a t t e r n s .  To t ake  advantage of economies of s c a l e ,  u s e r s  of decen- 

t r a l i z e d  technologies  w i l l  o f t e n  have t o  be c e n t r a l i z e d  themselves.  Two 

examples a r e  o f f e red  - d i s t r i c t  hea t ing  and household s o l a r  hea t ing .  

D i s t r i c t  hea t ing  w i l l  r e q u i r e  a . l a r g e  i n f r a s t r u c t u r e  and w i l l  have 
11 enormous impacts on t h e  con f igu ra t ion  of land use  p a t t e r n s ,  popula t ion  

dens i ty ,  land va lues ,  e t c .  They may tend t o  promote c l u s t e r i n g  t o  in-  

c r e a s e  populat ion d e n s i t y  i n  order  t o  improve c o s t  e f f i c i e n c y .  This  

populat ion d e n s i t y  may no t  be commensurate w i th  good planning and a l t e r -  

n a t i v e  s o c i e t a l ,  community and ind iv idua l  goa ls . "  

Solar  household hea t ing  r e q u i r e s  s t o r a g e  c a p a c i t y  f o r  pe r iods  of 

inclement weather;  t h i s  r e p r e s e n t s  a  major c o s t  component. Because of 

t h e  "variance i n  peak demand between households" i t  makes sense  f o r  house- 

ho lds  to sha re  capac i ty ,  l ead ing  t o  "decreased c o s t  f o r  each member i f  . 

t h e  d e l i v e r y  d i s t a n c e  from s t o r a g e  t o  u se  i s  kept  s h o r t .  Such an  arrange-  

ment may r e q u i r e  a  land use  a s  we l l  a s  community development con f igu ra t ion  

t h a t  i s  not  n e c e s s a r i l y  d e s i r a b l e  o r  opt imal  from t h e  s tandpoin t  of t h e  

community which is  faced wi th  many c o n f l i c t i n g  ob jec t ives . "  

I n  gene ra l ,  t h e  s o f t  pa th  i s  seen a s  g iv ing  r i s e  t o  many s o c i a l  and 

i n s t i t u t i o n a l  problems. "These inc lude  t h e  problems of new land use  

p a t t e r n s  ( inc luding  c l u s t e r i n g )  and new s o c i a l  r e l a t i o n s h i p s  a r i s i n g  from 

t h e  need t o  make community d e c i s i o n s  about energy supply and t h e  



requirement  t h a t  i n d i v i d u a l s  ' ge t  involved '  i n  energy m a t t e r s  i n  which 

they  may n o t  o therwise  be i n t e r e s t e d . "  

9.4 Un ive r s i t y  of C a l i f o r n i a ,  Davis 

The.UCD r e p o r t  p o i n t s  ou t  t h e  inc reas ing  o v e r a l l  s o c i a l - p o l i t i c a l  

impact of l a rge - sca l e  energy planning but  does not  address  t h e  s p e c i f i c  

d i f f e r e n c e s  between Lovins'  hard and s o f t  pa ths .  



10.  ENERGY POLICY AS A CATALYST FOR SOCIAL CHANGE 

10 .1  Lovins 

Lovins a rgues  t h a t  energy growth and s o c i a l  we l f a r e  need n o t  "march 

fo reve r  i n  locks tep"  and t h a t  people  a r e  ready t o  accep t  t h i s  no t ion .  

Values such as " t h r i f t ,  s i m p l i c i t y ,  d i v e r s i t y ,  ne ighbor l i ne s s ,  humi l i t y  

and c ra f tmanship  ( a r e )  embodied i n  a s u b s t a n t i a l  s o c i a l  movement, camou- 

f l aged  by i t s  ve ry  pervas iveness  . . . our i n f l a t e d  c r av ing  f o r  con- 

sumer ephemerals i s  g iv ing  way t o  a  s ea rch  f o r  both persona l  and pub l i c  

purpose, t o  reexaminat ion of t h e  l eg i t imacy  of t h e  i n d u s t r i a l  e t h i c . "  

Lovins sugges t s  t h a t  many " s t r ands  of observable  s o c i a l  change" a r e  

converging on "a profound c u l t u r a l  t ransformat ion"  and t h a t  energy p o l i c y  

could s e r v e  a s  a  c a t a l y s t  and i n t e g r a t i n g  p r i n c i p l e  i n  t h i s  t ransformat ion .  

He c la ims  t h a t  " the  most impor tan t ,  d i f f i c u l t ,  and neglec ted  ques t i ons  of 

energy s t r a t e g y  a r e  not  mainly t e c h n i c a l  o r  economic but r a t h e r  s o c i a l  

and e t h i c a l .  They w i l l  pose a  supreme cha l l enge  t o  t h e  a d a p t a b i l i t y  of 

democrat ic  i n s t i t u t i o n s  and t o  t h e  v i t a l i t y  of our s p i r i t u a l  l i f e . "  

10.2 Energy Research Group 

The ERG r e p o r t  ag rees  w i t h  Lovi.ns t h a t  "growth does n o t  produce 

e q u i t y  (a l though some growth i s  probably necessary  t o  ach ieve  e q u i t y  on 

a  n a t i o n a l  b a s i s ,  and cons ide rab l e  growth t o  ach ieve  i t  i n t e r n a t i o n a l l y ) . "  

The r e p u r t  d i s a g r e e s  t h a t  energy can be used a s  a  major instrument  

t o  a f f  e c t  s o c i a l  change. S ince  c h a r a c t e r i s t i c  "lead-times" of p o l i t i c a l  

and economic s t r u c t u r e s  a r e  s h o r t e r  than f o r  energy systems, "it would 

seem t h a t  t h e  changes would f i r s t  have t o  be made i n  t h e  s t r u c t u r e  of 

t h e  economy and p o l i t i c a l  t h ink ing .  Nor do w e  b e l i e v e  t h a t  energy 

s t r a t e g y  should be used a s  t h e  means t o  manipulate  a p a t h  f o r  s o c i e t y ;  

r a t h e r ,  energy p o l i c i e s  must he developed i n  consonance w i t h  s o c i a l  

o b j e c t i v e s  t h a t  have been openly agreed upon." 

10.3 Donovan, Hamester and R a t t i e n  

The DHR r e p o r t  does n o t  add re s s  t h i s  i s s u e  d i r e c t l y .  



10.4 Un ive r s i t y  of C a l i f o r n i a ,  Davis 

The UCD r e p o r t  admi ts  t h e  interdependence between energy R&D s t r a t e g y  

d e c i s i o n  and broad s o c i a l  o b j e c t i v e s  but  ques t ions  Lovins' e s t ima te  of t h e  

s t r e n g t h  of t h i s  l i n k .  However, i t  ag rees  t h a t  "although Lovins' a s s e r -  

t i o n  ( t h a t  t he  d e s i g n  of energy systems must fo l low from our  under- 

s t a n d i n g  of what we wish our  p a t t e r n  of energy end-uses t o  be) i s  more 

of a n  i d e a l  than a p r a c t i c a l  methodology, it c o r r e c t l y  s h i f t s  t h e  emphasis 

i n  energy system planning away from t h e  producer pe r spec t ive  t o  t h a t  of 

the. use r . "  
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Appendix A 

THE COST OF NUCLEAR-GENERATED ELECTRICITY I N  
.THE MID-1980s, AS CALCULATED BY LOVINS 

Lovins'  e s t i m a t e  of t h e  whole-system c o s t  of supplying a u n i t  of 

energy,  a t  t h e  po in t  of end use  i s  der ived  a s  fo l lows:  

1. Item 1976 $/kWe 

Generat ing s t a t i o n  929 
I n i t i a l  c o r e  100 
Fuel c y c l e  f a c i l i t i e s  7 6 
Transmission c a p a c i t y  8 6 
D i s t r i b u t i o n  c a p a c i t y  525 

$1716/kW i n s t a l l e d  

2. $1716 + 0.55 ( p l a n t  f a c t o r )  = $3120/kW s e n t  ou t  

loo (10.7% t ransmiss ion  and d i s t r i b u t i o n  l o s s e s )  3 .  $3120 x 100 - 10.7 

= $3494/kW de l ive red  
\ 

The u n i t  c o s t s  c o n t r i b u t i n g  t o  t h i s  c a l c u l a t i o n  a r e  der ived  i n  

Chapter 6 of Ref. 1 and g e n e r a l l y  a r e  comparable wi th  o t h e r  e s t i m a t e s  of 

mid-1980s s t a r t - u p  c o s t s  f o r  nuc l ea r  power s t a t i o n s  and a s s o c i a t e d  f a c i l i -  

t ies.  However, t h e  method of c a l c u l a t i o n  might be quest ioned on s e v e r a l  

counts .  

F i r s t  of a l l ,  e x i s t i n g  t ransmiss ion  and d i s t r i b u t i o n  (T&D) i n f r a -  

s t r u c t u r e  is  ignored and i t  i s  assumed t h a t  every new kW of e l e c t r i c a l  

gene ra t i ng  capac i ty  r e q u i r e s  an a s s o c i a t e d  kW worth of T&D equipment - 

a c t u a l l y  1.12 kW worth t o  account f o r  an  assumed T&D l o s s  of 10.7% 
1 

( 1  - 0.107 
= 1.12) .  Then i t  i s  assumed t h a t  both t h e  gene ra t i ng  s t a t i o n  

and T&D equipment d e l i v e r  on ly  55% of t h e  e l e c t r i c i t y  they were designed 

t o  supply ( a  l i f e t i m e  average p l a n t  f a c t o r  of 0.55 i s  assumed t o  be 

t y p i c a l  of a l a r g e  nuc l ea r  t h e  same f a c t o r  i s  assumed f o r  t h e  

a s s o c i a t e d  marginal  T&D equipment f o r  l a c k  of a b e t t e r  f a c t o r ) .  Thus, 



Lovins assumes t h e  i n s t a l l a t i o n  of 2.04 kWe of genera t ing  capac i ty  and 

2.04 kWe of T&D c a p a c i t y  t o  d e l i v e r  1 kWe t o  a  user .  

However, t he  nuclear-generated kWe i s  then  compared, a t  t h e  po in t  

of end use ,  i n  Table 1, wi th  energy i n  o t h e r  forms from o t h e r  systems, 

e . g . ,  w i t h  a  kWt from s o l a r  hea t ing .  To put  t h e  two d i f f e r e n t  k inds  

of energy on an equ iva l en t  b a s i s ,  one might assume conversion of t h e  . 

e l e c t r i c i t y  t o  h e a t  i n  a  h e a t  pump wi th  a  c o e f f i c i e n t  of performance of 

2 .5 and a  c o s t  of $2OO/kWe (Lovies '  example on p. 135 of Ref. 1 ) .  Calcu- 

l a t i n g  t h e  c o s t  of energy de l ive red  a s  hea t  and adding t h e  c o s t  of t h e  

h e a t  pump g ives  

Thus, when t h e  whole-system c o s t s  a r e  put  on an  equiva len t  b a s i s ,  t h e  c o s t  

of nuc lea r  generated e l e c t r i c i t y  becomes comparable t o  t h a t  of 100% s o l a r  

space  hea t ing  i n  Table 1. 

It might a l s o  be noted t h a t  t h e  c o s t  of e l e c t r i c i t y  i s  a  shared c o s t  

i n  t h a t  wh i l e  a  kW of s o l a r  space  hea t ing  se rves  only t h e  householder,  a  

kW of e l e c t r i c i t y  d e l i v e r e d  t o  a  neighborhood i s  shared by s e v e r a l  homes - 

t h e  c o s t  of t h a t  kW may be borne by a  neighbor whi le  t h e  householder i s  

away from home. 

These andl o t h e r  c a u t i o n s  descr ibed  i n  t h e  t e x t  should be observed 

when us ing  Table 1 t o  compare t h e  c o s t s  of t h e  va r ious  "hard" and " so f t "  

t echno log ie s .  
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