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The e n e r g y  c r i s e s  of t h e  n i n e t e e n  s e v e n t i e s  Izd to the  e s -  
t ab l i shment  of t h e  Depa r tmen t  o f  E n e r g y ( D O E ) ,  w h i c h  hail a s  a 

c e ~ l t r a l  p a r t  n f  irs m i s s i o n  the  devc loprner l t  a n d  c o m m e r c i a l i z a -  
t i o n  of e n e r g y  t s c t ~ ~ l o l o g i e s  w h i c h  wou ld  b e n e f i t  the d o m e s t i c  
e c o n o m y .  T h i s  m i s s i o n ,  bo th  a t  that  time and  s i n c e .  led t o  a g r c a t  
d e b a t e  a b o u t  t h e  f sc l e ra l  g o v e r n m e n t ' s  r o l e  in p r i v a t e  e n e r g y  
m a r k e t s ,  a b o u t  v a r i o u s  m e c h a n i s m s  t h a t   night b e  u s e d  b y  t h e  
f e d e r a l  governnls r l t  to i n t e r v e n e  i n  e n e r g y  m a r k e t s .  a n d  a b o u t  
t h e  a p p r o p r i a t e  c r i t e r i a  t he  f e d e r a l  g o v e r r l n ~ e n t  s h o u l d  a d o p t  

wi th  r ega rd  to t h e  e f f i c i e n c y  a n d  e q u i t y  of i t s  p r o g r a m s .  T h e  

pu rpose  of  t h i s  paper  is t o  re\riew the e x p e r i e n c e  of DOE in t h e  

1 9 7 0 ' s ,  t o  l e a r n  a b o u t  t h e  government's ro le  i n  p r i v a t e  m a r k c r s .  
a n d  t o  a p p l y  t h e s e  l e s s o n s  t o  111e c u r l - e n t  d e b a t e  c o n c e r n i n g  the  

role  of the  D e p a r t m e n t  of Defentst: ( D o D )  i n  \ t r c n g t l ~ s n i n g  t h ~  

p r o d u c t i v i t y  and  c o m p e t i t i v e i ~ e s s  of  the  t h e  u i k i l i a 1 1  e c o n o m y .  

T h e r e  a r e  t w o  d i s t i n c t  r e a s o n s  t h a t  m a k e  unders tand i r - ig  
t h c  r e l a t i onsh ip  be tween  D o D  a r ~ d  t h e  p r iva t e  e c o n o m y  c r u c i a l  i n  
 he 1990 's  a n d  b e y o n d .  F i r s f .  t h c r z  is  the r c a l i z a t i o n  t h a t  t h e r e  
i s  m u c h  g r e a t e r  p o t e n t i a l  t o d a y  t h a n  a d e c a d e  o r  t w o  a g o  f o r  d u a l  
u s e  t e c h n o l o g y  a n d  p r o d u c t s .  Herr  " d u ~ l  use' '  r e f e r s  t o  the a d -  

\ nntageous usc  of c i v i l i a n  techl lologv o r  p r o d u c t s  by d e f e n s e  i n -  
dux t r y  to a c h i e v e  g r e a t e r  e f f i c i e n c y  in  ~ l a t i o n a l  s e c u r i t y  a c t i v i -  

t ies .  T w o  d e c a d e s  a g o  technology  deve loped  fo r  de fense  f o u n d  
~ u c c c s s f u l  app l i ca t i on  in  the  p r i v a t e  s e c t o r ,  urhile t oday  the  m i i i -  

t a r y  i s  n u k i n g  p r o g r e s s i v e l y  g r e a t e r  u s e  of t c c h n c ~ l o g y  d e v e l -  
o p e d  f o r  comnlercial  pu rposes .  

T h e  s e c o n d  r e a s o n  f o r  the r e n e w e d  i n t e r e s t  i n  rhr r e l a t i o n -  
sh ip  of  DoD to t h e  c o m m e r c i a l  s e c t o r  a r i s e s  f r o m  corlcerT1 a b o u t  

t h e  a d e q u a c v  of  the d e f e n s e  i n d u s t r i a l  base i n  r e l a t i o n  to s e l e c t e d  
capab i l i t i e s  of f o r e ign  i n d u s t r i e s .  Therc is a r e a l i ~ a t i o n  t h a t  US 
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n a t i o n a l  s e c u r i t y  d e p e n d s  u p o n  c r i t i c a l  t e c h n o l o g y  a n d  p r o d u c t s  
w h i c h  a r e  p r o v i d e d  by f o r e i g n  s u p p l i e r s ,  e .g .  s e n ~ i c o n d u c t o r  
c h i p s ;  s u c h  d e p e n d e n c y  w a s  no t  p r e s e n t  m u c h  befo1.c 1980. 
T h i s  d e p e n d e n c y  i s  p a r t  of the l a r g e r  conce rn  t h a t  the  U S  d o -  

m e s t i c  e c o n o m y  i s  no t  p e r f o r m i n g  a d e q u a t e l y  c o m p a r e d  t o  t h e  

p a s t  or to f o r e i g n  - c o m p e t i t i o n .  

These  d e v e l o p m e n t s  h a v e  led  1 0  g r e a t  i n t e r e s t  in  h o w  D o D  
m i g h t  m o r e  e f f e c t i v e l y  a s s i s t  i n  t h e  improvc rnen t  i n   he p e r l o r -  
m a n c e  of  the c i v i l i a n  e c o n o m y .  I t  i s  i m p o r t a n t  to u n d e r s t a n d  

tha t  the  n a t u r e  of  t h i s  a s s i s t a n c e  w i l l  be  v e r y  d i f f e r e n t  t h a n  i n  
the  pa s t .  Dur ing  t h e  1960's a n d  1970's.  t he  D o D  p r i n c i p a l l y  i n f l u -  

enced  t h e  c i v i l i a n  e c o n o m y  t h r o u g h  t e c h n o l o g i e s  d e v e l o p e d  f u r  

m i l i t a ry  a p p l i c a t i o n  which were  a d o p r c d  by the  c i v i l i a n  s e c t o r .  
The  m o s t  p r o m i n e n t  e x a m p l e s  i n c l u d e  m i c r o e l e c t r o n i c s ,  c o m p u t -  
e r  s y s t e m s ,  a n d  je t  a i r c r a f t  and e n g i n e s .  

T o d a y ,  i h c  m a j o r  p r o b l e m s  of  t he  p e r f o r m a n c e  of  t h e  U S  
c i v i l i a n  economy a n d  i t s  l a g p i n g  i ndus t r i a l  p r o d u c t i v i t y .  bo th  r e l -  
a t i v c  t o  the  p a s t  a n d  to  f o r e i g n  c o m p e t i t i o n .  do  no t  p r i n c i p a l l y  i n -  
v o l v e  t he  d e ~ e l o p r n e n t  o f  new t e c h n o l o g y .  R a t h e r  t h e y  a p p e a r  
t o  i n v o l v e  the e n t i r e  s p e c t r u m  o f  i n d u s t r y  a c t i v i t y  i n  a f r e e  
m a r k e t  p l a c e .  Thcse  p r o b l e m s  i n c l u d e :  ( I ) t r a n s f e r r i n g  t e c h n o l -  
ogy  to p r o d u c r i n n .  i 2 )  d e s i g n i n g ,  n l a n u f a c t u r i n g  a n d  m a i n t a i n i n g  
p r o d u c t s  of h i g h  q u a l i t y  a n d  l o w  cosr for  a r a p i d l y  c h a n g i n g  m a r -  
kc t ,  (3)  a c h i e ~ j i ~ r  L. a combina t ion  of c a p i t a l ,  l a b o r ,  a n d  r a w  m a t e -  
r i a l s  w i t h  m a n a g e m e n t  a n d  t e c h n o l o g y  t h a t  m e e t s  t h e  f o r e i g r ~  
c o m p e t i t i o n ,  i n  s i t u a t i o n s  w h e r e  f o r e i g n  f i r m s  m a y  e.ujoy mot'z. 
f a v o r a b l e  g o v e r n m e n t  i n c e n t i v e s ,  r e g u l a t i o n s  a n d  t a x e s .  Give11 

these  p r o b l e m s ,  t h e  ques t ion  of h o w  DoD m i g h t  e f f ec t ive ly  inter- 
v e n e  in  a s s i s t i n g  the  U S  c i v i l i a n  i n d u s t r y  b e c o m e s  v e r y  different 
f r o m  t h e  p a s t  w h e n  a t t e n t i o n  w a s  r e s t r i c t e d  t o  t h e  v a l u a b l e  bul  

l i m i  tcd funct ion of c r ea t i ng  n e w  t e c h n o l o g y .  
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111 the fo l l owing  sec t i ons ,  I s h a l l  add re s s  : ( I )  the bas i s  fo r  
f e d e r a l  g o v e r n m e n t  i n t e r v e n t i o n  i n  e n e r g y  m a r k e t s ,  ( 2 )  t h e  
mechan i sms  D O E  employed  t o  ass is t  in the  commerc i a l i za t i on  o f  
e n e r g y  t e c h n o l o g y ,  ( 3 )  t h e  e n e r g y  d e v e l o p m e n t  c y c l e  a n d  t h e  
problem of d e c i d i n g  w h e r e  g o v e r n m e n t  s u p p o r t  i s  bes t  a l l o c a t e d ,  
a n d  ( 4 )  m y  o b s e r v a t i o n s  a b o u t  t h e  l e s s o n s  l e a r n e d .  

I I .  THE BASIS FOR FEDERAL G O V E R N M E N T  INTERVESTTON 
IIV ENERGY M A R K E T S .  

The e n e r g y  c r i s i s  o f  1973 a n d  the s e c o n d  c r i s i s  o f  1978 l ed  
to sha rp ly  h i g h e r  pr ices  of o i l  a n d  gas  a s  w e l l  a s  s e r i o u s  p r o b l e m s  
of  ava i l ab i l i t y  of g a s o l i n e  a n d  h o m e  h e a t i n g  oil  for  Inany c o n s u r n -  
e r s .  Domes t i c  oi l  a n d  gas  p r i ce s  we re  r egu la t ed  s o  t h a t  as  wor ld  
marke t  c o n d i t i o n s  c h a n g e d  t h e r e  was t h e  p o t e n t i a l  f o r  s i g n i f i c a n t  
s h i f t s  among w i n n e r s  a n d  l o s e r  in t h e  e c o n o m y ,  e s p e c i a l l y  b e -  
t w e e n  p roduce r s  a n d  c o n s u m e r s  of e n e r g y .  This  s h i f t  i s  p o l i t i c a l -  
l y  s i g n i f i c a n t  in the  US s ince  p r o d u c e r s  a re  l oca t ed  most ly  i n  the  
s o u t h w e s t  w h i l e  c o n s u n l e r s  a r e  l o c a t e d  m o s t l y  i n  the  n o r t h e a s t  
and  G r e a t  Lakes  r eg ion .  These d e v e l o p m e n t s  i ~ ~ f l u e n c e d  the a t t i -  
t u d e s  of m a n y  c i t i z e n s  a n d  t h e i r  e l e c t e d  r e p r e s e n t a t i v e s  a n d  led  
to voca l  c a l l s  f o r  gove rnmen t  ac t i on .  

T h e  p r i c e  s h o c k s  a l s o  m a d e  a p p a r e n t  t h e  c o n n e c t i o n  b e -  
t w e e n  o i l  s u p p l y  a n d  n a t i o n a l  s e c u r i t y .  Ene rgy  i s s u e s  became 
cen t r a l  t o  ex i s t i ng  a l l i a n c e s ,  d i v i d i n g  t hose  n a t i o n s  wh ich  w h i c h  

h a d  r e a s o n a b l e  acces s  to d o m e s t i c  e n e r g y  s u p p l y  ( U S ,  U K )  f rom 
those  w h o  had  l i t t l e  domes t i c  s u p p l y  ( F r a n c e _  J a p a n ,  a n d  FRG). 

A c l ima te  s e t  by a n g r y  c i t i z e n s  a n d  s t r a ined  a l l i e s  i s  n o t  a n  

e a s y  o n e  in  w h i c h  to c r a f t  a n d  i m p l e n ~ e n t  g o v e r n m e n t  p o l i c i e s  
w h i c h  h a v e  s e n s i b l e  e c o n o n ~ i c  and  t e c h n i c a l  u n d e r p i n n i n g s .  
T h e r e  i s  a n  i nev i t ab l e  t endency  to f o r m u l a t e  po I i c i e s  o n  the  b a s i s  
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of  pol i t ica l  cons idera t ions .  This is su r e ly  not a11 bad,  excep t  that  
t he  c o n s i d e r a t i o n s  r e g a r d e d  a s  c o m p e l l i n g  f r e q u e n t l y  w e r c  

sho r t  s igh ted  a n d  d e t e r r n i r ~ e d  b y  s p e c i a l  i n t e r e s t  g r o u p s  m o t i -  
v a t e d  by the  o p p o r t u n i t i e s  and b a r r i e r s  c r e a t e d  by f e d e r a l  p l - jce  
controls .  

N e v e r t h e l e s s ,  t h e r e  was a l a u d a b l e  a n d  p e r s i s t e n t  e f f o r t  by 
m a n y ,  bo th  i n s i d e  a n d  o u t s i d e  o f  g o v e r n m e n t .  t h r o u g h o u t  t h e  

1973-1980 pe r iod  w h i c h  i s  t h e  f o c u s  of t h i s  p a p e r ,  t o  i n q u i r e  
a b o u t  t h e  j u s t i f i c a t i o n  f o r  government a c t i o n  bo th  i n  g e n e r a l  a n d  
i r ~  re la t ion to spec i f ic  p roposa l s .  I n  b r i e f ,  f o u r  r easons  f o r  f ede ra l  

i n t e r v e n t i o n  w e r e  p u t  f o r w a r d .  

( 1 )  Suppol-t f o r  b a s i c  r e s e a r c h  a n d  e ~ l v i r o n m e n t a l  e f f e c t s .  
T h e r e  w a s  u i ~ i v e r s n l  agreement t h a t  t h e  f c d e r a l  ~ o v e r n m e n t  

h a d  a role in  s u p p o r t i n g  b a s i c  e n e r g y  s c i e n c e  a n d  t e c h ~ l o l o g y  
a n d  e n e r g y  r e l a t e d  e n v i r o n m e n t a l  r e s e a r c h ,  b e c a u s e  o f  t h e  c x -  

te rnal  benefits  o f  th i s  ac t iv i ty  to the economy:  For example ;  DOE 
m o u n t e d  m a j o r  r e s e a r c h  p r o g r a m s  o n  c a t a l y s i s ,  t h e r r ~ l o c h e r n i c a l  

a n d  t h e rmophys i ca l  da ta  c o l l e c t i o n .  hea l th  e f f e c t s  o f  s y n t h e t i c  
f u e l s ,  a n d  g loba l  w a r m i n g .  

( 2 )  S u p p o r t  because  of E n e r g y  S e c u r i t y  C o n c e r n s .  
T h e  f a c t  tha t  OPEC oil  was  l a r g e l y  fourld i n  the Middle  East ,  a 

m o s t  uns table  pa r t  of t h e  w o r l d .  s u g g e s t e d  t h a t  t h e  U S  and  i t s  a l -  
l ies s h o u l d  bc p r e p a r e d  t o  spei ld  m o r e  t h a n  the p r i v a t e  s e c t o r  
w o u l d  011 i t s  own .  i n  o rder  to m i n i m i z e  t he  economic  c o s t s  of a f ' u -  
t u r e  d i s rup t ion .  For e x a m p l e ;  D O E  c r e a t e d  t h e  s t r a t cg i c  p e t r n -  
l e u m  r e s e r v e .  
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( 3 )  S u p p o r t  t o  c o m D e n s a t e  f a r  m a r k e t  i m p e r f e c t i o n s .  
The f e d e r a l  s o v e r n ~ n e n t  h a d  a rLespons ib i l i ty  t o  c o m p e n s a t e  f o r  
t h e  m a r k e t  impel-fections w h i c h  r e su l t ed  f r o m  p r i c e  c o n t r o l s .  111 

p a r t i c u l a r .  l o w  e n e r g y  p r i ces  r e l a t i v e  to  t h e  w o r l d  market  i m -  
p l i ed  n l o ~ v e r  t h a n  op t ima l  Ievcl  of i ~ ~ v z s t m e n t  in new e n e r g y  
s u p p l y  or e n e r g y  p r o d u c t i v i t y  m e a s u r e s .  Fo r  e x a m p l e ;  f e d e r a l  
s u b s j d i c s  w e r e  i n t r o d u c e d  t o  e n c o u r a g e  t h e  d c v e l o p n l e n t  a n d  
produc t ion  of h igh  cost  ' u n c o n v e n t i o n a l '  g a s  f rom coal  bed s e a m s ,  
sha le s  ( b o t h  e a s t e r n  a n d  w e s t e r n ,  of c o u r s e . ) ,  a n d  t i g h t  s a n d s .  

( 4 )  S u p p o r t  t o  a u g m e n t  t h e  i n v e s t m e n t  d e c i s i o n s  o f  i n c l u s -  
t r y .  M a n y  be l i eved  tha t  i n d u s t r y  w o u l d  m a k e  i n v e s t m e n t  d e c i -  

s ions  which  were  too  sho r t  s i g h t e d ,  ba sed  o n  " m o s t  l ike ly"  o u t -  

c o m e s  w i t h o u t  a d e q u a t e  h e d g i n g ,  a n d ,  f r e q u e n t l y ,  s i m p l y  wl-ong. 

This  a t t i t u d e  p r o m p t e d  g r e a t e r  i n t e r e s t  in g o v e r n m e n t  a c t  ion t o  

c r e a t e  n e w  t echno logy  a n d  t r a n s f e r  i t  t o  t h e  p r i v a t e  s e c t o r  t o  
compensa te  f o r  wha t  w a s  j u d g e d  to be t h e  l i m i t a t i o n s  o f  private 
f i r m s  l e f t  to t h e i r  o w n  devices .  Fo r  e x a m p l e ;  a major  f e d c r a l  e f -  
f o r t  w a s  u ~ l d e r t a k e n  to c r e a t e  a p h o t o v o l t a i c  indus t1 .p  wh ich  i t  
was bel ieved  t h e  p r i v a t e  s e c t o r  w o u l d  n o t  p u r s u e  011 i t s  o w n .  

The  ju s t i f i ca t ion  f o r  f e d e r a l  i n v o l v e l ~ l e n t  is reinforced 
w h e n  t h e r e  i s  a j o i n t  b e n e f i t  f o r  b o t h  t h e  governnle i l t  a n d  con)-  
mct*cial  s e c t o r  f r o m  some i n d u s t r y ' s  a c t i v i t y .  For e x a m p l e  bo th  

t h e  g o v e r n m e n t  a n d  the p r i v a t e  s e c t o r  b e n e f i t  f rom D O E ' S  p r o -  
g r a m s  i n  i s o t o p e  e n r i c h m e n t ,  r e p r o c e s s i n g  a n d  w a s t e  m a n a g e -  
men t  t e c h n o l o g y .  The  a r g u m e n t  of joint benef i t  i s  a l s o  i m p o r t a n t  
i n  the case  of DoD p r o g r a m s  w h i c h  w o u l d  s u p p o r t  i n d u s t r i e s  t h a t  
e m p l o y e d  d u a l  use t echno log ie s .  

O f  t h e s e  f o u r  r e a s o n s  f o r  g o v e r n m e n t  i n t e r v e n t i o n ,  t h e  
m o s t  p r o b l e m a t i c  i s  the  l a s t  o n e  - -  the r ~ o t i o r l  t ha t  the  p r i v a t e  
s e c t o r  w o u l d  m a k e  i n v e s t m e n t  d e c i s i o n s  t h a t  w e r e  no t  i n  t h e  
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l o n g  te rn1  i n t e r e s t s  of  the  e c o n o m y  because  t h e  l e v e l  o f  i n v e s t -  
m e n l  w a s  t oo  l o w  or m i s d i r e c t e d  t o  n e a r  tern1 o p p o r t u n i t i e s .  The  

u n d e r l y i n g  assumption is t h a t  t h e  f e d e r a l  gover r ln len t  i s  i n  a 
b e t t e r  p o s i t i o n  t o  e ~ t i r n a t e  t h e  f u t u r e  courhe o f  c n e r g y  m a r k e t s  
w i t h  r e s p e c t  t o  r e l a t i v e  p r i ces  a s  w e l l  a s  s u p p l y  and d e m a n d ,  a n d  
t h a t  t h e  g o v e r n m e n t  i s  b e t t c r  a b l e  t o  irnplerr~rr~t d e v e l o p m e n t  o r  
i n v e s t m e n t  p r o g r a m s  a n d  projects t h a n  t h e  p r i v a t e  s e c t o r .  T h i s  

i s  f r i gh t en ing  na t iona l  i n d u s t r i a l  p o l i c y  in a n  a lmost  p u r e  f o r m .  

The  Car t e r  Admin i s t r a t i on  enel-gy p o l i c y  i m p l i c i t l y  a c c e p t -  
ed  t h i s  a s s u m p t i o n ,  a n d  f e d e r a l  R & D  a n d  D e m o n s t r a t i o n  e x p e n d i -  

t u r e s  rose  d r a m a t i c a l l y  f o r  coa l ,  n u c l e a r ,  co r l s e rva t ion  and r e -  

n e w a b l e  e n e r g y  t e c h n o l o g y .  B u t  t he  a s s u m p t i o n  w a s  a s  f i r m l y  
r c j e c t e d  i n  t h e  R e a g a n  a d m i n i s t r a t i o n ,  w h e n  a n y  i n v o l v e ~ n e n l  i n  
e n e r g y  t e c h n o l o g y  b e y o n d  b a s i c  a n d  a p p l i e d  r e s e a r c h  w a s  t e r -  
t n ina t ed  a n d  n o  e f f o r t  w a s  w i l l i n g l y  u n d e r t a k e n  o t h e r  tha11 d c -  
regulating e n e r g y  m a r k e t s .  

The w e l c o m e  co l l apse  o f  rnelagy p r i c e s  in the 1980's  w h i c h  
a c c o m p a n i e d  t h e   noder ration ~ I I  the  g r o w t h  of e n e r g y  d e m a n d  i s  

taken by m a n y  a s  e v i d e ~ l u e  of the  w i s d o m  of a la issez  faire p o l i c y .  
O t h e r s  n o t e  tha t  t he  s u b s e q u e n t  ste:icly i n c r e a s e  i n  U S  r e l i a n c e  
a n  i m p o r t e d  o i l  h a s  s i m p l y  se t  t h c  s t a g e  f o r  a n o t h e r  e n e r g y  c r i -  
s i s ,  w h e n  there  a g a i n  w o u l d  be a s h r i l l  c a l l  for  a r e t u rn  t o  a n  a g -  
g res s ive  e n e r g y  d e v e l o p m e n t  p o l i c y .  

There  i s  n o  dec i s ive  a n s w e r  t o  the q u e s t i o n  of w h e n  and  
h o w  m u c h  g o v e r n m e n t  i n v o l v e m e n t  i n  the  p r i v a t e  s ec to r  i s  j u s -  

t i f i ed .  H o w e v e r ,  one  m u s t  a c k n o w l e d g e  tha t  t h e  p ~ l j f i c i ~ l  sys t em 
h a s  a n  u n f o r t u n a t e  t e n d e n c y  t o  f a v o r  s i g n i f i c a n t  i ~ l v o l v c n ~ e n t  i n  

t imes  of p u b l i c  c r i s i s .  Acco rd ing ly ,  there  i s  g o o d  reason  f o r  s k e p -  

t i c i s m  a b o u t  t h e  a s s u m p t i o n  t h a t  t h e  g o v e r n m e n t  i s  m o r e  a c c u -  
rate than t h e  p r i v a t e  s e c t o r  a t  p r o j e c t i n g  t h e  f u t u r e  o r  b e t t e r  at  
implementing programs d e s i g n e d  f o r  a p a r t i c u l a r  e c o n o m i c  o u t -  
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come.  

T h e r e  is some  i m p o r t a n t  s i m i l a r i t y  b e t ~ ~ e e n  t h e  c i r c u m -  
s t a n c e s  of t h e  d e b a t e  a b o u t  the  g o v e r n m e n t  r o l e  i n  e n e r g y  i n  

the  s e v e n t i e s  and  the  p resen t  d e b a t e  a b o u t  the r o l e  of  D o D  i n  
s t i m u l a t i n g  d o m e s t i c  p r o d u c t i v i t y .  Tn p a r t i c u l a r ,  b o t h  s i t ua t i o r l s  
a r e  b a s e d  o n  t h e  p e r c e p t i o n  t h a t  t h e  l o n g  t e r m  n a t i o n a l  i n t e r e s t  

w i l l  no t  be se rved  adequa te ly  by a c t i o ~ l  of t h e  p r i v a t e  s e c t o r .  
T h e r e  is a l s o  t h e  c o m n l o n  a s s u m p t i o n  t h a t  t he  f e d e r a l  g o v e r n -  

men t  k n o w s  w h a t  to d o  a n d  t h a t  i t  c an  d o  i t  we l l .  In  s h o r t ,  t o  
p u r s u e  s u c h  a p o l i c y  of  g o v e r n n l c n t  i n t e r v e n t i o n ,  o n e  m u s t  b e -  
l ieve t h a t  the f ede ra l  g o v e r n m e n t  i s  ab l e  to pick  i n t e l l i g e n t l y  
w i n n e r s  a n d  l o s e r s .  

111. MECHANISMS FOR G O V E R N M E N T  INTERVEUI'ION I N  
ENERGY MiZRKETS 

DOE a n d  i ts  predecessor  agenc ie s  the E n e r g y  Research  a n d  
D c v e l o p m e n t  A d m i n i s t r a t i o n  ( E R D A )  a n d  t h e  Fede ra l  E n e r g y  
A d m i n i s t r a t i o n  ( F E A )  r ecogn ized  t h a t  t h e y  w o u l d  be cen t ra l ly  
c o n c e r n e d  w i t h  a c t i v i t i e s  w h i c h  w e r e  l a rge ly  in  t h e  p r i v a t e  sec -  
t o r .  I n  c o n t r a s t  t o  the  m o r e  t r a d i t i o n a l  a r e a s  of  d e f e n s e  a n d  
s p a c e ,  t h e  t e c h n o l o g y  d e v e l o p e d  by t h e s e  a g e n c i e s  w a s  d e s t i n e d  

f o r  p r i v a t e  m a r k e t s  a n d  t h e r e f o r e  t e c h n o l o g y  t r a n s f e r  f r o m  
g o v e r n m e n t  t o  i n d u s t r y  was of  m a j o r  i m p o r t a n c e .  

D u r i n g  t h e  s e v e n t i e s ,  t w o  t y p e s  o f  m e c h a n i s m s  were  
adop ted  t o  a s s i s t  i n  th i s  t e c h n o l o g y  t r a n s f e r .  Firs t ,  t he re  a r e  di- 
r e c t  i n c e n t i v e s  w h i c h  i n v o l v e s  t h e  f e d e r a l  g o v e r n m e n t  i n  t h e  

m a n a g e m e n t  a n d  technical d i r e c t i o n  of' p r o j e c t s  wh ich  r e c e i v e  e i -  
t he r  f u l l  or pal-ti31 f e d e r a l  suppor t .  The t r ad i t i ona l  federa l  R & D  
p r o g r a m s  are  a1 I e x a m p l e s  of d i r e c t  g o v e r n m e n t  i n c e n  r ive  m e c h -  
a n i s m s .  Thus  DOE p r o g r a m s  in bas i c  ene rgy  s c i e n c e s ,  e n e r g y  
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t e c h n o l o g y  d e v e l o p m e n t  p r o g r a m s  in u n i v e r s i t i e s ,  t h e  n a t i o n a l  

l abora tor ies ,  and indus t ry ,  a l l  fa l l  i n t o  t h i s  c a t e g o r y  of d i rec t  
government  i n c e n t i v e s .  It  is a l m o s t  e x c l u s i v e l y  t h e  m e c h a n i s m  
e m p l o y e d  by the DoD in ful f i l l ing its KDT&E funct ion (a l though 
TR&D is a notable  excep t ion ) .  The u s e  of the  d i rec t  incen t ive  
mechan i sm b y  DOE w i l l  be d i scussed  f u r t h e r  i n  the nex t  sec t ion .  

S e c o n d ,  there  a re  i n d i r e c t  i n c e n t i v e s ,  w h i c h  p r o v i d e  o p -  
p o r t u n i t y  a n d  r e w a r d  f o r  i n d u s t r y  a c t i v i t y ,  w i t h o u t  d i r e c t  g o v -  
ernment  f i nanc i a l  o r  t echn ica l  pa r t i c ipa t ion .  A l i s t  of the m a j o r  
i n d i r e c t  i n c e n t i v e s  e m p l o y e d  d u r i n g  t h e  C a r t e r  A d m i n i s t r a t i o n  
f o l l o w s ,  wi th  a n  e x a m p l e  of how the incen t ive  was  proposed  o r  
i m p l e m e n t e d .  

1. R e ~ u l a t o r v  i n c e n t i v e s  - R e g u l a t i o n s  w e r e  a d o p t e d  tha t  
e i t h e r  r e q u i r e d  o r  p rov ided  b e n e f i t s  f o r  p r i v a t e  c o m p a n i e s  t o  
p u r s u e  d e v e l o p m e n t  o r  c o m m e r c i a l i z a t i o n  of  a n  e n e r g y  t e c h ~ l o l -  
ogy  wh ich  w a s  j u d g e d  to be of b e n e f i t  to the  count ry  a n d  t h a t  
w o u l d  o t h e r w i s e  n o t  be p u r s u e d  by i n d u s t r y .  

A n  i m p o r t a n t  e x a m p l e  i s  t h e  r e g u l a t o r y  m e a s u r e  w h i c h  
e n c o u r a g e d  t h e  d o m e s t i c  o i l  i n d u s t r y  t o  u n d e r t a k e  t e r t i a r y  o i l  
r e c o v e r y  p ro j ec t s .  Oil  c o m p a n i e s  w h i c h  u n d e r t o o k  t e r t i a ry  oil  
r ecovery  p r o j e c t s  a n d  d o c u m e n t e d  the  r e s u l t s  ( s o  t h a t  t h e  b e n -  
e f i t s  w o u l d  be ava i l ab l e  t o  o the r s )  w e r e  p e r m i t t e d  to  e x c l u d e  the 
o i l  p r o d u c e d  f r o m  t h e  e n t i t l e m e n t s  p r o g r a m  a n d  t h u s  e f f e c t i v e l y  
r e c e i v e  a p r i c e  h i g h e r  t h a n  t h e  r e g u l a t e d  p r i c e  f o r  t h e i r  c r u d e .  
T h i s  p rog ram w a s  h igh ly  s u c c e s s f u l  a n d ,  to  th i s  d a y ,  p r o v i d e s  the 
best  i n f o r m a t i o n  a v a i l a b l e  on  the  t e c h n o l o g y ,  c o s t ,  a n d  e n v i r o n -  
men ta l  e f f e c t s  of t e r t i a ry  r e c o v e r y .  This  m e c h a n i s m  w a s  e f f e c -  
t i ve  b e c a u s e  t h e  o i l  i n d u s t r y  h a d  the  t e c h n i c a l  c o m p e t e n c e  t~ 

p u r s u e  t e r t i a r y  r e c o v e r y .  The  i n d u s t r y  w o u l d  n o t  p u r s u e  t e r -  
t i a r y  r e c o v e r y  t e c h n o l o g y  w i t h o u t  t h e  g o v e r n m e n t  i n c e n t i v e  
because  of t h e  p e r c e i v e d  t e c h n i c a l  r i sk  a n d  f i n a n c i a l  u n a t t r a c -  

8 JMD/ Tuesday, January 23, 1990  



t i v c n e s s  c o m p a r e d  to c o n v e n t i o n a l  e x p l o r a t i o ~ l  a n d  p r o d u c t i o n  
activity.  T h i s  p rogram ceased once  oil  became fu l ly  d e c o n t r o l l e d .  

A second  c a s e  concerns  the  a d o p t i o n  of  m a n d a t o r y  B u i l d i n g  
E n e r g y  P e r f o r m a n c e  S t a n d a r d s  ( B E P S ) .  T h i s  c o n t r o v e r s i a l  u o n -  
s e r v a t i o n  p r o g r a m  r e q u i r e d  c o m m e r c i a l  bu i lde r s  t o  c o n s t r u c t  t o  
a spec i f ied  s t a n d a r d  of e n e r g y  e f f i c i e n c y  i n  a new b u i l d i n g  d c -  
p e n d i n g  l i pon  b u i l d i n g  use,  f u e l  t y p e  a n d  m a n y  ot l lcr  c o n s i d c r -  

a t i o n s .  The  p u r p o s e  of BEPS w a s  to s t i m u l a t e  i m p r o v e m e n t s  i n  

e n e r g y  c o t ~ s e r v a t i o n  t e c h n o l o g y  in b u i l d i n g  c o n s t r u c t i o n  be-  
yond w h a t  c o u l d  be  e x p e c t e d  t o  h a p p e n  in r e s p o n s e  to m a r k e t  
p r i c e .  A d v o c a t e s  a r g u e d  that  p r i v a t e  d e c i s i o n s  a b o u t  t h e  r e l a -  

t i ve  d i s c o u n t e d  c o s t  of cap i t a l  e x p e n d i t u r e s  d i r ec ted  t o  c o n s e r v a -  
t i on  re la t ive  t o  f u e l  u s e  w o u l d  i nev i t ab ly  r e s u l t  i n  t o o  l i t t l e  c o n -  
s e r v a t i o n  a n d  too  s l o w  a r a t e  o f  a d v a n c e  in  conse rva t io r l  t ech-  
nology.  

There  w a s  considerable d c b a t e  a b o u t  the j u s t i f i c a t i o n  f o r  
the  BEPS  p rog ram once  oil a n d  g a s  p r ices  w e r e  decon t ro l l ed .  T h e  
program fa i l ed  because  of the  c o m p l e x i t y  of app l i ca t ion  o f  the 

BEPS s t a n d a r d s ,  a n d  t h e  r e q u i r e m e n t s  h a v e  been  r e p e a l e d .  T h e  

B E P S  p r o g r a m ,  w h i l e  noblc  i n  purpose, p r o v i d e s  a n  exce l l en t  a n  

e x a m p l e  of t h e  d a n g e r s  L o f  too spec i f i c  r egu la t ion  of  p r i v a t e  m a r -  
ket  a c t j v i t j  by the g o v e r n m e n t .  A s i m i l a r  example w h i c h ,  whi le  
more  s u c c e s s f u l ,  r ema ins  c o n t r o v e r s i a l ,  i s  t h e  a d o p t i o n  of au to -  
mobi le  fue l  economy ( C A F E )  s t a n d a r d s  i n s t ead  of impos i t i on  of 
s o m e  "gas guzz le r"  tax.  

2. Taxes  and  Tax  Credits - The DOE f r e q u e i ~ t l y  employed  
t a x  m e a s u r e s  a s  a means  of  e n c o u r a g i n g  t h e  a d o p t i o r ~  of nefi  
t e c h n o l o g y  f o r  b o t h  e n e r g y  c o n s e r v a t i o n  a n d  supp ly .  A t t r a c t i v e  
tax  b e n e f i t s  w e r e  i n t r o d u c e d  t o  encourage  c o g e n e r a t i o n  a n d  a1- 

t e r n a t i v e  r e n e w a b l e  e n e r g y  s o u r c e s  s u c h  a s  p h o t o v o l t a i c s  a n d  
w i n d .  
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A pa r t i cu l a r ly  i n t e r e s t i n g  e x a m p l e  i s  the  g a s o h o l  t a x  c r ed i t  
w h i c h  p rov ided  an  e x e m p t i o n  f r o m  fede ra1  a n d ,  in  m a n y  c a s e s ,  
s t a t e  t a x e s  on g a s o l i n e  w h i c h  i n c l u d e d  10% or  m o r e  e t h a n o l  d e -  
r i v e d  f r o m  a g r i c u l t u r a l  p roduc t s .  T h e  p u r p o s e  of t h i s  t ax  w a s  t o  
encourage  b iomass  a s  a sou rce  of l iqu id  f u e l s  to d i s p l a c e  pe t ro -  
l eum t r anspor t a t i on  fue l s .  The p r o b l e m  w i t h  t h i s  t a x  c r e d i t  w a s  
t h a t  e x i s t i n g  t e c h n o l o g y  r equ i r ed  m o r e  h igh  q u a l i t y  f o s s i l  f u e l s  
( n a t u r a l  ga s  and  d i e se l  o i l )  t o  p r o d u c e  the  co rn  a n d  d i s t i l l  the  

e thano l  than  gaso l ine  d i sp l aced  in the  g a s o h o l .  Even  t a k i n g  in to  
a c c o u n t  c o m p l i c a t e d  b y p r o d u c t  c r e d i t s ,  t h e r c  w a s  n o  r a t i o n a l  
ba s i s  o n  e n e r g y ,  much  l e s s  e c o n o m i c  g r o u n d s ,  f o r  t h e  t a x  c r e d i t .  

T h e  t a x  c r e d i t  made  a n  i n e f f i c i e n t  e n e r g y  i n v e s t m e n t  f i n a n c i a l l y  
a t t r a c t i v e  a n d  p r o v i d e d  n o  i n c e n t i v e  to  i n t r o d u c e  n e w  f e r m e n -  
ta t ion  a n d  d i s t i l l a t i on  t echno log ie s  w h i c h  r e l i ed  on c o a l  o r  n o n -  
foss i l  fue l s  for  energy .  

The e n t i r e  bas is  f o r  th is  h i g h l y  p o p u l a r  t a x  c r e d i t  w a s  P O -  

l i t i c a l .  A p p r o x i m a t e l y  t e n  a g r i c u l t u r a l  s tates  wi th  k e y  1980 
sena to r i a l  e l e c t i o n s  s t r o n g l y  f a v o r e d  g a s o h o l  a n d  t h e  tax  c r e d i t  
w a s  a d o p t e d  a l t h o u g h  i t  w a s  n o t  a d v o c a t e d  by a n y  s e r i o u s  e n e r -  
gy e x p e r t .  [ I t  is i n t e r e s t i ng  to note tha t  the D e m o c r a t s  los t  
e v e r y  o n e  o f  t h e s e  s t a t e s  i n  t he  1980 e l e c t i o n ] .  The g a s o h o l  p ro -  
g r a m  r e m a i n s  one  of  t he  g r e a t  e x a m p l e s  of t he  d a n g e r  o f  f e d e r a l  
i n v o l v e m e n t  i n  e n e r g y  m a r k e t s .  

Tax  c red i t  p rograms  a re  po l i t i ca l ly  d i f f icu l t  to adop t .  They 

a r e ,  o f  c o u r s e ,  u n i v e r s a l l y  o p p o s e d  by  t h e  T r e a s u r y  D e p a r t m e n t  
a n d  OMB b e c a u s e  of the  l o s s  of r e v e n u e .  A n d  t h e  t a x  c o m m i t t e e s  
in  t he  H o u s e  a n d  S e n a t e  a r e  d i f f e r e n t  t han  t h e  a u t h o r i z i n g  c o m -  
m i t t e e s  f o r  t h e  e x e c u t i v e  d e p a r t m e n t  a d v o c a t i n g  the  c r e d i t .  T h e  
DOE w a s  success fu l  in ga in ing  app rova l  fo r  tax  c red i t s  in  large  
m e a s u r e  b e c a u s e  t h e  cha i rmar l  of t h e  S e n a t e  F i n a n c e  C o m m i t t e e ,  
Russe l l  Long ,  came  from a n  impor t an t  oil  p r o d u c i n g  s t a t e  a n d  
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w a s  wi l l i ng  to t r ade  t a x  bene f i t s  f o r  o t h e r  p r o v i s i o ~ l s  \.t 'llicl~ w e r e  

of benef i t  to the o i l  a n d  gas  i n d u s t r y .  I t  i s  h i g h l y  u n o e l - t a i n  t h a t  
D o D  c o u l d  eas i ly  develop the po l i t i ca l  r e l a t i onsh ips  r equ i r ed  i o  

make tax  credi t s  a reaIistic mechanism f o r  any  of i t s  a c t i v i t i e s .  

3. G u a r a n t e e d  P u r c h a s e s  a n d  L o a n  G u a r a n t e e s  - L o a n  
g u a r a n t e e s  a n d  g u a r a n t e e d  p u r c h a s e s  w e r e  p a r t i c u l a r l y  a t t r a c -  

t ive m e c h a n i s m s  for  t he  D O E  to  e n c o u r a g e  l a r g e  p ro j ec t s  i n  the 
l a t e r  s t a g e s  o f  d e v e l o p m e n t ,  a s  these  m e c h a n i s m s  were  e s s e n -  

t i a l l y  o f f  budge t  and did not directly affect  the  d e f i c i t .  

G u a r a n t e e d  p u r c h a s e s  a t  spec i f i ed  p r i c e s  w a s  a d v o c a t e d  

w h e n  i t  w a s  be l i eved  tha t  p r o v i d i n g  a g u a r a n t e e d  m a r k e t  f o r  a 

v o l u m e  of p r o d u c t  w o u l d  be s u f f i c i e n t  to m a k e  a p a r t i c u l a r  ene r -  
g y  t echno logy  economic.  For e x a m p l e .  i t  \ r las proposed t ha t  t he  
g o v e r n m e n t  b u y  a s u f f i c i e n t  a m o u n t  of  p h o t o \ ~ o l t a i c  a r r a y s  f o r  
f ede ra l  use ( i n c l u d i n g ,  a m u s i n p l y ,  fo r  r emote  p o w e r  f o r  M X  s h e l -  

t e r s )  t o  d r ive  c o s t s  d o w n  t h e  l e a r n i n g  c u r v e  t o  a p o i n t  w h e r e  an  

e n e r g y  t echno logy  w a s  economica l ly  c o m p e t i t i v e .  

S i m i l a r  p r o p o s a l s  h a v e  b e e n  a d v a n c e d  r e c e n t l y  t o  h a v e  t h e  

DoD b u y  s u f f i c i e n t  s e m i c o n d u c t o r  mcnlor ies  o r  o t h e r  n i i c roe l ec -  
t r on i c  devices  t o  make  US i n d u s t r y  compet i t ive .  And ,  i t  c a n  be 
a r g u e d  tha t  o u r  p r e s e n t  f a v o r a b l e  p o s i t i o n  in conlmerc ia l  j e t  a i r -  

c r a f t  a n d  e n g i n e s  is d u e  t o  p3st  e f f e c t i v e  u s e  o f  t h i s  m e c h a n i s m .  
W h i l e  s o u n d  i n  p r i n c i p l e ,  s u c c e s s  in  a n y  p a r t i c u l a r  case  is p rob -  
l e m a t i c a l .  D e p e n d i n g  on  m a r k e t  t i m i n g ,  t he  m e c h a n i s m  of  g u a r -  
a n t e e d  p u r c h a s e  c a n  be an  i m p o r t a n t  w a y  of  g a i n i n g  m a r k e t  
d o m i n a n c e  or  of m a k i n g  a cost ly  and  i n c f f i c i e n t  s u b s i d y .  

The bes t  e x a m p l e  of the use b y  D O E  o f  loan gua ran tees  is  
the  s y n t h e t i c  f u e l s  p r o g r a m  e s t a b l i s h e d  in  t he  E n e r g y  S e c u r i t y  
Ac t  of 1980.  The  s y n t h e t i c  fue l s  p r o g r a m  w a s  based  on  t h e  c o n -  
v i c t i o n  t h a t  p r i v a t e  i n d u s t r y  w o u l d  n o r  u n d e r t a k e  l a rge  s c a l e  
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s y n t h e t i c  f u e l s  p ro jec t s  b e c a u s e  of  the  u n c e r t a i n t y  abou t  f u t u r c  
oil  p r i ce s  a n d  t h e  t e c h n i c a l  and  e n v i r o n m e n t a l  r i sks  a s s o c i a  tecl  

w i t h  the s y n f u e l s  t e c h n o l o g y .  T h e  f e d e r a l  g o v e r n m e n t  b e l i e v e d  
t h e  n a t i o n  would  be in a b e t t e r  p o s i t i o n  t o  r e s p o n d  w i t h  s y n f u e l s  
p r o d u c t i o t ~  s h o u l d  h igher  p r i c e s  p r e v a i l  in  the f u t u r e ,  i f  s o m e  
k e y  c o n l r n e r c  i a l  s c a l e  p r o j e c t s  w e r e  u n d c r t a k e n  t o  d e m o n s t r a t e  

t he  t e c h n o l o g y ,  v e r i f y  t h e  c o s t s  a n d  the p r o c e d u r e s  r e q u i r e d  f o r  
e n v i  r o t ~ r n e n t a l  p e r m i t t i n g .  

The DOE proposed a n d  C o n g r e s s  a p p r o v e d  t h e  e s t a b l i s h -  
m e n t  of a q u a s i - i n d e p e n d e n t  c o r p o r a t i o n  t o  e x t e n d  l o a n  a n d  

p r i c e  g u a r a n t e e s  f o r  s e l e c t e d  s y n t h e t i c  fue l s  p ro j ec t s ,  i n c l u d i n g ,  
l iqu id  fue l s  f rom sha le  a n d  coa l  a n d  h i g h  a n d  nlediutn BTU g a s  
f rom coal .  Each  b i l l ion  do l la r  p lus  p r o j e c t  was f inanced  on the  
bas i s  of  t he  f e d e r a l  g u a r a n t e e s .  E v i d e n t l y .  the  s y n t h e t i c  f u e l s  
p r o g r a m  w a s  a n  i n s u r a n c e  p r o g r a m .  I f  futu1.c.  o i l  p r i c e s  i n -  
c r e a s e d  a c c o r d i n g  t o  t h e  g o \ e r n l n r n t  p r o j e c t i o n s ,  t h e  r e v e n u e  
g e n e r a t e d  by t h c  s y n f u e l s  p r o j e c t s  w o u l d  c o v e r  t h c  i n v e s t m e n t  
a n d  o p e r a t i n g  c o s t  a n d  t h e  p r i c e  a n d  l o a n  g u a r a n t e e s  w o u l d  be- 
come i r r e l evan t .  If p r i ce s  f e l l .  a s  t u r n e d  ou t  ro be the case .  thc 

f e d e r a l  g o v e r n m e n t  w o u l d  be lef t  w i t h  a v e r y  b i g  b i l l ,  b u t  t h a t  j a  

i n  the  n a t u r e  of  i n s u r a n c e  of  t h i s  k i n d .  To a r g u e  t h a t  t h e  s y n -  
the t ic  fue ls  p rogram w a s  a f a i l u re  i s  a b i t  l ike a r g u i n g  t h a t  a l ife 
i n s u r a n c e  p o l i c y  h a s  been  a f a i l u r e  w h e n  the i n s u r e d  p e r s o n  h a s  
l ived  b e y o n d  n o r m a l  l i fe  e x p e c t a n c y .  The s y n t h e t i c  f u e l s  p r o -  
g r a m  w a s  c e r t a i n l y  n o t  succrssful i n  na r row f i n a n c i a l  t e r m s  but  
i t  did  m e e t  the  goal  o f  d e m o n s t r a t i n g  tha t  a f e w  k e y  s y n t h e t i c  

f u e l  p l a n t s  cou ld  be o p e r a t e d  i n  a n  e n v i r o n m e n t a l l y  a c c e p t a b l e  
m a n n e r  a n d  wi th in  a t i t i c ipa ted  c o s t  and  t e c h n i c a l  s p e c i f i c a t i o n s .  

Such  ~ n e c h a n i s r n s  a s  w e r e  a v a i l a b l e  t o  DOE t o  e n c o u r a g e  

the  c o m m e r c i a l i z a t j o n  of ene rgy  t e c h ~ ~ o l o g i e s  and  to i n f l u e n c e  
t h e  i n v e s t m e n t  d e c i s i o n s  of  t h e  p r i v a t e  e n e r g y  s e c t o r  m i g h t  be 
cons ide red  for  D o D  i n  i t s  e f f o r t  to  s t r e n g t h e n  U S  i n d u s t r y ,  e s p e -  
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cially in those sectors which involve dual use technology. But it 
is important to observe that the broad array of mechanisms em- 
ployed by DOE is relatively unfamiliar to the DUD. The DoD de- 
pends almost entirely on the mechanism of direct incentive: fed- 
eral support and technical direction of projects which create and 
transfer technology. On the one hand, serious efforts by the 
federal government to commercialize technology should have 
this array of mechanisms available to support commercialization 
efforts. On the other hand, extending DoD authority to employ 
such mechanisms i s  somewhat problematic since the agency has 
no experience in their use. 

In this section a brief description is given of how DOE man- 
aged programs which relied on direct federal incentives. These 
are the research, development and demonstration programs 
which the DOE undertook to create new energy technologies and 
to transfer these technologies to the private sector. It is this di- 
rect federal involvement in the sponsorship and direction of 
technology creation and transfer that most people have in mind 
when they envision a broader role for DoD in encouraging com- 
mercial technology. 

The underlying model of commercialization adopted by the 
DOE is the conventional l inear model in which technology inno- 
vation proceeds smoothly from idea creation in a first stage of 
basic research (6.1, in DoD parlance), to applied research and ex- 
ploratory development where these ideas are tested in the labo- 
ratory (6 .2) ,  to the more expensive stage of advanced and engi- 
neering/ systems development ( 6 . 3  and 6.4). While this model 
has serious shortcomings when compared to reality, it i s  not a 
bad basis on which to manage federal R&D programs. 
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I n  p rac t ice ,  DOE s a w  the  commerc i a l i za t i on  process  a s  c o n -  
s i s t i ng  of t h r ee  s tages :  ( 1 )  b a s i c  a n d  a p p l i e d  r e sea rch .  ( 2 )  t e c h -  
no logy  d e v e l o p m e n t  a n d ,  ( 3 )  t e c h n o l o g y  d e m o n s t r a t i o n .  As 
no l ed .  t h i s  s epa ra t i on  i s  n o t  p a r t i c u l a r l y  n o v e l .  W h a t  i s  n o v e l  i s  
t h a t  the  DOE took the mi s s ion  of c o r n ~ n c r c i a l i z a ~ i o n  so s e r i ous ly  
t h a t  i t  i n i t i a l l y  o r c a n i z e d  t h e  D e ~ a r t m e n t  on  t he  b a s i s  of the  

model .  T h u s ,  t h e r e  w a s  a n  a s s i s t a n t  s e c r e t a r y  responsible f o r  
each o f  t h e  t h ree  s t a g e s  of the c o m m e r c i a l i z a t i o n  p r o c e s s .  The  
idea  was t o  e m p h a s i z e  t he  p r o c e s s  o f  t echno logy  c o m m e r c i a l i z a -  
t i o n  r a the r  t h a n  s i m p l y  the  c l -cat ion o f  t e c h n o l o g y .  

[ A l t e r n a t i v e l y ,  a m o r e  coilverl t iorlal  o r g a n i z a t i o n  w h i c h  e m p h a -  
s ized  t echno logy  w o u l d  be o r g a n i z e d  by f u e l  t ype  - -  n u c l e a r ,  

foss i l ,  r enewab les . ]  E a c h  Ass i s t an t  Secrc  ta ry  w a s  c o n c e r n e d  wi th  
m a k i n g  cho ices  a m o n g  c o n ~ p e r i n g  p ro j ec t s  in  the same s tage  of 
e v o l u t i o n  w i t h  t h e  ob jec t ive  of  t r a n s f e r  to the  n e x t  s t a g e  o f  d c -  

v e l o p m e n t ,  r a t h e r  t h a n  a m o n g  p r o j e c t s  o f  a p a r t i c u l a r  f u e l  t e c h -  
n o l o g y .  The idea is as radical  as  i f  t h e  DoD w e r e  o rgan ized  by ntis- 
s ion  i n  oorl t rast  t o  se rv i ce .  

I n  f a c t ,  t h e  i n i t i a l  organ iza t i ona l  s cheme  for the  D O E  proved  
u n w o r k a b l e  a n d  whet1 C h a r l e s  D u n c a n  r e p l a c e d  J a m e s  
S c h l c s i n g e r  a s  S e c r e t a r y  of  E n e r g y ,  the  D e p a r t m e n t  a d o p t e d  t h c  

more  c o ~ l v e n t i o n a l  s t r u c t u r e  b a s e d  o n  f u e l  t y p e .  The c o n c e p t u -  
a l l y  s o u n d  o r g a n i z a t i o n a l  s t r u c t u r e  w h i c h  s t r e s s e d  c o m m e r c i a l -  
i z a t i on  f a i l e d  b e c a u s e  Confresh  w a s  m o s t  s t r o n g l y  i n f luenced  by 
i n d u s t r y  o r g a n i z a t i o n s  tha t  w e r e  l a r g e l y  based  o n  f u e l  t y p e .  
T h u s  a n  i n t e r e s t i n g  q u e s t i o n  to p o s e  to those who  a d v o c a t e  t h a t  
D A R P A  s h o u l d  be g i v e n  a b roade r  ro l e  i n  c o m m e r c i a l i z i n g  t e c h -  

no logy  is :  "How s h o u l d  t h i s  c h a n g e  t h e  o r g a n i z a t i o n a l  s t r u c t u r e  
of DARPA"? 

T h e  D O E  u n d e r s t o o d  v e r y  wel l  some g e n e r a l  characteristics 
of  the c o m r n e r c i a l i z a t i ~ n  p roces s :  
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- -  Pro jec t s  become  l a r g e r ,  m o r e  cos t ly  a n d  m o r e  

di f f icu l t  to m a n a g e  in  t h e  l a t e r  s tages  of deve lop -  
mcnt :  

- -  I n d u s t r y  i n v o l v e m e n t  i s  e s s e n t i a l  f o r  c o m m e r c i a l -  
i z a t i o n ,  especially in the  den~ons t r a t i on  phase;  

- -  P r o j e c t  s e l e c t i o n  s h o u l d  be d e t e r m i n e d  by  e c o n o m -  
ic  and technical analysis  not  technology f a s c i n a -  

tion or special interest .  

A n  appropr ia t e  r e s p o n s e  f l o w s  f r o m  e a c h  of these  c h a r a o -  
t e r i s t i c s  of the commerc i a l i za t ion  p r o c e s s .  L,nl-ge demonstratio11 
p r o j e c t s  s h o u l d  be m a n a g e d  by i n d u s t r y .  not t h e  f e d e r a l  g o v -  
e r n m e n t .  These  p r o j e c t s  s h o u l d  be s u p p o r t e d  p r e f e r a b l y  
t h r o u g h  t h e  i n d i r e c t  i n c e n t i v e  mechanisms d i s c u s s e d  i n  t h e  p r e -  
v ious  sec t ion .  

I n d u s t r y  involverl lzrl t  is i n ~ p o r t a ~ i t  to e n c o u r a g e  a t  the  

~ c c h n o l n g y  d e v e l o p n ~ e n t  s t a g s  a n d  s h o u l d  be r e q u i r e d  a t  t h e  
t e c h n o l o g y  d e m o n s t r a t i o n  s t a g e .  T h e r e  a r e  m a n y  m e c h a n i s n ~ s  
a v a j  lable  t o  a c h i e v e  i n d u s t r y  i nvo lvemzr l t  i n  t e c h n o l o g y  d e v e l -  
o p m e n t  s u c h  a s  d i r e c t  g o v e r n m e n t  R & D  g r a n t s  a n d  c o o p e r a t i v e  
a g r e e m e n t s  b e t w e e n  g o v e r n m e n t ,  i n d u s t r y ,  n a t i o n a l  l a b o r a t o -  
r i es  a n d  un ive r s i t i e s .  H o w e v e r ,  t h e r e  a r e  impor t  a n t  d i f f i c u l t i e s  
to o v c r c o m e .  For e x a m p l e ,  c o s t  a n d  r isk  s h a r i n g  becoillc a n  i s sue  
o f  b a l a n c i n g  the  need  t o  p r o v i d e  a n  i n c e n t i v e  f o r  i n d u s t r y  i n -  
v o l v e m e n t  a n d  t h e  des i r e  t o  a v o i d  u n n e c e s s a r y  s u b s i d i e s .  R u l e s  
a b o u t  i n t e l l e c t u a l  p r o p e r t y  c o n s t i t u t e  a s e r i o u s  b a r r i e r  t o  c o o p -  

e r a t i o n  b e t w e e n  i n d u s t r y  and  DOE r e f l e c t i n g  t h e  t e n s i o n  b e t w e e n  
the  pos i t ive  i n c e n t i v e  of g r a n t i n g  e x c l u s i v e  r i g h t s  a n d  the f e d e r a l  
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i n t e r e s t  i n  m a i n t a i n i n g  s o m e  c o n t r o l  o v e r  i r l v e ~ l t i o n s  i t  h a d  s u p -  

p o r t e d .  F i n a l l y .  t r a n s f e r  of  t e c h n o l o g y  frorn rh s  h i g h l y  compe- 

t e n t  a n d  l a r g e  DOE n a t i o n a l  l a b o r a t o r y  s y s t e m  p r o v e d  rnorr  d i f f i -  
c u l t  t h a n  e x p e c t e d .  

But  a l l  p rob l ems  of e f f e c t i v e  f ede ra l  managemen t  f a d e  in  

c o m p a r i s o n  to the prob lem of  d e c i d i n g  upon  t h e  a l l o c a t i o n  of re-  

sources  to a l ter t la t ivz  t echno log ie s  a n d  pro jec ts .  Too  of ten  a t  
DOE the c h o i c e  a m o n g  a l t e r n a t i v e  p r o j e c t s  w a s  n o t  m a d e  based 

on  a n a l y s i s  of economic, technica l  a n d  e n v i r o n m e n t a l  f ac to r s ,  but 

i n  r e sponse  t o  c o n g r e s s i o n a l  d e n l a n d s  w h i c h  r e f l ec t ed  c o n s t  i t u -  

e n t  i n t e r e s t s .  T h u s  s e n a t o r s  f r o m  M o n t a n a  s u p p o r t e d  m a g n e t o -  

h y d r o d y n a m i c s  ( M H D )  t h r o u g h  t h i c k  a n d  thin, s e n a t o r s  f r o m  
H a w a i i  p r e fe r r ed  Ocean Thern la l  Ene rgy  Conve r s ion  (OTEC) t ech -  

no logy .  The C l i n c h  R i v e r  B r e e d e r  R e a c t o r  d e m o n s t r a t i o n  pr.ojsct 
w a s  m a n a g e d  a n d  p a i d  f o r  by t h e  f e d e r a l  S o v e r n m e n t  l o n g  a f t e r  
a l l  s e r ious  a n a l y s i s  indicated i t  s h o u l d  be t e rmina t ed .  

The s i t u a t i o n  w i t h  respect  t o  s n i a l l  s c a l e  d e m o n s t r a t i o n  
pro jec t s  w a s  e q u a l l y  i l log ica l  : Tivcnty s i x  p h o  tovol taic  d e m o n s t r a -  
t i o n  p r o j e c t  w e r e  f u n d e d  w h e r e  t e n  w o u l d  h a v e  been  a m p l e ;  
f i f t y  f u e l  ce l l  d e m o n s t r a t  ion p t a j e c t s  ( o n e  p e r  s t a t e )  w e r e  f u n d -  
ed :  there  w e r e  t o o  m a n y  l a r g e  w i n d ~ n i l l  p r o j e c t s ;  e a c h  a u t o m o b i l e  
m a n u f a c t u r e r  w a s  g i v e n  a c o n t r a c t  to d e v e l o p  a g a s  t u r b i n e  e n -  

g ine ,  there  were  t w o  s o l v e n t  r e f ined  c o a l  p ro j ec t s ,  each  c o s t i n g  
over  a biIIion do l la r s .  The l i s t  of p rog rams  a n d  p ro j ec t s  which 
were u n d e r t a k e n  f o r  p o l i t i c a l  r e a s o n s  i s  i m p r e s s i v e ;  t h i s  s h o u l d  
se rve  a s  a w a r n i n g  to t h o s e  w h o  a d v o c a t e  DoD becoming  m o r e  
i nvo lved  in c o m ~ n e r c i a l i z i n g  d u a l  u se  t e c h n o l o g y .  

Congres s  a l so  g a v e  con f l i c t i ng  messages  abou t  p r io r i t i e s  f o r  
e n e r g y  c o m m e r c i a l i z a t i o n .  The  p o p u l a r  t e c h n i q u e  w a s  to vote f u r  
ambi t ious  a u t h o r i z a t i o n  b i l l s  wh ich  w o u l d  p l e a s e  p a r t i c u l a r  c o n -  
s t i t u e n t s  w i t h  t h e  k n o w l e d g e  t h a t  t he re  w a s  n o  c h a n c e  o f  m o n e y  

16 JMD.: Tuesday.  January 23.  1990 



b e i n g  a p p r o p r i a t e d  f o r  the o s t e n s i b l y  n o b l e  p u r p o s e .  T h u s  t h e r e  
were  bil ls  f o r  wind,  photovol ta ics ,  OTEC, fus ion ,  gasohol ,  hydro-  
e l e c t r i c  w h i c h  se t  g o a l s  that  were  n o t  c o n s i s t e n t  wi th  t e c h n i c a l  o r  
cconomic  r e a l i t y ,  a d o p t e d  e r r o n e o u s  c r i t e r i a  f o r  s u c c e s s ,  i m a g -  
i n e d  a c o m p e t e n c e  in  rhe  f e d e r a l  g o v e r n m e n t  f o r  a c h i e v i n g  p r o -  
g r a m  goals  wh ich  w a s  t o t a l l y  u n r e a l i s t i c .  Once  e n e r g y  b e c a m e  a n  

i m p o r t a n t  p u b l i c  i s sue  a n d  i t  a p p e a r e d  t h a t  m o n e y  w o u l d  be 
s p e n t  in l a rge  q u a n t i t i e s  o n  c o m m e r c i a l i z i n g  e n e r g y  t e c h n o l o g y ,  
the po l i t i ca l  sys t em g a v e  f a u l t y  a n d  c h a n g i n g  s t r a t e g i c  d i r ec t ion  
a n d  i n f l u e n c e d  p r o g r a m  a n d  p r o j e c t  c h o i c e s  w h i c h  f r e q u e n t l y  
d i d  no t  re f lec t  the  best  e c o n o m i c  a n d  t echn ica l  j u d g m e n t .  

I t  wou ld  be wrong  to c o n c l u d e  tha t  a l l  t he  p o o r  c h o i c e s  a t  
DOE were  t he  resu l t  o f  po l i t i ca l  i n t e rven t ion .  M a n y  poor  cho ices  

were  the  r e su l t  of i nadequa te  t echn ica l  d i r e c t i o n ,  p r i n c i p a l l y  
w h e n  t h e  c o m m i t m e n t  t o  a t e c h n o l o g y  o r  a p r o j e c t  w e n t  b e y o n d  
the  p o i n t  t ha t  a p r u d e n t  manager  w o u l d  g o .  F o r  e x a m p l e ,  the  DOE 
s u p p o r t e d  b a t t e r y  p r o g r a m s  b e c a u s e  t h e  t e c h n o l o g y  was  i m p o r -  
t a n t ,  b u t  t h e  s u p p o r t  w e n t  o n  f o r  y e a r s  i n  t h e  s a m e  w a y  e v e n  

t h o u g h  t h e r e  w a s  e s s e n t i a l l y  no  i n t e r e s t i n g  t e c h n i c a l  o u t p u t .  
A n d  the  DOE c o n t i n u e d  the  B a r s t o w  c e n t r a l  s o l a r  p o w e r  t o w e r  
with l i t t le  technical  jus t i f icat ion.  

I t  wou ld  a l s o  be w r o n g  to c o n c l u d e  tha t  t h e r e  w e r c  no e x -  
amples  of success  in DOE'S  e f fo r t s  to c o m ~ n c r c i a l i z e  ene rgy  tech- 
n o l o g y .  Successes  i nc lude :  ( 1 )  t he  l i g h t  w a t e r  r e a c t o r  i m p r o v e -  
men t  p r o g r a m ,  (2 )  t h e  p a s s i v e  s o l a r  a n d  s o l a r  h o t  w a t e r  h e a t i n g  
p r o g r a m s ,  ( 3 )  the  a t m o s p h e r i c  f l u i d i z e d  bed a n d  c o a l - w a t e r  s l u r -  
r y  c o a l  c o m b u s t i o n  p r o g r a m s ,  a n d  ( 4 )  t h e  e l e c t r i c  e n e r g y  s y s t e m  
p o w e r  m a n a g e m e n t  p r o g r a m .  The c h a r a c t e r i s t i c s  o f  t he  s u c c e s s -  
f u l  p r o g r a m s  a r e  e a s i l y  i d e n t i f i e d :  c o m p e t e n t  t e c h n i c a l  m a n a g e -  
men t  a t  D O E ,  i n t e l l i g e n t  p r o g r a m  p l a n n i n g  wi th  a marke t  o r i e n -  
t a t i o n  w h i c h  inc luded  a t t e n t i o n  to t e c h n i c a l ,  e c o n o m i c  and  e n v i -  
r o n m e n t a l  c o n s i d e r a t i o n s ,  s t a b l e  a n d  a d e q u a t e  f u n d i n g  s u p p o r t ,  
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a n d  i t ~ v o l v e m e n t  of t e c h n i c a l l y  c a p a b l e  ir idus t r i a l  p a r t n e r s .  

?'he succes s fu l  DOE c o m m e r c i a l i z a t i o n  prograrns  were  s u p -  
po r t ed  by m u l t i y e a r  p l a n s  t h a t  a d d r e s s e d  i n  a c r e d i b I e  m a n n e r  
the  e c o n o m i c ,  t e c h n i c a l  a n d  e n v i r o n n ~ e n t a l  g o a l s  f o r  the  technol -  
o g y  a n d  how these  g o a l s  migh t  bes t  be ach i cved .  T h e  p l a n s  a l s o  

a d d r e s s e d  k e y  m a n a g e m e n t  i s s u e s ,  f o r  e x a m p l e ,  t h e  m i x  of p e r -  

f o r m e r s  of the  R & D ,  i m p o r t a n t  u n c e r t a i n t i e s ,  a n d  t h e  cos t  a n d  

p e r f o r m a n c e  schedu le  f o r  v a r i o u s  p r o j e c t s .  Cr i t e r i a  we re  a l s o  set  
f o r  the  e v a l u a t i o n  of p rog ram success  a n d  f a i l u r e .  The  in t eg r i t y  
o f  t h i s  p lanning  process  was  d i f f i cu l t  to main ta in  f o r  t w o  r e a s o n s :  

b u r e a u c r a t i c  a d v o c a t e s  r e s i s t e d  s c r u t i n y  of  t h e i r  p r o g r a n l s  
w h i c h  c o u l d  s l o w  p r o g r a m  g r o w t h  a n d  e x t e r n a l  in t e res ted  p a r -  
t i e s  re jec ted  e f f o r t s  at  t r a d e o f f s  be tween  " the i r "  t echr lo logy  a n d  
i t s  c o m p e t i t o r s .  B u t  there  w a s  a s t r o n g  c o r r e l a t i u n  b e t w e e n  p r o -  
g r a m s  w h i c h  m a n a g e d  t o  p r o d u c e  c r e d i b l e  p l a n s  atld the s u c ~ s s s  
of  the commerc i a l i z a t j on  e f f o r t .  

V. LESSONS FOR DoD FROM I'HE DOE EXPERIENCE 

T h e  p r e c e d i n g  d iscuss ion  d e s c r i b e s  t h e  s e r i o u s  cor lcep tua l  
a n d  pract ical  d i f f i c u l t i e s  D O E  e n c o u n t e r e d  ~ I I  p u r s u i n g  i t s  m i s s i o n  
to  c o m m e r c i a l i z e  e n e r g y  t echno log ie s .  However ,  the p u r p o s e  of  
t he  d i s c u s s i o n  i s  not to argue t h a t  the f e d e r a l  g o v e r n m e n t  h a s  

n o  b u s i n e s s  p u r s u i t ~ g  t h i s  o r  o the r  commerc i a l i za t io r l  s t r a t e g i e s .  
T bel ieve  i t  h a d  and  i t  d o e s .  R a t h e r ,  niy pu rpose  i s  t o  d r a w  c o n -  
s t r u c t i v e  l e s s o n s  for  t h o s e  w h o  c u r r e n t l y  a r g u e  f o r  a m o r e  a g -  
gress ive  DoD role in commerc ia l iza t ion  of d u a l  use  t echnologies .  

A d v o c a t e s  f o r  an e x p a n d e d  DoD ro le  a r e  r e s p o n d i n g  to a n  
i m p o r t a n t  n a t i o n a l  need :  m a n y  U S  h i g h  t e c h n o l o g y  i n d u s t r i e s ,  
i nc lud ing  severa l  w h i c h  are  c r i t i c a l  to the  D o D  m i s s i o n ,  are  no t  
p e r f o r m i n g  a d e q u a t e l y  i n  c o m p a r i s o n  t o  t h e  p a s t  a n d  t a  f o r e i g n  
compe t i t i on .  It  i s  en t i r e ly  a p p r o p r i a t e  to c o r ~ s i d e r  w h a t  DoD c a n  
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and  should do to he lp .  The i r ~ l p l i c a t i o t ~ s  of t h e  DOE experience for 
d e c i d i n g  w h a t  D o D  s h o u l d  do a re  i m p o r t a n t  a t  t w o  l e v e l s :  u n d e r -  

s tanding  the a p p r o p r i a t e  l i m i t s  f o r  DoD invo1vemi.nt  a n d  a p p r e -  
c ia t ing  the  pract icaI  problznls  w h i c h  D o D  is l i k e l y  to con f ron t .  

The basis  fo r  a DoD role it1 c o m ~ ~ ~ e r c i a l i z a t i o r ~  is tha t  D o D  is 
b e c o m i n g  p rogress ive ly  m o r e  d c p c n d c n t  o n  d u a l  u s e  t e c h n o l o g y  

i - e .  t e chno log ie s  which h a v e  a s i g n i f i c a n t  e n d - u s e  i r l  bo th  t he  rni l -  
itary a n d  commercial  sector .  In  t hese  d u a l  u s e  t e chno log ie s  D o D  
is  bo th  a s i g n i f i c a n t  f o r c e  i n  t h e  m a r k e t  a n d  at1 i n ~ p o r t a n t  c r e a t o r  
of t echno logy .  E x a m p l e s  of i n d u s t r i e s  ~ i - h i c h  mce t t hese  c r i t e r i a  

a re  m i c r o e l e c t r o n i c s  a n d  c o m p u t e r s ;  e x a m p l e s  o f  i t ~ d u s t r i e s  
w h i c h  do  n o t  meet t h e  c r i t e r i a  a r e  t e x t i l e s ,  a u t o m o b i l e s ,  artd p e t -  
r o c h e m i c a l s .  A n d  there a r e  b o r d e r l i n e  c a s e s ;  fo r  e x a m p l e ,  t e l e -  
c o m m u n i c a t i o n s  a n d  h i g h  p e r f o r m a n c e  m a t e r i a l s .  H u t  the  m a i n  
point  i s  t h a t  the f e d e r a l  g o v e r n m e n t  is n o t  a l w a y s  b e t t e r  than  

t h e  p r i v a t e  sec tor  a t  p r o j e c t i n g  the  f u t u r e  o r  a t  the e f f i c i e n t  a l l o -  
ca t i on  o f  resources  i n  a commerc i a l i za t i on  p rog ram.  S o  w h e n  D o D  

proceeds  b e y o n d  t h e  f a m i l i a r  a n d  j u s t i f i ed  ac t iv i ty  of  t e c h n o l o g y  
g e n e r a t i o n  i t  s h o u l d  do  so wi th  c a u t i o n .  In  t h e s e  c a s e ,  t h c  a p -  
p rop r i a t e  c r i te r ion  f o r  success  is tha t ,  as a r e su l t  of the  f e d e r a l  
p r o g r a m ,  t h e  p r iva te  s e c t o r  i s  i n  be t t e r  pos i t ion  t o  nlrike i n v e s t -  
men t  dec i s ions  wh ich  lead to the m o r e  e f f i c i e n t  p r o d u c t i o n  of 
dual  use p roduc t s .  

The i n ~ p o r t a n t  lessons  a b o u t  i m p l e m e n t a t  i on  a r e  t h e  f o l -  
lowing: 

( I )  The  c o m m e r c i a l i z a t i o n  p r o g r a m  s h o u l d  be b a s e d  on a 
m a r k e t  o r i e n t e d  s t r a t e g y .  T h i s  m e a n s  t h a t  the  p r o g r a m  m u s t  
ref lect  r ea l i s t i c  e c o n o m i c  c i r c u m s t a n c e s ,  n o t  just t e c h n o l o g y  O F -  

p o r t u n i t i e s .  The p r o g r a m  s h o u l d  be g o v e r n e d  by a w r i t t e n  p l a n  
w h i c h  spec i f i e s  r i sk s  and  a n t i c i p a t e d  r e s u l t s .  s c h e d u l e s  a n d  c o s t s .  
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(2 )  The  commerc i a l i za t ion  p r o g r a m  m u s t  i n c l u d e  bo th  R & D  
a n d  d e m o n s t r a t i o n  c o m p o n e n t s .  T e c h n o l o g y  t r a n s f e r  is v i t a l  a n d  
r c q u i r e s  i n d u s t r y  i n v o l v e m e n t  w i t h  a n  e q u i t a b l e  s h a r i n g  of  

cos ts  a n d  r i sks .  I n  there  c o o p e r a t i v e  v e n t u r e s ,  n o r m a l  DoD ac-  
q u i s i t i o n  r u l e  a r e  n o t  a p p r o p r i a t e .  

( 3 )  T h e  d e ~ n o n s t r a t i o n  p h a s e  p r e s e n t s  t h e  g r e a t e s t  d a n g e r  
f o r  i ne f f i c i en t  o r  i ne f f ec t ive  f e d e r a l  i n v o l v e m e n t .  The t endency  

f o r  the g o v e r n m e n t  to u n d e r t a k e  l a r g e ,  f e d e r a l l y  m a n a g e d ,  
p ro j ec t s  s h o u l d  be a v o i d e d .  R a t h e r  i n d i r e c t  i n c e n t i v e s  should  b e  

e m p l o y e d ,  when  poss ib l e .  

( 4 )  S u b s t a n t i a l  b u r e a u c r a t i c  a n d  p o l i t i c a l  p re s su res  w i l l  
e m e r g e  to e n l a r g e  c o m m e r c i a l i z a t i o n  p r o g r a m s  b e y o n d  w h a t  i s  

p r u d e n t .  D o D  l e a d e r s h i p  m u s t  be p r e p a r e d  t o  r e s i s t  t hese  p r e s -  
su res  o r  a c c e p t  s i g n i f i c a n t  b u d g e t a r y  w a s t e .  

( 5 )  P r o g r a m  s t a b i l i t y  a n d  the  pa r t i c ipa t ion  of  t e c h n i c a l l y  
c o m p e t e n t  m a n a g e r s  i s  v i t a l  to t h e  s u c c e s s  of t h e s e  p r o g r a m s .  

It  i s  i n t e r e s t i ng  t o  i nqu i r e  i f  t h e s e  lessons  h a v e  been  fo l -  
lowed in the  commerc i a l i za t ion  e f fo r t s  unde r t aken  by D o D  t o  
d a t e .  A p r o m i n e n t  e x a m p l e  i s  the  S e m a t e c h  p ro jec t  w h e r e  D o D  
a n d  i n d u s t r y  a re  e a c h  s p e n d i n g  $100 m i l l i o n  per  y e a r  to  d e v e l o p  
a n e w  g e n e r a t i o n  of  s e m i c o n d u c t o r  m a n u f a c t u r i n g  e q u i p m e n t  
wi th  the  p u r p o s e  of r ee s t ab l i sh ing  the  U S  pos i t i on  in  t h e  w o r l d  
w i d e  s e m i c o n d u c t o r  m a r k e t .  A t  l e a s t  t w o  of the p r e c e d i n g  les -  
s o n s  may  n o t  have  been  p r o p e r l y  a p p l i e d  h e r e .  F i rs t ,  S e m a t e c h  
i s  l a r g e l y  c o n c e r n e d  w i t h  c rea t ing  n e w  e q u i p m e n t  t e c h n o l o g y .  
Re la t ive ly  l i t t l e  a t t e n t i o n  h a v e  been  d e v o t e d  to a s s e s s i n g  t h e  ro le  
of  a n e w  g e n e r a t i o n  of  equ ipment  f o r  i m p r o v i ~ l g  the pos i t i on  of  
t h e  U S  s e m i c o n d u c t o r  i n d u s t r y .  The  S e m a t e c h  p r o j e c t  does  n o t  
f o c u s  on  the  o v e r a l l  m a n u f a c t u r i n g  p r o c e s s  o r  t o  u n d e r s t a n d i n g  
h o w  n e w  e q u i p m e n t  w i l l  be  a d o p t e d  by t h e  i n d u s t r y  g i v e n  t h e  
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l a r g e  inves tmen t s  required .  In  b r i e f ,  the  a p p r o a c h  is b a s e d  o n  
t e c h n o l o g y  p u s h ,  no t  marke t  p u l l .  

S e c o n d ,  there  i s  s i g n i f i c a n t  f e d e r a l  m a n a g e m e n t  i n v o l v e -  
men t  i n  the S e m a t e c h  p r o j e c t .  T o  the  e x t e n t  tha t  S e m a t e c h  is t o  

s e r v e  a s  a d e m o n s t r a t i o n  for i ndus t ry  i n  t h e  v a l u e  of n e w  t e c h -  
no logy ,  i n d i r e c t  i n c e n t i v e s ,  s u c h  as  t a x  c r e d i t s  f o r  new e q u i p -  
men t  p u r c h a s e s  f r o m  U S  s u p p l i e r s ,  m i g h t  ~ v e l i  be  a more  e f f e c -  
t i v e  a l t e r n a t i v e .  I n  sum,  the  S e m a t e c h  p r o j e c t  m a y  n o t  g o  f a r  
enough.  I t  hopes  to ach ieve  a r e v i t a l i z a t i o n  of the s e m i c o n d u c t o r  
i n d u s t r y  by re la r ive ly  c o n v e n t i o n a l  s u p p o r t  f o r  R & D  on n e w  

e q u i p m e n t  t e c h n o l o g y .  B u t  t o  a c h i e v e  t h e  r ev i t a l i za t ion  ob jec -  
t i v e  r e q u i r e s  a m o r e  c o m p r e h e n s i v e  e v a l u a t i o n  of t h e  i n d u s t r y ' s  
p r o b l e m s  and a b r o a d e r  r a n g e  of  s u p p o r t  m e c h a n i s m s .  

DoD f a c e s  a n  in t e r e s t i ng  ques t ion  in  h o w  to  p roceed  i n  the 
commerc i a l i za t ion  of  d u a l  use  technology.  At  o n e  e x t r e m e .  rhe 

D o D  c a n  c o n t i n u e  the va luab l e  f u n c t i o n ,  which i t  d o e s  w e l l ,  of 
t e c h l ~ o l o g y  g e n e r a t i o n .  At t he  o t h e r  e x t r e m e ,  D o D  c a n  a d o p t  a n  
aggress ive  c o m m e r c i a l i z a t i o n  s t r a t e g y  f o r  a f e w  k e y  d u a l  use  
t e chno log ie s .  Howeve r ,  i n  o rde r  t o  bc  s u c c e s s f u l  i n  these conl- 
merc ia l iza t ion  e f f o r t s ,  DoD mus t  bc preparcd t o  c h a n g e  the  w a y  i t  

does  b u s i n e s s  in  a subs tant ia l  w a y .  
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