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ABSTRACT 

Th i s  r e p o r t  examines t h e  i s s u e s  a s s o c i a t e d  w i t h  government programs,pro-  
posed f o r  t h e  "commercial izat ion" of new energy t e c h n o l o g i e s ;  t h e s e  programs 
a r e  i n t ended  t o  h a s t e n  t h e  pace  a t  which t a r g e t  t e c h n o l o g i e s  a r e  adopted by 
t h e  p r i v a t e  s e c t o r .  The "commercial demonst ra t ion"  is  t h e  p r i n c i p a l  t o o l  used  
i n  t h e s e  programs. Most p rev ious  government i n t e r v e n t i o n s  i n  suppor t  o f  tech-  
n o l o g i c a l  change have focussed  on R&D and l e f t  t o  t h e  p r i v a t e  s e c t o r  t h e  de- 
c i s i o n  a s  t o  adop t ion  f o r  commercial u t i l i z a t i o n ;  t h u s  t h e r e  i s  r e l a t i v e l y  
l i t t l e  i n  t h e  way of a n a l y s i s  o r  expe r i ence  which b e a r s  d i r e c t  a p p l i c a t i o n .  

The a n a l y s i s  is  d i v i d e d  i n t o  f o u r  s e c t i o n s .  F i r s t ,  t h e  r o l e  of R ,D&D 
w i t h i n  t h e  s t r u c t u r e  of  t h e  n a t i o n a l  energy g o a l s  and p o l i c i e s  is examined. 
The i s s u e  of  " p r i c e s  v e r s u s  gaps" i s  d e s c r i b e d  a s  a c r u c i a l  d i f f e r e n c e  of  view- 
p o i n t  concern ing  t h e  r o l e  of  t h e  government i n  t h e  f u t u r e  of  t h e  energy sys tem.  
Second, t h e  p roces s  of t e c h n o l o g i c a l  change a s  i t  occu r s  w i t h  r e s p e c t  t o  energy  
t echno log ie s  is then  examined f o r  p o s s i b l e  sou rces  of misal ignment  of  s o c i a l '  
acd p r i v a t e  i n c e n t i v e s .  The p roces s  i s  desc r ibed  a s  a s e r i e s  of  i n v e s t n e n t s .  
Th i rd ,  c o r r e c t i o n  of t h e s e  sou rces  o f  misalignment t h e n  becomes t h e  g o a l  o f  
commercial demonst ra t ion  programs a s  t h i s  goa l  and t h e  neans f o r  a t t a i n i n g  i t  
a r e  exp lo red .  Government-supported commerc ia l iza t ion  may be viewed a s  a sub- 
s i d y  t o  t h e  i n t r o d u c t i o n  s t a g e  of  t h e  p r o c e s s ;  t h e  c i rcumstances  under  which 
such  s u b s i d i e s  a r e  l i k e l y  t o  a f f e c t  t h e  s u c c e s s  of  t h e  subsequent  d i f f u s i o n  
s t a g e  a r e  addressed .  The d i s c u s s i o n  then  t u n s  t o  t h e  p o l i t i c a l ,  l e g a l ,  and 
i n s t i t u t i o n a l  problems. F i n a l l y ,  methods f o r  t h e  e v a l u a t i o n  and p l ann ing  of 
commercial demonst ra t ion  programs a r e  ana lyzed .  The c r i t i c a l  a r e a s  of  ig-  
norance  a r e  h i g h l i g h t e d  and comprtse a r e s e a r c h  agenda f o r  improved analy-  
t i c a l  t echniques  t o  suppor t  d e c i s i o n s  i n  t h i s  a r e a .  
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SUMMARY 

The United S t a t e s  government has  s e t  o u t  t o  "commercialize" a number of 

new energy technologies .  This  is  a r e l a t i v e l y  new r o l e  f o r  f e d e r a l  agenc ie s .  

Except i n  a rcao  ( E U G ~  as IC~CTJSC) where the  sponsor ing  agency was s imul taneous ly  

t h e  customer f o r  t h e  r e s u l t s ,  p u b l i c  expend i tu re  on technology has  g e n e r a l l y  

been confined t o  r e sea rch  and development. The pace of t h e  p roces s  whereby 

new technologies  were p u t  t o  commercial u se ,  and t h e  d e c i s i o n s  about  t h e  in- 

vestments  t h a t  make up t h a t  p roces s ,  were l e f t  t o  t h e  p r i v a t e  s e c t o r .  

The energy problem i s  l e a d i n g  us  t o  d e p a r t  from t h i s  norm. Through t h e  

Energy Research and Development Adminis t ra t ion  t h e  government is  i n v e s t i n g  sub- 

s t a n t i a l l y  i n  energy technology, and t h e r e  is  n a t u r a l  pressure--from t h e  Con- 

g r z s s ,  t h e  agency i t s e l f ,  and a . w i d e r  s e t  of p r i v a t e  and p u b l i c  i n t e r e s t s - - i n  

suppor t  of programs t o  a c c e l e r a t e  p r i v a t e  adopt ion  of t h e  new techniques  and 

devices .  The l i s t  of t h e  o b j e c t s  of such programs, e i t h e r  i n  e f f e c t  o r  s e r -  

i o u s l y  proposed, i nc ludes  t h e  b reede r  r e a c t o r ,  geothermal  energy,  new automotive 

powerplants ,  e l e c t r i c  v e h i c l e s ,  s o l a r  h e a t i n g  and coo l ing ,  s o l a r  e l e c t r i c i t y  

gene ra t ion ,  and s y n t h e t i c  f u e l s .  

This  new set of f e d e r a l  programs r a i s e s  a  number of i s s u e s  of economic 

p o l i c y ,  pub l i c -p r iva t e  r e l a t i o n s ,  and program a n a l y s i s  and management. Th i s  

r e p o r t  a t t empt s  t o  i d e n t i f y  and exp lo re  t h e s e  i s s u e s .  We hope t o  c o n t r i b u t e  

t o  a c l e a r e r  view of t h e  con tex t  i n  which such programs must o p e r a t e ,  and t o  

i d e n t i f y  ways t o  maximize t h e i r  c o n t r i b u t i o n  t o  t h e  n a t i o n ' s  energy f u t u r e .  

The focus  i s  on t h e  "commercial demonstrat ion",  which is  t h e  mechanism most 



commonly used i n  t h e s e  programs. 

R,D&D a s  a Component of U.S. Energy Po l i cy  

There a r e  two a s p e c t s  t o  t h e  energy problem f a c i n g  t h e  United S t a t e s .  

F i r s t ,  t h e r e  is  a n a t i o n a l  s e c u r i t y  and f o r e i g n  p o l i c y  problem caused by our  

dependence on a sma l l  number of f o r e i g n  c o u n t r i e s  f o r  an  i n c r e a s i n g  s h a r e  of 

ou r  energy supply.  This  i s  a shor t - te rm d i f f i c u l t y  and, i f  n o t  c o r r e c t e d ,  a 

long-term one a s . w e l l .  Second, t h e  United S t a t e s  (and, i n  a few more decades,  

t h e  world)  f a c e s  t h e  d e p l e t i o n  of low-cost r e sou rces  of petrol.ei.zm and n a t u r a l  

gas .  Environmentally accep tab le  s u b s t i t u t e s  a r e  much more expensive than  o i l  

and g a s ,  and t h e  t r a n s i t i o n  from our  c u r r e n t  energy 'system t o  whatever w i l l  

r e p l a c e  i t  is p o t e n t i a l l y  a' very  p a i n f u l  one. Th i s  i s  a longer- term problem-- 

s a y  on a hor izon  of 20 t o  40 y e a r s .  Because of t h e  t ime l a g s  a s s o c i a t e d  wi th  

the '  development, i n t r o d u c t i o n ,  and d i f f u s i o n  of new t echno log ie s ,  R,D&D pro- 

grams w i l L  no t  have a s i g n i f i c a n t  e f f e c t  on t h e  n a t i o n a l  s e c u r i t y  problem, a t  

l e a s t  f o r  t he  n e x t  decade o r  two. Other prograins ( ~ u c h  a3 a n a t i o n a l  petro- 

leum s t o c k p i l e )  can h e l p  i n  t h a t  regard .  R,D&D programs w i l l  reduce imports  

i n  t h e  long run, and w i l l  reduce t h e  c o s t s  a s s o c i a t e d  w i t h  t h e  t r a n s i t i o n  t o  

energy r e sources  o t h e r '  than  o i l  and gas .  

Unfor tuna te ly ,  t h e s e  two a s p e c t s  of t h e  energy problem, and t h e  r e l e v a n t  

t i m e  hor izons ,  tend t o  g e t  b l u r r e d ,  and much d i s c u s s i o n  of  t he  i s s u e  i s  founded 

on disagreements  about  t h e  formula t ion  of t h e  problem, on d i s p a r i t i e s  i n  the 

way we t h i n k  about  i t s  s o l u t i o n ,  and on d i f f e r e n c e s  i n  concept ion  of t h e  way 

t h e  U.S. economy o p e r a t e s  now and w i l l  o p e r a t e  i n  t h e  fu ture . .  There i s ,  i n  

p a r t i c u l a r ,  one s p l i t  i n  pe rcep t ions  which i s  of c r u c i a l  importance i n  evalua- 

t i n g  new technologies  and is  o f t e n  n o t  e x p l i c i t l y  acknowledged. On t h e  one 

hand, much thought and a n a l y s i s  is  focused on energy "needs", o r  "gaps" i n  



energy supply., t o  b e  made good by t h e  p r o v i s i o n  of p a r t i c u l a r  f u e l s ,  o r  by .. . ., . .. 
conse rva t ion .  The concen t r a t ion  is  on p h y s i c a l  f lows.  Technologies  a r e  r a t e d  . . 

acco rd ing  t o  how much can  b e  3rought  on s t ream,  and how spon, t o  cover  t h e  . . . .  . 

s h o r t f a l l s  o r  "gaps". An a l t e r n a t i v e  approach focuses  on energy p r i c e s  a s  

they  o p e r a t e  i n  ou r  market economy. I n  t h i s  view, t h e r e  i s  no such t h i n g  a s  

an  energy "gap": supply is  always equa l  t o  demand a b s e n t  p r i c e  c o n t r o l s  and . . 

r a t i o n i n g .  Somc k inds  of supply  may be less  d e s i r a b l e  because they  a r e  in-  

s e c u r e  o r  because they damage t h e  environment.  But i n  a l l  c a s e s  t h e  c e n t r a l  

q u e s t i o n  is  t h e  same: what p r i c e  a r e  we w i l l i n g  t o  pay t o  hold impor ts  down 
. . 

o r  avoid  environmental  l o s s e s ?  From t h i s  viewpoint  t h e  most important  f a c t  

about  a technology is n o t  t h e  e x t e n t  t o  which i t  may "c lose  t h e  gap" b u t  i t s  

c o s t  f o r  i t  is  i t s  c o s t  i n  r e l a t i o n  t o  p r i c e  t h a t  w i l l  determine i t s  c o n t r i -  -, 
b u t i o n ,  and i t  is i t s  c o s t  which r e p r e s e n t s  t h e  t o t a l  r e a l  r e sou rces  i t  abso rbs .  

. . . . 

There fo re ,  a  key ques t ion  is whether t h e  approach v i a  "needs" and "gaps" 
, . 

i s  a p p r o p r i a t e  over  t h e  next  few decades. I n  t h e  p a s t ,  energy p r o v i s i o n  has  
. . 

been l e f t  t o  p r i v a t e  markets--some r e g u l a t e d  and some n o t .  Energy p r i c e s  have 

been t h e  p r i n c i p a l  de te rminants  of t h e  magnitude and composi t ion of t h e  energy 

s e c t o r ,  and of energy imports .  The d r i v i n g  f o r c e  has  been p r o f i t s ,  w i t h  

government p o l i c y  measures having a  s i g n i f i c a n t  i n f l u e n c e  over  what was pro- 

f i t a b l e .  Whether t h i s  p a t t e r n  should cont inue  is  a .ma t t e r  of some d i s p u t e ,  and 

only  f u t u r e  p o l i t i c a l  even t s  w i l l  prove which viewpoint  was t h e  more c o r r e c t  

f o r  t h e  1970 ' s .  

The hypo thes i s  adopted i n  t h i s  s tudy  i s  t h a t ,  f o r  t h e  f o r e s e e a b l e  f u t u r e ,  

w e  a r e  not l i k e l y  t o  i n s t i t u t e  fundamental changes i n  t h e  s t r u c t u r e  of t h e  

energy s e c t o r .  Nei ther  a r e  w e  l i k e l y  t o  move i n  a  determined,  d e c i s i v e  way t o  

a  more cent ra l ly-p lanned  energy economy. For b e t t e r  o r  worse, t h e  market 

system w i l l  predominate i n  t h e  United S t a t e s .  



I n  t h i s  c o n t e x t ,  then ,  what is  t h e  r o l e  f o r  ERDA's R,D&D programs i n  

meeting t h e  n a t i o n a l  energy g o a l s ?  These g o a l s  tend t o  be  s t a t e d  i n  terms of 

reducing  o i l  imports .  There a r e  two ways t o  reduce  the  demand f n r  petroloum: 

W e  c an  lower t h e  demand f o r  energy s e r v i c e s  ( i n  p a r t i c u l a r  t h o s e  provided by 

petroleum-using t echno log ie s ) ,  o r  w e  can s u b s t i t u t e  o t h e r  f a c t o r s  of product ion  

( c a p i t a l ,  l a b o r ,  and non-energy m a t e r i a l s )  f o r  petroleum i n  producing a given  

l e v e l  of energy s e r v i c e s .  R,D&D programs do n o t  d i r e c t l y  i n f l u e n c e  t h e  former.  

There a r e  s e v e r a l  ways t o  accomplish s u b s t i t u t i o n  away from petroleum--for 

example, hy (1) r o g u l n t i o n  of supply  aul u ~ l l l z a c i o n  technology,  ( 2 )  p r i c e  

c o n t r o l s  and f i n a n c i a l  s u b s i d i e s ,  and (3 )  lowering t h e  c o s t  o f  s u b s t i t u t i o n  

o f  t h e  o t h e r  f a c t o r s  f o r  petroleum. But a g a i n  t h e  f i r s t  two a r e  n o t  i n  ERDA's 

hands. 

Therefore ,  t h e  key way ERDA can s e r v e  n a t i o n a l  energy g o a l s  may b e  ve ry  

simply and s t a r k l y  s t a t e d :  i t  can under take  programs t h a t  lower t h e  c o s t  of 

s u b s t i t u t e s  f o r  o i l ,  bo th  now and i n  t h e  f u t u r e .  That i s ,  t h e  b a s i c  purpose 

of t h e  ERDA programs can be  seen  a s  t h e  lowering of t h e  c o s t  of s u b s t i t u t i o n  

of  o t h e r  energy sou rces  o r  o t h e r  i n p u t s  f o r  o i l  i n  t h e  n e a r  term, and lowering 

of c o s t  of t r a n s i t i o n  away from o i l  t o  more abundant (o r  i n e x h a u s t i b l e )  energy 

sou rces  i n  t h e  f u t u r e .  There a r e  two ways i n  which ERDA can accomplish t h e s e  

ends. The f i r s t ,  and most impor tan t ,  is t o  suppor t  energy R,D&D. By performing 

such work i t s e l f ,  o r  suppor t ing  i t  e lsewhere ,  ERDA can change t h e  n a t u r e  of t h e  

t echno log ica l  o p p o r t u n i t i e s ,  lowering t h e  c o s t s  of s u b s t i t u t e s  for o i l .  This  

r o l e  i s  no doubt very  impor tan t .  However, i n  t h i s  paper  t h e  focus  i s  on t h e  

second way i n  which ERDA can reduce t h e  c o s t  of s u b s t i t u t e s  t o  t h e  consumer. 

Th i s  i s  t o  s u b s i d i z e  t h e  i n t r o d u c t i o n  of new t echno log ie s  i n t o  t h e  marketplace.  

A s  no ted  e a r l i e r ,  ERDA's chosen ins t rument  f o r  accomplishing t h i s  is t h e  com- 

m e r c i a l  demonstrat ion.  



Commercialization and the Process of Technological Change 

If the United States is unlikely to depart from its long tradition of 

private markets in the energy sector, then a new energy technology will achieve 

wide use only if it can meet the test of commercial viability. We can state a 

simple working definition of necessary conditions for commercialization of a 

new technology: 

Given: (1) the market prices of labor and material inputs, (2) the 
relevant cost of capital, (3) the market price of energy, and ( 4 )  taxes, 
legal restrictions on the relevant production possibilities, or other 
government intervention--then commercialization of a new technology will 
take place if it is available at a cost that allows the private sector 
an acceptable rate of return on the capital required. 

a 

Only if brought to the point where it meets this condition will a new idea be 

viable. However, a new technology usually goes through a long process of events 

in achieving this status. Four rough phases can be identified: invention, 

development, introduction, and diffusion. Because these activities cost money, 

and offer no immediate return, the expenditures involved are investments, and 

each of the steps is usefully thought of as involving an investment choice. 

That is, at each step the firm acquires a new asset; the asset is expected to 

yield a favorable return itself, or to open the way to some subsequent invest- 

ment that will yield a profit. It is the introduction stage and its link to 

diffusion that is the target of federal programs and proposals in the area of 

11 commercialization. " 

Several other aspects of this part of the process merit special attention. 

One is market differentiation. The simple definition given above might be taken 

to imply that a technology is either "commercial", or it is not. But this would 

be a misleading simplification of reality. Commercial adoption is not a simple 

transition from non-use to use; it is a part of the dynamic and complex process 

whereby a new concept may penetrate some markets but not others, or where the 



p e n e t r a t i o n  may move a t  ve ry  d i f f e r e n t  r a t e s  dep'ending on p r i c e s ,  weather ,  

market s t r u c t u r e ,  e t c .  Second, energy technologies  themsel-ves may p r e s e n t  

very  d i f f e r e n t  cha l l enges  a t  t h e  i n t r o d u c t i o n  s t a g e ,  and t h e  r o l e  played by 

t h e  f i r s t  p l a n t s  may.be v e r y  d i f f e r e n t .  A t h i r d  c o n s i d e r a t i o n  is  t h e  set of 

complex ad jus tments  t h a t  may be  involved  i n  i n t e g r a t i n g  a  new technology i n t o  

a  h i g h l y  developed and i n t e r r e l a t e d  product ion  and market ing system, where t h e  

key f i rms  have a  s t r u c t u r e  and p e r s o n a l i t y  compatible  w i th  t h e  previous  pro- 

duc t  mix. . . . . 

Thus the term "commercial" r e a l l y  a p p l i e s . t o  a n  equ i l i b r ium end- s t a t e  f o r  

t h e  p roces s  of t e c h n o l o g i c a l  change, and any a t tempt  t o  i n f l u e n c e  t h e  pace of 
. ,. , 

t h e  p roces s  must d e a l  w i t h  a  complex t r a n s i t i o n  from p ro to type  t o  widespread 

u t i l i z a t i o n .  

I To address  t h e  r o l e  of ERDA i n  t h i s  c o n t e x t ,  t h e  p roces s  needs t o  be  

I analyzed f o r  reasons  why, o r  a r e a s  where, p r i v a t e  markets do no t  au toma t i ca l ly  

produce t h e  d e s i r e d  r e s u l t s .  The p o i n t  of d e p a r t u r e  f o r  such a n a l y s i s  i s  t h e  

f a c t  t h a t ,  f o r  t h e  most p a r t ,  t h e  system g e n e r a l l y  does work w e l l .  The pos i -  

I ' 

t i o n  of t h e  u n i t e d  S t a t e s  as worl'd l e a d e r  i n  many i f  n o t  most f i e l d s '  of in -  

d u s t r i a l  technology i s  a  s a l i e n t  i n d i c a t i o n  of t h i s  f a c t .  Therefore ,  an  exam- 
. . 

i n a t i o n  of market performance i s  a  f i r s t  s t e p  i n  t h e  s e a r c h  f o r  p r o j e c t s  ERDA 

might u s e f u l l y  undertake.  We focus  i n  p a r t i c u l a r  on f a i l u r e s  i n  t h e  market 

p roces s  a t  t h e  i n t r o d u c t i o n  s t age - - f a i lu re s  t h a t  might be  c o r r e c t e d  by com- 

1 m e r c i a l i z a t i o n  programs. 

Such a  problem, o r  "market f a i l u r e " ,  occurs  when energy p r i c e s  do n o t  

r e f l e c t  t h e  v a l u e  of energy t o  s o c i e t y .  Domestic petroleum p r i c e s  a r e  d e t e r -  

mined by a  complex i n t e r a c t i o n  of t h e  u s u a l  supply  and demand f o r c e s ,  and 

c o n t r o l s  imposed by ou r  own and f o r e i g n  governments. Because t h e  o r g a n i z a t i o n  

of Petroleum Export ing Count r ies  (OPEC) de termines  t h e  p r i c e  of impor ts ,  and 



b,ecause imports  a r e  .the marginal  sou rce  of supply  t o  t h e  United S ta tes ; the  

va lue  of  a  b a r r e l  of o i l  i n  t h e  United S t a t e s  i s  a t  l e a s t  t h e  landed p r i c e  of  

i n t e r n a t i o n a l  . . crude.  However, government pric.e c o n t r o l s  ho ld  domqstic p r i c e s  

w e l l  below t h i s  l e v e l .  Thus a  p r i v a t e  f i r m  w i l l  n o t  o b t a i n  a s u i t a b l e  r e t u r n  

f o r  i n t roduc ing  a conse rva t ion  technology which would b e  economic t o  t h e  pur- 

chaser  a t  t h e  i n t e r n a t i o n a l  p r i c e  b u t  n o t  t h e . d o m e s t i c  . p r i c e .  Na tu ra l  gas  

p r i c e  c o n t r o l s  have a s i m i l a r  e f f e c t .  Given t h e s e  p r i c e  c o n t r o l s ,  t h e r e  a r e  

undoubtedly many cases ,where  government s u b s i d i e s  f o r  t h e  i n t r o d u c t i o n  of new 

conse rva t ion  technologies  would p rov ide  s u b s t a n t i a l  s o c i a l  r e t u r n s .  

Moreover, t h e  s o c i a l  va lue  of domest ic  o i l  i s  n o t  determined s o l e l y  by 

t h e  i n t e r n a t i o n a l  pr ice- - there  is a l s o  t h e  i s s u e  of import  "dependencett .  

This  i s  a  s o c i a l  c o s t  which would n o t  be  r e f l e c t e d  i n  p r i v a t e  p r i c e s  even i f  

t hose  p r i c e s  were n o t  c o n t r o l l e d  by t h e  government. Since. a  b a r r e l  of o i l  

domest ica l ly  produced o r  conserved e f f e c t i v e l y  t r a n s l a t e s  i n t o  avoidance of a n  

imported b a r r e l ,  it is  t h e  i n t e r n a t i o n a l  p r i c e  p l u s  t h e  " n a t i o n a l  s e c u r i t y  

.premiumt1 which is t h e  e f f e c t i v e  s o c i a l . v a l u e  of domest ic  s u p p l i e s .  Again, t h e  

underva lua t ion  of domest ic  energy r e s u l t s  i n  a f a i l u r e ,  i n  p r i v a t e  investment  

dec i s ions .  

I n  a d d i t i o n  t o  t h e  underva lua t ion  of domest ic  energy,  t h e  s p e c i a l  c o s t s  

a s s o c i a t e d  wi th  t h e  i n t r o d u c t i o n  of new t echno log ie s  i n t o  t h e  marke tp lace  can 

r e s u l t  i n  a market f a i l u r e  which is  concen t r a t ed  a t  t h e  i n t r o d u c t i o n  s t a g e .  

Thus, i t  may b e  t h a t  t h e  p r o p r i e t a r y  t e c h n i c a l  and c o s t  i n fo rma t ion  developed 

a t  t h e  i n t r o d u c t i o n  s t a g e  i s  s u f f i c i e n t l y  a t t r a c t i v e  t o  induce s o c i a l l y  d e s i r -  

a b l e  o u t l a y s ,  b u t  r e g u l a t o r y  and o t h e r  i n s t i t u t i o n a l  problems i n t e r v e n e .  , Im- 

p o r t a n t  i n s t i t u t i o n a l ,  r e g u l a t o r y ,  and p o l i t i c a l  i s s u e s  posed by t h e  new tech-  

nology may b e  r e so lved  only  by s u b s t a n t i a l  p roduct ion  and use.. Th i s  i s  cer -  

t a i n l y  t r u e  w i t h  r e s p e c t  t o  some s y n t h e t i c  f u e l s .  Important  i n fo rma t ion  about  



e f f l u e n t  l e v e l s  of f u l l - s c a l e  p l a n t s  may be  i n f e r r e d  from observ ing  p i l o t  

p l a n t s ,  f o r  example, b u t  t h e  i s s u e  of what e f f l u e n t  l e v e l s  a r e  a c c e p t a b l e  is 

d i f f i c u l t  t o  r e s o l v e  u n t i l  p roduct ion  i s  a t tempted  on a  commercial s c a l e .  

This  i s  a s p e c i a l  k ind  of d i s t o r t i o n  of p r i v a t e  d e c i s i o n  making--investment 

may be  a r t i f i c i a l l y  discouraged because s o c i e t y  has  n o t  g o t t e n  around t o  

s p e c i f y i n g  what r u l e s  t h e  new technology w i l l  o p e r a t e  under.  The p ionee r ing  

f i r m  must f a c e  t h e s e  r e g u l a t o r y  r i s k s ,  b u t  subsequent  f i r m s  may n o t .  The n a t i o n  I 
a s  a  whole b e n e f i t s  from t h e  r e s o l u t i o n  of t h e  r e g u l a t o r y  u n c e r t a i n t i e s ,  b u t  t h e  

c o s t s  a r e  borne by one f i rm.  . Thus, a  s o c i a l l y  d e s i r a b l e  in t roduct ion  may.be 

foregone o r  delayed.  

This  c ircumstance sugges t s  where a well-designed government i n t e rvenF ion  

may be  u s e f u l .  I f  v a l u a b l e  new t echno log ie s  a r e  blocked by t h e  r e g u l a t o r y  

r i s k s ,  t hen  a n  o f f - s e t t i n g  subs idy  may be  i n  o r d e r .  The subs idy  would n o t  on ly  

encourage use  of t h e  technology,  which i s  presumably good i n  i t s e l f ,  b u t  a l s o  

l e a d  t o  a  r e s o l u t i o n  of t h e  r e g u l a t o r y  r i s k  and open t h e  way t o  f u r t h e r ,  un- 

s u b s i d i z e d  investment .  Ca re fu l  s tudy  of t h e  n a t u r e  of  t h e  r e g u l a t o r y  problem 

should ,  once aga in ,  o f f e r  guidance a s  t o  what k ind  of subs idy  w i l l  most e f -  

f e c t i v e l y  r e s o l v e  t h e  i s s u e .  

Other  p o s s i b l e  sou rces  of market f a i l u r e  a r e  t h e  non-appropr i ab i l i t y  of 

t e c h n i c a l  r e s u l t s ,  problems of market s t r u c t u r e ,  and excess ive  r i s k  ave r s ion  

i n  p r i v a t e  f i rms .  Any of t h e s e  may be r e l e v a n t  i n  a  g iven  c i rcumstance ,  though 

it. does n o t  appear  t h a t  they o f t e n  w i l l  be impor tan t .  P a t e n t s ,  and t h e  ad- 
'3- 

vantages  of be ing  f i r s t  t o  i n t r o d u c e  a  new technology,  g e n e r a l l y  a l l ow p ionee r ing  

f i r m s  t o  cap tu re  t h e  major s h a r e  of t h e  b e n e f i t s  from t e c h n i c a l  improvements i n  

i n t r o d u c t i o n .  The impact of market s t r u c t u r e  on t e c h n o l o g i c a l  innovat ion  i s  

no t  w e l l  understood,  and i t  i s  unc lea r  t h a t  t h e r e  is  any a  p r i o r i  reason  t o  

assume t h a t  t h e  i n t r o d u c t i o n  of new technologies  i s  i n h i b i t e d  i n  t h i s  regard .  



F i n a l l y ,  t h e  n a t i o n ' s  c a p i t a l  markets  a r e  g e n e r a l l y  cons idered  t o  be  reasonably  

e f f i c i e n t  a t  spreading  of r i s k ,  s o  i n  g e n e r a l  i t  i s  r easonab le  t o  assume t h a t  

inves tments  i n  p r o f i t a b l e  new t echno log ie s  w i l l  be ' for thcoming.  

It i s  problems i n  energy p r i c i n g  and t h e  non-appropr i ab i l i t y  of t h e  r e so lu -  

t i o n  of r e g u l a t o r y  r i s k s  t h a t  a r e .  most l i k e l y  t o  b e  t h e  sou rces  of  s o c i a l l y  

erroneous investment  d e c i s i o n s  on t h e  i n t r o d u c t i o n  of new energy t echno log ie s .  

Goals and Means of Government-Supported Commercial Demonstrations 

The p r i n c i p a l  purpose of ERDA's commercial demonst ra t ion  programs, then ,  

seems reasonably  c l e a r :  ERDA should s u b s i d i z e  t h e  i n t r o d u c t i o n  of s o c i a l l y  

p r o f i t a b l e  new energy t echno log ie s  t o  t h e  e x t e n t  t h a t  they  a r e  be ing  impeded by 

low energy p r i c e s  o r  by h igh  r e g u l a t o r y  u n c e r t a i n t i e s  whose r e s o l u t i o n  would be  

of v a l u e  t o  more than  one f i rm.  

However, ERDA must perform t h i s  f u n c t i o n  w i t h i n  a n  environment which i s  

n o t  under i t s  c o n t r o l .  S p e c i f i c a l l y ,  energy p r i c e s  a r e  determined by a  com- 

b i n a t i o n  of f o r e i g n  governments, h ighe r  l e v e l  p o l i c y  d e c i s i o n s  of t h e  U.S. 

government, and market f o r c e s .  A s  w e  have d i scussed ,  t e c h n o l o g i c a l  change i s  

t h e  r e s u l t  of a s e r i e s  of inves tments ,  inves tments  which a r e  made i n  t h e  ex- 

p e c t a t i o n  of a s u i t a b l e  r e t u r n .  Expected p r i c e s  a r e  t h e  key parameters ,  ex- 

t e r n a l  t o  t h e  f i rm,  which a f f e c t  t h e  investment  d e c i s i o n s .  I n  t h e  e a r l y  s t a g e s  

of t h e  p roces s ,  t h e  r e l e v a n t  expected p r i c e s  a r e  t hose  s e v e r a l  decades i n  t h e  

f u t u r e .  A t  t h e  i n t r o d u c t i o n  s t a g e ,  however, t h e  r e l e v a n t  p r i c e s ,  i n  r e l a t i o n  

t o  expected c o s t s ,  a r e  c r u c i a l  t o  t h e  investment  d e c i s i o n ,  and they  a r e  no t  

changed by a  commercial demonstrat ion program. 



Thus, in most cases the long-run commercial potential of a new technology 

will be relatively.independent of possible interventions by ERDA in the intro- 

duction stage. This is because, in most cases, the costs of the introduction 

stage which are not recovered during that stage,.are a small fraction of the 

total cost of the product after introduction. Therefore, most technologies 

which appear to be commercial in the long-run, will be introduced and "commer- 

cialized" by the private sector. In most cases, ERDA commercial demonstration 

programs therefore simply do not have very much leverage. They may be useful, 

but they are not often likely to he decisive in determining the fate of a new 

technology. 

Even where it appears that a government-supported commercial demonstration 

can perform the sort of useful social function described here, one must be sure 

that these expenditures are the most efficient method. In fact, government- 

supported demonstrations attempt to reduce technical and institutional uncer- 

tainties with what might be termed a "brute force" technique. In many cases 

the resolution of the relevant technical and institutional uncertainties may 

not require the actual construction of commercial-scale plants. For example, 

an obvious alternative for resol.ving legal and regulatory uncertainties is 

direct intervention in the public decision-making process in support of expe- 

dited action. This could take the form of requests or orders to regulatory or 

legislative bodies, or studies which would provide the key data necessary for 

resolution of regulatory problems. While it is not clear that such activities 

will necessarily be less expensive than the net cost of, a commercial demonstra- 

tion, such alternatives should always be considered. 

Whatever the details of the specification, the goals of a demonstration 

program imply criteria for the choice of public instruments. We have argued 

that the purposes of government-supported commercial demonstration projects are 



p r i n c i p a l l y  t o  suppor t  t h e  development of  t h e  i n f o r m a t i o n  a s s o c i a t e d  w i t h  t h e  

r e s o l u t i o n  of . the  t e c h n i c a l  and i n s t i t u t i o n a l  u n c e r t a i n t i e s  concern ing  new 

energy t e c h n o l o g i e s ,  and t o  p r o v i d e  a  subs idy  t o  f o s t e r  t h e  i n t r o d u c t i o n  and 

widespread u s e  of t echno log ie s  f aced  w i t h  i n a p p r o p r i a t e  energy p r i c e s .  With 

t h e s e  g o a l s - i n  mind, some g e n e r a l  c o n s i d e r a t i o n s  of  program des ign  can  b e  l a i d  

out. 

Both g o a l s  l e a d  immediately t o  a concern t h a t  t h e  commercial demonst ra t ions  

b e  conducted i n  such  a  way a s  t o  s i m u l a t e  t h e  n o m a l  workings of t h e  p r i v a t e  

s e c t o r - - i . e . ,  t h e  i n f l u e n c e  of t h e  subs idy  should  be  a s  small a s  p o s s i b l e  be- 

yond t h e  obvious f a c t  t h a t  i t  is  lower ing  t h e  c o s t  of t h e  a c t u a l  demons t r a t ion  

t o  t h e  f i r m s  involved .  Th i s  i m p l i e s  t h a t  t h e  p a r t i c i p a n t s  i n  t h e  program 

' should  b e  those  who would be  d e a l i n g  w i t h  t h e  technology under c i r cums tances  of 

widespread use ,  and t h a t  t h e  i n c e n t i v e  s t r u c t u r e  a s s o c i a t e d  w i t h  t h e i r  p a r t i c i -  

p a t i o n  should  be a s  " r e a l i s t i c "  as p o s s i b l e .  

The i n c e n t i v e s  t o  p r i v a t e  F a r t i c i p a n t s  w i l l  b e  s t r o n g l y  dep.endent on t h e  

a c t u a l  mechanism used t o  d e l i v e r  t h e  subs idy .  I d e a l l y ,  t h e  mechanism should  

p rov ide  p r o j e c t  managers w i t h  a c i rcumstance  which looks  t h e  same a s  t h a t  which 

they  would f a c e  i n  t h e  unsubs id ized  c a s e .  Th i s  is  impor tan t  w i t h  r e s p e c t  t o  

t h e  cho ice  of i npu t s - - e spec i a l ly  c a p i t a l  a s  compared w i t h  Pabor,  t r a n s p o r t a t i o n ,  

maintenance,  e t c .  The i n c e n t i v e s  w i t h  r e s p e c t  t o  r i s k - t a k i n g  a l s o  should  be  a s  

r e a l i s  t i c  a s  p o s s i b l e .  

F i n a l l y ,  f i n a n c i n g  mechanisms should  r e v e a l  t h e  f u l l  c o s t s  of  t h e  pro- 

gram and t h e  d e t a i l e d  c o s t  performance of  i n d i v i d u a l  t e c h n o l o g i e s .  There w i l l  

of cou r se  be  l a r g e  u n c e r t a i n t i e s  i n  e s t i m a t e s  of bo th  t h e  c o s t s  and b e n e f i t s  

I of such programs, bu t  some f i n a n c i n g  methods a l low g r e a t e r  v i s i b i l i t y  t han  

I o t h e r s .  C l e a r l y ,  i f  t h e  e x t e n t  of t h e  subs idy  is  no t  w e l l  known, t hen  t h e  



t r u e  c o s t  w i l l  no t  be r e a d i l y  c a l c u l a t e d  from t h e  product  p r i c e s .  I f  t h i s  

i s  t h e  case ,  then u n c e r t a i n t y  of major s i g n i f i c a n c e  w i l l  remain. 

Many forms f o r  governnent s u b s i d i e s  have been proposed f o r  commercial 

demonst ra t ion  programs. These i n c l u d e  t a x  expend i tu re s ,  d i r e c t  government 

o p e r a t i o n ,  p r i c e  gua ran tees ,  l oan  gua ran tees ,  and t h e  r o l l i n g - i n  of demonstra- 

t i o n  c o s t s  w i t h  o t h e r  c o s t s  i n  t h e  s p e c i a l  c a s e  of r e g u l a t e d  i n d u s t r i e s .  We 

d i d  no t  ana lyze  each of t h e s e  p o s s i b i l i t i e s  i n  t h e  d e t a i l  they  deserve .  The 

key c r i t e r i a  of v i s i b i l i t y  of subs idy  c o s t s  and minimal d i s t o r t i o n  of f a c t o r  

inpuc  p r i c e s  p o i n t  immediately toward s p e c i f i c  pro jec t -by-pro jec t  p r i c e  sup- 

p o r t s ,  which f a r e  w e l l  a g a i n s t  bo th  c r i t e r i a .  The two c r i t e r i a  s i m i l a r l y  

p o i n t  away from t h e  use  of l o a n  guarantees- - the i r  v a l u e  is d i f f i c u l t  t o  ca l -  

c u l a t e ,  they s u b s i d i z e  c a p i t a l  a s  opposed t o  o t h e r  i n p u t s ,  and they d i s t o r t  

i n c e n t i v e s  f o r  follow-on investments .  

Evalua t ion  and Planning 

The concepts  used h e r e  provide  a  framework f o r  ana lyz ing  commercial 

demonst ra t ion  programs. However, t h e  l e a p  from q u a l i t a t i v e  concepts  t o  de- 

t a i l e d  q u a n t i t a t i v e  c a l c u l a t i o n s  is  long and u n c e r t a i n ,  and we have much t o  l e a r n  

about  t h e  market p roces ses  we must ana lyze .  A s  a  f i r s t  s t e p  i n  l a y i n g  o u t  
\ 

t h e  e v a l u a t i o n  program, a n  e v a l u a t i o n  scheme must focus  on t h e  p r o b a b i l i t y  

d i s t r i b u t i o n  of  t h e  c o s t  o f ' e n e r g y  saved o r  produced by t h e  t e c h n i c a l  o p t i o n  

under cons ide ra t ion ,  should i t  a t t a i n  wide-scale usage. This  f u n c t i o n  sum- 

mar izes  a t  any g iven  t i m e  t h e  s e t  of expec ta t ions  f o r  improvements which would 

r e s u l t  from inves tments  i n  R,D&D a s  .we'll a s  t h e  t e c h n i c a l  and i n s t i t u t i o ' n a l  

u n c e r t a i n t i e s  which might a f f e c t  t h e  op t ion .  The r e l a t i o n s h i p  between t h i s  

f u n c t i o n  and s i m i l a r  s e t s  of expec ta t ions  concerning t h e  market p r i c e  and 

s o c i a l  va lue  of energy a r e  a t  t h e  c o r e  of t h e  a n a l y s i s  of t h e  l i k e l i h o o d  of 



private investments in R,D&D on the option and the desirability of public 

investments . , 

Our development of the evaluation problem points to the identification of 

several areas of analysis and forecasting which are crucial to the evaluation 

of schemes of federal intervention in commercial demonstration. All analytical 

efforts which attempt to evaluate national income benefits from this type of 

investment must desl with these issues in one way or another. In each case the 

available techniques allow analysis to take place but similarly in each case sub- 

stantial improvements are needed to raise the level of confidence we can place 

in such analysis. Thus, these key areas comprise an agenda for future research 

to improve our ability to analyze government investments in energy R,D&D and 

commercial demonstration in particular. 

First, there is a need for price forecasts--both market prices and social 

values. Such forecasts ultimately depend on analysis of international oil 

markets, on the tariff or other policies that may be used to buffer the U.S. 

economy from these prices, on the process of price formation in product and 

regional markets throughout the economy, and the value to be placed on energy 

independence. 
. . 

Second, the evaluation of the benefits of the accelerated introduction of 

new technologies depends ultimately on forecasts of the rate of diffusion of 

those technologies through the relevant markets. In general, this requires a 

set of analyses of transportation, processing, and energy technology choice 

which can simulate the way the economy adjusts to a new technology, given that 

the technology has been demonstrated in the introduction stage to offer cost 

savings. For example, modeling efforts at Stanford Research Institute 

(originally for Gulf Oil Corporation), and Brookhaven National Laboratory pro- 

vide a framework for conditional forecasting of the expected penetration of 



new and emerging ener'gy t echno log ie s  and p roduc t s  based upon eng inee r ing  in -  

fo rma t ion  concern ing  t h e  c o s t  and e f f i c i e n c y  a t t r i b u t e s  o f  t h e s e  t e c h n o l o g i e s .  

However, two s i g n i f i c a n t  problems . a r e  n o t  addressed  by e i t h e r  of t h e s e  

models,  o r  by most o t h e r ,  l e s s  formal ,  s t u d i e s  of t h e s e  c i r cums tances .  F i r s t ,  

w e  would expec t  t h a t  t h e  a c t u a l  commercial a v a i l a b i l i t y  of a  new technology 

w i l l  depend c r i t i c a l l y  n o t  on ly  on t h e  l e v e l  of  p r i o r  R&D a c t i v i t y ,  b u t  a l s o  

on market  f a c t o r s .  Thus, an a n a l y s i s  which p u r p o r t s  t o  e x p l a i n  t h e  p e n e t r a t i o n  

of new t echno log ie s  must a l s o  e x p l a i n  t h e  e v o l u t i o n  of c i rcumstances  which l e a d  

t o  t h e  a v a i l a b i l i t y  of t hose  t echno log ie s  a t  a  p o i n t  i.n time. Thi s  is  an ex- 

t remely  d i f f i c u l t  r e s e a r c h  i s s l e .  .A second,  and c l o s e l y  r e l a t e d  i s s u e ,  concerns  

t h e  demand f o r  t h e s e  new t echno log ie s .  S i n p l e  s t u d i e s  of  consumer behavior  

based upon s imple  c o s t  c o n s i d e r a t i o n s  a r e  probably n o t  adequate  t o  c h a r a c t e r i z e  
-. - 

consumer response  t o  a  new product  o r  technology.  The problem is  e s s e n t i a l l y  

one of u s ing  in fo rma t ion  on consumer response  t o  e x i s t i n g  t echno log ie s  t o  pro- 

j e c t  t h e i r  r e a c t i o n s  t o  t echno log ie s  and p roduc t s  which they  have n o t  y e t  ob- 

s e rved .  Both t h e  i s s u e s  of technology a v a i l a b i l i t y  and consumer demand f o r  new 

t echno log ie s  a r e  n o t  addressed  i n - t h e  SRI-Gulf and Brookhaven models,  nor  by 

any o t h e r  formal  s t u d i e s  of  energy technology cho ice  w i t h  which we a r e  f a m i l i a r .  

T h i r d ,  a key component of any a n a l y s i s  w i l l  b e  t h e  e s t i m a t i o n  of t h e  

l i k e l y  inves tments  i n  R ,D&D t h a t  would t a k e  p l a c e  wi thou t  government i n t e r -  

ven t ion .  For example, i t  m y  be t h a t  government subs idy  only s u b s t i t u t e s  f o r  

i n d u s t r y  investment  t h a t  would t a k e  p l ace  i n  any c a s e ,  o r  t h a t  i t  only  speeds 

up t h e  i n t r o d u c t i o n  p roces s  by a  pe r iod  of a  few months o r  a  y e a r  o r  two. 

Th i s  once aga in  l e a d s  back t o  a  need f o r  a  c l e a r e r  unders tanding  of t h e  na- 

I 

t u r e  of  t h e  market p roces s  of  technology development,  how i t  s e r v e s  t h e  s o c i a l  

good, and how one might g a t h e r  i n fo rma t ion  about  l i k e l y  i n d u s t r y  involvement 



a t  t h e  i n t r o d u c t i o n  s t a g e  f o r  d i f f e r e n t  t ypes  of  t e c h n o l o g i e s .  

The f o u r t h  key l i n k  i s  t h e  e s t i m a t i o n  of t h e  impact o f  t h e  government- 

suppor ted  commercial d e g o n s t r a t i o n .  That i s ,  i t  i s  neces sa ry  t o  unders tand  

and d e s c r i b e  how t h e  d i s t r i b u t i o n  f u n c t i o n  f o r  u l t i m a t e  c o s t s  w i l l  b e  a f f e c t -  

ed by a n  i n t r o d u c t i o n  i n t o  t h e  marke tp l ace . .  

Finally, i t  i s  neces sa ry  t o  unders tand  t h e  c o s t s  and e f f e c t s  of t h e  d i f -  

f e r e n t  i n s t rumen t s  f o r  s u p p o r t i n g  commercial demonst ra t ion .  The a l t s r n a t i v e  

in s t rumen t s  t h a t  may be used by t h e  government t o  s u b s i d i z e  t h e  i n t r c d u c t i o n  

s t a g e  may have ve ry  d i f f a r e n t  c o s t s .  D i f f e r e n t  i n s t rumen t s  may have d i s t i n c t  

e f f e c t s  on t h e  amount of l e a r n i n g  t h a t  t a k e s  p l a c e  i n  t h e  i n t r o d u c t i o n  s t a g e .  

I n  o r d e r  t o  choose among types  of programs, one needs t o  b e  a b l e  t o  d i s t i n g u i s h  

between t h e  a v a i l a b l e  i n s t rumen t s  and t h e i r  a b i l i t y  t o  produce a  good measure 

of t h e  t e c h n i c a l  o p t i o n ' s  c o s t s .  But t o  know t h e  c p t i o n ' s  c o s t  i n  a  s i t u a t i o n  

where government s u b s i d i e s  a r e  p r e s e n t ,  t h e  t o t a l  c o s t  of t h e  subs idy  must b e  

known; t h i s  i s  a d i f f i c u l t  problem i n  and of i t s e l f .  

These i s s u e s  of e v a l u a t i o n  p rov ide  a c h a l l e n g i n g  s e t  o f  t o p i c s  which 

should rank  h i g h l y  on t h e  n a t i o n a l  agenda f o r  p o l i c y  r e s e a r c h .  I t  seems c l e a r  

t h a t  government progrvns aimed a t  a c c e l e r a t i n g  t h e  pace  a t  which new techno- 

l o g i e s  become a v a i l a b l e  and a r e  u t i l i z z d  w i l l  absorb  a n  i n c r e a s i n g  s h a r e  of  

p u b l i c  r e s o u r c e s  over  t h e  coming y e a r s .  Our mixed c a p i t a l i s t  economy responds 

t o  such i n t e r v e n t i o n s  i n  complex ways t h a t  a n a l y s i s  can s e r v e  t o  i l l u m i n a t e ,  

s o  t h a t  t h e  p u b l i c  good can  be  se rved  i n  t h e  most e f f e c t i v e  and e f f i c i e n t  

marher.  
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1. INTRODUCTION AND BACKGROUND 

The f e d e r a l  government has  s e t  ou t  t o  develop new t e c h n i c a l  op t ions  f o r  

t h e  c o u n t r y ' s  energy s e c t o r .  However, u n l i k e  most p rev ious  p u b l i c  R&D 

e f f o r t s - - e s p e c i a l l y  t hose  i n  defense ,  space ,  and war-time production--the 

government i s  no t  s imul taneous ly  t h e  customer f o r  t h e  r e s u l t s .  There i s  no 

doubt t h a t  t h e  long-run measure of t h e  success  of t h e  U.S. Energy Research 

and Development Adminis t ra t ion  (ERDA) w i l l  b e  t h e  d e g r e e . t o  which i t s  new 

technologies  s e e  a c t u a l  a p p l i c a t i o n .  But under c u r r e n t  p o l i c y  and wel l -  

e s t a b l i s h e d  t r a d i t i o n ,  t h e  u l t i m a t e  technology choices  w i l l  be  l e f t  t o  p r i -  

v a t e  co rpo ra t ions  and t h e  normal o p e r a t i o n  of ou r  mixed c a p i t a l i s t  system of 

economic o rgan iza t ion .  This  c i rcumstance ,  coupled wi th  a s t r o n g  concern over  

mounting dependence on o i l  imports ,  n a t u r a l l y  l e a d s  t o  an a t t empt  by f e d e r a l  

a u t h o r i t i e s  t o  i n c r e a s e  t h e  r a t e  a t  which new t echno log ie s  a r e  adopted.  This  

is be ing  done through g r e a t e r  f e d e r a l  involvement i n  "commercial demonstra- 

t i o n s "  and o t h e r  "commercialization" schemes t o  h e l p  t h e  i n t r o d u c t i o n  of new 

energy t echno log ie s .  

It is  our  purpose (1) t o  exp lo re  t h e  i s s u e s  t h a t  a r i s e  i n  connect ion 

wi th  government a t tempts  t o  u se  commercial-scale demonst ra t ions  t o  s p u r  tech- 

n o l o g i c a l  change, ( 2 )  t o  review what i s  known about  t h e  economic and indus- 

t r i a l  p rocesses  t h a t  a r e  involved ,  and ( 3 )  t o  probe c r i t i c a l  a r e a s  of ignor-  

ance  i n  a n  a t t empt  t o  formula te  a n  agenda f o r  r e s e a r c h  i n  t h i s  a r e a .  We have 

p laced  a h igh  v a l u e  on r eco rd ing  w e l l  t h e  " f ac t s -o f - l i f e "  a s  we understand 

them. 



1.1 PAST AND PRESENT GOVERNMENT ACTIVITIES I N  SUPPORT OF TECHNOLOGICAL 
CHANGE 

The federa.1 government has  long been involved i n  suppor t ing  t e c h n o l o g i c a l  

change i n  t h e  United S t a t e s .  I n  t h e  p a s t  most of t h i s  suppor t  has  f i t  i n t o  

t h r e e  c a t e g o r i e s .  One ca tegory  i s  t h e  development of systems which a r e  p a r t  

of t h e  government's own procurement needs.  The bulk  of t h i s  e f f o r t  has  been 

i n  t h e  a r e a s  of m i l i t a r y  and space  technology. Much of modern c i v i l  a i r c r a f t  

technology has  come ou t  of t h i s  a c t i v i t y ,  even though i t  was no t  an  e x p l i c i t  

g o a l  of t h e  government 's R&D programs. 

The second ca tegory  i s  t h e  suppor t  of b a s i c  and app l i ed  r e s e a r c h ,  w i t h  
. . 

t h e  g o a l  of advancing technology a c r o s s  a broad f r o n t ,  i n  suppor t  of p a r t i c u -  

l a r  economic s e c t o r s ,  n a t i o n a l  de fense ,  o r  t h e  growth of t h e  economy a s  a 

whole. Fede ra l  investment  i n  a g r i c u l t u r a l  technology has a long h i s t o r y ;  o t h e r  

e f f o r t s  grew ou t  of t h e  World War I1 exper ience ,  and have been c a r r i e d  o u t  

p r i n c i p a l l y  by t h e  Nat iona l  Science Foundation and t h e  r e s e a r c h  o f f i c e s  of t h e  

m i l i t a r y  s e r v i c e s .  The d i s t i n g u i s h i n g  f e a t u r e  of t h i s  suppor t  has  been t 'he 
. . 

f a c t  t h a t  the  p r i v a t e  s e c t o r  w a s  f r e e  t o  develop and employ t h e  new technology 

accord ing  t o  i t s  own decision-making mechanisms. Genera l ly ,  government suppor t  

f o r  technology f o r  c i v i l i a n  use  was s topped when i t  was ready f o r  incorpora-  

t i o n  i n t o  pro to type  products .  

A t h i r d  ca tegory  has  been important  a t  t imes.  This  i s  government suppor t  

f o r  t h e  development and use  of new technologies  dur ing  war-time. A n o t a b l e  

example i s  t h e  f e d e r a l  f i nanc ing  of t h e  f i n a l  t e c h n i c a l  development, and t h e  

e x t e n s i v e  product ion ,  of s y n t h e t i c  rubber  dur ing  World War 11. A s  d i scussed  

i n  Appendix E, much of t h e  b a s i c  s c i e n c e  and technology of rubber  s y n t h e s i s  

w a s  a v a i l a b l e  a t  t h e  beginning of t h e  War. It had no t  been pu t  t o  commercial 



use  because t h e  c o s t  was s u b s t a n t i a l l y  g r e a t e r  t han  t h e  p r i c e  of n a t u r a l  

rubber .  When n a t u r a l  rubber  s u p p l i e s  were cu t '  o f f ,  t h e  government commenced 

a massive program t o  c o n s t r u c t  s y n t h e t i c  rubber  p l a n t s ,  u t i l i z i n g  a number 

of d i f f e r e n t  technologies .  I n  t h i s  c a s e  t h e  government was n o t  t h e  p r i n c i p a l  

purchaser  of t h e  product .  However, i t  i s  d i s t i n g u i s h e d  from t h e  c u r r e n t  

c ircumstance by t h e  e x t e n s i v e  war-time government c o n t r o l s  over  impor tan t  

s e c t o r s  of  t h e  economy--setting p r i c e s ,  a l locat . i .ng raw m a t e r i a l s  and i n t e r -  

mediate  goods, e t c .  So t h e  i n f a n t  syn the t i ' c  rubber  i n d u s t r y  could h a r d l y  be  

cons idered  " c o m e r c i a l "  under t h e  d e f i n i t i o n  used i n  t h i s  s tudy .  

The more r e c e n t  programs and p roposa l s  under s tudy  h e r e  a r e  d i f f e r e n t  

from t h e s e  e a r l i e r  exper iences  of f e d e r a l  involvement i n  R&D. I n  t h e  energy 

s e c t o r ,  government a c t i o n  i s  be ing  undertaken e x p l i c i t l y  f o r  t h e  purpose of 

suppor t ing  t h e  commercial a p p l i c a t i o n  of new technologies .  The technologies  

a t  i s s u e  may o r  may n o t  have been developed under government suppor t ,  b u t  a t  

any event  t h e  government is n o t  t h e  buy'er of t h e  product .  ' The t echno log ie s  

1 
a r e  t o  be  u t i l i z e d  by t h e  p r i v a t e  s e c t o r .  Commercialization programs were 

embodied i n  l e g i s l a t i o n  suppor t ing  t h e  i n t r o d u c t i o n  of s o l a r  h e a t i n g  and 

coo l ing  and geothermal energy,  which became l a w  i n  1 9 7 4 . ~  The most prominent 

'AS d i scussed  i n  a  r e c e n t  Rand s&dy, ["Analysis  o f  F e d e r a l l y  Funded Demon- 
s t r a t i o n  P r o j e c t s "  (The Rand Corporat ion,  Santa  Monica, C a l i f o r n i a ,  A p r i l ,  
1976) ,  Reports  R-1925-DOC, R-1926-DOC, R-1927-DOC], t h e r e  have been some 
programs of t h i s  s o r t  i n  t h e  p a s t .  The most prominent a r e  t h e  c i v i l i a n  
a p p l i c a t i o n  of n u c l e a r  power f o r  e l e c t r i c i t y  gene ra t ion ,  d i scussed  by Rand, 
and t h e  development of t h e  c i v i l  supe r son ic  t r a n s p o r t ,  d i s cussed  i n  Appendix 
D t o  t h i s  r e p o r t .  

2~~ 93-409, "The S o l a r  Heating and Cooling Demonstration Act of  1974"; PL 
93-410, "The Geothermal Energy Research and Development Act of 1974"; and 
PL 93-430, "The So la r  Energy Research, Development, and Demonstration Act 
of 1974." 



and, if it had become law, by far the largest, would have been "Synthetic 

Fuels Commercialization Program." The program was proposed by the 

I Administration. As reported out by the House Committee on Science and Tech- 

nology, ' the program would have entailed U. S . government loan guarantees and/ 
or price supports for synthetic fuel plants producing the equivalent of 

200,000 barrels of oil per day; $4 billion in loan guarantees'would have been 

authorized. 

This is the type of program we examine in this paper. However, our 

attention 'has not been limited to the solar, geothermal, or synthetic fuels 

proposals. Because 'it appears that there will be an increasing number of 

government-supported comercialization programs, we have attempted to focus 

on the general issues associated with the government-supported commerciali- 

. zation of energy-related technologies. 

1.2 THE FOCUS OF THIS STUDY: ERDA'S COMMERCIAL DEMONSTRATION PROGRAMS 

In a study of federal "comercializat:innl' activities there i~ s temp- 

tation to focus discussion on overall national energy goals and on the full 

range of policies that affect the energy sector. In particular, one of the 

most important influences on the viability of new energy technologies is the 

effective market price of energy--which is determined by policies regarding 

import quotas or tariffs, price controls, widespread subsidies or taxes, e t c .  

Here however, we do not focus on efforts to change the long-run market situa- 

tion for a new technical option, but rather on those activities aimed at 

L"~ecommendations for a Synthetic Fuels Commercialization Program," Synfuels 
Interagency Task Force, 1975, Four Volumes. 

211 I1 Loan Guarantees for Demonstration of New::Energy Technologies, U.S. House 
of Representatives Report No. 94-1170, May 16, 1976. 



getting an option into widespread commercial utilization within a given 

market environment. This is a realistic limitation because by and large 

the national policies that determine price and market conditions are made 

independently of their impact on any particular class of new technical 

options. This restriction holds with particular force as we analyze decisions 

by ERDA, which has statutory responsibility for the research, development, and 

demonstration (R,D&D) of new technical options, but not for the long-run con- 

ditions which comprise their marketing environment. 1 

ERDA's principal tool in its commercialization programs is the govern- 

ment-supported "commercial demonstration". That is, ERDA may subsidize (or 

perform itself) the first "commercial-scale" utilization of a new technical 

option. "Commercial-scale" may be roughly defined as the minimum scale which 

would be used if the option were being introduced into the marketplace by the 

private sector without government support. A distinguishing feature of the 

commercial demonstration (and the source of much confusion) is that the net 

revenues from sales of the product of the demonstration are likely to return 

2 a substantial fraction of the total investment required. This is in con- 

trast to the more common government-supported demonstration, which is gener- 

ally at smaller scale and uses technology less well developed. 

'1n the case of technology-specif ic subsidies, taxes, or regulations,, the 
decision to utilize them would obviously not be made independently of the 
state of the technology, but even in this case ERDA does not have the rele- 
vant responsibility (cf. FEA/ERDA Memorandum of Understanding, April, 1976). 
The case is similar for other technology-specific governmental controls, 
such as environn~ental regulations. 

2The confusion arises because production is not the principal purpose of the 
demonstration. Rather, the goal is to clarify the crucial uncertainties 
associated with the new technical option. This is addressed below at some 
length. 



1.3 ORGANIZATION OF THE STUDY 

Because the current and proposed commercialization activities are un- 

precedented in their complexity and scale, and because the overall energy 

policy of the country is in a continuing state of flux, it is necessary to 

begin this discussion with a statement and interpretation of the broad energy 

goals that have been set by the Administration and Congress. This is under- 

taken in Section 2, and an attempt is made to take these broad statements and 

re-phrase them into an operational definition of targets for federal activities 

in the area of commercial demonstration. A fundamental problem facing the 

agency is the estimation of the market conditions under which the substitution 

of new technologies is expected to take place, and this is addressed. 

Section 3 considers the role of the federal government in changing the 

technology of energy supply and utilization. To set the context for subse- 

quent discussion, a brief description of the process of technological change 

is presented, and an attempt is made to define where the point of "commercial- 

ization" is supported to occur. Given a brief description of the process, 

attention is turned to various flaws or "failures" in that process and to the 

role of federal intervention. 

Section 4 then examines the goals for commercial demonstration programs 

in particular, and the means for attaining them. The economics of the com- 

mercial introduction process is first discussed with a focus on the circum- 

stances where government-supported commercial demonstration projects are 

likely to be effective. The goals of commercial demonstration projects also 

may be met by other means at ERDA's disposal; these circumstances are examined 

as well. There follows a discussion of the political, legal, and instititional 

problems of commercial demonstration projects; even given a sound economic 

basis, the implementation of such projects faces substantial difficulties. 



F i n a l l y ,  t h e  s p e c i f i c  p o l i c y  measures f o r  suppor t ing  commercial demonst ra t ions  

a r e  addressed.  A , d e t a i l e d  review and a n a l y s i s  would b e  beyond t h e  scope of 

t h i s  s tudy .  Therefore ,  we have addressed  t h e  g e n e r a l  c r i t e r i a  which should 

b e  cons idered ,  and examined only  one of t h e s e  t o o l s  ( i . e . ,  l oan  gua ran tees )  i n  

any d e t a i l .  

F i n a l l y ,  i n  Sec t ion  5 we apply  t h e  g e n e r a l  p r i n c i p l e s  developed e a r l i e r  

t o  an a n a l y s i s  of t h e  problem of p r o j e c t  and program e v a l u a t i o n .  The d i s -  

cus s ion  becomes somewhat more formal  a t  t h i s  p o i n t ,  a s  t h e  n a t u r e  of t h e  in-  

vestment i n  a  commercial demonstrat ion p r o j e c t  is  examined. Sec t ion  5.3 

focuses  on our  key a r e a s  of ignorance ,  and comprises an  agenda f o r  r e s e a r c h  

i n  t h i s  v i t a l  p o l i c y  a r e a .  
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2. R,D&D AS A COMPONENT OF NATIONAL ENERGY POLICY 

2.1 THINKING ABOUT THE ENERGY PROBLEM: GAPS OR PRICES? 

Three y e a r s  a f t e r  t h e  o i l  embargo t h e r e  remains wide disagreement  about  

t h e  n a t u r e  of t h e  energy problem. Some s e e  a  fundamental s h o r t a g e  of re-  

sou rces ;  o t h e r s  a rgue  t h a t  i t  is  p r i m a r i l y  a  m a t t e r  of n a t i o n a l  s e c u r i t y .  

The o r i g i n  of t h e  problem i s  v a r i o u s l y  a t t r i b u t e d  t o  t h e  manipula t ions  of o i l  

companies, t o  t oo  much government i n t e r f e r e n c e  i n  p r i v a t e  marke ts ,  o r  t o  in-  

s u f f i c i e n t  f e d e r a l  a c t i o n  and too  l i t t l e  suppor t  f o r  new energy t echno log ie s .  

For some obse rve r s  t h e  answer i s  found i n  new energy sou rces  and i n  techno- 

l o g i c a l  change; f o r  o t h e r s  t h e  only s o l u t i o n  i s  a  fundamental r e v i s i o n  i n  the.----'"- 

va lues  and l i f e - s t y l e  of American s o c i e t y .  N a t u r a l l y ,  t h e s e  d i v e r g i n g  views 

l e a d  t o  c a l l s  f o r  a  v a r i e t y  of c o n f l i c t i n g  f e d e r a l  a c t i o n s .  The l a c k  of con- 

sensus  has  been d e b i l i t a t i n g  t o  t h e  e f f o r t s  of t h e  Adminis t ra t ion  and t h e  

Congress, and of p a r t i e s ,  t o  ach ieve  a  coord ina ted  and v i t a l  energy 

po l i cy .  

One split i n  viewpoint  i s  e s p e c i a l l y  impor tan t  t o  d i s c u s s i o n s  of f e d e r a l  

energy programs. So much misunderstanding and r e a l  d i f f e r e n c e  of op in ion  s tem 

from divergence  on t h i s  i s s u e  t h a t  i t  i s  important  t o  begin  w i t h  a c l e a r  s t a t e -  

ment of t h e  approach taken by t h e  a u t h o r s  of t h i s  s tudy .  The i s s u e  concerns 

t h e  c h a r a c t e r  of t h e  energy "crisis." and t h e  proper  way t o  fo rmula t e  s o l u t i o n s  

t o  i t .  On t h e  one hand, much thought  and a n a l y s i s  i s  focused on energy 

I 1  needs", o r  "gaps" i n  energy supply ,  t o  be  made good by t h e  p r o v i s i o n  of 



p a r t i c u l a r  f u e l s ,  o r  by conserva t ion .  The concen t r a t ion  is  on p h y s i c a l  f lows.  

Technologies a r e  r a t e d  accord ing  t o  how much can be  brought  on s t ream,  and 

how soon,  t o  cover  t h e  s h o r t f a l l s  o r  "gaps". 

An a l t e r n a t i v e  approach i s  t o  focus  on energy p r i c e s ' a s  they  o p e r a t e  i n  

a  market economy. I n  t h i s  view, t h e r e  i s  no such t h i n g  a s  an  energy "gap": 

supply i s  always equa l  t o  demand a b s e n t  p r i c e  c o n t r o l s  and r a t i o n i n g .  Some 

k inds  of supply may be  l e s s  d e s i r a b l e  because they  a r e  i n s e c u r e  o r  because 

they damage t h e  environment. But i n  a l l  c a ses  t h e  c e n t r a l  q u e s t i o n  i s  t h e  

same: what p r i c e  . . a r e  we w i l l i n g  t o  pay t o  hold imports  down o r  avoid environ- 

mental  l o s s e s ?  Prom t h i s  viewpoint  t h e  most important  f a c t  about  a  techno- 

logy  i s  not  t h e  e x t e n t  t o  which i t  may "c lose  t h e  gap" b u t  i t s  c o s t ,  f o r  i t  

is c o s t  i n  r e l a t i o n  t o  p r i c e  t h a t  w i l l  determine whether i t  makes any c o n t r i -  

b u t i o n  a t  a l l .  

The d i f f e r e n c e  i n  viewpoint  is  fundamental.  Usual ly i t  i s  n o t  a  d ive r -  

gence of ideology.  Rather ,  i t  is a d i f f e r e n c e  i n  pe rcep t ion  of how the U.S. 

economy a c t u a l l y  o p e r a t e s ,  of the  d r i v i n g  force behind changes i n  the energy 

s e c t o r ,  and about  what p o l i c y  t o o l s  are going t o  be app l i ed .  I f  t h e  circum- 

s t a n c e  i s  formulated i n  terms of "needs" and t h e  f a i l u r e  of assured  supply,  

t hen  t h e  t a s k  of government is  t o  f i n d  new supply and u t i l i z a t i o n  t echno log ie s ,  

des ign  and b u i l d  them, and ensure  t h a t  they a r e  used. This  is  t h e  way energy 

is  managed i n  t h e  c e n t r a l l y - c o n t r o l l e d  economies (where t h e  "needs" approach 

i s  c a l l e d  t h e  method of "energy ba lances") .  I f  t h e  p o l i c y  t o o l s  a r e  a v a i l a b l e  

and t h e  s o c i e t y  w i l l s  t o  u se  them, then  t h e  view i s  p e r f e c t l y  a p p r o p r i a t e .  

By consensus many s e r v i c e s  a r e  provided t h a t  way i n  t h i s  country--e.g. ,  p o s t a l  

s e r v i c e ,  highways. Such an  approach w a s  s u c c e s s f u l l y  and a p p r o p r i a t e l y  used 

f o r  t h e  p lanning  and subsequent p rov i s ion  of key commodities du r ing  World War 



11. A s  d i scussed  i n  Appendix E ,  t h e  "gap" l e f t  by Japanese  c o n t r o l  of n a t u r a l  

rubber  s u p p l i e s  was s u c c e s s f u l l y  c lo sed  by government-supported product ion ,  

supplemented by d e t a i l e d  r e g u l a t i o n  of t h e  impor t a t ion ,  p r i c i n g  and u t i l i z a -  

t i o n  of a v a i l a b l e  s y n t h e t i c  and n a t u r a l  rubber  s u p p l i e s .  

The i s s u e  i s  whether t h e  approach v i a  "needs" and "gapstt  i s  a p p r o p r i a t e  

w i th  r ega rd  t o  t h e  United S t a t e s  over  t h e  nex t  few decades.  I n  t h e  p a s t ,  

energy p r o v i s i o n  has been l e f t  t o  t h e  workings of p r i v a t e  markets--some regu- 

l a t e d  and some no t .  Energy p r i c e s  and t h e  r e l a t i o n  of t hose  p r i c e s  t o  t h e  

c o s t s  of domest ic  supply and conse rva t ion  measures have been t h e  p r i n c i p a l  

de te rminants  of t h e  magnitude and composi t ion of t h e  energy s e c t o r ,  and of 

energy imports .  The d r i v i n g  f o r c e  has  been p r o f i t s ,  w i t h  t h e  government a s  

one of t h e  de te rminants  of what was p r o f i t a b l e . 1  Whether t h i s  should cont inue  

i s  a  m a t t e r  of some d i s p u t e .  Perhaps t h e  n a t i o n a l  s e c u r i t y  problem p resen ted  

by o i l  dependence r e q u i r e s  a  d r a s t i c  change. Perhaps t h e  p r i c e s  impl ied  by a  

commitment t o  energy independence a r e  s o c i a l l y  i n t o l e r a b l e  because of t h e  po- 

t e n t i a l  impact on l i f e - s t y l e  and on t h e  income d i s t r i b u t i o n .  If s o ,  techno- 

l o g i c a l  change m a y . r e l i e v e  t h i s  squeeze by producing energy a t  c o s t s  lower 

than  o the rwi se  a v a i l a b l e .  I f  t h e  new technologies  d i d  n o t  prove compet i t ive  

then  they would need t o  be  subs id i zed ,  and more government d i r e c t i o n  of energy 

markets would s e r v e  t h i s  end: 

The hypo thes i s  adopted h e r e  i s  t h a t  f o r  t h e  f o r e s e e a b l e  f u t u r e  we a r e  not 

l i k e l y  t o  i n s t i t u t e  fundamental changes i n  t h e  s t r u c t u r e  of t h e  energy s e c t o r ,  

o r  move i n  a determined,  d e c i s i v e  way t o  a  more c e n t r a l l y - c o n t r o l l e d  energy 

$or example, wh i l e  leaving-  most investment  and o p e r a t i n g  cho ices  t o  t h e  p r i -  
v a t e  s e c t o r ,  p u b l i c  p o l i c y  has  had a  g r e a t  e f f e c t  on t h e  o i l  s e c t o r  through 
v a r i o u s  f i n a n c i a l  i n c e n t i v e s ,  such a s  t h e  f o r e i g n  t a x  c r e d i t  and t h e  deple- 
t i o n  allowance. 



economy. For better or worse, the market system will predominate in the U.S. 

In fact the very word "commercialization" presumes that the market system 

will predominate in the er.ergy sector. 

If private markets will pervade the energy sector, then "gap" analysis 

(which tends to ignore prices and profits) involves analytical and planning 

tools, and more importantly, policy prescriptions, that are inconsistent with 

the facts of our economic organization. "Commercial demonstration" of new 

technologies, either supply-augmenting or demand-diminishing, can lead to 

economically viable new industries only if the expected price regime which 

these technologies will face provides the incentives for investments to bring 

them forth. When the role of prices is ignored, the policy goals seem to be 

those of reducing uncertainties regarding costs of the new technologies. The 

implicit assumption is that when the new technologies are demonstrated as 

technically feasible and the uncertainties regarding costs and productivities 

are "eliminated", commercial penetration is assured. In fact, these activities 

may have very little to do with commercial potential, unless one imagines a 

massive increase in government direction of energy markets. 

2.2 NATIONAL ENERGY GOALS 

Against this viewpoint, we may contrast recent proclamations of national 

energy goals. As stated by the current Administration, these goals are 

heavily related to national security, and to the holding down of energy costs 

to the American consumer. Three main policy goals were put forth in the 1975 

State-of-the-Union message and reaffirmed in the 1976 Energy Message: 



--"Firs t ,  t o  h a l t . o u r  growing dependence on imported o i l  d u r i n g  t h e  
next  few c r i t i c a l  y e a r s .  

11 -- Second, t o  a t t a i n  energy independence by 1985 by ach iev ing  invul -  
n e r a b i l i t y  t o  d i s r u p t i o n s  caused by o i l  import  embargoes. Spec i f i -  
c a l l y ,  we must reduce  o i l  impor ts  t o  between 2 and 3 m i l l i o n  b a r r e l s  
a day, w i t h  an  accompanying a b i l i t y  t o  o f f - s e t  any f u t u r e  embargo 
w i t h  s t o r e d  petroleum r e s e r v e s  and emergency s tandby measures.  

--"Third, t o  mobi l ize  our  technology and r e s o u r c e s  t o  supply  a s i g n i f i -  
c a n t  s h a r e  of t h e  f r e e  wor ld ' s  energy needs beyond 1985." 

I n  add i ton ,  t h e  Adminis t ra t ion  has  enuncia ted  a  s e t  of p r i n c i p l e s  t h a t  a r e  t o  

gu ide  t h e  development of t h e  program: 

--"Provide energy t o  t h e  American consumer a t  t h e  lowest  p o s s i b l e  c o s t  
c o n s i s t e n t  w i t h  our  o v e r a l l  economic g o a l s .  

11 -- Make energy d e c i s i o n s  c o n s i s t e n t  w i th  ou r  o v e r a l l  economic goa l s .  

I I  -- Balance environmental  goa l s  w i t h  energy requi rements .  

--"Rely upon t h e  p r i v a t e  s e c t o r  and market f o r c e s  a s  t h e  most e f f i c i e n t  
means of ach iev ing  t h e  Nat ion ' s  g o a l s ,  b u t  a c t  through t h e  government 
where t h e  p r i v a t e  s e c t o r  is unable t o  ach ieve  ou r  g o a l s .  

I 1  -- Seek e q u i t y  among a l l  ou r  c i t i z e n s  i n  s h a r i n g  of  b e n e f i t s  and c o s t s  
of our  energy program. 

I t  -- Coordinate  ou r  energy p o l i c i e s  wi th  t h o s e  of o t h e r  consuming n a t i o n s  
t o  promote interdependence,  a s  w e l l  as independence. 1 1 1  

The t h r e e  main p o l i c y  g o a l s  a r e  s t a t e d  i n  terms of p h y s i c a l  q u a n t i t i e s  

and, fo l lowing  t h e  argument l a i d  o u t  above, one 's  view of t h e  t a s k  of a  fed- 

e r a l  energy R,D&D agency i s  s t r o n g l y  condi t ioned  by t h e  s e r i o u s n e s s  t h a t  i s  

a t t a c h e d  t o  t h e s e  p h y s i c a l  t a r g e t s .  I f  t h e  import  "gap" must b e  c losed  t o  

3-to-5 m i l l i o n  b a r r e l s  p e r  day by 1985, then  t h e  t a s k  of a n  R,D&D agency is  

c l e a r :  p repa re  t h e  technologies  t o  c l o s e  t h e  gap, a t  minimum cos t , '  a s  wi th  

'These g o a l s  and g u i d e l i n e s  a r e  d i scussed  i n  ''A Nat iona l  P l an  f o r  Energy Re- 
s e a r c h ,  Development and   em on strati on: Crea t ing  Energy Choices f o r  t h e  
Future" (ERDA, A p r i l ,  1976) ,  ERDA Report  No. 76-1.. . 



m i l i t a r y  procurement. Moreover, i t  is  n o t  unreasonable  f o r  R,D&D managers t o  

assume t h a t  t h e  necessary  f e d e r a l  r e g u l a t i o n s  and d i r e c t i v s s  t o  employ t h e  new 

t echno log ie s  w i l l  be  forthcoming "where t h e  p r i v a t e  s e c t o r  is  unable t o  achieve  

ou r  goals" .  E l s e  t h e  g o a l  would no t  be  s t a t e d  s o  s t a r k l y .  

On t h e  o t h e r  hand, i f  one assumes t h a t  t h e  country i s  not l i k e l y  t o  in- 

s t i t u t e  a major s h i f t  toward government d i r e c t i o n  of energy supply  and u t i l i z a -  

t i o n ,  t hen  more a t t e n t i o n  must focus  on t h e  t r a d i t i o n a l  f o r c e s  t h a t  have moved ~ 
t h e  energy sec to r - -p r i ce s ,  c o s t s ,  and p r o f i t s . '  One's p o l i t i c a l  judgment may 

~ 
I 

be t h a t ,  f o r  t h e  people  and Congress,  t h e  g o a l  of 1985 i m p o r t s . a t  h a l f  t h e  

c u r r e n t  l e v e l  i s  n o t  s o  impor tan t  a s  t o  o v e r r i d e  o t h e r  a s p e c t s  of f e d e r a l  

p o l i c y  and we l l - e s t ab l i shed  t r a d i t i o n .  O r ,  one may f e e l  t h a t  such a  g o a l  (and 

t h e  use  of f e d e r a l  programs t o  a t t a i n  i t )  is  simply w a s t e f u l ;  t h e  p r i c e  is  too  

h igh ,  p a r t i c u l a r l y  cons ide r ing  a l t e r n a t i v e  methods f o r  ame l io ra t ing  t h e  secur-  

i t y  problem. E i t h e r  way, r a t h e r  than  formula te  t h e  i s s u e  i n  terms of s t r i c t  

q u a n t i t a t i v e  t a r g e t s  one w i l l  tend t o  t h i n k  i n  terms of p r i c e s ,  and of an  ob- 

j e c t i v e  of lowering t h e  c o s t s  of new t echno log ie s .  

Of course ,  i n  focus ing  s o  c l o s e l y  on t h e  r e a l  f lows of d i l  and t h e i r  

c o s t s ,  t h e r e  a r e  s u b t l e t i e s . i n  t h e  R,D&D p o l i c y  t h a t  may be  overlooked. I n  

p a r t i c u l a r ,  t h e r e  may be  s i g n i f i c a n t  i n t e r n a t i o n a l  and p o l i t i c a l  a s p e c t s  i n  

t h e  medium term, s ay  through 1990, even though t h e  d i r e c t  e f f e c t  of "comer-  

c i a l i z a t i o n "  e f f o r t s  on o i l  imports  w i l l  be  q u i t e  sma l l .  Thus, t h e r e  appar- 

e n t l y  i s  some hope t h a t  merely s i g n a l l i n g  ou r  i n t e n t i o n  u l t i m a t e l y  t o  reduce 

U.S. dependence on Arab expor t s  w i l l  i n f l u e n c e  t h e  psychologica l  environment 

of i n t e r n a t i o n a l  diplomacy s o  a s  t o  reduce t h e  l eve rage  and ba rga in ing  power 

of t h e  Arab s t a t e s .  The room f o r  American i n i t i a t i v e  w i l l  be  increased ' ,  and 

t h e  l i k e l i h o o d  of Arab n a t i o n s  t ak ing  (o r  t h r e a t e n i n g )  a c t i o n s . i n i m i c a 1  t o  



Ameiican i n t e r e s t  w i l l  d e c l i n e .  

There is ano the r  r e l a t e d  p o i n t .  The dependence on o u r  Japanese  and 

European a l l i e s  on Arab o i l  is much g r e a t e r  t han  t h a t  of  t h e  U.S. i t s e l f ;  

t h i s  is  t r u e  now and w i l l  con t inue  i n  t h e  f u t u r e .  Under t h e  assumption t h a t  

t h e  economic s t r e n g t h  and f o r e i g n  p o l i c y  o r i e n t a t i o n  of  t h e s e  a l l i e s  w i l l  be  

no l e s s  impor tan t  i n  t h e  f u t u r e  t han  they  = r e  now, t h e  r e s i s t a n c e  t o  coe rc ion  

of Europe and Japan is a l s o  an  impor tan t  f o r e i g n  p o l i c y  o b j e c t i v e  f o r  the 

U.S. Yet t h e r e  is no p rospec t  of  t h e s e  n a t i o n s ,  as a group,  reducing  t h e i r  

r e l a t i v e  dependence on o i l  imports  t o  even t h e  p r e s e n t  U.S. l e v e l ,  which is  

widely cons idered  t o  be unacceptably high.  Thus, even wi th  ze ro  impor ts  t o  

t h e  United S t a t e s ,  we would be f a r  from t r u e  "energy independence." 

Of course ,  what people  b e l i e v e  may be  a s  impor tan t  a s  t h e  f a c t s  of  t h e  

ma t t e r  s o  f a r  as unders tanding  developments i n  f e d e r a l  p o l i c y  a r e  concerned. 

The a b i l i t y  of t h e  United S t a t e s  t o  r e t a i n  i t s  p o s i t i o n  of l e a d e r s h i p  i n  in-  

t e r n a t i o n a l  n e g o t i a t i o n s  over  energy and r e l a t e d  i s s u e s  of t h e  wor ld ' s  d i s -  

t r i b u t i o n  of income and power w i l l  depend i n  p a r t  on pe rcep t ions  of America's 

w i l l i n g n e s s  t o  make major commitments t o  s o l v e  i t s  own energy problems. I n  

t h e s e  complex i n t e r n a t i o n a l  p roces ses ,  t h e  commerc ia l iza t ion  a c t i v i t i e s  may 

p l ay  a n  important  symbolic r o l e .  

Doubtless ,  much of t h e  h i s t o r y  of t h e s e  programs, e s p e c i a l l y  t h e  syn- 

t h e t i c  f u e l s  commercial izat ion program, has  been in f luenced  by t h i s  a s p e c t .  

Unfor tuna te ly ,  ambitious-sounding programs, widely pub l i c i zed  i n t e r n a t i o n a l l y ,  

can reduce U.S. c r e d i b i l i t y  i f  they  come t o  be seen  a s  mere words. The 

n a t i o n a l  p o l i c y  of "P ro jec t  Independence", a s  dec l a red  i n  t h e  c r i s i s  months 

of 1973-1974, is now widely d i s c r e d i t e d  abroad ( a s  w e l l  as a t  home). A t  t h a t  

t ime t h e  government p o l i c y  w a s  t h a t  world o i l  p r i c e s  were " too high" and t h a t  



a combination of domestic and f o r e i g n  p o l i c y  would b r i n g  them down. They have 

r i s e n  by n e a r l y  50 p e r c e n t  s i n c e  then.  

Based on t h e s e  obse rva t ions ,  w e  may accep t  t h e  broad s e n s e  of t h e  goa l s  

s t a t e d  above, b u t  w e  may want t o  r e v i s e  t h e  language somewhat. F i r s t ,  we have 

a n a t i o n a l  s e c u r i t y  problem which i s  c r e a t e d  by t h e  f a c t  t h a t  we import a  l a r g e  

f r a c t i o n  of o u r  petroleum from a sma l l  group of c o u n t r i e s .  One goa l  i s  t o  re -  

duce t h i s  i n s e c u r i t y ,  perhaps by lowering the  demand f o r  impor ts  i n  t h e  s h o r t  

r u n  and by avoid ing  h igh  import l e v e l s  i n  t h e  f u t u r e .  Presumably t h e r e  is  

some domestic c o s t  beyond which w e  would nul: go i n  a t t empt ing  t o  reduce i m -  

p o r t s ,  f o r  a t  some l e v e l  t h e r e  a r e  o t h e r ,  l e s s  expensive ways t o  d e a l  wi th  t h e  

s e c u r i t y  problem (e .g . ,  more e x t e n s i v e  s t o r a g e  schemes). 

Second, t h e r e  i s  a  longer-run problem of t h e  t r a n s i t i o n  from o i l  and gas 

t o  o t h e r  energy sources .  The government does w e l l  t o  be  concerned wi th  t h i s  

t r a n s i t i o n  q u i t e  a p a r t  from t h e  n a t i o n a l  s e c u r i t y  problem. Once a g a i n ,  t h e  

goa l  can be s t a t e d  i n  terms of powering t h e  demand f o r  energy i n  t h e  longe r  

term, though presumably n o t  a t  any p r i c e .  

2 . 3  MEANS OF MOVING TOWARD NATIONAL GOALS 

I f  we may accep t  t h i s  more g e n e r a l  d e s c r i p t i o n  of t h e  goa l s  of p o l i c y ,  

then  we may proceed by n o t i n g  t h a t  t h e r e  a r e  two ways t o  reduce  t h e  demand f o r  

o i l :  

( i )  Lower t h e  demand f o r  energy s e r v i c e s ,  i n  p a r t i c u l a r  those  s e r v i c e s  
i nvo lv ing  petroleum-using technologies .  A s  d e l i v e r e d  energy p r i c e s  
change, t h e  demand f o r  energy s e r v i c e s  w i l l  be  a f f e c t e d .  For ex- 
ample, h ighe r  g a s o l i n e  p r i c e s  w i l l  reduce t h e  v e h i c l e  m i l e s  
t r a v e l e d  ( a l l  e l s e  he ld  t h e  same). 

( i i )  S u b s t i t u t e  o t h e r  f a c t o r s  of product ion  f o r  petroleum products  i n  
producing a  g iven  l e v e l  of energy s e r v i c e s .  Such f a c t o r s  i nc lude  
bo th  o t h e r  primary energy sou rces ,  and o t h e r  f a c t o r s  of product ion  
( c a p i t a l ,  l a b o r ,  and o t h e r  m a t e r i a l  i n p u t s ) .  



Fac to r  s u b s t i t u t i o n  may t ake  p l a c e  e i t h e r  through r e g u l a t i o n ,  o r  changes 

i n  r e l a t i v e  f a c t o r  p r i c e s .  Examples of impor tan t  s u b s t i t u t i o n s  which could 

be induced e i t h e r  by r e g u l a t i o n  o r  p r i c e  changes inc lude  us ing  c o a l  and/or  

n u c l e a r  power t o  r e p l a c e  o i l  i n  base-load e l e c t r i c  power g e n e r a t i o n ,  o r  t h e  

use  of c o a l  i n  p l a c e  of petroleum products  a s  a  b o i l e r  f u e l  i n  o p e r a t i n g  

petroleum r e f i n e r i e s .  C a p i t a l  and l a b o r  may a l s o  be  s u b s t i t u t e d  f o r  petroleum 

i n  b o i l e r  u se ,  f o r  example, through more f r equen t  i n s p e c t i o n  and maintenance 

of b o i l e r  equipment, and by t h e  i n s t a l l a t i o n  of more e l a b o r a t e  moni tor ing  

systems f o r  d e t e c t i n g  l e a k s .  

The s u b s t i t u t i o n  p roces s  works both  ways, of course .  A s  o i l  p r i c e s  f e l l  

over  t h e  p a s t  few decades,  t h e r e  was a s h i f t  away from c o a l  and wood t o  o i l .  

L a t e r ,  w i th  t h e  ex t ens ion  of p i p e l i n e s ,  t h e  same process  occurred  f o r  n a t u r a l  

gas .  Also, w i t h  f a l l i n g  energy p r i c e s ,  consumers s u b s t i t u t e d  energy f o r  o t h e r  

i n p u t s  and dropped t h e  use  of energy-saving methods. For example, a s  d i s -  

cussed i n  Appendix B,  t h e  u se  of r e c u p e r a t o r s  f o r  cap tu r ing  t h e  h e a t  i n  s t a c k  

gases  was common i n  t h e  e a r l y  p a r t  o f  t h e  cen tu ry ,  b u t  t h i s  dev ice  d isappeared  

from many i n d u s t r i e s  a s  t h e  p r i c e  of energy f e l l  ( r e l a t i v e  t o  c a p i t a l )  over  

t h e  i n t e r v e n i n g  decades. I f  r e l a t i v e  energy p r i c e s  r i s e ,  t h e  r e v e r s e  p roces s  

t akes  p l ace .  

Three types  of government a c t i o n s  may i n f l u e n c e  t h e  p roces s :  

(1) Regula t ion  of supply and u t i l i z a t i o n  technology: For example, t h i s  
might involve  r u l e s  a g a i n s t  i n s t a l l a t i o n  of o i l - f i r e d  b u r n e r s ,  t h e  
55 mph speed l i m i t ,  o r  energy-conserving b u i l d i n g  codes f o r  new 
r e s i d e n t i a l  and commercial demonstrat ion.  

( 2 )  P r i c e  c o n t r o l s  and f i n a n c i a l '  s u b s i d i e s  : ~ o v e r n m e n t  p o l i c y  in-  
f l u e n c e s  s u b s t i t u t i o n  by a f f e c t i n g  t h e  r e l a t i v e  p r i c e s  of f a c t o r s  
of product ion .  



( 3 )  Lowered c o s t s :  The government may t a k e  measures which lower t h e  
supply  c o s t s  of f a c t o r s  competing wi th  o i l ,  thereby  encouraging 
s u b s t i t u t i o n .  

But i t ems  1 and 2 above a r e  n o t  i n  ERDA's hands. Moreover, i t  i s  n o t  l i k e l y  

t h a t  t h e  f e d e r a l  government w i l l  under take  major r e v i s i o n s  i n  t h e  n a t u r e  and 

degree  of f e d e r a l  d i r e c t i o n  of energy markets  through l a rge - sca l e  e f f o r t s  a t  

technology r e g u l a t i o n  o r  wide-scale subs idy  programs. 

Therefore ,  t h e  key means by which ER,DA can s e r v e  n a t i o n a l  energy goa l s  

may be very  simply and s t a r k l y  s t a t e d :  Lower t h e  c o s t  of s u b s t i t u t e s  f o r  o i l ,  

boch now and i n  t h e  f u t u r e .  That i s ,  t h e  b a s i c  purpose of t h e  ERDA prngrams 

can  be  seen  as t h e  lowering of t h e  c o s t  of s u b s t i t u t i o n  of o t h e r  energy 

sou rces  o r  o t h e r  i n p u t s  f o r  o i l  i n  t h e  n e a r  term, and lowering t h e  c o s t  of 

t r a n s i t i o n  away from o i l  t o  more abundant (o r  i n e x h a u s t i b l e )  energy sources  

i n  t h e  f u t u r e .  

The f i r s t  and most impor tan t  way t o  do t h i s  is  t o  suppor t  energy R&D. By 

performing such work i t s e l f ,  o r  suppor t ing  i t  e l sewhere ,  ERDA can  a c t u a l l y  

change t h e  n a t u r e  of t h e  technology t r ade -o f f .  Ry making now t echno log ica l  

o p t i o n s  a v a i l a b l e ,  ERDA can a c t u a l l y  lower t h e  t r u e  c o s t s  of s u b s t i t u t e s  f o r  

o i l .  

I n  t h i s  paper ,  however, we focus  on a  second way i n  which ERDA can reduce 

t h e  c o s t  of s u b s t i t u t e s - - i . e . ,  t o  s u b s i d i z e  t h e  i n t r o d u c t i o n  of new t ~ c h n o -  

l o g i e s  i n t o  t h e  marketplace.  Gen.erally b e f o r e  commercial-scale usage of a  new 

product  o r  process  is  undertaken,  t h e  major t e c h n i c a l  u n c e r t a i n t  i es -assoc ia ted .  

w i t h  i t  have been r e so lved .  On t h e  o t h e r  hand, many of t h e  d e t a i l s  which w i l l  

u l t i m a t e l y  determine its' r e a l  c o s t  may remain t o  be f i x e d .  Thus t h e r e  o f t e n  

a r e  s u b s t a n t i a l  i n t r o d u c t i o n  c o s t s ,  which must be borne by some p ionee r  f i rm ,  

o r  f i r m s ,  b e f o r e  t h e  new optio'n can achieve  widespread adopt ion .  These i n t r o -  

d u c t i o n  c o s t s  a r e  most o f t e n  a s s o c i a t e d  wi th  t h e  lowering of t h e  t e c h n i c a l ,  



i n s t i t u t i o n a l ,  l e g a l ,  and r e g u l a t o r y  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  l a r g e - s c a l e  

product ion  and widespread usage.  ERDA1s method f o r  g i v i n g  t h i s  subs idy  has  

been t h e  commercial aemonstrat ion.  Through subsidj-zed commercial demonst ra t ion ,  

ERDA lowers  t h e  c o s t s  of s u b s t i t u t i o n ,  and t h e r e f o r e  i n d i r e c t l y  reduces  t h e  

c o s t  of t h e  s u b s t i t u t e .  

Needless t o  s ay ,  t h i s  is  a  ve ry  roughly summarized view of what ERDA can  

do. It is  u s e f u l  t o  have even such a crude  concept ion ,  however, when d i s -  

cus s ing  t h e  i s s u e  of commercial demonst ra t ion ,  f o r  i t  i s  t h i s  a s p e c t  of  ERDA 

p o l i c y  t h a t  most d r a m a t i c a l l y  r a i s e s  t h e  ques t ion  of t h e  p r o c e s s  by which new 

t echno log ie s  a r e  adopted i n  t h e  economy and of t h e  d i f f i c u l t y  of any a t t empt  

t o  a f f e c t  t h e  d i r e c t i o n  and pace of. t h i s  t e c h n o l o g i c a l  change. 

2.4 THE PR.ORLEM OF THE "PLANNING PRICE'' 

Through R,D&D t h e  f e d e r a l  government i s  under tak ing  t o  develop new lower- 

c o s t  t echno log ie s  f o r  adop t ion  i n  p r i v a t e  markets .  Where t h e r e  a r e  s p e c i a l  

problems a t  t h e  p o i n t  of market i n t r o d u c t i o n ,  ERDA w i l l  u s e  t h e  mechanism of 

commercial demonstrat ion t o  t r y  t o  a c c e l e r a t e  market p e n e t r a t i o n .  N a t u r a l l y ,  

f o r  each technology,  t h e r e  is  some s e t  of market c o n d i t i o n s  t h a t  w i l l  have t o  

be met. There a r e  s e v e r a l  a s p e c t s  of energy markets t h a t  a r e  r e l e v a n t ,  b u t  

t h e  most important  is  t h e  energy p r i c e  i t s e l f .  For t echno log ie s  t h a t  promise 

t o  ach ieve  a  c o s t  below expected market p r i c e s ,  t h e r e  is  a  r ea sonab le  ex- 

p e c t a t i o n  t h a t  t h e  s u b s t i t u t i o n  d i scussed  above w i l l  t a k e  p l ace .  For those  

wi th  l e s s  promise f o r  c o s t  r educ t ion  t h e r e  is no such expec ta t ion .  Of cou r se ,  

ERDA1s miss ion  i s  t o  f i n d  and suppor t  t h e  technologies  t h a t  o f f e r  promise of  

be ing  compet i t ive ,  and t o  do t h i s  t h e r e  must be  some n o t i o n  of what p r i c e  i s  

a p p r o p r i a t e  f o r  t h e  a n a l y s i s  and s e l e c t i o n  process .  



A s  one looks  forward t o  t h e  adopt ion  d e c i s i o n s  by p r i v a t e  f i r m s ,  t h e r e  

a r e  o t h e r  f a c t o r s  bes ides  expected p r i c e  t h a t  a r e  impor tan t .  For example, 

t h e  r i s k  perce ived  by a  f i r m  contemplat ing investment  i n  a  new technology i s  

a f f e c t e d  not  on ly  by t h e  expected f u t u r e  p r i c e s  bu t  by e x p e c t a t i o n s  about  t h e  

r u l e s  o r  procedures  by which those  p r i c e s  w i l l  b e  s e t .  It  i s  one t h i n g  i f  

p r i c e s  a r e  expected t o  fo l low,  more o r  l e s s ,  t h e  developments i n  world energy 

markets ;  i t  i s  q u i t e  ano the r  i f  t h e r e  i s  a p rospec t  of cont inued domest ic  

p r i c e  c o n t r o l s  ( o r  s e l e c t i v e  s u b s i d i e s ) ,  o r  of a n  a c t i v e  t a r i f f l q u o t a  p o l i c y ,  

even if t h e  e x p e r t ~ d  p r i c e  i s  roughly t h c  same. A p o l i c y  of more widespread 

r e g u l a t i o n  of r a t e s  of  r e t u r n  r e p r e s e n t s  y e t  ano the r  s t a t e  of f u t u r e  markets ,  

and t h e  c a l c u l a t i o n  of t h e  v i a b i l i t y  of p a r t i c u l a r  technologies  might be  d i f -  

f e r e n t  y e t  aga in .  

Thus, i n  o r d e r  t o  a l l o c a t e  i t s  r e sources  e f f i c i e n t l y ,  ERDA i s  faced  wi th  

a con t inu ing  problem of determining an  a p p r o p r i a t e  s e t  of l i k e l y  p r i c e s ,  and 

o t h e r  market c o n d i t i o n s ,  which i t s  t echno log ie s  must confront  i n  f u t u r e  y e a r s .  

The i n c o r p o r a t i o n  of t h e s e  cons ide ra t ions  is  p a r t i c u l a r l y  important  i n  t h e  

e v a l u a t i o n  of commercial demonstrat ion programs, where t h e  hope is t h a t  t h e  

technology w i l l  prove p r o f i t a b l e  ( a s  perce ived  by p r i v a t e  market c a l c u l a t i o n s )  

a t  t h e  complet ion of t h e  program. Today many domest ic  energy p r i c e s  a r e  be ing  

h e l d  down by p r i c e  c o n t r o l s ,  even below t h e  c o s t  of imports .  There has  been 

d i s c u s s i o n  of a  t a r i f f  f l o o r ,  t o  p r o t e c t  inves tments  a g a i n s t  t h e  r i s k  of 

f a i l u r e  of t h e  o i l  c a r t e l ,  bu t  no p o l i c y  has  been s e t .  S i m i l a r l y ,  long-term 

s u b s i d i e s  f o r  s p e c i f i c  f u e l s  have been proposed', b u t  t h e  i s s u e  is  n o t  reso lved .  

Even t h e  fundamental s t r u c t u r e  of  energy supply  indus t r i e s - -p r iva t e  ve r sus  

p u b l i c  ownership and development, o r  t h e  r e g u l a t i o n  of r a t e s  of re turn- - i s  

t h e  s u b j e c t  of s e r i o u s  ques t ion ing ,  p a r t i c u l a r l y  i n  t h e  a r e a  of new bu lk  



supply t echno log ie s .  

Thus, i n  a n t i c i p a t i o n  05 i n c r e a s e s  i n  energy p r i c e ,  ERDA may c a r r y  new 

technologies  t o  commercial-scale demonstrat ion and even s u b s i d i z e  t h e  f i r s t  

one o r  two p l a n t s  i n  o r d e r  t o  avoid  de l ay  i n  working o u t  c r i t i c a l  t e c h n i c a l  

problems and i n s t i t u t i o n a l  b a r r i e r s .  But then  two d i s t u r b i n g  q u e s t i o n s  emerge: 

(1)  Where does t h e  p roces s  of demonstrat ion end and t h a t  of longer-term 
subs idy  begin ,  and how f a r  a long  t h i s  p roces s  should ERDA c a r r y  i t s  
a c t i v i t i e s ?  A t  p r e s e n t ,  ERDA has  no mandate t o  c a r r y  o u t  long-term 
subs idy  programs. 

( 2 )  What t a r g e t s ,  i n  terms of expected p r i c e  and o t h e r  market condi- 
t i o n s ,  should ERDA b e  s t r i v i n g  f o r  w i th  each of i t s  t echno log ie s?  
C l e a r l y  t h e  proper  t iming  of expend i tu re s  on p a r t i c u l a r  types  of 
technology,  and t h e  a l l o c a t i o n  among d i f f e r e n t  t echno log ie s ,  de- 
pends on t h e  l i k e l y  f u t u r e  t r a j e c t o r y  of energy p r i c e  and energy 
s e c t o r  o rgan iza t ion .  But t h e s e  market c o n d i t i o n s  a r e  be ing  s e t  
f o r  a  h o s t  of reasons  o t h e r  than  t h e i r  i n f l u e n c e  on s u b s t i t u t i o n  
i n  t h e  energy s e c t o r .  

It is  n o t  c l e a r  t o . w h a t  degree  ERDA has  a  r e s p o n s i b i l i t y  o r  a mandate t o  t r y  

t o  o v e r r i d e  o r  c o r r e c t  f o r  t h e  r e s u l t s  of domest ic  p r i c e  c o n t r o l  p o l i c y ,  o r  t o  

t r y  t o  i n f l u e n c e  t h e  o t h e r  market cond i t i ons  t h a t  i n f l u e n c e  t h e  a t t r a c t i v e -  

n e s s  of v a r i o u s  technologies .  It a l s o  is  n o t  c l e a r  what f u t u r e  c o n d i t i o n s  

ERDA should be a n t i c i p a t i n g  i n  p lanning  i t s  programs, s o  t h a t  r ea sonab le  

succes s  i n  lowering t h e  c o s t s  of d i f f e r e n t  t echno log ie s  a c t u a l l y  produces 

r e s u l t s  a t  c r i t i c a l  t imes a long  t h e  way. This  i s  a n  i s s u e  t h a t  c l e a r l y  c a l l s  

f o r  f u r t h e r  i n v e s t i g a t i o n  and c l a r i f i c a t i o n ,  and f o r  t h e  development of i m -  

proved methods of  a n a l y s i s .  

Here w e  c a l l  a t t e n t i o n  t o  t h e  i s s u e  of f u t u r e  market c o n d i t i o n s  by focus ing  

on two .energy p r i c e s  which,ERDA must e s t a b l i s h  i n  o r d e r  t o . e v a l u a t e  R,D&D pro- 

j e c t s .  One i s  a "planning p r i c e "  which, a s  d i scussed  above, i s  t h e  l i k e l y  e f -  

f e c t i v e  market p r i c e  of t h e  r e l e v a n t  energy form. More s p e c i f i c a l l y ,  i t  is 

t h e  a c t u a l  energy p r i c e  i n  p r i v a t e  marke ts ,  i nc lud ing  t h e  e f f e c t s  of t h e  



r e l e v a n t  government mod i f i ca t ions  t o  t h o s e  markets .  This  would i n c l u d e  what- 

eve r  s u b s i d i e s  a r e  a p p l i c a b l e  t o  a  p a r t i c u l a r  t e c h n i c a l  op t ion .  Of cou r se ,  

t h i s  is  a  f u t u r e  price--so i t  must r e f l e c t  ERDA's e x p e c t i t i o n s  f o r  f u t u r e  con- 

d i t i o n s  of supply  and demand, and f o r e c a s t s  of goverment i n t e r v e n t i o n .  Ob- 

v i o u s l y  a s i n g l e  p r i c e  w i l l  n o t  match t h e  g ros s  complexi t ies  d i scussed  above; 

i n  r e a l i t y  some p r o b a b i l i t y  d i s t r i b u t i o n  w i l l  b e  r e q u i r e d  and t h e  d i s t r i b u t i o n  

w i l l  be  d i f f e r e n t  f o r  t h e  v a r i o u s  energy o p t i o n s .  

A second "pr ice"  w i t h  which ERDA must d e a l  is one t h a t  may o r  may n o t  

a c t u a l l y  appear  i n  energy markets.  T t  i s  the s o c i a l  value o f  energy--the 

amount t h e  s o c i e t y  should b e  w i l l i n g  t o  pay f o r  one more u n i t  of a g iven  

energy source.  Of cou r se ,  i t  would be  t h e  b e s t  of a l l  wor lds ,  a t  l e a s t  w i t h  

r e s p e c t  t o  economic e f f i c i e n c y  i n  t h e  energy s e c t o r ,  i f  t h e s e  two p r i c e s  were 

t h e  same. However, f o r  reasons  we have a l r e a d y  d i scussed ,  and w i l l  add res s  

f u r t h e r  below, t h i s  c o n d i t i o n  does n o t  appear  t o  hold  now and i s  n o t  l i k e l y  

t o  do so  i n  t h e  f u t u r e .  Some measure of t h e  s o c i a l  va lue  of energy i s  necessary  

f o r  t h e  e v a l u a t i o n  of R,D&D programs, however, f o r  i t  provides  a  b a s i s  f o r  

de t e rmina t ing  whether investment  i n  a  new t e c h n i c a l  o p t i o n  i s  s o c i a l l y  p r o f i t -  

a b l e .  

We r e t u r n  i n  Sec t ion  5 t o  add res s  more g e n e r a l  i s s u e s  of p r o j e c t  evalua- 

t i o n .  F i r s t ,  however, i t  is  necessary  t o  review t h e  p roces s  by which s u b s t i t u -  

t i o n  of new technology t a k e s  p l a c e ,  and t o  pu t  t h e  p a r t i c u l a r  a c t i v i t i e s  of 

comnlercial demonstratfon i n t o  p e r s p e c t i v e  w i t h i n  t h e  wider  con tex t  of t h e  be- 

h a v i o r  of American i n d u s t r y .  



3 .  "COMMERCIALIZATION" AM) THE PROCESS OF TECHNOLOGICAL CHANGE 

When w e  speak of a s o c i e t y ' s  "technology" w e  r e f e r  t o  t h e  a b i l i t y  t o  com- 

b i n e  c a p i t a l ,  l a b o r ,  and o t h e r  i n p u t s  i n  t h e  p roduc t ion  of goods and s e r v i c e s .  

A t  any p o i n t  i n  t ime t h i s  technology i s  embodied i n  t h e  l a t e s t  c a p i t a l  goods, 

t h e  s k i l l s  of l a b o r ,  and t h e  c o l l e c t i v e  knowledge of how t o  combine them. By 

a  change i n  technology it may become p o s s i b l e  t o  produce more of a  g iven  good 

o r  s e r v i c e  from a  f i x e d  s e t  of i n p u t s  (a  change i n  p roces s )  o r  t o  produce some 

t o t a l l y  new product .  I f  i n p u t  p r i c e s  hold c o n s t a n t ,  then  a p roces s  i nnova t ion  

lowers  t h e  c o s t  of t h e  product .  

A change i n  technology has  no e f f e c t ,  however, u n l e s s  i t  becomes a  change 

i n  "technique", by which we r e f e r  t o  t h a t  combination of i n p u t  f a c t o r s  and 

knowledge which i s  a c t u a l l y  i n  use .  When a  p r e v i o u s l y  unused b u t  known tech- 

nology i s  brought  i n t o  use ,  t h e r e  i s  a  change i n  technique  which i s  n o t  a  

change i n  technology.  Recent changes i n  energy p r i c e s  have y i e l d e d  many ex- 

amples of such changes i n  technique  alone--leading t o  t h e  s u b s t i t u t i o n  of 

c a p i t a l ,  l a b o r ,  and o t h e r  i n p u t s  f o r  energy.  There a l s o  a r c  examples of 

changes i n  technology t h a t  have been (o r  w i l l  be)  i nco rpora t ed  a s  changes i n  

technique.  It i s  t h i s  l a t t e r  t ype  of change t h a t  is  ou r  concern i n  t h i s  

s t u d y ,  w i t h  a  s p e c i a l  focus  on changes t h a t  f a c i l i t a t e  s u b s t i t u t i o n  away from 

t h e  u s e  of petroleum. 

It w a s  argued above t h a t  t h e  United S t a t e s  i s  n o t  l i k e l y  t o  d e p a r t  from 

i t s  long  t r a d i t i o n  of l i m i t e d  government i n t e r v e n t i o n  i n  t h e  energy s e c t o r ,  

and t h a t  t h e r e f o r e  a  new energy technology w i l l  ach ieve  t h e  s t a t u s  of a  widely- 



used technique  only  i f  i t  can meet t h e  t e s t  of commercial markets .  A s  a  

s t a r t i n g  p o i n t ,  t hen ,  i t  i s  u s e f u l  t o  s t a t e  a  s imple  d e f i n i t i o n  of t h e  

neces sa ry  c o n d i t i o n s  f o r  commercial izat ion:  

Given: (1) t h e  market p r i c e s  of l a b o r  and m a t e r i a l  i n p u t s ,  (2)  t h e  
r e l e v a n t  c o s t  of c a p i t a l ,  (3)  t h e  market p r i c e  of energy,  and (4)  
t a x e s ,  l e g a l  r e s t r i c t i o n s  on t h e  r e l e v a n t  product ion  p o s s i b i l i t i e s ,  
o r  o t h e r  government in te rvent ion- - then  commerc ia l iza t ion  of a new 
technology w i l l  t a k e  p l a c e  i f  i t  i s  a v a i l a b l e  a t  a  c o s t  t h a t  a l lows  
t h e  p r i v a t e  s e c t o r  a n  accep tab le  r a t e  of r e t u r n  on t h e  c a p i t a l  r equ i r ed  

While t h i s  s imple  d e f i n i t i o n  may apply  i n  markets a t  equ i l i b r ium,  i t  d e f i n e s  

only  t h e  end p o i n t  o f  t h e  p r o c e s s  of t e c h n i c a l  change, and i t  is  t h i s  process  

which w i l l  draw our  a t t e n t i o n  he re .  A new technology must be  brought  t o  t h e  

p o i n t  where i t  meets t h e  above c r i t e r i o n ,  o r  i t  w i l l  n o t  u l t i m a t e l y  be v i a b l e .  

This  i s  t h e  fundamental hypo thes i s  of a s tudy  of t h e  "commercialization" o'f 

new t echno log ie s ,  g iven  t h a t  a c e n t r a l l y - d i r e c t e d  energy s e c t o r  i s  no t  a n t i -  

c i p a t e d .  

The i n t e r e s t i n g  ques t ions ,  then ,  r evo lve  around t h e  way t h i s  process  of 

t e c h n i c a l  change a c t u a l l y  seems t o  work now, where i t  may f a i l  t o  s e r v e  t h e  

g o a l s  of t h e  n a t i o n ,  and what c o r r e c t i v e  measures a r e  a v a i l a b l e .  Such a n  in-  

q u i r y  h e l p s  h i g h l i g h t  where government e f f o r t s  a r e  b e s t  p u t ;  i t  a l s o  b r i n g s  

an  a p p r e c i a t i o n  of t h e  l i m i t s  of what can be achieved by t h e  types  of programs . 

now contemplated. 

I n  t h e  s e c t i o n s  t h a t  fo l low we review t h e  p roces s  of t e c h n i c a l  change a s  

i t  occu r s  i n  a sequence of  c o r p o r a t e  (and perhaps p u b l i c )  inves tments .  Much 

of t h e  d i s c u s s i o n  i s  l i t t l e  more than  a  r e p e t i t i o n  of t h e  " f a c t s  of l i f e "  a s  

we now understand them, b u t  such a  survey  h e l p s  o r i e n t  subsequent  a n a l y s i s  of 

t h e  r o l e  of government i n  f a c i l i t a t i n g  t h e  p roces s .  

I m p l i c i t  i n  ou r  d i s c u s s i o n  is  t h e  assumption t h a t  most of t h e  new techno- 

l o g i e s  which a r e  l i k e l y  t o  be commercialized i n  t h e  f o r e s e e a b l e  f u t u r e  w i l l  



n o t  be  " r a d i c a l "  i nnova t ions ,  b u t  w i l l  be  improvements which a r e  more 

I incrementa l  i n  c h a r a c t e r .  While t h i s  assumption i s  n o t  o f t e n  c o n s t r a i n i n g  

( a s  w i l l  be s een )  i t  i n f l u e n c e s  ou r  t rea tment  of t h e  economics of t h e  p roces s  

.of t echno log ica l  change. Pocket c a l c u l a t o r s  may be  cons idered  a  r e c e n t  r a d i c a l  

innovat ion;  s h a l e  o i l  is  an  example of t h e  more inc remen ta l  t y p e  we focus  on. 

A r a d i c a l  innovat ion  is  g e n e r a l l y  a  new product .  When a r a d i c a l  i nnova t ion  

i s  in t roduced  i n t o  t h e  marke tp lace ,  c o n d i t i o n s  a r e  very  f l u i d ;  performance 

tends  t o  be maximized a t  t h e  expense of c o s t  and t h e  market s t r u c t u r e  and cor-  

p o r a t e  o r g a n i z a t i o n  may change r a p i d l y  a s  f i rms  move i n  o r  o u t  of t h e  bus ines s .  

Incrementa l  i nnova t ions  occur  i n  more "mature" i n d u s t r i e s ,  and a r e  replacements  

f o r  products  (o r  p roces ses )  a l r e a d y  i n  use .  Thus, c o s t  i s  t h e  c r u c i a l  a r e a  of 

compet i t ion ,  and p r i c e s  and market s t r u c t u r e  a r e  r e l a t i v e l y  s t a b l e .  The funda- 

mental  f e a t u r e s  o f  the process, a s  d i scussed  below, a r e  n o t  d i f f e r e n t ;  what i s  

d i f f e r e n t  i s  t h e  r a t e  of change of technology,  t h e  market s t r u c t u r e ,  and pro- 

duc t  c o s t s .  

3 . 1  THE NATURE OF THE INVESTMENT PROCESS 

The p roces s  of t echno log ica l  change i n  t h e  p r i v a t e  s e c t o r  can  b e  d iv ided  

i n t o  fou r  somewhat a r b i t r a r y  phases:  i nven t ion ,  development, i n t r o d u c t i o n ,  

and d i f f u s i o n .  Because t h e s e  a c t i v i t i e s  c o s t  money, and o f f e r  no immediate 

r e t u r n ,  t h e  expend i tu re s  involved a r e  inves tments ,  and each of  t h e  s t e p s  i s  

u s e f u l l y  thought  of a s  i nvo lv ing  an  investment  choice .  That i s ,  a t  each s t e p  

 he d i f f e r e n c e s  between t h e  two types  of innovat ions  have been made c l e a r  i n  
r e c e n t  work by Abernathy, Ut te rback ,  and co-workers, i n  The P r o d u c t i v i t y  
Dilemma: Roadblock t o  Innovat ion  i n  t h e  Automobile Indus t ry ;  W . J .  Abernathy 
(Harvard Un ive r s i t y  Graduate School o f .  Bus iness ,  Boston, Massachuse t t s ,  A p r i l ,  
1976) , and " ~ e c h n o l o ~ ~ ,  P r o d u c t i v i t y  , and Process  Change", W. J . Abernathy 
and P.L. Townsend, Technological  Fo recas t ing  and S o c i a l  Change, August, 1975. 



the firm can be thought of as acquiring a new asset, where that asset is ex- 

pected to yield a favorable return itself, or to open the way to some subse- 

quent investment that will yield a profit. 

To see the differences among these investment choices, it is useful to 

look at each in a little more detail.' Invention refers to the generation of 

an idea and, usualiy, includes some initial laboratory-scale demonstration of 

technical feasibility. Basic research, which is associated with the invention 

stage, is really a form of investment in the production of new knowledge. 

This knowledge may not be associated directly with any current praduc.t or pro- 

cess, as when investments are made in the hope that some useful invention will 

result. 

Development is the set of activities which takes a concept which has been 

demonstrated in only a primitive form, and bring it to a condition where the 

technological uncertainties are nearly eliminated. Other uncertainties-- 

principally concerned with the market response and government reaction--may 

remain. The development stage generally involves a substantial investment 

relative to that of invention. The new concept must be tested extensively, 

and alternative designs must be evaluated until the concept is embodied in an 

actual model that can function effectively in the working environment. This 

stage usually involves a search for the most desirable combination of inputs, 

performance attributes, and cost structure. Large expenditures may be involved 

in the extensive engineering, construction of models and prototypes, and 

1 
A similar delineation of the process of technological change as used in 
"Federal Support for the Development of Alternative Automotive Power Systems: 
The General Issue and the Stirling, Diesel, and ~lectric cases", L.H. Linden, 
et al, M.I.T. Energy Laboratory Working Paper No. MIT-EL 76-OOlWP, March, 
1976. We have explicitly sought to bring together both the stages by which 
new technology is developed and the stages in the "product life cycle". 



t e s t i n g .  For such expend i tu re  t o  be "successfu1" i t  must r e s u l t  i n  a  product  

which management expec t s  t o  make and s e l l  a t  a p r o f i t .  

I n t r o d u c t i o n  i n t o  t h e  market i nc ludes  procurement and set-up of i n i t i a l  

p roduct ion  f a c i l i t i e s  and e s t ab l i shmen t  of a l l  t h e  o t h e r  a c t i v i t i e s  necessary  

t o  gene ra t e ,  suppor t ,  and subsequent ly  exp- lo i t  t h e  hoped-for market.  This  

may inc lude  a  market ing program ( a d v e r t i s i n g ,  demonst ra t ions ,  e t c . ) ,  e s t a b l i s h -  

ment of d i s t r i b u t i o n  channels ,  format ion  of a widespread maintenance organiza-  

t i on ,  e t c .  These a c t i v i t i e s  may be very  expens ive  due t o  t h e  r e q u i r e d  i n v e s t -  

ment i n  p l a n t  and equipment. The i n t r o d u c t i o n  s t a g e  produces knowledge of t h e  

marke t ' s  response  t o  t h e  new product ;  i t  a l s o  should e l i c i t  t h e  government's 

response  as w e l l ,  i f  r e g u l a t o r y  o r  o t h e r  i n t e r v e n t i o n s  have been i n  doubt .  

Very o f t e n  t h e  investment i n  t h e  i n t r o d u c t i o n  s t a g e  is n o t  expected t o  be  pro- 

f i t a b l e  i n  and nf  i t s e l f .  Accounting losses may b e  taken  a t  t h i s  s t a g e  i n  

a n t i c i p a t i o n  of ga ins  i n  t h e  o p e r a t i o n  of subsequent  gene ra t ions  of product ion  

f a c i l i t i e s .  
1 

Thus a  s u c c e s s f u l  i n t r o d u c t i o n  i s  t h e  p re lude  t o  t h e  d i f f u s i o n  s t a g e ,  
I 

when usage becomes widespread. The e a r l y  p a r t  of t h i s  s t a g e  o f t e n  involves  

t h e  spread  of product ion  of t h e  innova t ive  product  t o  i m i t a t o r s  o r  l i c e n s e e s  

of t h e  f i r s t  f i rm,  a s  w e l l  a s  a  build-up of product ion  c a p a c i t y  by t h e  in-  

novat ing  f i r m  i t s e l f .  I f  t h e  new product  i s  bought by purchasers  i n  i n c r e a s i n g  

numbers, and i ts  a c t u a l  u s e  becomes widespread, then  new technology is becoming 

embodied i n  c u r r e n t  technique.  I f  t h e  innovat ion  i s  a  s u b s t i t u t e  f o r  an 

'This occurred ,  f o r  example, i n  t h e  i n i t i a l  s a l e s  of nuc lea r  r e a c t o r s  f o r  
e l e c t r i c  power genera t ion .  While t h e  l o s s e s  a c t u a l l y  s u s t a i n e d  by Westing- 
house and General E l e c t r i c  may have been g r e a t e r  than  a n t i c i p a t e d ,  i t  i s  
c l e a r  t h a t  l o s s e s  were expected--see "The Economics of Nuclear Power," I . C .  
Bupp, e t  a l ,  Technology Review, February, 1975. 



e x i s t i n g  technology i n  u se ,  t h e  s t o c k  of capital . .embodying t h e  o l d e r  techno- 

logy  i s  r e t i r e d  dur ing  t h i s  process .  

What makes t h i s  process  go? I n  ou r  s o c i e t y ,  i t  is  t h e  p u r s u i t  of economic 

ga in .  The d e c i s i o n  by a f i r m  t o  make t h e  investment  r e q u i r e d  i n  any of t h e  

s t a g e s  of t h e  innovat ion  p roces s  is  bas.ed on t h e  e x p e c t a t i o n  t h a t  t h e  re turns- -  

t h e  incrementa l  incoming cash f lows,  appropriately,discounted--will b e  g r e a t e r  

than  t h e  expendi tures .  

A t  t h e  most b a s i c  l e v e l ,  ther ,e  i s  no conceptua l  d i f f e r e n c e  between t h e  

investment  d e c i s i o n s  made a t  each stage. The task of management i s  t o  a l lo -  

c a t e  t h e  f i r m ' s  c a p i t a l  t o  t h e  most v a l u a b l e  investment  o p p o r t u n i t i e s .  That 

means f i n d i n g  r e a l  o r  i n t a n g i b l e  a s s e t s  t h a t  a r e  worth more than  they  cost-- 

a s s e t s  w i t h  p o s i t i v e  n e t  p re sen t  value--and t h e  e s s e n t i a l  key t o  t h e  d e c i s i o n  

i s  t h e  "valuat ion" of t h e  a s s e t  t o  be acqu i r ed .  But t h e  e a r l i e r  t h e  f i r m  

s t a n d s  i n  t h e  innovat ion  process ,  t h e  harder  i t  is  t o  s p e c i f y  o p e r a t i o n a l  

procedures  f o r  eva lua t ion .  A t  t h e  l a s t  s t a g e ,  d i f f u s i o n ,  most f i rms  u s e  s tand-  

ard f i n a n c i a l  t echniques ,  such a s  d iscounted  cash flow a n a l y s i s .  A t  t h e  f i r s t  

s t a g e ,  d e c i s i o n  making i s  based almost wholly on judgment and i n t u i t i o n .  

The problem i s  no t  simply the  g r e a t e r  u n c e r t a i n t y  faced a t  e a r l i e r  s t a g e s .  

There a r e  important  d i f f e r e n c e s  i n  t h e  k inds  of t h i n g s  a  f i r m  i s  purchas ing  

when i t  makes i t s  choice .  Once aga in ,  i f  w e  t h i n k  of t h e  investment  d e c i s i o n  

i n  terms of a s s e t s  t h a t  a r e  acqui red  by t h e  f i rm ,  one impor tan t  d i s t i n c t i o n  

becomes ev ident .  Asse ts  r equ i r ed  a t  e a r l i e r  s t a g e s  have va lue  no t  p r i m a r i l y  

because they a r e  expected t o  produce n e t  incrementa l  ca sh  f lows i n  and of  

themselves,  b u t  because thky open up t h e  oppor tun i ty  t o  t ake  t h e  next  s t e p  

w i t h  t h e  technology. I n  e f f e c t ,  investment i n  an e a r l y  s t a g e  is  l i k e  t h e  pur- 

chase  of an op t ion  t o  i n v e s t  i n  l a t e r  s t a g e s .  



The complexi ty of  t h e  process ,  and t h e  d i f f e r e n c e  i n  t h e  v a l u a t i o n  t a s k  

a t  each s t e p ,  can  be seen  by reviewing each s t a g e  i n  t u r n .  The payoff t o  

investment  a t  t h e  f i n a l  s t a g e  ( d i f f u s i o n )  r e s u l t s  from a c q u i s i t i o n  of a  s e t  

of a s s e t s  which gene ra t e s  a  s t r eam of p o s i t i v e  expected cash  f lows .  The 

v a l u a t i o n  p roces s  b o i l s  down t o  d i scoun t ing  t h e  s t r eam a t  a  r a t e  a p p r o p r i a t e  

t o  i t s  r i s k .  The h ighe r  t h e  r i s k ,  t h e  h ighe r  t h e  oppor tun i ty  c o s t  of c a p i t a l  

f o r  t h e  a s s e t  under c o n s i d e r a t i o n ,  and t h e  h ighe r  t h e  approprFate  d i scoun t  

r a t e .  

Many u n c e r t a i n t i e s  a r e  r e so lved  by t h e  t ime t h e  d i f f u s i o n  s t a g e  i s  

reached. A f i r m  can  look  forward t o  "normal" bus ines s  risks--which may be 

s u b s t a n t i a l  i n  a b s o l u t e  terms,  b u t  s t i l l  small compared t o  r i s k s  a t  e a r l i e r  

s t a g e s .  Once t h e  i n t r o d u c t i o n  s t a g e  i s  p a s t ,  t h e  f i r m  has  exper ience  i n  manu- 

f a c t u r i n g  and c o s t s  a r e  r e l a t i v e l y  p r e d i c t a b l e .  Buyers have observed and 

eva lua t ed  t h e  new p roduc t ,  s o  demands f o r  i t  can  be reasonably  w e l l  fore-  

c a s t e d .  To t h e  e x t e n t  t h a t  r e g u l a t o r y ,  i n s t i t u t i o n a l ,  o r  l e g a l  d i f f i c u l t i e s  

a r e  r e l e v a n t ,  they  o f t e n  have been f lu shed  o u t  and de f ined ,  i f  n o t  r e so lved .  

, The r i s k s  a t  t h e  i n t r o d u c t i o n  s t a g e  a r e  g r e a t e r .  Technological  unknowns 

have been l a r g e l y  r e so lved ,  s i n c e  ' the development s t a g e  has  been completed. 

However, a c t u a l  product ion  c o s t s  a t  commercial s c a l e  remain somewhat uncer- 

tain--simply because product ion  a t  t h a t  s c a l e  has  never  taken  p l a c e  b e f o r e .  

Knowledge about  demand may no t  be so  w e l l  i n  hand, because t h e  product  has n o t  

y e t  faced  t h e  t e s t  of t h e  market.  Market surveys  and o t h e r  d a t a  c o l l e c t i o n  

and a n a l y s i s  techniques  can be  used ,  b u t  they g ive  only  p a r t i a l  r e l i e f .  Un- 

c e r t a i n t y  about  government r e g u l a t i o n s  must be  faced  du r ing  i n t r o d u c t i o n .  

Environmental o r  o t h e r  r e g u l a t o r y  0.r p o l i t i c a l  problems may n o t  be r e so lved  

u n t i l  t h e  e a r l y  p l a n t s  a r e  b u i l t  and t h e  product  a c t u a l l y  used. 



A d e c i s i o n  maker might a t tempt  t o  t a k e  account  of t h e  h ighe r  r i s k s  of 

t h e  i n t r o d u c t i o n  s t a g e  by d i scoun t ing  p r o j e c t e d  cash  f lows a t  an  a p p r o p r i a t e l y  

h ighe r  r a t e ,  a r r i v i n g  a t  a d iscounted  p r e s e n t  v a l u e  by t h e  u s u a l  procedure.  

But such a  procedure,  c rude ly  a p p l i e d ,  misses a n  impor tan t  a s p e c t  of t h e  pro- 

blem. The most v a l u a b l e  payoff t o  t h e  i n t r o d u c t i o n  s t a g e  i s  t h e  o p t i o n  t o  

make a  f u t u r e ,  d i f fu s ion - s t age  investment .  I f  t h e  i n t r o d u c t i o n  s t a g e  is  a  

s u c c e s s ,  then  t h e  d i f f u s i o n - s t a g e  investment  w i l l  have a  p o s i t i v e  n e t  pre-  

s e n t  va lue .  

A similar argument can  be  made i f  t h e  d e c i s i o n  is  y e t  one s t e p  f u r t h e r  

back i n  t h e  p roces s .  The c h i e f  motive f o r  making a  development-stage i n v e s t -  

ment i s  t o  a c q u i r e  an o p t i o n  t o  proceed w i t h  i n t r o d u c t i o n .  I f  development 

s t a g e  u n c e r t a i n t i e s  a r e  f avo rab ly  r e so lved ,  t h e  f i r m  proceeds t o  t h e  nex t  

s t age - - i t  e x e r c i s e s  i t s  op t ion .  I f  they  a r e  n o t  f avo rab ly  r e so lved ,  t h e  f i r m  

s t i l l  has  t h e  op t fon  t o  con t inue ,  b u t  t h e  o p t i o n  i s  n o t  exe rc i sed .  

Thus, i n v e s t i n g  i n  development can  be thought of a s  a c q u i r i n g  an o p t i o n  

t o  purchase a n  op t ion .  Investment i n  b a s i c  r e sea rch  can be  thought of a s  

a c q u i r i n g  an  o p t i o n  t o  purchase an  o p t i o n  t o  purchase an  op t ion !  The e a r l y  

s t a g e  inves tments  a r e  t h e  f i r s t  of many p o s s i b l e  follow-on inves tments .  Each 

i s  a p a r t  of a complex, s e q u e n t i a l  p rocess .  

3 . 2  THE INTRODUCTION STAGE AND "COMMERCIALIZATION" 

I n  terms of t h i s  s imple  four-way breakdown of t h e  process  of techno- 

l o g i c a l  change, i t  i s  t h e  i n t r o d u c t i o n  s t a g e  t h a t  i s  t h e  t a r g e t  of f e d e r a l  

programs and p roposa l s  i n  t h e  a r e a  of "commercialization". ERDA and o t h e r  

f e d e r a l  agencies  a l s o  a r e  engaged i n  R&D t h a t  i s  more reasonably  c l a s s i f i e d  

wi th  t h e  inven t ion  and development s t a g e s ,  b u t  t h o s e  a c t i v i t i e s  a r e  n o t  t h e  



main focus  of t h i s  s tudy .  Here t h e  concern is  wi th  p l a n t s  t h a t  a r e  a t  o r  

n e a r  commercial s c a l e ,  o r  w i t h  t h e  market ing i n t r o d u c t i o n  of new p roduc t ion  

under something approximating commercial cond i t i ons .  

A s  t h e  previous  s e c t i o n  s t r e s s e s ,  t h e  i n t r o d u c t i o n  s t a g e  i s  p a r t  of a  

long p roces s  of inves tments ,  and i s  i n t i m a t e l y  t i e d  t o  t h e  p rospec t s  of pro- 

f i t a b l e  d i f f u s i o n .  Now, g iven  t h a t  our  a t t e n t i o n  i s  focused on i n t r o d u c t i o n  

and i t s  l i n k  t o  d i f f u s i o n ,  t h e r e  a r e  s e v e r a l  o t h e r  a s p e c t s  of t h e  commercial- 

i z a t i o n  p roces s  t h a t  deserve  mention. F i r s t  is  market d i f f e r e n t i a t i o n .  The 

s imple  d e f i n i t i o n  g iven  a t  t h e  beginning  of t h i s  s e c t i o n  might be taken  t o  

imply t h a t  a  technology i s  e i t h e r  " c o m e r c i a l " ,  o r  i t  is  n o t .  But t h i s  would 

be a  mis leading  s i m p l i f i c a t i o n  of r e a l i t y :  Today h e a t  pumps a r e  commercial i n  

t h e  sou th  but  no t  i n  t h e  r e s t  of t h e  United S t a t e s ;  e l e c t r i c  v e h i c l e s  a r e  com- 

mercial f o r  t h e  d e l i v e r y  of mi lk  is t h e  United Kingdom b u t  n o t  as passenger  

c a r s  anywhere; even s y n t h e t i c  crude o i l  has  been and i s  be ing  produced i n  o t h e r  

c o u n t r i e s .  This  is  t h e  u s u a l  course  of events-- technologies  a r e  almost  always 

used f i r s t  i n  markets f o r  which they a r e  most s u i t e d .  Some energy t echno log ie s  

which now appear  t o  have r easonab le  chances of being commercialized w i t h i n  t h e  

next  decade o r  two w i l l  most l i k e l y  be  u t i l i z e d  f i r s t  i n  such l i m i t e d  marke ts :  

Automotive gas t u r b i n e s  w i l l  l i k e l y  s e e  f i r s t  a p p l i c a t i o n s  i n  long-haul t r u c k s  

r a t h e r  than  passenger  c a r s ;  s o l a r  h e a t i n g  and coo l ing  w i l l  appear  i n  t h e  south-  

w e s t  United S t a t e s  r a t h e r  t han  t h e  n o r t h e a s t ,  etc.  

Commercial adopt ion  t h e r e f o r e  is  n o t  a  s imple  t r a n s i t i o n  from non-use t o  

use ;  i t  i s  p a r t  of t h e  dynamic and complex p roces s  whereby a  new concept  

may p e n e t r a t e  some markets bu t  n o t  o t h e r s ,  o r  where t h e  p e n e t r a t i o n  may move 

a t  very  d i f f e r e n t  r a t e s  depending on p r i c e s ,  weather ,  market s t r u c t u r e ,  e t c .  

The t r a n s i t i o n  o f t e n  is no t  a  smooth one, a s  some i n i t i a l  ven tu re s  f a i l  and 

t h e  key t e c h n i c a l  a t t r i b u t e s  a r e  s o r t e d  o u t .  



Secondly, t h e  energy technologies  themselves may p r e s e n t  ve ry  d i f f e r e n t  

cha l l enges  a t  t h e  i n t r o d u c t i o n  s t a g e ,  and t h e  r o l e  played by t h e  f i r s t  p l a n t s  

may be  very  d i f f e r e n t .  To t a k e  a s imple  but  dramat ic  example, compare t h e  

i n t r o d u c t i o n  of s h a l e  o i l  w i t h  t h a t  of s o l a r  household h o t  water  h e a t e r s .  With 

t h e  i n t r o d u c t i o n  of smal l - sca le  s o l a r  dev ices ,  a  f i r m  must proceed w i t h  an 

e f f o r t  l a r g e  enough t o  g a i n  r ea sonab le  economies of s c a l e ,  and t o  s u s t a i n  a 

v i a b l e  market ing and d i s t r i b u t i o n  s t r a t e g y .  But t h e  investment  need n o t  be  

l a r g e  i n  r e l a t i o n  t o  t h e  s i z e  of t h e  i n v e s t i n g  f i r m  o r  t h e  suppor t ing  c a p i t a l  

marke ts .  I f  t h e  i n t r o d u c t i o n  is  s u c c e s s f u l ,  t h e  f i r m  can a n t i c i p a t e  s i g n i f i -  

c a n t  economies of s c a l e  and " learn ing"  i n  t h e  d i f f u s i o n  s t a g e .  

Sha le  p l a n t s  a r e  d i f f e r e n t .  Not only  i s  t h e  p o t e n t i a l  c o s t  much g r e a t e r  

f o r  each  p l a n t ,  bo th  i n  a b s o l u t e  terms and i n  r e l a t i o n  t o  o p e r a t i n g  c o s t ,  b u t  I 
t h e  expected p a t t e r n  of c o s t s  i n  t h e  d i f f u s i o n  s t e p  i s  v e r y  d i f f e r e n t .  The 

f i r m  cannot a n t i c i p a t e  such " learn ing"  and s c a l e  e f f e c t s  w i t h  t h e  second, 

t h i r d ,  and f o u r t h  p l a n t s  a s  t h e  s o l a r  manufacturer  can w i t h  a  s u c c e s s f u l  mar- 

k e t  p e n e t r a t i o n .  If  t h e  n u c l e a r  power i n d u s t r y  is any p receden t ,  subsequent  

s y n f u e l s  u n i t s  w i l l  each invo lve  a new des ign ,  and something of a new s tar t  

s o  f a r  a s  " learn ing"  is concerned. Moreover, t h e  investment  i s  l a r g e .  I f  

set up as an  independent  co rpo ra t ion  today,  a  s i n g l e  50,000 b a r r e l  p e r  day 

s h a l e  o i l  f a c i l i t y  would b e  number 110 of t h e  "Fortune 500" when ranked by 

a s s e t s .  
-.. 

A t h i r d  c o n s i d e r a t i o n  i s  t h e  s e t  of complex ad jus tments  t h a t  may be in-  

volved i n  i n t e g r a t i n g  a  new technology i n t o  a  h i g h l y  developed and i n t e r -  

r e l a t e d  product ion  and market ing system, where t h e  key f i r m s  have taken  on 

a  s t r u c t u r e  and p e r s o n a l i t y  compatible  w i t h  t h e  p rev ious  product  mix. For 

example, s h a l e  o i l  would invo lve  a  whole new "business" ,  even f o r  a  major 1 



o i l  company wi th  cdns ide rab le  exper ience  i n  r e f i n i n g  and pe t rochemica ls ;  

t h e  investment  s t r u c t u r e  would b e  d r a s t i c a l l y  r e v i s e d ;  t h e  f i n a n c i a l  and 

management s t r u c t u r e s  would have t o  change; c o r p o r a t e  p r o f i t s  would be  made 

i n  d i f f e r e n t  p a r t s  of t h e  bus ines s  than  be fo re ;  t a x  and r e g u l a t o r y  i s s u e s  

would a r i s e .  I t  is  hard  t o  do j u s t i c e  t o  t h e  number of c o n s i d e r a t i o n s  t h a t  

would prove r e l e v a n t  f o r  any p a r t i c u l a r  c o r p o r a t i o n  faced  w i t h  such a  de- 

c i s i o n ,  b u t  Table 3 .1  shows a  suggested l i s t  of t h e  types  of q u e s t i o n s  t h a t  

would have t o  be d e a l t  w i t h  i n  t h e  c o r p o r a t e  p lanning  and d e c i s i o n  p roces s .  

An a d d i t i o n a l  dimension of complexi ty i s  added when t h e  new i n d u s t r y  

is  des t ined  t o  emerge under t h e  b r i g h t  l i g h t s  of p u b l i c  s c r u t i n y ,  f o r  one 

of t h e  compe t i t i ve  advantages and bases  f o r  p r o f i t  normally i n h e r e n t  i n  an  

emerging i n d u s t r y  is  i t s  "mystiquef1. When t h i s  "mystique" i s  removed through 

t h e  e x t e r n a l l y  s t i m u l a t e d  d ispers i ,nn  of know-how and t h e  c o n s t a n t  need f o r  

j u s t i f i c a t i o n  t o  t h e  p u b l i c ,  t h e  e f f e c t  on t h e  p r i v a t e  s e c t o r ' s  pe rcep t ions  

of r i s k s  and rewards i n  e n t e r i n g  t h e  new i n d u s t r y  a r e  u n c l e a r ,  and thus  t h e  

r e s u l t i n g  e f f e c t s  on t h e  p r i v a t e  s e c t o r ' s  w i l l i n g n e s s  t o  e n t e r  t h e  new in-  

d u s t r y  a r e  unc lea r  a s  w e l l .  

3.3 THE MARKET PROCESS AND SOCIAL GOALS 

The previous  s e c t i o n  stress t h e  complexity of t h e  p roces s  of "commer- 

c i a l i z a t i o n "  of new technologies  under ou r  mixed market system. But t h e  f a c t  

of complexity does n o t  mean t h a t  t h e  system does not  work w e l l .  Q u i t e  t h e  

c o n t r a r y .  The United S t a t e s  s t a n d s  a t  a  p o i n t  of world l e a d e r s h i p  a c r o s s  

many i f  n o t  most f i e l d s  of i n d u s t r i a l  technology,  and t h i s  is t h e  c a s e  only  

because t h e  system does work, and very  e f f i c i e n t l y .  



Table 3 . 1  

FACTORS A LARGE COMPANY WOULD CONSIDER 
BEFORE ENTERING INTO A NEW BUSINESS 

I n t e r n a l  t o  t h e  new bus iness :  

A r e  t h e  margins h igh  o r  low? 
Is change i n  technology f a s t  o r  slow? 
Labor o r  c a p i t a l  i n t e n s i v e ?  
Uni t  of s a l e  l a r g e  o r  smal l?  - . 

L i f e  c y c l e  long  o r  s h o r t ?  
Where now on l i f e  cyc l e?  
Where i s  p r o f i t  l eve rage?  

. How does i t  r e l a t e  t o  our  r e sou rce  base? 
What a r e ,  b a r r i e r s  t o  entry'! 
What i s  t h e  growth r a t e ?  
Where would w e  and compet i tors  be on t h e  l e a r n i n g  curve?  

F inancing  : 

Simple o r  complex? 
J o i n t  v e n t u r e s  l i k e l y  o r  n o t ?  
What i s  time d i s t r i b u t i o n  of cash  o u t l a y  and payback? 
What i s  c o s t  of a b o r t ?  

Ex te rna l  t o  new .bus ines s  : 

Government i n t e r v e n t i o n  h igh  o r  low? 
Competit ion l a r g e  o r  small? 

--what a r e  ou r  compet i t ive  s t r e n g t h s  and weaknesses? 

Rela tedness  t o  e x i s t i n g  bus ines s :  

Is i t  a n  ex tens ion  o r  a  d i v e r s i f i c a t i o n ?  
Is i t  s i g n i f i c a n t  i n  s i z e ?  

- - r e l a t i v e  t o  ou r  f i rm?  
- - r e l a t i v e  t o  t h e  i n d u s t r y ?  

How does i t  a f f e c t  t h e  r e s t  of ou r  bus ines ses?  
--how i s  i t  s y n e r g i s t i c ?  

Subjec t  t o  same r i s k s ,  o r  d i f f e r e n t  ones? 
What p a r t s  of e x i s t i n g  bus ines s  must we p r o t e c t ?  

--does this p r o t e c t  them, o r  add new a r e a s  t h a t  must be p ro t ec t ed?  
How would we be d i f f e r e n t  w i t h  i t ?  

--without i t ?  
What a r e  a l t e r n a t i v e s ?  

Timing : 

Why now? 
--now o r  never? 
--should we l e a d  o r  fo l low? 

How would we be d i f f e r e n t  i f  no t  now? 
- - w a i t ,  and buy i n  l a t e r ?  



There a r e  s p e c i f i c  problem a r e a s ,  however, where t h e  system does no t  

n e c e s s a r i l y  s e r v e  t h e  l a r g e r  i n t e r e s t s  of s o c i e t y .  Firms a r e  l e d  t o  employ 

t echno log ie s  t h a t  a r e  n o t  i n  t h e  l a r g e r  n a t i o n a l  i n t e r e s t ,  a s  i n  t h e  c a s e  of 

uncon t ro l l ed  i n d u s t r i a l  p o l l u t i o n .  O r  t h e r e  may be  t echno log ie s  which a r e  

d e s i r a b l e  from a  s o c i a l  v iewpoin t ,  b u t  which' t h e  p r i v a t e  s e c t o r  has  no in-  

c e n t i v e  t o  develop and implement. S ince  w e  e n t r u s t  much economic d e c i s i o n  

making ro the marker--and i n  g e a e r a l  we hold t o  a theory  of economics t h a t  

1 
s a y s  t h a t  such market d e c i s i o n s  w i l l  b e  s o c i a l l y  d e s i r a b l e  --such undes i r ab le  

outcomes a r e  o f t e n  r e f e r r e d  t o  a s  " f a i l u r e s "  i n  t h e  workings of t h e  market 

s y s  tem o r  "market f a i l u r e s "  . 
Presumably, i f  w e  f e l t  t h a t  t h i n g s  were going w e l l  i n  t h e  a r e a  of energy 

and technology, we would con t inue  t o  l e a v e  t h e  i s s u e  l a r g e l y  t o  t h e  p r i v a t e  

2 
s e c t o r ,  a s  we have f o r  two hundred yea r s .  ERDA would n o t  be a s  l a r g e  o r  a s  

d i v e r s e  i n  i t s  scope a s  i t  now i s .  

Given t h i s  h i s t o r y ,  and t h e  c u r r e n t  p r iva t e -pub l i c  s p l i t  i n  t h e  energy 

s e c t o r ,  a u s e f u l  way t o  o rgan ize  i n q u i r i e s  i n t o  t h e  f e d e r a l  p o l i c y  i n  t h e  

a r e a  of energy technology is  t o  a sk  where t h e  i n s t a n c e s  of " f a i l u r e "  a r e ,  and 

w h a t ' i t  t a k e s  t o  c o r r e c t  them. The q u e s t i o n  addressed  i n  t h i s  s tudy  is  of 

t h i s  t ype ,  b u t  i s  more narrowly de f ined .  Here ou r  concern i s  w i t h  t h e  f a i l -  

u r e s  t h a t  a r e  r e l a t e d  t o  t h e  i n t r o d u c t i o n  s t a g e  of impor tan t  new energy tech- 

no log ie s  and w i t h  t h e  i d e n t i f i c a t i o n  of t hose  f a i l u r e s  t h a t  may b e  c o r r e c t e d  

$ere w e  do no t  add res s  t h e  i s s u e s  sur rounding  government involvement i n  t h e  
earlier s t a g e s  of R,D&D. For a d i s c u s s i o n  of t h i s  t o p i c ,  see Energy Research 
and Development, J. Herber t  Holloman, e t  a l . ,  and Michael Grenon (Ba l l i nge r  
Pub l i sh ing  Co., Cambridge, Massachuset ts ,  19.75). 

2 
There are a  few n o t a b l e  .except.ions, such a s -  government R&D i n  t h e  n u c l e a r  in -  
d u s t r y .  Of course ,  i t  a l s o  i s  t r u e  t h a t  government a c t i v i t i e s  o u t s i d e  t h e  
R&D a r e a  have had a  tremendous e f f e c t  on t h e  composition of t h e  energy s e c t o r -  
e .g . ,  t h e  i n t e r s t a t e  highway system and t h e  t a x  code. 



by government s u b s i d i e s  of commercial demonst ra t ions ,  o r  o t h e r  e f f o r t s  t o  

f a c i l i t a t e  "commercialization". 

3 .3 .1  Energy P r i c e s  

A s  suggested i n  t h e  s imple  d e f i n i t i o n  of commercial f e a s i b i l i t y  a t  t h e  

beginning  of t h i s  s e c t i o n ,  a  key de terminant  of t h e  v i a b i l i t y  of  any new 

energy technology i s  t h e  p r i c e  of energy i t s e l f ,  and t h e  e x p e c t a t i o n s  about  

t h i s  p r i c e  i n  t h e  f u t u r e .  I f  t h e  energy p r i c e  f a i l s  t o  r e f l e c t  t h e  s o c i a l  

v a l u e  of a  b a r r e l  of o i l  supp l i ed  o r  a  BTU saved,  then  a fundamental f l aw  is 

in t roduced  i n t o  t h e  normal p roces s  of d e c i s i o n  making about  p r i v a t e  inves tments  

i n  new energy t echno log ie s .  This  is  n o t  a " f a i l u r e "  t h a t  can be  d i r e c t l y  cor- 

r e c t e d  by government e f f o r t s  a t  commercial demonstrat ion o r  r e l a t e d  a c t i v i t i e s ,  

and s o  i s  o u t s i d e  our  d i r e c t  concern here .  However, t h e  energy p r i c i n g  ques- 

t i o n  is  c r i t i c a l  t o  t h e  whole process  of  t e c h n o l o g i c a l  change, most e s p e c i a l l y  

a t  t h e  s t a g e s  of i n t r o d u c t i o n  and d i f f u s i o n .  Expected energy p r i c e s  a r e ,  a s  

a r e s u l t ,  e s p e c i a l l y  important  t o  t h e  p lanning  and e v a l u a t i o n  of government 

i n t e r v e n t i o n  a t  t h e  i n t r o d u c t i o n  s t a g e .  

The s i t u a t i o n  is bo th  complicated and u n c e r t a i n ,  a s  a b r i e f  look  a t  cur- 

r e n t  p r i c e - s e t t i n g  p roces ses  r e v e a l s .  Energy p r i c e s  c e r t a i n l y  a r e  no t  d e t e r -  

mined by s imple c o n s i d e r a t i o n s  of domestic supply and demand. They a r e  t h e  

r e s u l t  of a  complex s e t  of c o n t r o l s  by t h e  U.S. government and f o r e i g n  n a t i o n s ,  

a s  w e l l  as t h e  u s u a l  market processes .  We w i l l  d i s c u s s  only  o i l  and gas ,  our  

two " sca rces t "  domest ic  r e sou rces .  

O i l  P r i c e s .  World petroleum p r i c e s  a r e  s e t  by a  c a r t e l ,  t h e  members of 

t h e  Organiza t ion  of  Petroleum Export ing Coun t r i e s ,  OPEC. The c u r r e n t  P e r s i a n  

Gulf p r i c e  is $11.50 f o r  t h e  s t anda rd  o r  "markert' crude;  i n  1969-70 t h e  a c t u a l  

market va lue  w a s  around $1.30, o r  i n  1976 p r i c e s ,  around $1.90. A t  t h o s e  



p r i c e s ,  and h i g h e r  ones i n  producing r eg ions  c l o s e r  t o  market ,  t h e r e  w a s  

ch ron ic  p o t e n t i a l  excess  capac i ty .  Thus t h e  c a r t e l  p r i c e  is  today about  s ix  

t imes ( i n f l a t i o n - a d j u s t e d )  a p r i c e  which w a s  above t h e  compe t i t i ve  l e v e l  be- 

f o r e  t h e  c a r t e l  became e f f e c t i v e .  While i n  t h e  g l o b a l  p e r s p e c t i v e  such a 

p r i c e  is  very  i n e f f i c i e n t ,  t h i s  count ry ,  and consuming c o u n t r i e s  g e n e r a l l y ,  

can only  t r e a t  t h e  c a r t e l  p r i c e  a s  a n  e x t e r n a l  f a c t ,  and s e e k  t h e  l e a s t  ex- 

pensi-ve a d a p t a t i o n  t o  i t .  

It is  widely be l i eved  t h a t  t h e  c u r r e n t  oversupply of o i l  w i l l  g r adua l ly  

be superseded over  t h e  nex t  s e v e r a l  decades by t r u e  s c a r c i t y ,  as e x i s t i n g  r e -  

s e r v e s  a r e  r ep l aced  only  a t  a  very  much h ighe r  r e a l  c o s t .  Thus, even i f  t h e  

c a r t e l  h o l d s ,  t h e  p r i c e  w i l l  then  be  no lower,  i n  r e a l  terms,  than  today.  

The c a r t e l ' s  profit-maximizing p r i c e  may be  h ighe r  o r  lower t han  t h e  c u r r e n t  

l e v e l  and thus  may be  changed. The c a r t e l  may run  i n t o  s e r i o u s  t r o u b l e ,  and 

t h e  p r i c e  may f a l l  s u b s t a n t i a l l y .  O r  t h e  c a r t e l  may a t t empt  t o  c u t  p r i c e s  i n  

s e l e c t e d  markets t o  d e s t r o y  compet i tors .  F i n a l l y ,  t h e  c a r t e l  may t a k e  a c t i o n s  

which a r e  no t  motivated by economics a t  a l l ,  bu t  r a t h e r  by p o l i t i c s ;  i n  t h i s  

s ense  i t  may no t  p l ay  t h e  u s u a l  r u l e s  of t h e  game. These p o s s i b i l i t i e s  make 

investment  more r i s k y  ( than  a t  t h e  same p r i c e  wi thout  t h e  c a r t e l ) ,  which means 

t h a t  t h e  p r i c e  necessary  t o  draw i n  investment  must be h igh  enough t o  p rov ide  

a  r e t u r n  above t h e  one s u i t a b l e  f o r  "normal" commercial r i s k .  Thus, f o r  ex- 

ample, r a t i o n a l  i n v e s t o r s  would no t  suppor t  a  s y n t h e t i c  c rude  o i l  o p e r a t i o n  

whose product  c o s t  equaled t h e  c a r t e l  p r i c e ,  u n l e s s  t h a t  c o s t  i nc luded  a  "high" 

r a t e  of  r e t u r n  on t h e  investment .  

U n t i l  1971, t h e  United S t a t e s  l i m i t e d  crude o i l  impor ts  through a  quota  

system. .(The system remained i n  e x i s t e n c e  b u t  wi thout  e f f e c t  f o r  two more 

y e a r s . )  This  maintained p r i c e s  i n  t h e  United S t a t e s  above world l e v e l s .  The 

import quota  augmented a h i g h l y  complex system of r e g u l a t i o n  of domest ic  o i l  



product ion .  P a r t l y  i t  opera ted  through t h e  t a x  system. Deple t ion  al lowances 

lowered the  t a x  burden on t h e  domest ic  product ion  of o i l  and gas (along wi th  

o t h e r  m i n e r a l s ) ,  thereby  i n c r e a s i n g  t h e  a t t r a c t i v e n e s s  of before- tax  p r o f i t s  

upstream of t h e  wellhead and drawing i n  c a p i t a l  from o the rwi se  compet i t ive  

inves tment .  The most impor tan t  producing s t a t e s ,  no tab ly  Texas and Louis iana ,  

c o n t r o l l e d  t h e  t o t a l  petroleum product ion ,  b u t  on a  per-well  b a s i s ,  t hus  

a r t i f i c a l l y  s t i m u l a t i n g  d r i l l i n g  by i n d i v i d u a l  lease-owners. This  r e s u l t e d  

i n  h i g h e r  investments  by t h e  i n d u s t r y  than  would o therwise  have occurred .  

This  system has  l a r g e l y  d isappeared ,  succeeded by a new s e t  of cont ra -  

d i c t o r y  f e a t u r e s .  The v a l u e  t o  t h e  American economy of a  b a r r e l  of o i l  pro- 

duced a t  home i s  ( a t  l e a s t )  t h e  va lue  of domest ic  r e sou rces  which must be  

shaped i n t o  goods and s e r v i c e s  t o  be  t r a n s f e r r e d  abroad t o  pay t h e  f o r e i g n  

government-owner. This  i s  t h e  p r ice  of i n t e r n a t i o n a l  o i l  d e l i v e r e d  t o  t h e  

United S t a t e s ,  somewhat over  $13 a t  t h e  p r e s e n t  time. But petroleum p r i c e s  

i n  t h e  United S t a t e s  only  i n d i r e c t l y  r e f l e c t  t h i s  s o c i a l  v a l u e ;  r a t h e r  they a r e  

p r e s e n t l y  s e t  by t h e  complex system of petroleum p r i c e  c o n t r o l s .  Domestic 

producers  f a c e  p r i c e s  of $ 5 . 2 5  f o r  " n l d  nil" and S11.33 f o r  "new o i l " .  O i l  

i n  t h e s e  c l a s s e s  w i l l  n o t  be  produced i f  i t  c o s t s  t h e  o p e r a t o r  more than  

t h e s e  p r i c e s ,  even though they a r e  s u b s t a n t i a l l y  below t h e  r e a l  s o c i a l  va lue  

of t h e  o i l .  Buyers, on t h e  o t h e r  hand, f a c e  a  p r i c e  of $9.50, which i s  t h e  

weighted average  of t h e s e  domestic s u p p l i e s  and imports .  They then  have in-  

adequate  i n c e n t i v e s  t o  conserve,  a s  t h e  expense avoided i n  n o t  consuming a  

b a r r e l  of o i l  i s  l e s s  than  i ts  s o c i a l  va lue .  These p r i c e s  have been e s t ab -  

l i s h e d  by the  f e d e r a l  government, n o t  f o r  economic e f f i c i e n c y  b u t  i n  o r d e r  

t o  p reven t  a  compet i t ive  d isadvantage  f o r  r e f i n e r s  who do n o t  own c rude  o i l  

which can s t i l l  be cheaply produced; and t o  prevent  w i n d f a l l  p r o f i t s  t o  t h e  



owners of t h i s  crude.  Obviously, p r i c e s  designed t o  r e g u l a t e  compet i t ion ,  

and do j u s t i c e ,  cannot  be  expected t o  g i v e  t h e  s i g n a l  of va lue  emi t t ed  under 

s imple  compet i t ive  cond i t i ons .  

Na t iona l  S e c u r i t y  Premium. The s o c i a l  v a l u e  of domest ic  o i l  is  n o t  de- 

termined s o l e l y  by t h e  i n t e r n a t i o n a l  p r i c e :  There i s  a l s o  t h e  i s s u e  of i m -  

I t  p o r t  dependence". It h a r d l y  needs t o  b e  s t a t e d  t h a t  t h e  United S t a t e s  i s  

i n c r e a s i n g l y  dependent on a  small group of f o r e i g n  n a t i o n s  f o r  ou r  petroleum 

impor ts .  This  group is  w e l l  organized and may a t t empt  t o  i n f l u e n c e  ou r  f o r e i g n  

p o l i c y  by a c t u a l  o r  i m p l i c i t  b lackmai l .  This  is  a  s o c i a l  c o s t  which would n o t  

be  r e f l e c t e d  i n  p r i v a t e  p l a c e s  even i f  t hose  p r i c e s  were n o t  c o n t r o l l e d  by t h e  

government. It may be  desc r ibed  a s  a "na t iona l  s e c u r i t y  premium", a s s o c i a t e d  

w i t h  imported o i l  only.  S ince  a b a r r e l  of o i l  domes t i ca l ly  produced o r  con- 

served  e f f e c t i v e l y  t r a n s l a t e s  i n t o  avoidance of a n  imported b a r r e l ,  i t  i s  t h e  

i n t e r n a t i o n a l  p r i c e  p l u s  t h e  n a t i o n a l  s e c u r i t y  premium which is  t h e  e f f e c t i v e  

s o c i a l  va lue  of domestic s u p p l i e s .  However, wh i l e  t h i s  concept  seems a  

r ea sonab le  one,  i t  l e a v e s  us  w i t h ,  a t  minimum, a s u b s t a n t i a l  measurement pro- 

blem: How much is i t  worth t o  us t o  avoid  impor t ing  a  b a r r e l  o f  o i l ?  We 

d e f e r  d i s c u s s i o n  of t h i s  ques t ion  t o  Sec t ion  5;  f o r  now, we assume t h a t  t h e  

n a t i o n a l  s e c u r i t y  premium is  l a r g e  enough t o  be  a  c o n t r i b u t i n g  f a c t o r  i n  t h e  

ensuing  d i scuss ion .  Given t h e  n a t i o n a l  emphasis on reducing  impor ts  of pe t ro -  

leum, t h i s  seems a s a f e  assumption. 

Natura l  G a s  P r i c e s .  The r e g u l a t i o n  of  t h e  p r i c e  of n a t u r a l  gas  i s  a 

longer- term and more complex form of t h e  same problems. I n  t h e  producing a r e a s  

of t h e  southwest ,  n a t u r a l  gas  is  s t i l l  a v a i l a b l e  on i n t r a s t a t e  shipments ,  a t  

a p r i c e  which appears  t o  have become approximately equal  t o  t h a t  of "new" 

crude  o i l  i n  energy-equivalent  terms,  and t o  r e s i d u a l  o i l ,  b u t  h i g h e r  than  

Rocky Mountain c o a l .  E l e c t r i c  u t i l i t i e s  appear  t o  be fo l lowing  t h i s  s i g n a l ,  

I 



and gas  i s  be ing  phased o u t .  The e f f e c t i v e  demand f o r  new gas  i s  l i m i t e d  t o  

t h e  i n t r a s t a t e  market.  For many power p l a n t s ,  e s p e c i a l l y  when l o c a t e d  c l o s e  

t o  a r e a s  of gas  product ion  which have no a l t e r n a t i v e  p i p e l i n e  connec t ions ,  t h e  

p r i c e  of gas i s  s t i l l  below t h a t  of competing f u e l s ,  and t h e r e  i s  an  i n c e n t i v e  

t o  keep burn ing  i t .  

Outs ide  t h e  producing s t a t e s ,  t h e  p r i c e  of n a t u r a l  gas is only  a  s m a l l  

f r a c t i o n  of t h e  equ iva l en t  p r i c e  of o i l .  The n a t i o n a l  c e i l i n g  is  52 c e n t s  p e r  

m i l l i o n  B T U , ~  equa t ing  t o  about  $3.12 per  b a r r e l  of o i l ,  o r  7 112  c e n t s  pe r  

g a l l o n .  Ac such  p r i c e s ,  t h e r e  i s  an  enormous u n s a t i s f i e d  demand f o r  n a t u r a l  

g a s ,  t h e  well-known "shortage". Strenuous e f f o r t s  a r e  be ing  made t o  import 

l i q u i d  n a t u r a l  gas (LNG) from OPEC members, and t o  manufacture s y n t h e t i c  

n a t u r a l  gas  (SNG) from c o a l .  Expected c o s t s  i n  t h e  range  of $20 t o  $30 pe r  

b a r r e l  of o i l - equ iva l en t  w i l l  appa ren t ly  n o t  a t t r a c t  p r i v a t e  investment  i n t o  

SNG product ion .  S ince  t h e  r e a l  r e sou rce  c o s t s  of producing and sh ipp ing  LNG 

a r e  cons ide rab ly  lower than  SNG c o s t s ,  t h e  OPEC governments supply ing  LNG 

have cons ide rab le  leeway i n  t h e i r  p r i c i n g  d e c i s i o n s  and t h e i r  p o l i c i e s  w i l l  

de te rmine  'LNG a v a i l a b i l i t y .  It is  n o t  c l e a r  whether gas consumers a r e  pre- 

pared  t o  t ake  l a r g e  amounts a t  t h e s e  p r i c e s ,  o r  whether i n  t ime they  wi.11 

s u b s t i t u t e  away by changing t h e i r  h e a t i n g  appa ra tus .  I n  any case ,  consumers 

w i l l  n o t  be confronted  wi th  t h e s e  h igh  p r i c e s  f o r  a long  t ime,  f o r  t h e  new 

sources  appa ren t ly  w i l l  be " r o l l e d  in"  w i th  t h e  much lower pr i .ces  of e x i s t i n g  

i n t e r s t a t e  n a t u r a l  gas .  

Thus producers  and consumers of gas  a r e  o f f e r e d  m u l t i p l e  c o n f l i c t i n g  

p r i c e  s i g n a l s .  S y n t h e t i c  gas  would c o s t  e i g h t  t imes c u r r e n t  n a t u r a l  gas  

 here is a  proposed i n c r e a s e  now i n  t h e  c o u r t s .  



p r i c e s  t o  consumers. A gas  consumer i n  Texas is paying,  a t  p r e s e n t ,  about  

fou r  t i m e s  t h e  p r i c e  charged t o  t h e  i n t e r s t a t e  consumer f o r  h i s  g r a d u a l l y  

dwindl ing f low f o r  new g a s ;  t h e  new i n t e r s t a t e  consumer f a c e s  an  i n f i n i t e l y  

h igh  p r i ce - - i t  i s  n o t  t o  be  had a t  any p r i c e .  Eventua l ly  t h e  low p r i c e  and 

t h e  i n f i n i t e l y  h i g h  p r i c e  w i l l  come toge the r  a t  a p r i c e  which i s  ve ry  h igh  

by today ' s  s t a n d a r d s ,  and h ighe r  t han  t h e . p r i c e  which consumers cons idered  

when chey i n s t a l l e d  t l ~ a i r  equipment. 

Were t h e r e  no p r i c e  r e g u l a t i o n ,  i t  is  n o t  c l e a r  t h a t  t h e  demand f o r  LNG 

and SNG, f o r  base  l o a d s ,  would exceed zero .  Some 65 pe rcen t  of n a t u r a l  gas  

i s  i n  i n d u s t r i a l  u ses  ( c h i e f l y  e l e c t r i c a l  power) where i t  can b e  r ep l aced  by 

r e s i d u a l  f u e l  o i l  and coa l .  I f  gas  is  t o  be  de regu la t ed  over  t h e  nex t  t e n  

y e a r s ,  then  investment  i n  LNG and SNG, p r o j e c t s  which add t o  gas  supply  by 

1985, may prove completely was t e fu l .  The p r e s e n t l y  perce ived  "need" for , - - - .  
'. . 

l a r g e - s c a l e  s u p p l i e s  of gas  w i l l  t u r n  o u t  t o  be t h e  mis informat ion  genera ted  

by p r i c e  r e g u l a t i o n .  

Impact. The impact of t h e  p r i c i n g  r e g u l a t i o n s  on inves tments  i n  techno- 

l o g i c a l  change depends on t h e  p a r t i c u l a r  c i rcumstances  involved .  Any conserva- 

t i o n  technology,  f o r  example, is  a t  a  s t r o n g  d isadvantage  due t o  low gas  and 

o i l  p r i c e s  i n  domest ic  markets .  The amount a "buye r  w i l l  pay f o r  a  p i e c e  of  

energy-conserving equipment i s  d i r e c t l y  r e l a t e d  t o  t h e  p r i c e  of t h e  energy 

conserved. I f  t h e  energy is a petroleum product ,  f o r  example, t hen  t h a t  

p r i c e  is now be ing  h e l d  w e l l  below t h e  a c t u a l  margina l  c o s t  o f  t h e  energy t o  

t h e  nation--which i s  t h e  p r i c e  s e t  by t h e  OPEC c a r t e l .  A b a r r e l  of o i l  saved 

is  valued by t h e  consumer a t  t h e  domest ic  p r i c e ,  b u t  t h e  sav ings  t o  t h e  

n a t i o n  is t h e  c a r t e l  p r i c e ;  t h e  d i f f e r e n c e  is a sav ings  accrued by t h e  n a t i o n  

a s  a whole b u t  n o t  t h e  i n d i v i d u a l  conserver .  C l e a r l y ,  then ,  any a c t i v i t y  



which invo lves  o i l  o r  gas  conse rva t ion  i s  p r i v a t e l y  undervalued.  I n  p a r t i -  

c u l a r ,  t h e  inves tments  i n  t h e  development and i n t r o d u c t i o n  of new energy- 

conserv ing  t echno log ie s  w i l l  be  l e s s  e x t e n s i v e  than  they  o the rwi se  would be. 

Energy supply  t echno log ie s  w i l l  b e  a f f e c t e d  t o  a n  equa l  o r  l e s s e r  ex- 

t e n t .  So la r  h e a t i n g  and coo l ing  of homes, f o r  example, may d i s p l a c e  con- 

sumption of r e f i n e d  petroleum products .  I n  t h i s  c a s e  t h e  impact of p r i c e  

c o n t r o l s  i s  similar t o  t h a t  on conse rva t ion .  On t h e  o t h e r  hand, new sources  

of s y n t h e t i c  c rude  o i l ,  such as o i l  from o i l  s h a l e ,  p r e s e n t l y  appear  t o  c o s t  

more than  imported c rude ,  s o  i t  is  ha rd  t o  conceive t h a t  an attempt would be 

made t o  c o n t r o l  t h e  s a l e s  p r i c e .  

The d i s t o r t i o n s  caused by i n a p p r o p r i a t e  energy p r i c e s  apply  across- the-  

board t o  a l l  s t a g e s  of t h e  p roces s  of t e c h n i c a l  change. Where t h e  v a l u e  of 

t h e  u l t i m a t e  product  of t e c h n o l o g i c a l  change is decreased  by underva lua t ion  of 

domest ic  energy,  t h e r e  is  a lowering of t h e  expected r e t u r n s  t o  a n  investment  

i n  any s t a g e  i n  t h e  process .  Na tu ra l ly ,  t h e  importance of t h e  e f f e c t  i s  very  

d i f f e r e n t  a t  d i f f e r e n t  s t a g e s .  A t  t h e  i nven t ion  s t a g e  i t  i s  t h e  e x p e c t a t i o n  

of p r i c e s  s e v e r a l  decades i n  t h e  f u t u r e  t h a t  i s  impor tan t ,  f o r  t h a t  is  when a 

new innovat ion  would reach  t h e  d i f f u s i o n  s t a g e .  Needless t o  s ay ,  such p r i c e s  

are ve ry  u n c e r t a i n ;  t h e r e f o r e ,  they  a r e  l i k e l y  t o  e n t e r  i n t o  t h e  investment  

c a l c u l a t i o n  o n l y  i n  a very  c rude  manner. The f a c t  t h a t  t h e  a t t r i b u t e s  of t h e  

innova t ion  ( a f t e r  any development and i n t r o d u c t i o n  s t a g e )  are very  u n c e r t a i n  

as w e l l  only s e r v e s  t o  f u r t h e r  reduce t h e  r e l a t i v e  importance of p r i c e s  i n  

d e c i s i o n s  a t  t h e  i n v e n t i o n  s t a g e .  

The impact of energy p r i c e s  is  very  d i f f e r e n t  i n  t h e  d i f f u s i o n  s t a g e .  

There t h e  technology i s  w e l l  d e f i n e d ,  and t h e  innovat ion  w i l l  be  adopted t o  t h e  

e x t e n t  t h a t  i s  p r o f i t a b l e  t o  do so.  Inappropr i a t e  p r i c e s  have a n  i n c r e a s i n g l y  



impor tan t  e f f e c t  as a t e c h n i c a l  o p t i o n  advances from inven t ion ,  through de- 

velopment and i n t r o d u c t i o n ,  i n t o  d i f f u s i o n .  

Thus, domestic p r i c e  c o n t r o l s  c r e a t e  a s i t u a t i o n  where s u b s i d i e s  t o  con- 

s e r v a t i o n  e f f o r t s  may b e  s o c i a l l y  p r o f i t a b l e .  However, government i n t e r -  

v e n t i o n  i n  suppor t  of t h e  commercial izat ion ac t iv i t i e s - -wi thou t  long-term sub- 

sidies--would be l i m i t e d  i n  its impact ,  f o r  t h e  demand f o r  such t echno log ie s ,  

once in t roduced ,  would remain too  low. Commercialization would f a i l ,  a s  d i f -  

f u s i o n  would n o t  occur .  I n  such circumstances p r i c e  c o n t r o l s  and e x p e c t a t i o n s  

of f u t u r e  c o n t r o l s  a r e  a  dominant i n f l u e n c e  on t h e  r a t e  and e x t e n t  of techno- 

l o g i c a l  change, and a p r i n c i p a l  f o r c e  i n  prevent ing  adequate  p r i v a t e  performance. 

3 . 3 . 2  F a i l u r e s  i n  t h e  Process  of Technological  Change 

C l e a r l y ,  t h e  c u r r a n t  process  o f  p r i c e  de te rmina t ion ,  and l i k e l y  develop- 

ments i n  t h e  f u t u r e ,  a r e  an  impor tan t  boundary c o n d i t i o n  f o r  a l l  of ERDA's 

planning.  Much of t h i s  process  i s  poor ly  understood,  p a r t i c u l a r l y  where i t  is  

h e a v i l y  i n f luenced  by government p o l i c i e s  and t h e  a s s o c i a t e d  domestic and 

i n t e r n a t i o n a l  p o l i t i c s .  A high  p r i o r i t y  should go t o  e f f o r t s  t o  understand 

and ana lyze  i t .  So f a r  as ,U.S.  domest ic  p o l i c y  is  concerned, a lmost  any 

measure t o  c l a r i f y  t h e  long-term p r i c e . p o l i c y  would be h e l p f u l ,  and of cou r se  

t h e  h ighe r  t h e  energy p r i c e  t h a t  is found t o l e r a b l e ,  t h e  more r a p i d  t h e  r a t e  

of t echno log ica l  change w i l l  be ,  r e g a r d l e s s  of f e d e r a l  e f f o r t s  t o  he lp .  

Whatever happens on t h e  p r i c e  s i d e ,  however, t h e r e  a r e  a  number of o t h e r  

problems t h a t  may l ead  t o  a  l e s s - than -des i r ab le  l e v e l  of  investment  i n  new 

technology by p r i v a t e  f i rms .  There a r e  s e v e r a l  c a t e g o r i e s  i n t o  which t h e s e  

" f a i l u r e s "  a r e  convent iona l ly  ga thered ,  and a survey of each r e v e a l s  something 

about t h e  types  of a c t i v i t i e s  where government e f f o r t s  might be  most u s e f u l l y  

focused. 



I n a b i l i t y  t o  Appropr ia te  Technica l  Resu l t s .  Usual ly ,  when a  f i r m  makes 

an  investment ,  i t  expec t s  t o  c a p t u r e  t h e  ou tpu t s  o r  r e t u r n s  f o r  i t s e l f ;  i t  

w o u l d , p r e f e r  t h a t  t h e ' r e s u l t s  no t  go t o  everybody, f o r  then  no compe t i t i ve  

advantage has been gained.  Technica l  in format ion  is  d i f f i c u l t  t o  c o n t r o l ,  

however, and once i t  g e t s  o u t  any o t h e r  f i r m  may use  i t  wi thout  paying t h e  

o r i g i n a t o r .  That i s ,  t h e  r e s u l t s  a r e  n o t  "appropriable" .  I n  t h e  terms used 

e a r l i e r ,  a  f i r m  c a r r y i n g  ou t  R&D may n o t  be buying an o p t i o n  f o r  i r s e l f  a l o n e ,  

b u t  f o r  a l l  i t s  compet i tors  a s  w e l l .  The i n c e n t i v e  t o  make such investments  

is  t h u s  dampeced, f o r  t h e  f i r m s '  r e t u r n s  from t h e  investment  a r e  less than  t h e  

s o c i a l  returns--which i n c l u d e  t h e  p r o f i t s  of o t h e r  f i rms  as w e l l  a s  t h e  bene- 

f i t s  consumers r e a l i z e  from less expensive o r  improved products .  This  i s  a  

market f a i l u r e  i n  t h e  s e n s e  de f ined  above. 

Of course ,  t h e  p a t e n t  system is  designed t o  remedy t h i s  d e f e c t ,  and f i rms  

a l s o  make e f f o r t s  t o  p r o t e c t  p r o p r i e t a r y  technology which i s  n o t  p a t e n t a b l e .  

But t h e r e  remain s u b s t a n t i a l  c l a s s e s  of knowledge which a r e  excluded from t h e  

pa t en t .  system o r  a r e  no t  r e a d i l y  he ld  p r o p r i e t a r y ,  o r  which might r .nntr ihi i tc  

i n  widespread o r  un fo re seeab le  ways t o  new products .  One such circumstance 

i s  b a s i q r e s e a r c h .  Because of d i f f i c u l t i e s  i n  a p p r o p r i a t i n g  t h e  benefits of 

a  fundamental c o n t r i b u t i o n  t o  knowledge, government s u b s i d i e s  a r e  common- 

p l a c e .  This  type  of market f a i l u r e  becomes l e s s  s i g n i f i c a n t  a s  a  technology 

p rog res ses  t o  l a t e r  s t a g e s  of development. Technical. knowledge becomes 

p a t e n t a b l e ,  o r  more r e a d i l y  h e l d  p r o p r i e t a r y ,  a s  t h e  new knowledge becomes 

embodied i n  a  product .  

One technique  which can be  used t o  m i t i g a t e  t h e  non-appropr i ab i l i t y  pro- 

blem i s  t h e  u s e  of i n d u s t r y  c o n s o r t i a  t o  suppor t  development programs. The 

f i r m s  which s t a n d  t o  g a i n  from a given c l a s s  of advances can j o i n  t o g e t h e r  

t o  f i n a n c e  them. Then t h e  i n d i v i d u a l  f i r m ' s  p r o p o r t i o n a l  investment  can be 



made t o  approximate i ts  p ropor t iona l  a b i l i t y  t o  p r o f i t  from t h e  advance, and 

t h e  2roup a s  a whole can capture  t h e  bulk  of t h e  b e n e f i t s .  The E l e c t r i c  

Power Research I n s t i t u t e ,  f o r  example, is supported by con t r ibu t ions  from t h e  

n a t i o n ' s  e l e c t r i c  u t i l i t i e s ;  i t  suppor ts  R&D on e l e c t r i c  power genera t ion  

technology. However, f o r  a n t i - t r u s t  o r  i n s t i t u t i o n a l  reasons,  it is n o t  always 

p o s s i b l e  t o  organize t h e  appropr ia t e  group. 

To what ex ten t  does t h i s  phenomenon apply i n  t h e  i n t r o d u c t i o n  s t a g e  of t h e  

process of technologica l  change? There a r e  s e v e r a l  types of information 

involved. F i r s t ,  technologica l  information w i l l  be developed a s  t h e  product 

embodying the  new technology i s  produced and used. This information is  gen- 

e r a l l y  r e f l e c t e d  i n  decreased c o s t s  of subsequent p l a n t s .  For example, i t  is  

est imated t h a t  t h e  f i r s t  p l a n t  t o  produce a new type of automotive powerplant 

would  c o s t  s e v e r a l  t i m e s  a s  much as subsequent p l a n t s  of t h e  same capaci ty .  1 

The major i s s u e ,  then, i s  t h e  ex ten t  t o  which c o s t  reduct ions  a r e  appropr iable  

by t h e  f i rm in t roducing new technology. It is  widely p r e s u e d  t h a t  b e n e f i t s  

'of t h i s  s o r t  i n  f a c t  a r e  s u b s t a n t i a l l y  appropr iable ,  I n  c o n t r a s t  t o  t h e  ex- 

treme case  of new fundamental knowledge. One argument i s  t h a t  knowledge i s  

embodied i n  t h e  c o l l e c t i v e  experience of the  engineers  and managers of t h e  

f i rm,  and so  cannot be  r e a d i l y  learned by ou t s ide  observers .  Engineers and 

managers can be lu red  from f i rm t o  f i rm,  bu t  r a r e l y  en masse. 

Determination of t h e  importance of t h i s  " f a i l u r e "  is no t  a simple mat ter  

i n  any p a r t i c u l a r  case ,  and t h e  condi t ions  vary g r e a t l y  a c r o s s  i n d u s t r i e s .  

Therefore,  continuing e f f o r t s  t o  understand t h i s  problem a r e  very important 

l " ~ h o u l d  We Have a New Engine? An Automobile Power Systems Evaluat ion.  Volume 
11, Techniczl Reports," ( J e t  Propulsion Laboratory, C a l i f o r n i a  I n s t i t u t e  of 
Technology, Pasadena, C a l i f o r n i a ,  August, 1975). 



t o  ERDA's e f for t s - -both  t o  i d e n t i f y  which s i t u a t i o n s  a r e  t r u l y  blocked f o r  

t h i s  reason ,  and t o  guide  t h e  s e l e c t i o n  of t he  proper  ins t ruments  f g r  subs idy .  

Regulatory and P o l i t i c a l  Risk.  I t  may be t h a t  t h e  p r o p r i e t a r y  t e c h n i c a l  

and c o s t  in format ion  developed a t  t h e  i n t r o d u c t i o n  s t a g e  i n d i c a t e  a  technology 

s u f f i c i e n t l y  a t t r a c t i v e  t o  induce s o c i a l l y  d e s i r a b l e  o u t l a y s ,  b u t  r e g u l a t o r y  

and o t h e r  i n s t i t u t i o n a l  problems i n t e r v e n e .  Important  i n s t i t u t i o n a l ,  regula-  

t o r y ,  and p o l i t i c a l  i s s u e s  posed by t h e  new technology may b e  r e so lved  only  

by s u b s t a n t i a l  p roduct ion  and use .  This  i s  t r u e  f o r  s y n t h e t i c  f u e l s ,  f o r  ex- 

ample. Informat ion  about environmental  e f f e c t s  of f u l l - s c a l e  p l a n t s  may be 

i n f e r r e d  from p i l o t  p l a n t s ,  f o r  example, b u t  the i s s u e  of what e f f l u e n t  l e v e l s  

a r e  a c c e p t a b l e  is  d i f f i c u l t  t o  r e s o l v e  u n t i l  p roduct ion  is  at tempted on a  

commercial s c a l e .  This  i s  a  s p e c i a l  kind of d i s t o r t i o n  of p r i v a t e  d e c i s i o n  

making: Investment may be  a r t i f i c i a l l y  discouraged because s o c i e t y  has  no t  

g o t t e n  around t o  s p e c i f y i n g  t h e  r u l e s  under which t h e  new technology w i l l  

o p e r a t e .  

For example, t h e  d i e s e l  engine has  s p e c i a l  emissions problems ( e . g . ,  

p a r t i c u l a t e s )  t h a t  may c r e a t e  problems i f  t h e  engine  i s  eve r  widely used i n  

p r i v a t e  automobiles .  A s  y e t  t h e  emission s t anda rds  t o  be  app l i ed  t o  d i e s e l  

emiss ions  have no t  been determined by f e d e r a l  r e g u l a t o r y  a u t h o r i t i e s ,  and so 

long a s  t h i s  u n c e r t a i n t y  remains i t  i s  n o t  i n  t h e  i n t e r e s t  of any manufacturer  

t o  spend s u b s t a n t i a l  sums of money on t h e  i n t r o d u c t i o n  of t h e  d i e s e l  engine.  

Ul t imate  r e g u l a t o r y  c o n s t r a i n t s  may o r  may no t  be set a t  a l e v e l  t h a t  a l lows  

t h e  d i e s e l  t o  f u n c t i o n  a s  a  passenger  c a r  engine.  But i n  t h e  meantime, uncer- 

t a i n t y  about r e g u l a t i o n  magnif ies  t h e  r i s k s  of development. Unfor tuna te ly ,  i t  

i s  u n l i k e l y  t h a t  t h e  Environmental P r o t e c t i o n  Agency w i l l  s t a r t  t h e  necessary  

impact s t u d i e s  and begin  t o  formula te  procedures  f o r  s e t t i n g  p a r t i c u l a t e  

emission s t anda rds  u n t i l  d i e s e l  u s e  becomes widespread. S i m i l a r  r e g u l a t o r y  



b a r r i e r s ,  o r  p o t e n t i a l  ones, w i l l  be faced,  wi th  g r e a t e r  o r  l e s s e r  impact, 

by any important new energy technology. 

This  circumstance sugges ts  t h a t  a  well-designed government i n t e r v e n t i o n  

may be very u s e f u l .  I f  s o c i a l l y  va luab le  new technologies  a r e  blocked by t h e  

11 r egu la to ry  r i sks" ,  then  an o f f - s e t t i n g  subsidy may be  i n  order .  The subsidy 

would no t  only encourage use  of t h e  technology, which is  good i n  i t s e l f ,  but  

a l s o  lead  t o  a  r e s o l u t i o n  of the  r egu la to ry  r i s k  and open t h e  way t o  f u r t h e r ,  

unsubsidized investment i n  the  technology by p r i v a t e  f i rms.  E f f e c t i v e l y ,  the  

subsidy would cover t h e  p r i v a t e  c o s t s  of developing t h e  necessary case  law, 

regula tory  r u l i n g s ,  e t c .  Careful  s tudy of the  n a t u r e  of t h e  r egu la to ry  pro- 

blem should, once again ,  o f f e r  guidance a s  t o  what kind of subsidy w i l l  most 

e f f e c t i v e l y  r e so lve  t h e  i s s u e .  

There i s  a caut ionary  note  t h a t  needs t o  be sounded here .  W e  a r e  speaking 

of i n t e r v e n t i o n  by t h e  government t o  r e so lve  d i f f e r e n c e s  c rea ted  by regu la to ry  

procedures, admin i s t r a t ive  agencies,  and c o u r t  r u l i n g s  which, speaking loose ly ,  

comprise the  "government". Therefore, t h e r e  a r e  s e v e r a l  i s s u e s  t h a t  n a t u r a l l y  

a r i s e  i n  connection wi th  a f e d e r a l  subsidy program which i s  heav i ly  fnfluenced 

by these  cons idera t ions :  

1. The b a r r i e r s  may be p o l i t i c a l ,  i n  t h e  sense  t h a t  t h e r e  i s  a l a t e n t ,  
unresolved c o n f l i c t  between two o r  more p a r t s  of  s o c i e t y .  What a r e  
the  consequences of a t tempt ing t o  f o r c e  an e a r l y  r e s o l u t i o n  of  t h e  
c o n f l i c t ?  What would i t  t ake  t o  r e so lve  i t ?  

A r e  t h e  r i s k s  t r u l y  " a r t i f i c i a l "  ones, r e f l e c t i n g  no more than t h e  
tendency of persons o r  o rganfza t i ans  t o  avoid the  e f f o r t  and con- 
t roversy  requi red  t o  r e so lve  the  i s s u e ?  O r  does t h e  r e l u c t a n c e  t o  
decide  r e f l e c t  an a c t u a l  l a c k  of knowledge about t h e  e f f e c t s  of f u l l -  
s c z l e  use  of t h e  new technology? I n  t h e  former case ,  a l l  t h a t  is 
needed i s  f o r  r egu la to ry  o r  o t h e r  governmental agencies t o  g i v e  a 
c l e a r  s tatement of t h e  r u l e s  of t h e  game. (Of course ,  tnis may b e  
d i f f i c u l t  t o  do i n  a  s o c i e t y  where p o l i t i c a l  and regu la to ry  a u t h o r i t y  
i s  decentralized--more on t h i s  below.) I n  t h e  l a t t e r  case ,  t h e  
bui1,ding of commercial-scale f a c i l i t i e s  may or may not  be the  cheap- 
est way t o  ga the r  the  needed information.  (This po in t  i s  a l s o  ex- 
panded below.) 

. .. 



Market S t r u c t u r e .  I s s u e s  of market s t r u c t u r e  may b e  important  i n  t h e  

p roces s  of t e c h n o l o g i c a l  change. Monopoly power i n  any market g e n e r a l l y  is  

a s s o c i a t e d  w i t h  exces s ive ly  h igh  p r i c e s .  Such p r i c e s  would c e r t a i n l y  have a n  

across-the-board impact on investments  i n  t echno log ica l  change. We have d i s -  

cussed t h e  energy p r i c e s  above. Any o t h e r  market would r e q u i r e  a  d e t a i l e d  

a n a l y s i s  of i t s  own. 

P o t e n t i a l l y  more impor tan t ,  and l e s s  w e l l  understood,  is  t h e  impact of 

market s t r u c t u r e  d i r e c t l y  on t h e  p ropens i ty  t o  innovate .  Simply p u t ,  l a r g e  

f i r m s  may be  needed t o  suppor t  l a r g e  r e s e a r c h  and development e s t ab l i shmen t s  

and t o  r i s k  t h e  inves tments  needed t o  i n t roduce  new t echno log ie s .  On t h e  

o t h e r  hand, f i rms  wi th  monopoly power would seem t o  be  under l e s s  compet i t ive  

p r e s s u r e  t o  hold c o s t s  dowa and gene ra t e  i nnova t ive  p roduc t s .  Moreover, under 

compet i t ion  t h e  inducement t o  innovate  i s  g r e a t e r  because t h e  innova to r  makes 

a l l  t h e  ga ins  wh i l e  h i s  compet i t ion  b e a r s  t h e  l o s s e s .  A monopolist  must do a  

p r i v a t e  cos t -bene f i t  c a l c u l a t i o n ,  and may t u r n  away innova t ions  which would 

have been p r o f i t a b l e  under compet i t ion .  

For example, one s i t u a t i o n  where t h e r e  i s  deba te  about  t h e  i n f l u e n c e  of 

concen t r a t ion  on innovat ion  i s  t h e  automotive i n d u s t r y .  The supply of auto- 

mobiles  t o  t h e  American market i s  dominated by t h e  "Big Three", wi th  a  f r i n g e  

c o n s i s t i n g  of  one "independent" and a  number of . importers .  I n  such a  circum- 

s t a n c e  t h e r e  a r e  good reasons  t o  s u s p e c t  t h a t  t h e  f u l l  p l a y  of compet i t ive  

f o r c e s  i s  no t  brought  t o  bear .  On t h e  o t h e r  hand, t h e  e x i s t e n c e  of such huge 

i n d u s t r i a l  complexes g ives  o p p o r t u n i t i e s  f o r  innovat ion  t h a t  might n o t  e x i s t  

were t h e  i n d u s t r y  made up of sma l l e r  u n i t s .  There i s  no consensus on whether 

more o r  l e s s  innovat ion  t zkes  p l a c e  under c u r r e n t  market s t r u c t u r e  o r  some 

a l t e r n a t i v e .  Government suppor t  f o r  commercial izat ion of new automotive en- 

g ines  must d e a l  wi th  t h e  i n d u s t r y  s t r u c t u r e  a s  i t  is, a t  l e a s t  making some 



e f f o r t  t o  ensure t h a t  such support does no t  inc rease  t h e  degree of concentra t ion.  

Risk and Financia l  Markets. It i s  o f t e n  argued t h a t  investment i n  new 

energy-related technologies is  blocked by l ack  of f inancing.  The investments 

a t  t h e  in t roduc t ion  s t a g e  a r e  s o  l a r g e ,  and s o  r i s k y ,  i t  i s  argued, t h a t  p r i -  

v a t e  inves to r s  a r e  unwill ing t o  advance t h e  necessary c a p i t a l .  

Even i f  t r u e ,  t h i s  may o r  may not  be a "market f a i lu re" .  When an inves t -  

ment banker s t a t e s ,  f o r  example, t h a t  la rge-scale  s y n t h e t i c  gas p l a n t s  "can ' t  

be financed", he may simply mean t h a t  t h e  expected p r o f i t a b i l i t y  of investment 

i n  such a p l a n t  is  not  high enough t o  compensate f ~ r  t h e  r i s k s  t h a t  would have 

t o  be borne. It i s  i r r a t i o n a l  f o r  an inves to r  t o  commit c a p i t a l  t o  t h e  high 

r i s k  use i f  t h e  an t i c ipa ted  r e t u r n  i s  not  correspondingly l a r g e .  Society a s  

w e l l  should demand a high expected r e t u r n  on c a p i t a l  t h e  h igher  t h e  assoc ia ted  

r i s k s .  

A market f a i l u r e  occurs when t h e  p r i v a t e  decis ion maker has a degree of 

r i s k  avers ion d i f f e r e n t  from t h a t  appropr ia te  t o  s o c i e t y  a t  l a r g e .  A common 

argument is t h a t  p r i v a t e  inves to r s  a r e  too r i s k  sverse .  It is held t h a t  t h e  

goverriment is capable of spreading the  r i s k  of a  p a r t i c x l a r  technological  ex- 

periment over a very l a r g e  pcol  of a l t e r n a t i v e  a c t i v i t i e s ,  whereas a p r i v a t e  

corpora t ion may be l imi ted  i n  i t s  a b i l i t y  t o  d i v e r s i f y  the  r i s k  of l a r g e  in- 

vestment. Thus a f i rm would not undertake such an investment, even i f  i t s  

es t imate  cf the  expected value .>f t h e  investment is  t h e  same a s  t h a t  of t h e  

government. I n  such a circumstance t h e r e  is under-investment, from s o c i e t y ' s  

viewpoint, i n  r i sky  technologies. 

Gn the  o the r  hand, t h e  U.S. has a highly e labora ted  and e f f i c i e n t  s e t  of 

c a p i t a l  markets, and these  o f f e r  extens ive  oppor tun i t i e s  f o r  spreading r i s k s .  



The combination of markets f o r  l oan  funds and t h e  v a r i o u s  s t o c k  markets f o r  

e q u i t y  capital--supplemented by v a r i o u s  forms of j o i n t  c o r p o r a t e  ventures--  

can s e r v e  t o  d i v e r s i f y  r i s k s  very  widely over  t h e  community of s t o c k  and bond 

holders . '  These markets appear  t o  s e r v e  w e l l  i n  suppor t ing  p o t e n t i a l l y  pro- 

f i t a b l e  inves~ment - - inc luding  very  l a r g e  and r i s k y  ones--in energy and i n  

o t h e r  s e c t o r s  of t h e  economy. Thus t h e r e  is  no a  p r i o r i  reason  t o  b e l i e v e  

t h a t  c a p i t a l  markets a r e  demanding an  excess ive  r i s k  premium f o r  investments  

i n  new energy-re la ted  technologies .  

It i s  t r u e  that some ven tu re s  wi th  new terhnnlngy are l a r g e  from the 

p o i n t  of view of a  s i n g l e  f i rm.  I f  t h e  goa l s  of management i n c l u d e  o b j e c t i v e s  

o t h e r  than  i n c r e a s i n g  s tockho lde r s '  e q u i t y ,  then  t h i s  "exposure" may be a 

s , i g n i f i c a n t  f a c t o r  i n  t h e  investment d e c i s i o n .  This  is  l i k e l y - t o  be  t h e  case  

f o r  a  new v e n t u r e  by one of t h e  many l a r g e  American co rpo ra t ions  which f inance  

t h e i r  investments  almost e n t i r e l y  w i th  i n t e r n a l l y  genera ted  cash ,  making such 

investments  l e s s  s e n s i t i v e  t o  eva lua t ion  by t h e  c a p i t a l  markets .  But i n  

g e n e r a l  t h e  problem of co rpo ra t e  t i m i d i t y  i n  t h e  f a c e  of r i s k  does  not  seem a 

c r u c i a l  one; i t  i s  u n l i k e l y  t h a t  i t  could long b lock  investment  i n  new tech- 

n o l o g i e s ,  p rovid ing  t h a t  they o f f e r e d  p r o f i t a b i l i t y  s u f f i c i e n t  t o  a t t r a c t  

deb t  ( o r  perhaps equ i ty )  funds from c a p i t a l  markets .  Not a l l  co rpo ra t ions  o r  

managers a r e  r i s k  ave r se :  we observe  c o r p o r a t i o n s ,  f o r  example, i n v e s t i n g  

hundreds of m i l l i o n s  t o  a c q u i r e  of f - shore  d r i l l i n g  r i g h t s ,  even though t h e r e  

' ~ i v e r s i f i c a t i o n  cannot  e l i m i n a t e  a l l  t h e  r i s k s  of i n v e s t i n g  i n  new energy- 
r e l a t e d  technologies .  The revenues and c o s t s  of a  s y n t h e t i c  gas  p l a n t  de- 
pend on i n f l a t i o n ,  t h e  r a t e  of growth of t h e  U.S. economy, t h e  OPEC o i l  
p r i c e ,  and many o t h e r  f a c t o r s  t h a t  a f f e c t ,  i n  vary ing  deg rees ,  t h e  aggrega te  
v a l u e  and p r o f i t a b i l i t y  of t h e  economy's r e a l  a s s e t s .  These r i s k s  cannot be 
d i v e r s i f i e d  away by t h e  i n d i v i d u a l  i n v e s t o r  o r  by s o c i e t y  a s  a  whole. I n  
p r i n c i p l e ,  on ly  t h e s e  sys t ema t i c  o r  non-d ive r s i f i ab l e  r i s k s  a r e  r e l e v a n t  i n  
a s s e s s i n g  t h e  p r e s e n t  va lue  of a n  investment  oppor tun i ty .  



is a significance chance (proven by experience) of getting nothing at all. 

There are two mechanisms which management can use to mitigate the risks 

to the corporation. Joint ventures are widely used--£ or example, the major 

efforts now underway to commercialize oil shale are mostly combinations of 

several firms. The other approach is to organize the new venture as a separate 

corporation. This provides the protection of limited liability for corporate, 

institutional, or individual owners. Financing for such a venture should be 

readily fortkcoming if anticipated profitability is high enough to compensate 

for the risks involved. 

3.3.3 Prices and Other Problems: Summary 

Here we have viewed the process of technological change as a series of 

investments undertaken principally by the private sector. Government efforts 

to spur the commercialization of new technologies constitute an intervention 

in only one stage of a long and complex process. In many respects the process 

itself is not well understood. 

Our analysis of the relative social and private incentives to techno- 

logicel change in the energy sector is summarized in Table 3.2 Several fea- 

tures of the gable stand aut. First, we have only very limited knowledge of 

some of the key features of the process of technological change and, in part- , 

I 
! icnlar, the extent to which i.t cccurs effectively without government inter- 

I 
vention. Except in the diffusion stage, where the returns to investments can 

I 

I 
! be calculated with reasonable accuracy, it is very di.fficult to say whether, 

I 
I 

in any given case, resources are being allocated to the innovative process in 

I anywhere near the socially appropriate amounts. One is left with examining 

I the incentives to technological change, rather than the amount of the invest- 

ment itself. Further, as indicated in Table 3.2, there are cases where even 
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the direction of the effects of the incentives are unclear. 

Government-supported commercial demonstrations affect only the intro- 

duction stage in the process of technological change. A crucial issue, then, 

is the extent to which there are market failures in that stage only, which 

might be corrected. We will take this question up at some length in the 

following section. An examination of Table 3.2 indicates, however, that the 

non-appropriability of the benefits from the resolution of institutional pro- 

blems is the only such difficulty. Other problems--energy price problems in 

particular--may lead to inadequate incentives in the introduction stage. But 

these difficulties apply to other stages as well, and must be examined in a 

larger context. 
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4.  GOVERNMENT-SUPPORTED COMMERCLAL DEMONSTRATION: GOALS AND MEANS

In this section we focus on government-supported commercial demonstration

programs.  First the circumstances under which such programs are likely to be

both effective and socially profitable are examined.  Next the alternatives to

commercial-scale demonstrations are examined. Such programs are bound to be

tangled in political and institutional problems; these difficultes are re-

viewed.  Finally, we discuss the specific financial instruments which might be

considered in supporting such demonstrations.

4.1  THE ROLE OF GOVERNMENT INTERVENTION

In Section 2 we concluded that ERDA's goal should be to lower the cost

of substitutes for oil. This would be the result of R,D&D programs which make

new technological possibilities available to the private sector.  ERDA must

perform this function within an environment which is not under its control:

Specifically, energy prices are determined by a combination of foreign govern-

ments, higher level policy decisions of the U.S. government, and market forces.

Section 3 examined the process of technological change as it normally

occurs in the private sector.  Technological change is the result of a series

of investments which are made in the expectation of a suitable return.  Ex-

pected prices are the key parameters, external to the firm, which affect the

investment decisions. In the early stages of the process, the relevant prices

are those expected several decades in the future.  They are therefore very

uncertain, and the uncertain technological potentials are the dominant factors

in the investment decision.  At the introduction stage, however, the relevant
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prices are crucial to the investment decision. There may be some techno-

logical uncertainties remaining at the time of the decision, but they are

relatively small; the cost of the new technology is reasonably well known

(usually, though not always, within 50 percent or so), and the relation of

this expected cost to the expected price is of crucial importance.

Ideally, ERDA and industry should be using the same prices in their eval-

uations of the commercial potential of new technologies. They are both est-

imating the same quantities--the market prices of the product and the key in-

puts in its production. These prices may be heavily influenced by future

government action, and may show the effects of significant market failures;

at any rate they are out of the control of both ERDA and industry. Thus, un-

less there are significant differences in technical judgment between ERDA and

industry, their evaluations of the long-run commercial potential of a techno-

logy, estimated at the point of the introduction decision, should be essentially

the same.

In most cases the long-run commercial potential of a new technology, when

evaluated prior to the introduction decision, will be independent of possible

federal interventions in the introduction stage. In most cases, the costs of

the introduction stage (which often are not recovered during that stage) are

a small fraction of the total cost of the product after introduction.1  If,

when examined at the end of its development, a technology appears to be commer-

cial in the long run, it usually will be introduced and "commercialized" by the

1This is the usual case; consider synthetic fuels or a new automotive engine
for example.  A possible counterexample is the SST, depending on how one
defines the stages in that case (see Appendix D).
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private sector.  In most cases, ERDA commercial demonstration programs there-

fore simply do not have very much leverage. They may be useful, but they are

not often likely to be decisive in determining the fate of a new technology.

Thus, ERDA's commercial demonstration programs can be viewed somewhat

crudely as subsidies or offsets   to the "introduction stage"--i. e., the excess

of cost over production ravenues during the introduction stage. It may be

viewed  as an "industry-front-end" cost, analogous   to the usual "plant-front-

end" costs necessary to get a single plant into operation. After these costs

are sunk, the industry operates at some "long-run marginal cost".

Before these costs are sunk (i.e., at the introduction decision) private

firms will include them in their evaluations of whether or not to commercial-

ize a new technology.  Where the long-run marginal cost plus an appropriate

return on the introduction cost is less than or equal to the expected price,

industry will proceed.  ERDA commercial demonstration programs can reduce the

introduction cost, and therefore they may affect a firm's introduction de-

cision.  ERDA's ability to influence such decisions with commercial demon-

stration programs depends on the relative magnitude of the amortized industry-

front-end cost and the expected long-run marginal cost.

Under what conditions should ERDA intervene to reduce these costs? The

answer to this question hinges on the analysis, in Section 3, of market fail-

ure in the process of technological change.  There are two important circum-

stances where private industry may not have sufficient incentive to commer-

cialize a new technology, and where subsidies to the introduction stage can

be socially profitable.

The first is the non-appropriability of the technical and institutional

information generated at that stage. Because of the complex and dynamic
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nature of the markets for new products and processes, the importance of this

failure is an open issue. However, we assume that a crucial role of govern-

ment-supported commercialization is to subsidize the acquisition of this in-

formation.

The second occurs when energy is underpriced. When the expected social

value of energy is greater than the expected market price, then subsidies to

any of the stages of the process of technological change may be good invest-

ments. ERDA's forecast of the social value of energy depends principally on

projections of OPEC's pricing policies and the extra social cost of the in-

security of imported oil. The market prices of primary energy resources, on

the other hand, depend on the OPEC price and government price controls.

Thus, the second possible driving force for government-supported commer-

cial demonstration programs would not be the correction of a market failure

of the "usual" sort. Rather, it is the direct attainment of the social bene-

fits associated with domestic production or conservation of energy which is

undervalued at going market prices. In this case the introduction subsidy would

go beyond the provision of the non-appropriable technical and institutional

information discussed above.

The principal benefits which would accrue to ERDA commercial demonstration

programs are independent of which of these considerations is used to justify

the program. ERDA should'subsidize the introduction costs of a technology

up to the point where its private cost at introduction just equals' the market

price. Then the benefit attributable to the program is the present value of

the difference between the social value and market price for all the fuel

supplied or saved domestically as a result of the program. (Or, if the pro-

gram only accelerated the introduction of the technology, it is the benefit of

the earlier flows  which must be computed.)  If the total costs of the program,
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whether devoted to subsidizing appropriable or non-appropriable developments,

are less than this benefit, the program is a socially profitable one.

It would be misleading to close this discussion without reference to an

important problem which poses further difficulties of program analysis and

design.  This is the problem of unintended side effects of government pro-

grams. Government subsidies to particular technologies may drive out private

efforts that would otherwise take place.  Firms may decide that they cannot

compete with a heavily subsidized program; or corporate management may find

it difficult to justify large demonstration expenditures to their boards and

stockholders when they can see that the government is doing the job anyway.

Thus, on balance, federal support may lower the total resources devoted to

1
commercializing a new technology. Clearly, the planning of government in-

vestments in a new technology should take account of the net effect on the

entire market, not just on the firm receiving the subsidy.  An automotive in-

dustry executive communicated this problem to us with the following "hypo-

thetical" example; while it refers to support of R,D&D it applies to subsidized

commercial demonstration as well:

I wonder if y,iu have considered the following hypothetical situ-
ation in which it would appear that perhaps government participation
might be counterproductive to competition and private industry invest-
ments.  Assume two automotive companies are working on a similar tech-
nology with the objective that if they are successful, they will obtain
a competitive advantage and, therefore, recover their investment with
profits.  Assume now that a government agency decides that the private
effort was not as large as would be warranted by the benefits, and
therefore elects to support one of the companies with public funds.
The second company might drop its own efforts in that area on the basis
that the technology developed with the public funds would be available
to them as well as to the company carrying out the work with government

1Alternatively, it is possible for a government program to lead to an increase

in private funding. Something of the kind apparently occurred in the nu-

clear program when General Electric proceeded to accept turnkey contracts for
reactors while Westinghouse projects were being subsidized.
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support.  This response to reduced competition would result in a smaller
increase in the total effort on that particular technology than had been
intended by the original government action.

I don't have a good feel for the likelihood of a response like this

example, but certainly government funding could have a significant effect
on normal competitive forces.

A related problem arises when government subsidies seem to be pending.  Firms

may hold back their own projects in the hope the government will pick up part

of the tab. It seems, for example, that this may be happening in the solar

heating and cooling market at the present time (see Appendix C).  Even within

the conceptual layout discussed above, this problem provides a formidable

challenge to the present state-of-the-art in the design of government programs.

4.2  ALTERNATIVES TO COMMERCIAL DEMONSTRATION                                         '

By subsidizing the construction of commercial-scale plants by private

firms, it is hoped that most technical, regulatory, and institutional dif-

ficulties associated with plants of that size will be raised, if not resolved.

Given that the tactical goal of the program is to address these uncertainties,

the choice of plant technologies, locations, etc., would presumably be de-

signed to insure that all the important uncertainties are addressed; the

resolution of these uncertainties is a principal component of the introduction

Cost.                                                                                  
1

However, as with any investment, alternatives which might accomplish the

same goals at lower cost must be considered. In fact, government-supported

commercial demonstrations attempt to reduce technical and institutional un-

certainties with what might be termed a "brute force" technique.  It is not

clear that the resolution of the relevant technical and institutional uncer-

tainties requires the actual construction of commercial scale ·plants.



77

1

Consider first the technical uncertainties.  A commercial scale plant is

one which is of sufficient size that there appears to be no great economies         I

gained by simply making it larger.  That is, it is designed to produce the

product at a scale that is believed to be that which ultimately will prove to

yield the minimum unit cost.  In any such plant--be it an automotive engine

plant or a coal gasification plant--there generally is some subsection of the

relevant process technology which is significantly different at commercial

scale than at smaller scale. If this were not true, then there would be no

economies of scale  to be gained by going  to the larger  size,   and the "comer-

cial scale" would be smaller. The crucial question, then, is whether these

limited technical subunits are so different from their smaller counterparts

that they are not readily scalable. If they are readily scalable--e.g., a

larger pressure vessel--then there are no significant technical uncertainties

which require commercial scale construction for their resolution.

There may be cases where the crucial subunit is not readily scalable--

for example, if it involves the handling of materials volumes substantially

larger than in any previous effort.  In this case, then, the alternative to

building a full-scale demonstration plant is clear:  build a facility only

of the crucial subunit, and no larger than that necessary to resolve the re-

levant technical uncertainties.

The case of the institutional or·regulatory uncertainties is different.

The most obvious alternative would appear to take direct action to resolve

the issue.  Consider again, for example, the case of particulate emissions

from automotive diesel engines.  As discussed in Section 3.3, it appears that

4

action to set an emission standard for particulates from automotive diesel

engines will not take place until after, possibly well after, a substantial
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increase in the number of diesel-powered vehicles on the road. Thus the first

American manufacturer to engage in substantial production must face a risk that

subsequent firms might not have to face.

However, there might be ways to resolve this uncertainty which do not re-

quire the construction of large automotive diesel engine plants. Specifically,

the Administrator of the Environmental Protection Agency could be ordered, by

the President or by Congress, to establish such a standard. He would have to

perform the studies necessary to support the sequence of decisions required

under the Clean Air Act for the establishment of automotive emissions standards.

Of course the proposal and establishment of a standard would not necessarily

resolve the uncertainty in a final manner. Just as the standards for pollut-

ants presently emitted from automotive engines are the subject of continuing

debate, so the particulate standard might be. However, the gross magnitude of

the standard, and its likely effect on engine design, would hopefully be deter-

mined. At a minimum, the debate would have been initiated.

Short of a Congressional or Presidential order, other steps might be

taken. For example, ERDA might fund the studies necessary to determine

whether or not a substantial fleet of automotive diesels would be likely to

cause a significant increase in ambient particulate levels. If not, then it

might be presumed that any emission standards would not be likely to be con-

straining, or that they might not be necessary at all. An opposite deter-

mination would also lead to a reduction in uncertainty, though the outcome

would be less pleasant for the potential manufacturers.

One can, however, imagine circumstances in which nothing short of a set

of plants would do the job.  For example, it may be the case that nothing short    '

of a completely credible proposal for the construction of a coal gasification
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plant would force the resolution of the allocation of rights to Colorado River

Basin water.  There simply may be no other way to force the relevant actors

and institutions to come to grips with the problem.  Whether this is the case

in any given instance would have to be carefully analyzed.  The crucial point

is that creatively designed strategies for resolution of specific uncertainties

might accomplish the same ends as a commercial demonstration program, without

the construction of complete commercial scale plants.

It is not obvious that such alternatives would be less expensive than

support of commercial demonstrations in resolving the relevant uncertainties.

Consider the simpliest possible case: a technology which would be just economic

if the institutional and technical uncertainties were resolved, but would not be

economic otherwise. The government invites proposals for the construction of

a single plant to the relevant non-appropriable information.  The incentive is

a cash grant, to be awarded competitively. If there is reasonable competition,

the bids would be roughly the cost to the firms of dealing with the uncer-

tainties, i.e., the introduction cost. The firms would expect all other costs

to be recovered from sales of the product.  Thus, unless it were less expen-

sive for ERDA to attempt to resolve the uncertainties directly rather than for

the contracting firm to resolve them, there would be no advantage to the direct

procedure. Of course this simplistic model misses much of the complex dynamics

cf the institutional and technical problems in question, but the lesson is

clear.

In summary, in any given instance careful analysis is necessary to deter-

mine just what uncertainties are being addressed, and whether a commercial-

scale demonstration of an entire production unit is necessary for their resolu-

tion.
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4.3  POLITICAL, LEGAL, AND INSTITUTIONAL PROBLEMS

Even with a sound analytical basis, the implementation of commercial de-

monstration programs will face substantial political, legal, and institutional

problems. These must be carefully distinguished from those factors which are

not associated with the government's program, but rather with the actual tech-

nologies that are being demonstrated and the industries which the government

is hoping to foster.  The latter problems, discussed in Section 3, are likely

to be the subject of the program.

4.3.1  Lack of Political Consensus, Division of Government Authority, and Lack
of Legitimacy

As already suggested in Section 2, ERDA's commercialization programs, like

all other aspects of American energy policy, must be implemented in a political

environment that lacks national consensus on both the definition of the energy

problems and the preferred mechanisms for dealing with it.  As a result, the

political base of support for any particular commercialization program will

probably be narrow, weak, and perhaps fickle. Success at mobilizing support

(and therefore necessary resources) at any particular time will not guarantee

continuing support in the future. Even success, as measured in terms of the

successful completion of a commercial demonstration plant, could as easily

erode as strengthen the political support for the overall program.  Changes in

social values may lead to a reinterpretation of a particular programmatic

success as a social or environmental failure. In the absence of assured

political support and the guarantee of independence and resources that flow

from it, the organization charged with implementing the commercialization pro-

gram is in a weak position.  There will be ample opportunity to falter in one

way or another. The cost of faltering, even in a minor and totally reasonable
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manner, could well be the legitimacy of the whole program or of the organ-

ization itself.

Related to the lack of political consensus on energy issues, including

those related to commercialization, is the fragmentation of decision-making

authority within the federal government and between the federal, state, and

local governments.  At the federal level, authority for setting policy and pro-

viding funding is split between the Congress and the Executive branches.  There

is no reason to expect that the energy commercialization programs will escape

the sort of jurisdictional and power struggles among Congressional committees

and between those two branches of government that regularly delay or prevent

action in other energy and non-energy policy areas.  Within the Executive

branch there will be conflicts among agencies and departments that have over-

lapping or conflicting responsibility for relevant aspects of energy, economic,

or environmental policy.  Adversary relationships and differences in perspec-

tive may develop between such regulatory bodies as the Federal Power Commis-

sion and Environmental Protection Agency, and operating government agencies

such as ERDA.  Difficulties in organizing the commercialization function are

indicated by the ambiguities in the responsibilities of the non-operating

offices within ERDA itself: the Office of the Assistant Administratcr for

Planning, Analysis and Evaluation, the new Office of Commercialization, and

the newer Office of Program Integration.  Possibly even more important is un-

certainty regarding the division of responsibilities between these offices and

the program divisions, which are responsible for research, development, and

demonstration, but not, apparently, commercial demonstration.  The allocation
1                                                                                                                                                                                                                                                  •

of responsibilities, the coordination of policies and the assurance of cooper-

ation among these various branches, units, and sub-units of government will be

a difficult but important task, requiring both continuing attention at all
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levels of government and adequate appreciation for existing traditions, pre-

rogatives, expectations, and power relationships.

In many instances a concerted policy on the part of the federal govern-

ment, as difficult as that will be to achieve, will not be sufficient.  Re-

gulatory and decision-making authority with respect to land use policy, en-

vironmentalprotection, economic viability and tax burden, health and safety

facilities, and access to markets via transportation systems may all depend in

part on state and local .governments and state regulatory commissions.    At  this

level the divergence of interest may be every bit as broad as at the federal

level.  A split can be expected, for example, between those who seek the help

of outside capital to develop the industrialization of a region or local area

and those who wish to avoid the social disruption of a large influx of workers

and a major alteration of the traditional economic and social structure. This

issue has already been joined in some regions of the western coal country, and

in coastal regions near prospective off-shore oil operations.

The multilayering of government responsibility would make construction

and operation of first plants difficult enough simply because of the need to

satisfy many masters, even if the masters agreed on overall policy. In the

likely absence of such agreement, the requirements will be particularly onerous.

Still, the requirements might be manageable if only there were some societal

mechanism with nearly universal respect and legitimacy for making decisions

about new technologies and industries.  Unfortunately, in the United States

today no such mechanism exists. In part this is because of the fragmentation

of authority already discussed, but it also derives from the current lack of

respect and legitimacy afforded to government leaders and institutions. This 1

in turn is in large measure the result of ten divisive years of Vietnam and

Watergate, and as such is by no means unique to energy policy.

1,
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But there are additional factors at work in the energy area. For one

thing, as with other public policies involving technology, the lack of an

authentic and recognized source of technological knowledge often leads to a

1
lengthy and frequently bitter adversarial process. Also, energy policy cuts

across, involves, and influences more otherwise largely independent policy

areas, and more divergent interests and more ideological perspectives, than

most other major contemporary issues of government policy.

There are several results of this absence of a national decision-making

process with political legitimacy.  Not only does decision making require ex-

tended periods of time and frequently involves repeated legal proceedings, but

it also is rarely conclusive.  Losers rarely accept a decision against them

as legitimate and decisive, although repugnant, and instead frequently,pursue

the matter from one forum and procedure to another.  As a consequence, there

is a trade-off between expediting programs and providing a wider access of

interested parties to the decision-making process.

While these issues of fragmented governmental authority and lack of le-

gitimacy in decision making have an impact far broader than ERDA's commercial-

ization activities, they are highly relevant to these programs.  They raise

questions about the structure of the political process involved in reaching

decisions in this area, about the degree and manner in which various interest

groups can be given access to that process, and about the interrelationships

and coordination among various governmental entities.

1
The case of the supersonic transport, where technological questions inter-

acted with legal, pclitical, and economic ones in a continuing and extended
controversy in many forums, illustrates the possibilities (see Appendix D).
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4.3.2  Instititionalization

The creation of ERDA resolved one major issue of institutionalizing the

energy technology programs: the creation of a single government agency with

primary responsibility for energy-related R,D&D.  ERDA's responsibility for

commercial demonstration programs has not been so well finalized--there remain

ambiguities in the relationship between ERDA and the Federal Energy Administra-

tion, and the proposed Energy Independence Authority clouds the horizon as

well. Furthermore, both within ERDA and between ERDA and industry, the di-

visions of responsibility and authority are not yet clearly defined. The degree

of public ownership of and control over facilities built as part of the commer-

cialization program, and the legal and organizational structure of owning and

managing entities, have not yet been decided. In this circumstance the

following dilemma is common:  There is a need to give operating control to

those with the greatest experience and to simulate market conditions as

closely as possible.    But a concern  not  to  "give away" taxpayers' money  with

insufficient controls may lead to avoidance of market forces in favor of more

government management and control, and pollution of the data on real operating

conditions and costs.

As the commercialization programs grow in size and expenditure, consid-

erable institutional momentum and bureaucratic advocacy will be generated. ERDA

officials, Congressional backers, industrial firms, and benefitting regions

will all acquire career or other vested interest in the programs' continued

existence, strength, and growth. It will be difficult simultaneously to main-

tain effective control, program flexibility, and the ability to reduce govern-

ment involvement when industry is able to take over on its own or when the

initial justifications for government intervention have disappeared.
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One example of this type of problem is the continuing limitation on

utility liability in case of an accident at a nuclear power plant, which is

provided by the federal government through the Price-Anderson Act.  This in-

tervention has been maintained well beyond the years of the nuclear power in-

dustry's infancy.  The difficulties the federal government had in removing

itself from the synthetic rubber industry during the decade after World War

II testify as well to these problems (see Appendix E).

Efforts should be made to minimize these problems by appropriately de-

signing institutional and policy instruments from the beginning.  Incentives

are needed for the achievement of cost-effectiveness, and periodic program

review by Congress and high-level ERDA officials at significant milestones

and decision points.  Perhaps automatic termination of some government sub-

sidies could be embodied from the start. Such measures would not guarantee

avoidance of the identified pitfalls, but they would reduce the likelihood of

being trapped in them. The overriding need is a clear commitment to limited

demonstration and information-gathering objectives.

This issue rises partly out of the lack of clarity of the relationship

between a successful demonstration and a successful industry, and an unfounded

assumption that the second will automatically flow smoothly out of the first.

In fact, this is not necessarily so, for the conditions and criteria for a

successful demonstration may well be vastly different from those for a success-

ful industry.  Inherent in the market place are successes and failures, and

trials and errors; it is only after such traumas that a new industry attains

relative stability.  Seldom do the industry pioneers remain as leaders in the

mature industry.  If ERDA or any other government agency is to "select" pro-

jects or processea for commercialization, rather than allowing the market to
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permit them to emerge, then ERDA must assess the real risks of alternatives,

and allow those to fail which should fail by market criteria.

Underlying these issues is the fact that the U.S. government lacks not

only the tools but, fundamentally, it lacks the cultural framework in which to

effect energy policy through detailed involvement in the marketplace. Tradi-

tionally, we have looked to the marketplace to solve long-range energy pro-

blems, and to the government (primarily through regulation and tax policy) only

to see that the marketplace does not yield unacceptable environmental or dis-

tributional effects. Only in short-term crises has there been detailed inter-

vention, and we are very short on either experience or precedent for the es-

tablishment by government of long-term policy direction of the solution of

economic problems by the private sector. Other countries, of course, have

different forms of private-public intervention, and it is always possible that

fundamental changes can be wrought in the political economy of the U.S.  For

better or worse, however, we appear likely to stay with the market-oriented

institutions we have. The challenge is to adapt them to this new and differ-

ent situation in the energy sector.

4.3.3  Anti-trust and the Issue of "Bigness"

In many cases it is only the large established firms that will be able

to achieve a widespread and speedy market penetration of new technologies.

For example, loan guarantees for the commercialization of a new automotive

powerplant will not bring forward a fifth domestic auto manufacturer--the

tremendous capital requirements required for such an attempted entry will not

be met, even with a partial government debt guarantee. Careful planning will

be required in such circumstances to insure that federal programs do not have

the effect of decreasing the level of competition that exists now. For
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example, this concern might lead to the funding of redundant projects, where

the advantages of competition are seen to outweigh the increased costs of

1
duplication.

But this does not resolve a different issue. Inevitably, many or most of

the demonstration plants will be built with some form of subsidy by large,

well-known companies, some of whom are unfavorably regarded by important seg-

ments of the electorate. The new plants will make some very big firms even

bigger,   and many persons would equate greater  size  with more "power". There

is a need to decide what steps we are willing to take, and can afford, not

merely to foster competition but to insure that large companies do not get

more of the program than is socially desirable.  Given the current political

climate regarding the large oil companies and the tradition of strong Congres-

sional support fcr small businesses, this is an especially important issue.

A further anti-trust problem is that of group action.  There may well be

instances where commercialization of energy technology would best be expedited

through cooperation and information exchange among the firms in a particular

industry.  A prudent management would be deterred by even a low probability of

a finding of criminal violation, or even a moderate probability that a suit

would be filed, with the accompanying publicity.  Yet the anti-trust agencies,

if they could devote adequate time to the problem, might see no violation.

The problem is basically one of fact:  Will the proposed group activity have

any undesirable effect on supply and market price?  In order to avoid the

harmful results of uncertainty about the government's actions, it would be well

to seek anti-trust clearance at an early stage.

lSee Economic Strategy for Developing Nuclear Breeder Reactors, P.W. MacAvoy

(M.I.T. Press, 1969) for a detailed evaluation of the breeder reactor case
where he reaches just this conclusion.
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The "bigness" problem is not new, and has been often resolved in par-

ticular cases.  A satisfactory way of handling it may be difficult to obtain

at the present time.  However, as discussed above, the situation depends on

a variety of essentially political factors that bear little or no relation to

the importance of such an exemption to the success of new technologies.

4.4  MECHANISMS OF SUPPORT

The institutional problems inherent in a commercial demonstration program

are, as we have seen, formidable. The latter must be taken into account, how-

ever, in the choice of instruments for subsidizing commercial-scale plants.

This is the issue we now address:  How should the government go about providing

the incentives which will result in the construction of the plants?

4.4.1  General Considerations

We have argued that the purposes of government-supported commercial de-

monstration projects are principally (1)  to support the development of the

information associated with the resolution of the technical and institutional

uncertainties concerning new energy technologies, and (2) to provide a sub-

sidy to foster the introduction of such technologies when they are being re-

tarded by inappropriate energy prices. With these goals in mind, some general

considerations of program design can be laid out.

Both goals lead to an argument that commercial demonstrations should be

conducted in such a way as to simulate the normal workings of the private

sector--i.e., the influence of the subsidy should be as small as possible and

still lower the costs of the actual demonstration to the point where it will
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go ahead. This implies that the participants in the program should be those

who would be dealing with the technology under circumstances of widespread

use, and that the incentive structure associated with their participation

should approximate that which they will face after the government program is

over.

The choice of industrial participants must focus on those firms which

show the clearest promise for long-term involvement in the industry (taking

into  account the "bigness" issue). As stated  by the recent Rand study:

"Demonstration  proj ects   that   enj oy greater diffusion success are those opera-

ting  with a strong technology delivery system."1 These firms  will  have  the

incentive to make the technology a long-term economic success. Furthermore,

the very prospect of such success will stimulate the initiation of the rele-

vant regulatory and institutional proceedings.

The importance of a careful choice of industrial participants can be seen

when we considered that there are strategies that would be profitable to some

segments of industry, but would fail to accomplish the goals of commercial

demonstration.  That is to say, the construction and operation of government-

supported demonstration plants can be seen as a business in itself quite apart

from the ultimate development of viable industries.  For example, if the

variance in construction costs is very high (as may often be the case), sub-

stantial profit at low risk is possible for construction operating on a cost-

plus basis; this fact will tend to attract much interest in the construction

of demonstration plants, beyond that stemming from the prospect of their

future profitable cperation.

1„
Analysis of Federally Funded Demonstration  Proj ects: Final Report"   (The

Rand-Corporation, Santa Monica, California, April, 1976), Report R-1926-DOC,
p. 51.
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Thus the federal program should provide the project managers with a

structure of incentives which differs as little as possible from that which

they would face in an unsubsidized circumstance.  This is important with re-

spect to the choice of the mix of input factors--especially capital as com-

pared with labor, transportation, maintenance, etc. Similarly, the incen-

tives with respect to risk-taking should be as realistic as possible.

There also is a need to foster the spread of the appropriate learning

involved in the first few plants and to stimulate competition in the field,

and here there will be a trade-off between the number of firms involved and

the cost of the program. This trade-off, while clear conceptually, is dif-

ficult to evaluate analytically.  Many of the issues addressed in Section 5

are relevant, in that the linkages between the government's program and the

rate of technological substitution are not well understood; in particular,

not much is known about the importance of having a number of firms involved,

as opposed to just one.

Clearly any commercial demonstration program must be carefully branded

as such.  Projects must be chosen so that early government subsidies to pri-

vate firms can be turned off when the demonstration has been completed.

There is a "slippery slope" here, on which commercial demonstration programs

may slide into long-term subsidies. Likewise, the government agency must

have a clearly bounded authority, and a sense that its mission is accomplished

when the demonstration projects are set up and the industry is ready to stand

or fall on its own. Avoiding the "slippery slope" should be an important

consideration in choosing subsidy mechanisms, though it is difficult to sub-

ject this effect to precise analysis.

Simiarly, there is a need for flexibility in program design. One of the

principal goals of commercial demonstration programs is the development of
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information which is crucial to the long-term success of the new industry, and

it follows that this information may have important implications for the

demonstration program itself.  For example, a technology might be expected to

be economically viable in the long run, while the requirements for environ-

mental production are uncertain.  During the course of a demonstration the en-

vironmental uncertainties might be clarified in a way that drove costs out of

the range of economic feasibility.  Obviously at that point there would be

little utility in continuing the demonstration program (although of course,

more fundamental research and development might well continue), and it is im-

portant to design subsidies that can be shut off in such a circumstance.

Finally, in order that the prcgram be subjected to careful scrutiny, fi-

nancing mechanisms should be used which reveal the full costs of the program.

Indeed the full cost is one of the most important things the demonstration

shculd be designed to determine. There will of course be large uncertainties

in estimates of both the costs and the benefits of such programs. But, as

discussed below, some demonstration schemes provide greater visibility of

cost than cthers.  Clearly, if the extent of the subsidy is not well known,

then the cost of the technologies output cannot be readily calculated.  If

this is the case, then an uncertainty of major significance will remain.

While the true (total) cost of the project from a subsidized commercial

demonstration plant may be determined by this type of program, the long-run

cost may not be developed in any case.  As discussed above, the cost cf the

demonstration plant is likely to be higher than that of subsequent plants --

otherwise the commercial demonstration program would be of little utility.

On the other hand, a firm planning to use the subsidized demonstration plant

as a foothold in a new industry may well sell the plant's product below cost
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(even counting the subsidy), expecting to make back its losses on subsequent

profits in the industry. Once again, the complex dynamics of the commercial-

ization process may make analysis difficult.

4.4.2  Financial Instruments for Supporting Commercial Demonstration Projects

After weighing the general considerations discussed above, a specific

program format and set of financial instruments must be chosen. The proper

selection and design of the subsidy mechanism may differ from industry to in-

dustry, technology to technology, and even from project to project; and there-

fore a detailed analysis of the issue is beyond the scope of this study. It is

possible, on the other hand, to make some general observations about the differ-

ent approaches.

We begin with loan guarantees, which we have looked at in greater detail

than the others because of the large-scale programs currently being proposed.

Our discussion of this mechanism indicates the types of issues that need to be

better understood about all forms of subsidy. We also look briefly at regu-

lated utilities which can be used as a subsidy mechanism, and comment on tax

expenditures, direct government expenditures, and price guarantees.

(i) Loan Guarantees

Loan guarantees are a widely discussed commercial demonstration incentive

because, among other things, they provide an off-budget form of financing.

However, the use of loan guarantees has been subjected to very little analysis,

particularly of their true costs and some of their subtle incentive effects.

A loan guarantee appears to be free to the government. When it is estimated

that there is a small probability of default and, with a small number of plants,
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it appears there might be no budgetary cost at all. But this does not mean

that the guarantee is costless to the society.  Obviously the principal effect

of the guarantee is to shift capital from other less risky projects into the

guaranteed project, making capital slightly more expensive for all competing

investments.  The government has done this by absorbing the risk of default,

and the cost is distributed throughout capital markets.  The problem of analyzing

just what this cost actually is makes the use of this incentive very difficult

to evaluate. (We make some suggestions about possible approaches to the pro-

blem in Section 5.)

There are other effects as well. Subsidizing risky ventures by means of

debt guarantees induces high debt ratios.  If privately financed as independ-

1ent ventures, they would use very little debt. If this avoidance of debt is

rational,   then  one must presume  .that   there are costs of inducing ventures   to

2
operate at unusually high debt ratios. This may induce inappropriate operating

and investment decisions. Two examples follow.

(a) The existence of risky debt creates a disincentive for follow-on

investments.  Few ventures operate forward on one initial capital outlay.

Follow-on investments are often required for expansion, to cope with unexpected

difficulties, etc. These follow-on investments are undertaken because they

generate a net increase in the present value of the firms' assets.  However,

1
They might be undertaken directly by firms which already have substantial
debt   outstanding.      But   the new venture would  not be regarded   as   "supporting"
any substantial amount of additional borrowing.

2
It might be argued that risky ventures operate at low debt ratios for the
simple reason that investors do not wish to hold risky debt.  If this is the
only reason then there is no harm in debt guarantees.  But there is no reason

why risk per && should preclude a market for a firm's bonds.  There is an ample
market for convertible bonds, for example, which in many ways are similar to
straight bonds with a high probability of default. That is, in each case the
bonds' market values are highly sensitive to changes in the values of the firm's
assets.
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the existence of risky debt weakens the incentive for the owners of the firm

to make such investments, because part of the increase in asset value is cap-

tured by the investors who hold the risky debt.

To take a concrete example, suppose that technical programs are discovered

in the initial production runs of a synthetic oil plant. The o*ners can live

with the problems or make a substantial additional investment to solve them.

Under normal circumstances the owner would simply ask whether solving the pro-

blem increased the plant's present value by more than the investment required.

However, in this case there is a large amount of risky debt outstanding, with

the government bearing the risk. If the investment is made, the value of the

plant increases, and the unguaranteed value of the debt increases also. The

government is clearly better off if the additional investment is made.

But if the government captures, say, 20 percent of the value created by the

additional investment, that leaves only 80 percent for the plant's owners.  They

put up 100 percent of the incremental outlay and get only 80 percent of the in-

cremental gain. The incentive for them to make sensible investment decisions

is correspondingly weakened. The percent of the increase in asset values cap-

tured by lenders depends on how risky their debt is. The riskier the debt the

more they capture, and the weaker the incentive for economically sound follow-on

investments.

This problem of warped investment incentives exists for any risky debt,

whether or not government guaranteed. It is not usually serious, since lenders

are careful not to purchase debt claims when there if a high probability of

default. They are particularly cautious when the probability of payment is

likely to depend on further discretionary outlays by the firm's owners.  Lende,

recognize that the owners may choose not to advance cash for those outlays, and

protect themselves accordingly.
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The problem is likely to be much more serious for ventures in commercial-

ization.  The offer of debt guarantees will induce debt ratios as high as those

of the largest regulated utilities.  Yet the underlying assets are viewed as

unusually risky even for unregulated firms. The debt of such a firm is, absent

the guarantee, a speculative instrument. Consequently the incentive effects

1will be strong,    and very likely improper   from an economic standpoint.

Where there is a disincentive for follow-on investment, there is also an

incentive for disinvestment. That is, owners gain by liquidating assets and

paying dividends. The value of the firm declines by the amount of dividend

paid,   but  part   of the decline is "captured"  by   the   risk debt. Bondholders incur
a capital loss, because the assets securing their claim are less valuable. This

capital loss is the owners' gain.  The value of equity declines by less than the

cash dividend received.

Similarly, equity gains if additional debt can be issued later in the

venture's life. Any increase in the venture's debt ratio increases the risk of

initially outstanding debt and causes a capital loss to the initial lenders

(to the government, in this case).

This suggests another difficulty with loan guarantees. In normal private

financing, bond indentures are carefully written to preclude the kinds of man-

euvers just described.  Dividend payments and additional debt issues are re-

stricted, as well as a variety of other strategies that would have the same

1
There are various ways of alleviating the incentive effects, but none seem to

apply here.  For example, the follow-on investment could be part debt financed.
Since the additional debt dilutes the government's claim on assets, the new
financing could be arranged to leave the government's position unchanged.  Who

would buy the additional debt?  The reason we need the government guarantee is
that private markets avoid debt when it is as risky as the debt we are con-
templating here.  The government could guarantee the new debt as well, of
course, but we doubt ERDA is willing to assume any such open-minded commitment,
in which the firm can come back for more subsidy any time a follow-on invest-
ment is contemplated.
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1
effect.

Moreover, private lenders monitor the firm's actions to check for actions

2
that violate the spirit or the letter of the indenture provisions. The in-

denture restrictions and monitoring reduce the likelihood of the behavior de-

scribed above.  But with a government guarantee, private lenders have no in-

centive to work out appropriate indenture restrictions or to monitor the ven-

ture being financed. Moreover, the proposed procedure for loan guarantees con-

tains no explicit equivalent procedure. If indenture restrictions and monitoring

are no one's responsibility, then we can expect the various incentive effects

described above to operate unchecked in commercialization ventures.

(b) Loan guarantees encourage high risk technology and operating procedure.

It is no doubt obvious from what is said above that loan guarantees are worth

more to risky ventures than safe ones. The riskier the asset, the larger the

different between the guaranteed and unguaranteed value of the debt claim, and

the larger the subsidy. Similarly, the loan guarantee creates an incentive for

a commercialization venture to be operated by risky strategies rather than safe

ones, and for concentrating follow-on investments in relatively risky assets.

Anything that makes outstanding debt riskier benefits the venture's owners,

other things equal.  Finally, the loan guarantees should encourage owners of

commercialization ventures to set them up as separately incorporated ventures,

so that there are as few assets securing the debt as possible. This maximizes

1The disincentive effect of risky debt on follow-on investment is harder to
prevent by indenture provisions, since it is difficult for any outsider to
determine what the firm's investment opportunities are, or whether any par-
ticular opportunity has a positive net present value.

2If only the spirit is violated, lenders nevertheless have options open.  For
example, it is often possible to find a technicality justifying the lenders in

declaring that the loan is in default.
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the value of the loan-guarantee subsidy, and reduces the owners' exposure and

commitment to the venture.

Of course these incentives exist in private financing as well, but they

are magnified by the extremely high debt ratios contemplated in the commercial-

ization program, and by the apparent lack of concern for developing appropriate

indenture restrictions and monitoring.

Consequently, the subsidy inherent in loan guarantees is not neutral.  It

favors high risk investment and operating strategies.  Now it might be argued

that this is exactly what ERDA wants. It is true that the technologies ERDA

chooses to support in commercial demonstration will be risky ones--for reasons

we have discussed. Here, however, we are dealing with distorted incentives to

the operator given·the technical option which is subsidized.  Under these cir-

cumstances a neutral effect of the support is the desired attribute.

(ii)  Financing by Regulated Utilities

A number of important energy industries are under price regulation, and this

circumstance offers an opportunity for financing demonstration projects--mainly

for the regulated industry itself, but not necessarily so limited. In most of

these industries, such as natural gas or electric power, the price is set on the

basis of average cost of supply.  This makes it possible to finance small in-

crements of extremely  high cost energy suppl.y,   for when rolled   into the overall

rate structure the price effect felt by consumers is not very great. Of course,

managers of regulatory utilities operate under a mandate to serve customers at

least cost and normally they would not adopt (nor would regulatory conditions

allow them to adopt) supply technologies which were significantly more costly

than available alternatives.

In certain cases, however, price regulation can lead to a circumstance
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where technologies of almost any cost might be financed (and gladly) by regu-

lated utilities. This occurs in the case of natural gas, for example, where

the price of gas in interstate markets is being held below either the price

of gas within the producing states or the price of alternative fuels at the

point of consumption.  As a result, very little new gas is being committed to

interstate markets; reserves committed to these markets are declining; and

consumers face a choice of switching from cheap gas to high priced oil.

Utilities do not really have an option to bid for moderately priced gas.  Where

excess demand is created by price regulation in this manner, it would be possible

to finance a very high cost addition to Supply.

Thus these regulatory procedures offer an opportunity to finance commercial

demonstrations, and in this circumstance two issues arise: one involves ef-

ficiency and the other equity.  First, the fact of active consumer desire for

the output of a demonstration facility may give a strong push to the use of this

particular situation as a demonstration format.  Given the likely difficulties

in subsidizing demonstration activities by the instruments listed above, it

is possible that a significant bias might be introduced into the commercializa-

tion program. Technologies and schemes might be financed which are not the most

efficient in terms of their ability to open up new options for the country as a

whole.

The second issue is the one of equity. Since the knowledge gained by such

a demonstration will benefit the nation, it can be argued that the burden of the

subsidy of the initial demonstration ought to fall on the nation's taxpayers.

If demonstrations are financed by rolling the cost into the rates of a particu-

lar regulated utility, then the burden of the demonstration (and the risks of

very high cost) are targeted specifically to the consumers of that utility sys-

tem.  As noted earlier, larger issues of utility rate regulation, which lead to
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significant excess demand, may create a situation where the utilities seek these

projects since they cannot satisfy their excess demand otherwise.  Nevertheless,

the issue remains as to whether the resulting distribution of economic impact

among the customers is a desirable one.

(iii)  Tax Expenditures.

A widely discussed method of subsidy is to lower taxes on a given kind of

investment, by tax credit or accelerated depreciation. It appears to be cost-

less because the sudsidy does not enter the federal budget. (Of course, the

burden is reflected in taxes foregone.)  This method seems to be preferred by

1
a number of large corporations who are considering synthetic fuel plants.

Tax expenditures suffer several disadvantages, under the criteria laid out

above. First, because the subsidy is indirect, its magnitude may be very hard

to identify.  One of the most important objectives of a demonstration (i.e.,

information about cost) is lost. Moreover, the most common forms of tax ex-

penditure for the types of investments involved here are the investment tax

credit and/or accelerated depreciation.  Both are subsidies to capital--as

opposed to materials and labor cost--and therefore they introduce a bias into

the selection of factor inputs.

Finally, there is an important institutional problem.  It might prove

very difficult to target tax expenditures to a small number of particular de-

monstration plants; the subsidy might end up being applied to many projects

that were not part of the R,D&D program.  Also, in the past it has proved very

1
"Response to Questions on Government Incentives for Synfuels Plants," Exxon,
TT CA
U.0. r.., in Loan Guarantees for Commercial-Size Synthetic Fuels Demonstration
Plants, Volume III (U.S. House of Resentatives Committee on Science and
Technology, September and October, 1976, No. 36), p. 2834.
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difficult to turn off tax expenditure programs, even after their original

justification had faded from the scene.

(iv)  Direct Government Expenditures

Other methods of subsidy include sharing of cost between governments and

private companies, direct grants to builders or operators, or government con-

struction with private operation and an eventual sale (or offer of first re-

fusal) to the private operator. One finds examples of these methods in World

War II. Unfortunately, one cannot claim that there  is any "usable  past"  from

which to draw lessons. Appendix D examines the case of synthetic rubber during

World War II. It is shown there that that experience bears little relevance to

the present problem because of the undeniable "gaps" that had to be filled at

"any" cost, and the many economic controls that characterized the war-time

years.  That data do not exist to support serious analysis of the efficiency

of the effort, in spite of the fact that in meeting its own goals the program

was widely judged to be a success.  Direct cash grants have the obvious ad-

vantage of making the extent of the subsidy clearly visible and of not biasing

input factor choices. On the other hand, direct government construction and

ownership, even if followed by sale to private industry, does not simulate the

market situation.

(v)  Price Guarantees

A price guarantee has the great advantage of leaving the private firm free

to design the demonstration plant as it wishes, in order to minimize total out-

lays and maximize profits. Thus market situations 'are minimally distorted.
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Furthermore, the extent of the subsidy is very visible, allowing the clearest

calculations of the full private cost of the product.

These characteristics make the price guarantee a very attractive instru-

ment, under the criteria laid out above.  Of course, there are many ways to

design and manage such schemes, as there are with all these approaches, and

their detailed formulation would depend on the facts of the particular program.





5. EVALUATION AND PLANNING 
I 

The p rev ious  s e c t i o n s  reviewed t h e  n a t u r e  of t h e  investment  p roces s  

by which most t echno log ie s  a r e  a d o ~ t e d  i n  o u r  economy, and surveyed t h e  s i t u -  

a t i o n s  where government i n t e r v e n t i o n  may b e  c a l l e d  f o r  and t h e  p o l i c y  i n s t r u -  

ments a v a i l a b l e .  Next, we come t o  t h e  i s s u e  of  how f e d e r a l  o f f i c i a l s  can 

e v a l u a t e  a l t e r n a t i v e  s i t u a t i o n s  which appear  t o  c a l l  f o r  i n t e r v e n t i o n ,  and 

t h e  procedures  by which t h e  year- to-year  a c t i v i t i e s  might b e  planned and 

monitored. 

To s tudy  t h e  problems t h a t  a r i s e  i n  connec t icn  wi th  t h i s  e v a l u a t i o n  

and p lanning  t a s k ,  we w i l l  go through a  two-part d i scuss ion .  F i r s t ,  we 

e x p l o r e  t h e  n a t u r e  of t h e  e v a l u a t i o n  problsm and how, i n  p r i n c i p l e ,  c a l -  

c u l a t i o n s  and judgements might be  made. A s  is  ev ident  from t h e  d i s c u s s i o n  

i n  t h e  preceding  s e c t i o n s ,  t h e  p o s s i b l e  t e c h n o l o g i c a l  and market circum- 

s t a n c e s  t h a t  such e v a l u a t i o n s  have t o  cover  a r e  very  complex. The re fo re ,  t o  

f a c i l i t a t e  t h e  d i s c u s s i o n  of t h e  a n a l y s i s  i s s u e s ,  a  set of s imp le  examples 

is used.  Second, based on t h i s  l ayou t  of t h e  e v a l u a t i o n  problem, we cons ide r  

t h e  key s t e p s  i n  t h e  r e q u i r e d  a n a l y s i s  a n d . t h e  a v a i l a b i l i t y  of  t h e  techniques  

t o  ~ e r f o r m  t h e  t a s k s  t h a t  a r e  impl ied .  This  i n q u i r y  l e a d s  t o  a  set of a r e a s  

where a d d i t i o n a l  r e sea rch  and e m p i r i c a l  a n a l y s i s  is needed t o  suppor t  a t -  

tempts t o  e v a l u a t e  and p l a n  f e d e r a l  programs. 

It should be  ;epeated a t  t h e  o u t s e t  t h a t  o u r  focus  i s  on t h e  e v a l u a t i o n  

problems a s  they  p r e s e n t  themselves a t  t h e  s t a g e  ~f  commercial demonst ra t ion  

o r  "commercialization' '  of new energy t echno log ie s .  ERDA a l s o  f a c e s  a  l a r g e r  

p lanning  and e v a l u a t i o n  t a s k  which inc ludes  d e c i s i o n s  t h a t  must b e  made about  

expend i tu re s  on development of v a r i o u s  t echno log ie s  and on b a s i c  r e sea rch  o r  
. , 



~ n v e n t i o n - t y p e  a c t i v i t i e s .  C o n s i d e r a t i o n  of  t h e  l a r g e r  p l a n n i n g ,  a n a l y s i s ,  

and rev iew problem of  such  a  f e d e r a l  agency i s  o u t s i d e  t h e  s cope  o f  t h i s  

s t u d y .  However, i t  is  hoped t h a t  t h e  d i s c u s s i o n  of  i s s u e s  t h a t  a r i s e  a t  t h e  

i n t r o d u c t i o n  s t a g e ,  and t h e  e v a l u a t i o n  t echn iques  t h a t  may b e  a p p l i e d  t h e r e ,  

w i l l  c a s t  some l i g h t  on similar t a s k s  t h a t  need t o  b e  c a r r i e d  o u t  f o r  t h e  

ERDA s t r a t e g y  a s  a whole.  

5 . 1  A SCHEMTIC REPRESENTATION OF THE INTRODUCTION STAGE 

To f a c i l i t a t e  d i s c u s s i o n  of  t h e  a n a l y t i c a l  problems t h a t  a r i s e ,  a n m -  

b e r  of s i m p l i f y i n g  a s s u x p t i o n s  a r e  c a l l e d  f o r .  The r e s u l t i n g  p r o t o t y p e  s i t u -  

a t i o n  w i l l  a l l o w  us  t o  r a i s e  a o s t  of  t h e  concep tua l  i s s u e s  t h a t  n u s t  b e  f aced  

i n  c o n s t r u c t i n g  an  e v a l u a t i o n  methodology. X a t u r a l l y ,  t h e  b a s i c  a?proach 

o u t l i n e d  h e r e  would have  t o  b e  n o d i f i e d  t o  s u i t  t h e  s p e c i a l  c h a r a c t e r i s t i c s  

of  p a r t i c u l a r  t e c h n o l o g i e s  o r  market c i r cums tances .  The f o l l o w i n g  is  a  f o r -  

n a l  summary o f  t h e  economics o f  t h e  p roces s  of  t e c h n o l o g i c a l  change,  a s  d i s -  

cus sed  i n  p r e v i o t ~ s  s e c t i o n s .  

We assume t h a t  t h e r e  i s  a  p a r t i c u l a r  t e c h n i c a l  o p t i o n  which h a s  passed  

through t h e  development s t a g e ,  a s  d e f i n e d  i n  S e c t i o n  3 .  -4 c h o i c e  is  now faced  

a s  t o  whether  i t  shou ld  b e  i n t roduced  i n t o  commercial u s e .  The technology ,  

when pu t  i n t o  use ,  p roduces  a n  o u t p u t  of energy i n  each y e a r  of  t h e  f u t u r e  

which w e  may deno te  by t h e  v a r i a b l e  x  T h i s  p roduc t  nay be  energy  produced by r ' 

a new supply  technology ,  such  as s h a l s  o i l  o r  s o l a r  h e a t i n g ;  i t  may a l s o  bz thought 

o f  a s  energy saved by some new u t i l i z a t i o n  d e v i c e ,  such  a s  a  new automot ive  

engine .  From t iae t o  t i n e  d u r i n g  t h i s  d i s c u s s i o n  of  t h e s e  t h r e e  examples-- 

s h a l e  o i l ,  s o l a r  household h e a t i n g ,  and advanced au tomot ive  engines--  w i l l  be  

used t o  i l l u s t r a t e  t h e  a p p l i c a t i o n  of t h e  a n a l y s i s  t o  d i f f e r e n t  t ypes  of  c i r -  



cumstances. F u r t h e r ,  i t  h e l p s  t o  assume t h a t  s e v e r a l  o t h e r  c o n d i t i o n s  ho ld  

t r u e :  

1. There i s  only  one warket i n  which t h e  good is  s o l d .  That  is ,  
t h e r e  a r e  no complex s e t s  of markets d i f f e r e n t i a t e d  by weather  
o r  geography. Furthermore, t h e  demand f o r  t h e  technology is  
a  s imple  f u n c t i o n  of p r i c e :  t h e r e  a r e  no c o n s i d e r a t i o n s  of 
consumer acceptance  a p a r t  from c o s t  a s  p r i c e  ( a s  might be  t h e  
case ,  f o r  example, i f  s o l a r  c o l l e c t o r s  were cheaper  t han  o t h e r  
methods of  space  h e a t i n g ,  bu t  consumers d i d  n o t  l i k e  t h e  looks  
of  them). 

2 .  The technology produces only  one well-defined product ,  such 
as s y n t h e t i c  o i l  g a s o l i n e  saved ,  o r  B t u ' s  i n  home h e a t i n g .  
Many t echno log ie s ,  of cou r se ,  produce a  va r i e . t y ' o f  p roduc t s ,  
and t o  s i m p l i f y  t h e  example we w i l l  l e a v e  t h o s e  a s i d e .  

The p rcces s  of  t e c h n i c a l  change can b e  summarized a long  t h e  l i n e s  
l a i d  out  i n  S e c t i o n  3 and shown i n  schemat ic  form i n  F igu re  5.1.  
The technology h a s  been through t h e  development s t a g e  and t h e  
f i r m  f a c e s  an i n t r o d u c t i o n  d e c i s i o n .  W e  d e f i n e  a  c l e a r  s t e p  
i n  t h e  evol .ut ion of t h e  technology which is r e f e r r e d  t o  a s  "in- 
t roduct ion" .  A f t e r  t h e  i n t r o d u c t i o n  i n t o  t h e  market ,  new d a t a  
w i l l  b e  a v a i l a b l e  about  t h e  technology and i t s  market pro- 
p e c t s ,  and a t  . t h a t  p o i n t  a r,ew s e t  of d e c i s i o 3 s  w i l l  b e  made 
a s  t o  whether t h e  tecnnology u l t i m a t e l y  d i f f u s e s  t h r o u g h . t h e  
market.  

A s  i t  is e v i d e n t ,  t h e s e  a r e  dramat ic  s i m p l i f i c a t i o n s  of Yea l i t y .  The in-  

t r o d u c t i o n  s t a g e  is  an  a b s t r a c t i o n  which may o r  may no t  b e  w e l l  d i s t i n g u i s h e d  

from t h e  processes  of development and d i f f u s i o n .  However, s i n c e  t h e  f e d e r a l  

programs under s tudy  h e r e  a r e  concerned w i t h  t h i s  s p e c i f i c  s t a g e ,  t h i s  pro- 

v ides  a  u s e f u l  way t o  focus  on t h e  d e c i s i o n  t o  s u b s i d i z e  commercial demon- 

s t r a t i o n s .  P a r t i c u l a r  c i rcumstances  may invo lve  nore  complex mixes of  pro- 

duc t s  and market c i rcumstances ,  bu t  t h e s e  compl ica t ions  a r e  b e s t  wi thhe ld  

u n t i l  i t  is  ev iden t  t h a t  headway can b e  made i n  t h e  e v a l u a t i o n  t a s k  i n  t h i s  

more s i m p l i f i e d  circumstance.  



5 .2  THE NATURE OF THE EVALUATION PROBLEM 

5 .2 .1  Elements o f  t h e  P r i v a t e  Investment  Dec i s ion  

The v a r i o u s  e lements  of  t h e  e v a l u a t i o n  problem a r e  l a i d  o u t  i n  ~ i & r e  

5.1.  W e  i n t r o d u c e  some a l g e b r a i c  n o t a t i o n  i n  t h e  f i g u r e  and accompanying 

t e x t ,  b u t  t h e  symbols a r e  no more t h a n  a  sho r thand .  The . l o g i c  is  t h e  same i f  
. . 

t h e  problem i s  t o  b e  approached w i t h  a n  e l a b o r a t e  se t  of  a n a l y t i c a l  models 

o r  s imply  w i t h  common s e n s e  and a  few key d a t a  e lements .  A s  shown i n  t h e  

f i g u r e ,  t h e  c i r cums tance  is  comprised of  s e v e r a l  e l emen t s .  F i r s t ,  a s  no ted  

e a r l i e r ,  t h e  technology  produces a n  o u t p u t  which we d e f i n e  by t h e  v a r i a b l e  x, 

o r  x when w e  speak  of  energy  i n  some p a r t i c u l a r  Year t .  For a  s h a l e  o i l  
t 

p l a n t  we may speak  o f  a  f a c i l i t y  t h a t  produces x  b a r r e l s  of  o i l  i n  a  y e a r .  Sol-  

a r  h e a t i n g  produces B t u ' s  of  h e a t  d i r e c t e d  t o  domes t ic  h e a t i n g ,  and t h a t  c a s e  

x r e f l e c t s  t h e  a c t u a l  energy  d e l i v e r e d .  I n  t h e  c a s e  of  a  new au tomob i l e  e n g i n e ,  

x can  be  t aken  t o  r e p r e s e n t  g a l l o n s  of  g a s o l i n e  saved .  While  n o r e  p r e c i s e  

d e f i n i t i o n s  would b e  r e q u i r e d  b e f o r e  a n  adequa te  s e t  o f  c a l c u l a t i o n s  cou ld  

be  made, t h e s e  w i l l  s u f f i c e  f o r  o u r  purposes .  

Khen t h e s e  tec l lno logies  have  d i f f u s e d  and a r e  i n  wide-sca le  u s e ,  t h e  

energy  d e l i v e r e d  and saved ,  x, w i l l  have  some c o s t .  Th i s  we r e f e r  t o  5y  t h e  

symbol C(x) Of c o u r s e  a t  t h e  t i n e  o f  an  i n t r o d u c t i o n  d e c i s i o n ,  no one 

knows what t h a t  u l t i m a t e  cos t ,  w i l l  be ,  b u t  t h e  dimensions may be  s t a t e d  i n  

terms of  u l t i m a t e  d o l l a r s  p e r  b a r r e l  o f  t h e  s h a l e  o i l ,  c e n t s  p e r  m i l l i o n  

BTU of  t h e  energy  i n t o  household h e a t i n g ,  o r  c e n t s  p e r - g a l l o n  o f  g a s o l i n e  

h o t e  t h a t  C(x) i s  t h e  c o s t  a f t e r  t h e  e x p e r i e n c e  of  c o m e r c i a l  incroduc-  
t i o n  and a f t e r  some d i f f u s i o n  has  t aken  p l a c e .  Th i s  means t h a t  t h e  t e n  
C(x) may invo lve  l e a r n i n g  e f f e c t s  and a  h o s t  o f  o t h e r  phenomena. We omit 
them h e r e  t o  s impl fy  t h e  d i s c u s s i o n .  
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s a v e d .  S i n c e  t h i s  i s  a r e p r e s e n t a t i o n  o f  t h e  f i r m ' s  i n v e s t m e n t  d e c i s i o n ,  

t h e s e  c o s t s  are p r i v a t e  c o s t s  o n l y .  

Al though C(x) i s  n o t  known a t  t h e  p o i n t  of t h e  i n t r o d u c t i o n  d e c i s i o n ,  

t h e r e  i s  some e x p e c t e d  c o s t  o f  t h e  t e c h n o l o g y  which may b e  c a l c u l a t e d  on  

t h e  b a s i s  o f  d a t a  o b t a i n e d  i n  t h e  development  s t a g e ,  and  u s i n g  o t h e r  i n -  

f o r m a t i o n  a b o u t  market  c o n d i t i o n s ,  r e g u l a t o r y  p r o s p e c t s ,  l e g a l  d i f f i c u l t i e s ,  

and t h e  l i k e .  A s  shown i n  F i g u r e  5 . 1 ,  we r e f e r  t o  t h e  p r o b a b i l i t y  d i s t r i -  

i 
b u t i o n  o f  u l t i m a t e  c o s t s  by t h e  symbol G [ C ( x ) ] .  I n  t h e  c a s e  o f  a s h a l e  o i l  

p l a n t ,  f o r  example ,  t h e  d i s t r i b u t i o n  o f  l i k e l y  u l t i m a t e  c o s c s  nay  b e  very 

b r o a d  i f  t h e . t e c h n o l o g y  h a s  n o t  been  t r i e d  a t  l a r g e  s c a l e .  A t y p i c a l  r a n g e  o f  

v a l u e s ,  g i v e n  t h a t  r e g u l a t o r y  d i f f i c u l t i e s  a r e  n o t  e x p e c t e d  t o  i n t e r v e n e ,  may 

1 
b e  f rom $15 pe-r b a r r e l  t o  $35 p e r  b a r r e l .  Under some r e g u l a t o r y  c i rcum- 

s t a n c e s ,  t h i s  d i s t r i b u t i o n  mignt  e x t e n d  t o  much h i g h e r  v a l u e s  ( o r  e v e n  t o  an  i n -  

f i n i t e  c o s t  which would r e f l e c t  a  c a s e  where t h e  t e c h n o l o g y  was p roven  s a c i a l -  

l y  u n a c c e p t a b l e ) .  

The i n d u s t r i e s  t h a t  a r e  concerned  w i t h  t h i s  t e c h n o l o g y  h a v e  t h e  i n -  

i 
f o r i n a t i o n  c o n t a i n e d  i n  G [C(:c)]  a s  a r e s u l t  o f  t h e i r  own development  work 

o r  v a r i o u s  f e d e r a l  RGD programs.  They may t a k e  t h e  n e x t  s t e p  i n  t h e  t e c h -  

no logy  change p r o c e s s  by i n t r o d u c i n s  t h e  t e c h n i c a l  o p t i o n s  i n t o  t h e  m a r k e t .  

I n  t h e  c a s e  o f  a s h a l e  o i l  p l a n t  t h i s  would 5e t o  b u i l d  t h e  f i r s t  c o m e r c i a l  

s c a l s  p l a n t ,  o r  sst o f  such  f a c i l i t i e s .  For  s o l a r  h e a t i n g ,  t h e  i n t r o d u c t i o n  

s t e p  would i n v o l v e  t h e  e s t a b l i s h m e n t  o f  a  commercia l  s c a l e  m a n u f a c t u r i n g  

f a c i l i t y  and t h e  s e t t i n g  up o f  t h e  m a r k e t i n g  a p p a r a t u s  n e c e s s a r y  t o  f u l l y  es-  

p l o r e  i t s  p o t e n t i a l .  A s  shown i n  F i g u r e  5 . 1 ,  we t a l k  o f  t h i s  s t e p  a s  i n v o l v i n g  

a  n e t  i n t r o d u c t i o n  c o s t ,  K . T h i s  i s  t h e  net i n v e s t m e n t  i n  t h e  i n t r o d u c t i o n  
n  

l ~ h e s e  numbers a r e  s t r i c t l y  h y p o t h e t i c a l .  We d i s c u s s  a c t u a l  c o s t s  i n  
more d e t a i l  i n  Appendix A .  



s t a g e ,  a s  d i s c u s s e d  i n  S e c t i o n  4.1.  I n t r o d u c t i o n  produces a  s e t  of 

f a c i l i t i e s  which can  produce t h e  annua l  energy product  x*, each  u n i t  o f  

. which c o s t s  a n  ave rage  o f  C*(x*). Thus K e q u a l s  t h e  g r o s s  c a p i t a l  in -  
n  

vestment of t h e  i n t r o d u c t i o n  s t a g e ,  K minus t h e  n e t  revenues produced 
g ' 

from t h e  sale of t h e  annual  p roduc t ion  x* ( a l l  c a r e f u l l y  d i s c o u n t e d ) .  

Using t h e  language developed i n  S e c t i o n  3 ,  a  f i m  buys two t h i n g s  i f  

i t  dec ides  t o  make t h e  expend i tu re  K : 

( a )  I t  buys t h e  c a p a c i t y  t o  c a r r y  out  p roduc t ion  us ing  t h e  f a c i l i -  
t i e s  b u i l t  a t  t h e  i n t r o d u c t i o n  s t a g e ,  and t o  s e l l  t h e  r e s u l t i n g  
product  i n  t h e  market .  

(5)  It purchases  t h e  o p t i o n  t o  go i n t o  p roduc t ion  f o r  t h e  d i f f u s i o n  
s t a g e  i f  t h e  c o n d i t i o n s  i n d i c a t e .  

Of cou r se ,  t h e  r e s u l t s  of  t h e  i n t r o d u c t i o n  d e c i s i o n  nay b e  fortunate o r  un- 

f o r t u n a t e  depending on t h e  c i rcumstances .  It i s  p o s s i b l e  t h a t  t h e  f a c i l i t i e s  

b u i l t  a t  t h i s  s t a g e  w i l l  make a  p r o f i t  i n  and o f  themselves ,  and w i l l  l e a d  

t h e  way t o  a p r o f i t a b l e  d i f f u s i o n .  A l t e r n a t i v e l y ,  and more l i k e l y ,  t h e  in-  

vestment K m y  n o t  y i e l d  a  r ea sonab le  r z t e  of r s t u r n  i f  cons ide red  a l o n e  
g 

( t h a t  i s ,  t h e  f i r s t  p l a n t  l o s e s  money). However i t  s t i l l  may be  a  good in-  

vestment because  t h e  o p t i o n  t h a t  comes a l o n g  wi th  i t  is  s u f f i c i e n t l y  p r o f i t a b l e  

t o  cove r  t h e  i n t r o d u c t i o n  l o s s e s ;  t h a t  i s ,  t h e  v a l u e  of  t h e  o p t i o n  is g r e a t e r  

t han  i( . 
n  

.A more unhappy outcone  would be  where t h e  r e s u l t s  of t h e  i n t r o d u c t i o n  

were s o  u n f a v ~ r a b l e  t h a t  p l ans  f o r  d i f f u s i o n  were abandoned. That  i s ,  a n  

o p t i o n  t o  go o n  i s  made a v a i l a b l e  by t h e  inves tments  a t  t h e  in t roduc -  

t i o n  s t e p ,  b u t  t h e  o p t i o n  i s  not  t aken  up because  i t s  expected v a l u e  i s  

n e g a t i v e .  An example h e r e  would be a  s o l a r  h e a t i n g  o p t i o n  which was 

expected t o  ach ieve  s i g n i f i c a n t  economies i n  s c a l i n g  up t o  a  commercial 



s i z e  p l a n t ,  b u t  where t h e s e  economies were n o t  i n  f a c t  r e a l i z e d  f o r  r ea sons  

n o t  f u l l y  f o r e s e e n  b e f o r e  t h e  i n t r o d u c t i o n  s t a g e .  A s  a  r e s u l t  t h e  r e s u l t i n g  

h e a t i n g  sys tem i s  t o o  expens ive  t o  c a p t u r e  a  s i g n i f i c a n t  p a r t  of t h e  house- 

hold market .  

The i n f o r m a t i o n  a v a i l a b l e  a f t e r  t h e  i n t r o d u c t i o n  h a s  been t r i e d  i s  

d  
i n d i c a t e d  by t h e  d i s t r i b u t i o n  G [C(x ) ]  i n  F igu re  5.1.  T h i s  i s  a  new proba- - 
b i l i t y  d i s t r i b u t i o n  o f  c o s t s  of  t h e  r e c e n t l y  marketed technology ,  and i t  is  o n l y  ~ 

I 
a v a i l a b l e  a f t e r  inves tment  i n  t h e  c o m e r c i a 1  i n t r o d u c t i o n  s t e p  (and t h e  n e t  

e x p e n d i t u r e  o f  K h a s  t aken  p l a c e ) .  
n 

When a  f i r n  is  making d e c i s i o n s  abou t  whether  t o  i n v e s t  i n  d i f f u s i o n  

d  i 
g iven  G [ C ( X )  1 ,  o r  t o  i n v e s t  i n  i n t r o d u c t i o n  g iven  G [C(x) 1, a  key f a c t o r  

i n  i t s  c a l c u l a t i o n s  i s  t h e  expec t ed  market p r i c e  of energy ove r  t h e  r e l e v a n t  

t ime  horizon-- the "p lanning  p r i c e "  p r e v i o u s l y  d i s c u s s z d  . Thi s  we w i l l  

m 1 
r e f e r  t o  a s  P . T h i s  p r i c e  i s ,  o f  c o u r s e ,  u n c e r t a i n .  X s e p a r a t e  p r i c e  

t 

which w i l l  e n t e r  i n  o t h e r  c a l c u l a t i o n s  i s  t h e  s o c i a l  v a l u e  of e n e r g y ,  which 

S 
w e  deno te  h e r e  by P . T h i s  p r i c e  o r  v a l u e  i s  not of  r e l e v a n c e  t o  t h e  p r i -  

t 

v a t e  d e c i s i o n  nake r ,  though i t  w i l l  e n t e r  i n t o  t h e  t y p e s  o f  c a l c u l a t i o n s  t h a t  

would be  nads by a  f e d e r a l  agency i n  d e c i d i n g  what s u b s i d i e s  a r e  war ran t ed ,  I 
a s  d i s c u s s e d  below. 

There  a r e  a d d i t i o n a l  o b s e r v a t i o n s  t h a t  a r e  worth making abou t  t h e  re-  I 
i d  

l a t i o n s h o p  between G [C(x ) ]  and G [ C ( x ) ] .  I n  g e n e r a l ,  one  hopes t h a t  each I 
s t a g e  of  investment  i n  R,D&D--including t h e  i n t r o d u c t i o n  stage--!ri l l  lower  

t h e  u l t i m a t e  c o s t s  C(x) t h a t  a r e  go ing  t o  be  expe r i enced  w i t h  a  p a r t i c u l a r  I 
l ~ h r o u ~ h o u t  t h i s  d i s c u s s i o n  we s i m p l i f y  t h e  market c i r cums tance  by t a l k i n g  

a s  i f  t h e r e  were a  s i n g l e  energy  p r i c e .  There a r e ,  of  c o u r s e ,  a  whole 
s t r u c t u r e  of p r i c e s  depending upon t h e  a r e a  of t h e  coun t ry  and t h e  par-  
t i c u l a r  p roduct  i nvo lved .  C a l c u l a t i o n  of  such p r i c e s  may o f f e r  i t s  own s e t  
of d i f f i c u l t i e s ,  b u t  t h e r e  i s  a  common e x e r c i s e  and adds no concep tua l  prob- 
lems t o  t h e  i s s u e s  a l r e a d y  under  d i s c u s s i o n  h e r e .  



technology.  But n o t e  t h a t  i n  t h i s  c a s e  bo th  t h e s e  e x p r e s s i o n s  r e f l e c t  

e x p e c t a t i o n s  about  what t h e  u l t i m a t e  c o s t  o f  t h e  technology w i l l  b e  a f t e r  

t h e  d i f f u s i c n  s t a g e  h a s  been e n t e r e d .  Thus, viewed from t h e  s t a n d p o i n t  

of t h e  i n t r o d u c t i o n  d e c i s i o n ,  t h e r e  is  no r eason  t o  suppose t h a t  t h e  ex- 

p e c t e e  v a l u e s  of t h e s e  two d i s t r i b u t i o n s  o f  c o s t s  w i l l  be  d i f f e r e n t .  

The s h a l e  o i l  example can  s e r v e  t o  e l a b o r s t e  t h i s  p o i n t .  Before  a f i r m  

would i n t r o d u c e  a p l a n t  a t  commercial s c a l e ,  i t  would have some e s t i m a t e  o f  

i t s  e q e c t e d  c o s t  i n  l a r g e - s c a l e  a p p l i c a t i o n  i n  many p l a n t s .  A f t e r  i t  in -  

t roduced t h e  f i r s t  round of  p l a n t s ,  i t  would have  some r e v i s e d  e x p e c t a t i o n  

t h e  c o s t  o.f t h a t  technology over  t h e  20 o r  30 p l a n t s  t o  fo l iow.  Eut  

a t  t h e  p o i n t  of i n t r o d u c t i o n  d e c i s i o n ,  i t  has  no b a s i s  f o r  knowing why t h i s  

c o s t  shou ld  b e  d i f f e r e n t  a f t e r  t h e  exper iments  t han  b e f o r e .  Of c o u r s e ,  i t  

i 
w i l l  b e  d i f f e r e n t  i n  f a c t .  But what w e  mean by t h e  expec ted  v a l u e  of  G [CCx)] 

i s  p r e c i s e l y  t h e  b e s t  guess  about  what t h e  c o s t  w i l l  b e ' a f t e r  d i f f u s i o n .  

On t h e  ~ t h e r  hand, t h e  f i r m  w i l l  have op in ions  a s  t o  t h e  l i k e l y  changes 

i n  t h e  d i s p e r s i o n  of c o s t s  between a n  e s t i m a t e  a t  t h e  i n t r o d u c t i o n  d e c i s i o n  

and a n  e s t i m a t e  a f t e r  t h e  i n t r o d i l c t i o n  has  been t r i e d .  Much o f . t h e  j u s t i f i -  

c z t i c n  f o r  any f e d e r a l  involvement i n  t h e  commerc ia l iza t ion  p r o c e s s ,  and in-  

deed auch of t h e  j u s t i f i c a t i o n  f o r  any c o r p o r a t e  inves tment  a t  t h i s  l e v e l ,  

i.s t h a t  t h e  ' n e t  investment  of  R and t h e  expe r i ence  o f  t h e  i n t r o d u c t i o n  ex- 
n  

perimznt i t s e l f  w i l l  s e r v e  t o  reduce  t h e  v a r i a n c e  of G[C(x)] .  T h i s  i s  what 

one means when i t  i s  s a i d  t h a t  t h e  f i r s t  cormnercial-sczle p l a n t s  w i l l  r e s ~ l v e  

u n c e r t a i n t i e s  about  s c a l i n g  laws,  envi ronmenta l  r e s t r i c t i o n s ,  l a b o r  problems,  

1 etc. 

l. Of cour se ,  i t  should  be  noted  t h a t  i t  is  always possib1.e t h a t  t h e  v a r i a n c e  
i n  i i k e l y  outcomes could  i n c r e a s e .  This  would happen when t h e  i n t r o d u c t i o n  
experiment  d i scove red  new sources  of u n c e r t a i n t y  which were n o t  f o r e s e e n  a t  
t h e  t ime t h e  e s t i m a t e s  G'[c(x) ] were made. 



5 .2 .2  The D e c i s i o n  Faced by a  P r i v a t e  Firm 

With t h i s  s i m p l e  model o f  t h e  i n t r o d u c t i o n  and d i f f u s i o n  s t a g e s ,  we can  

rev iew what w a s  s a i d  e a r l i e r  abou t  t h e  d e c i s i o n  f a c e d  by a p r i v a t e  f i r m .  

A t  t h e  t ime  o f  t h e  i n t r o d u c t i o n  d e c i s i o n ,  t h e  f i r m  h a s  a p r o b a b i l i t y  d i s -  

i 
t r i b u t i o n  of t h e  u l t i m a t e  c o s t s  of t h e  t echnology  i n  d i f f u s i o n ,  G [ C ( x ) ] .  

It a l s o  h a s  t h e  p r o s p e c t  of a n  inves tment  (K ) ,  t h a t - w i l l  l e a d  i t  t o  t h e  
g  

d i f f u s i o n  s t a g e .  The f i r m s  f a c e s  what w a s  e a r l i e r  c a l l e d  a n  " inves tment  

cho ice" .  The e x p e n d i t u r e  K w i l l  b e  a . g o o d  i n v e s t m e n t  i f  t h e  ~ o t a l  o f  t h e  
g 

r e t u r n s  from t h e  d i f f u s i o n  s t a g e  (which may b e  z e r o  i f  d i f f u s i o n  is  n o t  

i n d i c a t e d )  and  t h e  r e t u r n s  from f a c i l i t i e s  b u i l t  d u r i n g  t h e  i n t r o d u c t i o n  

s t a g e  a r e  s u f f i c i e n t  t o  c o v e r  t h e  c o s t  K . T h i s  c a l c u l a t i o n ,  o f  c o u r s e ,  
g  

m 
i s  u l t i m a t e l y  dependent  on  what t h e  f i r m  t a k e s  a s  i t s  f o r e c a s t  o f  Pt and 

how u n c e r t a i n  t h e  c o s t  f o r e c a s t  i s .  

. N a t u r a l l y ,  t h e  v a l u e  o f  t h e  d i f f u s i o n  o p t i o n  which i s  b e i n g  purchased  

must b e  s u f f i c i e n t l y  h i g h  t o  a l l o w  f o r  t h e  r i s k i n e s s  o f  i n v e s t i n g  K . I f  
g  

i t 
t h e  c u r r e n t  e s t i n a t e  o f  u l t i m a t e  c o s t s  and p r i c e s ,  G [ C ( x ) ]  and Pm, a r e  

h i g h l y  u n c e r t a i n ,  t h e n  t h e  i n t r o d u c t i o n  i n v e s t m e n t  is  v e r y  r i s k y  and must 

h a v e  a n  e x p e c t e d  r e t u r n  which i s  h i g h  enough t o  draw t h e  f i r m ' s  r e s o u r c e s  

away from o t h e r  i n v e s t m e n t s .  

I n  g e n e r a l ,  when s u c h  a n  inves tment  i s  n o t  made i t  is  b e c a u s e  t h e  

r e t u r n s  expec ted  i f  t h e  d i f f u s i o n  s t a g e  were  e n t e r e d  a r e  n e g a t i v e .  T h i s  would 

i 
be  t h e  c a s e ,  f o r  example,  f o r  a s h a l e  o i l  p l a n t  where t h e  mean of  G [ C ( x ) ]  

m 
i s  $25 p e r  b a r r e l  and t h e  e x p e c t e d  v a l u e  o f  P i s  o n l y  $15 p e r  b a r r e l .  O r  

t 

such  would be t h e  c a s e  f o r  w a t e r  h e a t i n g  where t h e  c o s t  o f  energy  from t h e  

s o l a r  d e v i c e  t o  be  $15 per  m i l l i o n  Btu and c o s t  of a l t e r n a t i v e  e n e r g y  ( s a y .  

from a g a s - f i r e d  w a t e r  h e a t e r )  t o  o n l y  $ 3  p e r  m i l l i o n  Btu.  A l t e r n a t i v e l y ,  



t h e  expec ted  v a l u e  of  r e t u r n s  i n  t h e  d i f f u s i o n  s t a g e  may b e  p o s i t i v e ,  b u t  

t h e  c o s t s  of t h e  i n t r o d u c t i o n  s t a g e  a l o n e  may b e  s o  g r e a t  a s  t o  make t h e  

o v e r a l l  p r o s p e c t s  u n a t t r a c t i v e  ( i . e . ,  t h e  expec ted  n e t  p r e s e n t  v a l u e  o f  in- 

t r o d u c t i o n  i s  n e g a t i v e ) .  

On t h e  o ther ' .hand ,  a s  no ted  i n  S e c t i o n  3 .2 ,  t h e r e  a r e  c i r cums tances  

where t h e  market sys tem may " f a i l "  i n  t h e  s e n s e  t h a t  c o r p o r a t e  d e c i s i o n s  

a t  t h i s  s t a g e  a r e  based on c o n s i d e r a t i o n s  which do no t  r e f l e c t  t h e  s o c i a l  

b e n e f i t s  and c o s t s  of  t h e  a c t i o n s  t o  be t aken .  We d i s c u s s  s e v e r a l  such  pros-  

p e c t s  below, u s ing  concepts  d i s c u s s e d  i n  S e c t i o n  3 :  

m 
1. P  may b e  l e s s  t han  pS. T h i s  might b e  due t o  p r i c e  c o n t r o l s  o r  t o  

t 
t k e  n a t i o n a l  s e c u r i t y  premium. It would l e a d  t o  a  c i rcumstance  
where f i rms  had no i n t e r e s t  i n  c a r r y i n g  o u t  t h e  i n t r o d u c t i o n  in-  
vestment  even though such an  advance might be  shown t o  b e  s o c i a l l y  
d e s i r a b l e .  Of cou r se ,  t h e  f a c t  t h a t  t h e  f e d e r a l  govemxnent may b e  
a b l e  t c  b r i n g  about  such a n  investment  a t  t h e  i n t r o d u c t i o n  s t a g e  
does no t  mean that d i f f u s i o n  will t ake  p l a c e .  P r i v a t e  d e c i s i o n  
makers w i l l  s t l l l  b e  faced  w i t h  a  d i f f u s i o n  d e c i s i o n  based on pm. 

t 

2 .  I n a b i l i t v  t o  a p p r o p r i a t e  t ech r l i ca l  r e s u l t s .  I n  terms of  F i g u r e  
5 . 1  t h i s  would hold  where no f i r m  i n v e s t i n g  i n  Kg could  expec t  
t o  c a p t u r e  enough of  t h e  market t o  t a k e  advantage  of t h e  i n f o r -  
m t i o n  a  G ~ [ c ( x )  1, which wouid b e  ga ined  by t h e  i n t r o d u c t i o n  ex- 
per iment .  

3. Reguls tory  and p o l i t i c a l  r i s k s .  These r i s k s  may g ive  G ~ [ c ( x )  ] a  
h i g h  v a r i a n c e  ( p a r t i c u l a r l y  by i n t r o d u c i n g  extreme low-end e v e n t s  
i n t o  t h a t  d i s t r i b u t i o n )  and thus  d r a m a t i c a i i y  r a i s e  t h e  r i s k  pre- 
mium which K must promise t o  ea rn .  To t h e  e x t e n t  t h a t  t h e s e  g 
u n c e r t a i n t i e s  a r e  a r t i f i c i a l l y  imposed, they  c o n s t i t u t e  a  " f a i l u r e "  
under  t h e  d.ef i n i t  i o n  above. 

4 .  Market s t r u c t u r e .  The l a c k  of compe t i t i ve  p r e s s u r e  may l e a d  some 
f i r m s  t o  fo regc  inves tments  i n  i nnova t ion  which wouid b e  s o c i a l l y  
p r o f i t a b l e .  

i 
5 .  Risk and f i n a n c i a l  marke ts .  The d i s p e r s i o n  of  G [C(x) ]  and un- 

c e r t a i n t i e s  i n  PF may be  s o  l a r g e  and t h e  g ros s  s i z e  of t h e  i n v e s t -  
ment Kg s o  g r e z t  t h a t  c o r p o r a t e  managers fo rego  t h e  i n t r o d u c t i o n ,  
even though a  c a r e f u l  expected va lue  c a l c i ~ l a t i o n  ( i n c l u d i n g  d i s -  
counts  f o r  r i s k )  p r e d i c t s  a  p o s i t i v o  r e t u r n .  



5 .2 .3  E v a l u a t i o n  o f  t h e  B e n e f i t s  o f  Government I n t e r v e n t i o n  

Most o f  t h e  i n s t r u m e n t s  d i s c u s s e d  i n  S e c t i o n  4 a r e  methods f o r  sub-  

s i d i z i n g  t h e  c o s t  K . A need f o r  s u c h  s u p p o r t  would be  i n d i c a t e d  by e v i d e n c e  
g  

o f  o n e  o f  t h e  market  f a i l u r e s  n o t e d  above.  The u l t i m a t e  d e c i s i o n  t o  go 

a h e a d  w i t h  t h e  f e d e r a l  s u b s i d y  would depend o n  a  c a l c u l a t i o n  o f  t h e  c o s t s  

1 
and  b e n e f i t s  o f  t h e  e x p e n d i t u r e  i n v o l v e d .  

To s e e  t h e  n a t u r e  o f  t h e  e v a l u a t i o n  problem,  we nay p u r s u e  o u r  s i m p l e  I 

example  a n o t h e r  s t e ? .  Assume t h a t  f o r  some r e a s o n  t h e  i n t r o d u c t i o n  i n v e s t -  

n e n t  w i l l  n o t  b e  t a k e n  by p r i v a t e  i n d u s t r y .  The p r e c i s e  r e a s o n s  why t h i s  

i s  n o t  happen ing  need n o t  c o n c e r n  us  h e r e  ( l a t e r  w e  t a k e  up t h e  c a s e  where 

i n t r o d u c t i o n  w i l l  e v e n t u a l l y  b e  u n d e r t a k e n  by p r i v a t e  c a p i t a l ,  b u t  t h e  govern-  

ment may s p e e d  up t h e  p r o c e s s  th rough  a  s u b s i d y ) .  We may l o o k  f i r s t  a t  t h e  

e v a l u a t i o n  o f  t h e  b e n e f i t s  o f  a d i r e c t  f e d e r a l  e x p e n d i t u r e  o f  K n .  L a t e r ,  

we r e t u r n  t o  l o o k  a t  t h e  i s s u e s  r a i s e d  by t h e  c a l c u l a t i o n  o f  c o s t ,  f o r  t h e  

3 c t u a l  e s t i m a t e  o f  K may v a r y  depending  on t h e  p a r t i c u l a r  f i n a n c i a l  L n s t r u -  
n  

ment a c h i e v e d  t o  b r i n g  t h e  i n v e s t m e n t  a b o u t .  For  now, however,  assume t h a t  

R i s  a s i m p l e  d i r e c t  f e d e r a l  e x p e n d i t u r e .  n  

Case 1. P r i c e s  and C o s t s  a r e  Known w i t h  C e r t a i n t y ,  I n s t a n t a n e o u s  D i f f u s i o n ,  

No S o c i a l  Premium on Energy.  Suppose t h a t  t h e  r e a l  p r i c e  o f  i n p o r t e d  o i l  

is $13 p e r  b a r r e l  and t h a t  t h i s  p r i c e  w i l l  p r e v a i l  f o r  t h e  f o r e s e e a b l e  f u t u r e .  

So e x t r a  v a l u e  i s  a t t r i b u t e d  t o  independence  f rom i n s e c u r e  e n e r g y  s o u r c e s ,  

s o  t h a t  t h e  impor ted  p r i c e  i s  t h e  s o c i a l  c o s t .  Also  s u p p o s e  t h a t  t h e  s h a l e  

o i l  p l a n t  we a r e  u s i n g  as a n  example c a n  p roduce  o i l  a t  a c o s t  o f  $20 p e r  

. b a r r e l  w i t h  t h e  f i r s t  p l a n t  and t h a t ,  b e c a u s e  o f  what i t  l e a r n e d ,  a l l  s u b s e q u e n t  

' ~ h a t  i s ,  t h e r e  nsy b e  " f a i l u r e s f 1  t h a t  a r e  n o t  r -or th  c o r r e c t i n g ,  g iven  
che o p p o r t u n i t y  c o s t s  o f  t h e  r e s o u r c e s  r e q u i r e d .  



u n i t s  a r e  expec ted  t o  produce a t  a  c o s t  of $10 p e r  b a r r e l .  That  i s ,  c*(x*) = 

d  
$20 p e r  b a r r e l  b u t  t h e  means of GI [ ~ ( x )  ] and G [C(x) ] a r e  $10 p e r  b a r r e l .  

I f  new f i r m s  can  t a k e  advantage  of t h e  l e a r n i n g  and produce a t  $10, 

and new p l a n t s  can  b e  b u i l t  very  q u i c k l y ,  t hen  t h e  p r i c e  of a l l  c rude  o i l  

w i l l  f a l l  t o  $10.. Thus i t  w i l l  b e  imposs ib l e  f o r  t h e  f i r s t  i n v e s t o r  t o  

r ecove r  t h e  i n t r o d u c t i o n  investment  and no i n d i v i d u a l  f i r m  w i l l  under take  

t h e  i n i t i a l  expend i tu re  K . Never the l e s s ,  s o c i e t y  c l e a r l y  s t a n d s  t o  g a i n  
g  

a  g r e a t  d e a l  from having t h e  p r i c e  of o i l  reduced t o  $10 p e r  b a r r e l .  Here 

is  a  c l e a r  market f a i l u r e :  t h e  r e t u r n s  t o  t h e  i n i t i a l  inves tment  a r e  n o t  

a p p r o p t i a b l e .  The s o c i e t a l . r e t u r n s  come i n  t h e  form of  consuniers' surp lus- -  

i . e . ,  consumers pay l e s s  f o r  energy.  

We i l l u s t r a t e  t h e  c a s e  w i t h  F igu re  5 .2 .  I n  t h i s  diagram t h a t  market 

p r i c e  of energy,  pm (assumed h e r e  t o  b e  i n d e p e n d a t  of  t h e  t i m e  a f t e r  i n -  

t r o d u c t i o n ) ,  i s  measured on v e r t i c a l  a x i s ' a n d  q u a n t i t i e s  produced and con- 

sumed on t h e  h o r i z o n t a l  a x i s .  The Foil l i n e  i l l u s t r a t e s  t h e  assumption t h a t  

o i l  i s  a v a i l a b l e  i n  any q u a n t i t y  w e  want st a p r i c e  set by t h e  i n t e r n a t i o n a l  

c a r t e l .  The l i n e  C(x) demonst ra tes  t h a t  w i t h  t h e  new technology,  we could  

produce any q u a n t i t y  d e s i r e d  a t  a  c o s t  pf $10. F i n a l l y ,  t h e  D(x) cu rve  

indicates what q u a n t i t i e s  would be  consumed a t  v a r i o u s  p r i c e s .  As p r i c e  de- 

c l i n e s ,  more energy i s  consumed. The r e s u l t  t hen  of lower ing  t h e  c o s t  t o  

consumers from P  t o  C(x) L s  a n  expansion i n  t h e  amount consumed. We can o i l  

measure t h e  b e n e f i t s  as t h e  shaded a r e a .  Th i s  a r e a  r e p r e s e n t s  t h e  d i f f e r e n c e  

between what consumers pay f o r  o i l ,  pm = C(x) ,  and what t hey  would have been 
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w i l l i n g  t o  pay f o r  each u n i t .  T h i s  i s  t h e  change i n  "consumers' s u r p l u s "  

1 
and r e p r e s e n t s  t h e  b e n e f i t s  t o  s o c i e t y .  

I n  t h i s  example, we assume t h a t  t h e  investment  w i l l  n o t  t a k e  p l a c e  wi th-  

o u t  government i n t e n e n t i o n  ( k i t h o u t  s p e c i f y i n g  why). I n  a r e a l  s i t u a t i o n ,  

t h e  f i r s t  a n a l y t i c a l  need would b e  t o  f o r e c a s t  a c t i o n s  of p r i v a t e  i n v e s t o r s  

i n  t h e  absence  of i n t e r v e n t i o n ,  a s  w e l l  as t h e  l i k e l y  behav io r  a f t e r  t h e  

i n t e r v e n t i o n .  As w e  have seen ,  i t  i s  t h e  inc remen ta l  changes due t o  t h e  

i n t e r v e n t i o n  t h a t  c o n s t i t u t e  t h e  b e n e f i t s  of t h e  government a c t i o n .  I n  o r d e r  

t o  be  a b l e  t o  s i m u l a t e  t h i s  behav io r ,  we need a n  unde r s t and ing  of  why t h e  

market is  n o t  f u n c t i c n i n g .  It is obvious ,  f o r  example, t h a t  i n  r e a l i t y ,  en- 

t r y  t o  t h e  new i n d u s t r y  w i l l  n o t  occu r  i n s t a n t a n e o u s l y  a s  i n  t h e  exampie. 

The re fo re  a l l  knowledge produced w i l l  no t  be i n a p p r o p r i a b l e ,  and i n  t h i s  

s imple  example w e  would expec t  some p r i v a t e  inves tment  t o  e v e n t u a l l y  t a k e  

p l a c e  i n  t h e  absence of  i n t e r v e n t i c n .  Neve r the l e s s ,  i f  some b e n e f i t s  a r e  

i n a p p r o p r i a b l e ,  inves tment  w i l l  b e  l e s s  t han  d e s i r e d  and t h e  t iming  may b e  

de layed .  Xore a c c u r a t e  d e s c r i p t i o n s  of p r i v a t e  i n c e n t i v e s  a r e  needed i n  

o r d e r  t o  unders tand  what w i l l  ensue  from government i i t e r v e n t i o n  and what 

is  t h e  neces sa ry  Level  of  subs idy .  

Case 2 .  No Di f fus ion .  Once we unders tand  t h e  market s t r u c t u r e ,  t h e  

key t o  t h e  d e c f s i o n  a n a l y s e s  is d i s t r i b u t i o n  of  c o s t s  of p roduc t ion  G[C(x)] 

m 
and p r i c e s  of  d e l i v e d  ou tpu t  P . The p r o f i t a b i l i t y  of government i n t e rven -  

t i o n  i n  Case 1 revo lves  around t h e  p r i c e  of  energy b e f o r e  t h e  new technology,  

'The c o s t  o f  o b t a i n i n g  t h e s e  b e n e f i t s  i s  t h e  amount o f  t h e  i n i t i a l  subs idy .  
Note, however, t h a t  t h i s  example is  h i g h l y  s i m p l i f i e d .  The c o s t  o f  t h e  new 
technology might depend on t h e  r a t e  of o u t p u t .  Also,  t e c h n o i o g i e s  based  
on d e p l e t e d  r e sou rces  w i l l  e x h i b i t  r i s i n g  c o s t s  a s  t h e  cheapes t  d e p o s i t s  
a r e  d e p i e t e d ,  u n l e s s  new t echno log ie s  a r e  developed.  These i s s u e s  w i l l  b e  
t aken  up below. 



t h e  i n i t i a l  c o s t  of t h e  t echnology ,  and t h e  c o s t  o f  t h e  t echnology  a f t e r  t h e  

i n t r o d u c t i o n  s t a g e .  I f ,  f o r  example,  we change t h e  above example s o  t h a t  

t h e  new o p t i o n  w i l l  p roduce  energy  a t  a  c o s t  o f  $14 p e r  b a r r e l  once we b u i l d  

t h e  f i r s c  p l a n t ,  t h e  e v a l u a t i o n  changes  d r a m a t i c a l l y .  The government s u b s i d y  

no l o n g e r  y i e l d s  p o s i t i v e  b e n e f i t s .  Now w e  l o s e  $7  p e r  b a r r e l  on  t h e  i n i t i a l  

p l a n t ,  b u t  wind up a t  a s i t u a t i o n  where t h e  p r i c e  o f  energy  i s  no lower  t h a n  

$13 p e r  b a r r e l .  There  h a s  been no r e t u r n  t o  consumers,  p r o d u c e r s  a r e  no 

b e t t e r  o f f ,  and  t h e  government h a s  l o s t  i t s  i n i t i a l  s u b s i d y .  We may h a v e  

l e a r n e d  a g r e a t  d e a l  abou t  t h e  t echnology  and t h e  e n v i r o n m e n t a l  and i n s t i t u -  

t i o n a l  b a r r i e r s ,  b u t  t h e  knowledge is n o t  worth  a n y t h i n g  i n  t h e  marke t .  

C l e a r l y ,  p r i c e s  need n o t  b e  s t a t i c .  I f  o i l  p r i c e s  r i s e ,  t h e  s i t u a t i o n  

changes .  Then $14 o i l  m i g h t ,  i n  f a c t ,  u l t i m a t e l y  p rove  economic and t h e  re -  

t u r n s  t o  t h e  s u b s i d y  would b e  p o s i t i v e .  

m 
I n  summary, we need t o  know ( a )  what t h e  energy  p r i c e  P w i l l  b e  i n  t h e  

a b s e n c e  o f  t h e  t e c h n o l o g y ,  and w i t h  i t ;  (b) what i n i t i a l  s u b s i d y  i s  n e c e s s a r y  

t o  encourage t h e  f i r s t  p l a n t ;  ( c )  what t h e  c o s t  of subsequen t  p l a n t s  w i l l  

be;  and ( d )  what q u a n t i t i e s  w i l l  be  demanded. We would t h e n  s i m u l a t e  be- 

h a v i o r  b e f o r e  and a f t e r  t h e  i n t e r v e n t i o n  and sum t h e  b e n e f i t s  t o  consumers and 

p r o d u c e r s  a s  a  whole.  To know ( a ) ,  (c), and ( d ) ,  we need i n f o r m a t i o n  on t h e  

s u p p l y  c u r v e s  f o r  t h e  new t e c h n o l o g y ,  t h e  o l d  energy  s o u r c e ,  and t h e  demand 

c u r v e .  To know ( b ) ,  we must u n d e r s t a n d  t h e  n a t u r e  o f  t h e  market f a i l u r e .  We 

w i l l  r e t u r n  t o  t h e s e  i s s u e s  i n  S e c t i o n  5.3 below. 
. , 

Case 3. D i f f u s i o n  o v e r  Time. To approach  a s t e p  c l o s e r  t o  r e a l i t y  we a s -  

sume t h a t  t h e  market p r i c e  o f  e n e r g y ,  pm, w i l l  c o n t i n u e  t o  b e  s e t  by i m p o r t s  o f  

o i l ,  b e c a u s e  t h e  new t e c h n i q u e  w i l l  n o t  i n s t a n t a n e u u s l y  d i f f u s e  t o  t a k e  o v e r  

t h e  e n t i r e  impor t  volume. The c r u x  o f  t h e  a n a l y s i s  t h e n  is  t h e  f o r e c a s t i n g  



i 
of x  g iven  G [C(x)]  and a n  e s t i m a t e  of pm. During t h e  pe r iod  when t h e  market 

t 

p r i c e  i s  g r e a t e r  than  t h e  c o s t  of t h e  new o p t i o n  t h e r e  i s  ano the r  component 

of t h e  s o c i a l  b e n e f i t s  (bes ides  consumers' s u r p l u s ) .  Th i s  i s  producers '  su r -  

plus--the d i f f e r e n c e  between t h e  s e l l i n g  p r i c e  of t h e  new product  and i t s  c o s t .  

Case 4.  Uncer ta in  P r i c e s ,  Uncer ta in  Costs ,  D i f fus ion  over  Time. I n  

Cases 1, 2, and 3 w e  t r e a t  t h e  problem a s  a  s imple  c a l c u l a t i o n  under complete 

c e r t a i n t y  about  f u t u r e  p r i c e s  and c o s t s .  Of cou r se ,  such c e r t a i n t y  never  

e x i s t s  and d e c i s i o n s  must be  made wi thout  f u l l  knowledge of f u t u r e  p r i c e s  

and c o s t s .  The problem then  becomes more complicated.  A p l anne r  i d i l l  have 

a n  expected market p r i c e ,  b u t  w i l l  r e a l i z e  t h a t  t h e  a c t u a l  p r i c e  pm could  vary  

w i t h i n  a  wide range.  S i m i l a r l y ,  a s  d i scussed  e a r l i e r ,  t h e  c o s t s  f o r  t h e  i n i t i a l  

p l n n t ,  K w i l l  be  u n c e r t a i n  a s  w e l l  a s  c o s t s  of product ion  from subsequent  
8  ' 

u r ~ i t s  G[C(x)].  I n  t h i s  case ,  t h e  e v a l u a t i o n  w i l l  b e  made based on expected 
-" 

c o s t s  and b e n e f i t s .  

Le t  us extend o u r  example t o  encompass t h i s  ca se .  Assume t h a t  i n  t h e  

f u t u r e  t h e  r e a l  p r i c e  of o i l  a s  s e t  by t h e  c a r t e l  is most l i k e l y  t o  be  $13 

p e r  b a r r e l  3 u t  could be  a s  low a s  $5 and a s  h igh  a s  $20. Assume a l s o  t h a t  t h e  

p r o d u c t c o s t s  from subsequent  p l a n t s  a r e  expected t o  b e  $10, b u t  could  b e  as 

h igh  a s  $20 and a s  low a s  $5. Let  us make t h e s e  ranges more p r e c i s e  by a t t a c h -  

i n g  a  112 p r o b a b i l i t y  t o  t h e  medium and 114 p r o b a b i l i t y  t o  each of t h e  ex- 

t remes.  We then  have t h e  p r o b a b i l i t i e s  f o r  each outcvme shown i n  Table 5.1.  

There i s  a  r e t u r n  t o  t h e  i n i t i a l  subs idy  a t t a c h e d  t o  each p o s s i b l e  outcome. 

I f  t h e  c o s t  of t h e  technology t u r n s  ou t  t o  be  no l e s s  t han  t h e  p r i c e  of o i l ,  

t h e  r e t u r n  i s  ze ro  o r  nega t ive .  I f  t h e  c o s t  i s  l e s s ,  t h e r e  is  a  p o s i t i v e  r e -  

t u r n .  The t o t a l  r e t u r n s  w i l l  depend on t h e  ou tpu t  l e v e l s  f o r  t h e  new tech- 

noiogy over  t ime,  x  given by demand cond i t i ons  and t h e  a s s o c i a t e d  pace of 
t '  

d i f f u s i o n  of t h e  new technology.  



T a b l e  5 . 1  

PROBABILITY OF EACH COMBINATION OF POSSIBLE 
OIL PRICE ANll YEW TECHMOLOCY --- COST 

P r i c e  o f  O i l  prn ( P r o b a b i l i t y  o f  O c c u r r e n c e )  

Technology C o s t  
( P r o b a b i l i t y .  of 
Occurance j  

The p r o b a b i l i t y  i n f o r m a t i o n  may b e  i n c o r p o r a t e d  i n t o  o u r  framework a s  

f o l l o w s .  The j o i n t  p r o b a b i l i t i e s  o f  t h e  p r i c e  o f  o i l  and t h e  c o s t  of t h e  new 

t e c h n o l o g y  b e i n g  a p a r t i c u l a r  v a l u e  i s  g i v e n  i n  T a b l e  5 . 1 .  Assume t h a t  t h e  c o s t  

o f  o u t p u t  f rom t h e  f i r s t  p l a n t ,  C*(x*), i s  known w i t h  c e r t a i n t y .  T h e r e  a r e  

i ~ i l l t :  p o s s i b l e  benetit outcomes and t h r e e  p o s s i b l e  cust ourcomes.  The e x ? e c t e d  

n e t  b e n e f i t s  a r e  found by summing t h e  two s e t s  o f  outcomes w e i g h t e d  by t n e  

p r o b a b i l i t y  o f  o c c u r a n c e .  Thus:  

9 3 
Expec ted  n e t  s o c i a l  b e n e f i t s  = X Piai - Z P.C.  

i=l j =1 J I 



where P P  a r e  t h e  p r o b a b i l i t i e s  of  occu r rence  and B , C .  a r e  t h e  r e s u l t s  of  
i ' j *  i J  

e v a l u a t i n g  t h e  c o s t s  and b e n e f i t s  u s ing  t h e  a n a l y s i s  developed i n  t h e  pre-  

v ious  t h r e e  c a s e s .  

Case 5. Government Speedup of  I n t r o d u c t i o n ,  No S o c i a l  Premi,um on Energy. 

I n  a c t u a l i t y ,  of cou r se ,  many ( i f  no t  most) of  t h e  t e c h n i c a l  o p t i o n s  sup- 

po r t ed  i n  government commerc ia l iza t ion  programs would u l t i m a t e l y  b e  i n t r o d u c e d  

i n t o  t h e  market w i thou t  t h e  subsidy-- the government o n l y  a c c e l e r a t e s  t h e  pro- 

c e s s .  Thus a  c r u c i a l  a n a l y t i c a l  i s s u e  becomes i n d u s t r y ' s  behav io r  w i thou t  

t h e  goverriment subs idy .  The b e n e f i t  a n a l y s e s  t hen  become more complex, w i t h  

t h e  d i f f e r e n c e  i n  t h e  t iming  of t h e  b e n e f i t  s t r eams  due t o  government's i n v e s t -  

ment t a k i n g  t h e  p l z c e  of  t h e  t o t a l  b e n e f i t  a s s o c i a t e d  w i t h  t h e  necr t echn ique .  

Case 6 .  Premiunon Energy. F i n a l l y ,  t h e r e  is t h e  a d d i t i o n a l  b u t  c ru-  

c i a 1  e v a l u a t i o n  i s s u e  a s s o c i a t e d  w i t h  t h e  f a c t  t h a t  t h e  market p r i c e  of  

energy i s  not  l i k e l y  t o  r e f l e c t  i t s  s o c i a l  va lue .  A s  d i s c u s s e d  e a r l i e r ,  t h i s  

w i l l  l i k e l y  be  due t o  government p r i c e  c o n t r o l s  and t h e  b e n e f i t s  of reducing  

impor ts .  

I n  t h i s  c a s e  t h e  i n c r e a s e d  a v a i l a b i l i t y  of  domest ic  s u p p l i e s ,  i n c r e a s e d  

conse rva t ion ,  and r e d u c t i o n  of impc~r t s  need t o  b e  va lued  n o t  a t  t h e  market 

p r i c e ,  p u t  a t  t h e  s o c i a i  v a l u e .  The a n a l y s i s  of pr iv2. te  inves tment  d e c i s i o n s  

con t inues ,  of cou r se ,  t o  be  made a t  t h e  market p r i c e .  

l ~ h e  d e c i s i o n ,  of cou r se ,  nggd n o t  be  mads on ly  on t h e  b z s i s  of  t h i s  s imp le  
expec ted  payof f .  Even I f  t h e  expec ted  payoff  were n e g a r i v e ,  we might t e  w i l l -  
i n g  t o  under take  t h e  program j u s t  t o  be  s u r e  t h a t  i f   rice goes t o  $20 p e r  
b a r r e l ,  we have t h e  new technology a v a i l a b l e .  I n  a  world of u n c e r t a i n t y ,  o f  
cou r se ,  p r i v a t e  f i m  w i l l  b e  w i l l i n g  t o  s p e c u l a t e  on h i g h e r  p r i c e s .  However, 
i n s t i t u t i o n a l  c o n s t r a i n t s  o f t e n  prevent  t h e  p r i c e  from r i s i n g  t o  a  l e v e l  t h a t  
c l e a r s  t h e  market.  P r i v a t e  f i rms  w i l l  t h e r e f o r e  n o t  i n v e s t  enough i n  t h e  
new technoiogy and t h e  government could  p rov ide  in su rance .  I n  t h i s  c a s e ,  we 
would have t o  compare t h i s  form of i n su rance  t o  o t h e r  a l t e r n a t i v e s  t o  make 
s u r e  t h i s  is  t h e  cheapes t  way f o r  t h e  count ry  t o  purchase  p r o t e c t i o n .  



Case 7. The Government Waits .  . T h e  d i s c u s s i o n  s o  f a r  h a s  t r e a t e d  t h e  

problem a s  i f  t h e  d e c i s i o n  t o  s u b s i d i z e  o r  n o t  must be  made now. T h i s ,  of 

couse,  i s  u n r e a l i s t i c .  An important  v a r i a b l e  under t h e  d e c i s i o n  maker 's  

c o n t r o l  i s  when t o  i n v e s t .  Are we much b e t t e r  o f f  wa i t i ng?  What do w e  g a i n  

( o r  l o s e )  by w a i t i n g ?  S e v e r a l  t h i n g s  can  make i t  worthwhile  t o  w a i t .  I f  

t h e r e  a r e  new t echno log ie s  under development t h a t  o f f e r  t h e  hope of lower 

c o s t s ,  i t  c l e a r l y  can  pay t o  w a i t .  Also,  more can be  d i s cove red  about  

t h e  f u t u r e  c o s t s  and p r i c e s ,  t h u s  changing t h e  p r o b a b i l i t y  d i s t r i b u t i o n s  de- 

s c r i b e d  f n  Case 4. The r i s k  of  a n  investment-cum-subsidy program can be  re- 

duced a s  f u t u r e  outcomes become c l e a r e r .  Of cou r se ,  i t  i s  p o s s i b l e  no th ing  

m 
w i l l  become c l e a r e r .  For  example, u n c e r t a i n t y  about  P due t o  l a c k  o f  in -  

format ion  about  t h e  o i l  c a r t e l  behavior  might remain h igh .  No new technology 

might appear  promising.  I n  t h i s  c a s e ,  t h e r e  i s  no r ea son  t o  w a i t .  

5.3 THE STATE-OF-THE ART OF ANALYSIS 

The prev ious  d i s c u s s i o n ,  and t h e  s imple  c a s e s  used t o  i l l u s t r a t e  t h e  

problems of a n a l y s i s ,  l e a d  t o  t h e  i d e n t i f i c a t i o n  of s e v e r a l  a r e a s  of ana ly-  

sis and f o r e c a s t i n g  which a r e  c r u c i a l  t o  t h e  e v a l u a t i o n  of schemes of f e d e r a l  

i n t e r v e n t i o n  i n  commercial demons t ra t ion .  A l l  a n a l y t i c a l  e f f o r t s  which a t -  

tempt t o  e v a l u a t e  n a t i o n a l  income b e n e f i t s  from t h i s  t ype  of  investment  must 

d e a l  w i t h  t h e s e  i s s u e s  i n  one way o r  ano the r .  A s  might be  expected from t h e  

s h e e r  complexity of  t h e  problem, t h e s e  c o n s t i t u t e  key a r e a s  f o r  f u t u r e  re- 

s e a r c h  and a n a l y s i s  i n  an  e f f o r t  t o  improve our  a b i l i t y  t o  ana lyze  t h e s e  

c i rcumstances .  A b r i e f  d i s c u s s i o n  of t h e  key problems fo l lows ;  they con- 

s t i t u t e  an  agenda f o r  r e sea rch  i n  t h i s  v i t a l  p o l i c y  a r e a .  



5.3.1 Fo recas t s  of P r i c e s  

A s  is  ev iden t  from t h e  cases  p re sen ted  h e r e ,  a  key inpu t  t o  a l l  t h e  

a n a l y s i s  Ps a f o r e c a s t  o f  t h e  market p r i c e s  t h a t  w i l l  ho ld  over  t h e  pe r iod  

when a  technology might be  in t roduced  and d i f f u s e d .  I n  a d d i t i o n ,  t h e  fore-  

c a s t  of p r i c e  needs t o  convey some n o t i o n  of  t h e  r u l e s  of t h e  game under 

which energy p r i c e s  i.n gene ra l  a r e  be ing  determined, as t h a t  w i l l  z f f e c t  t h e  

l i k e l y  response of p r i v a t e  markets .  I n  g e n e r a l ,  t h e  a n a l y s i s  wcuid b e  

based on a s i n g l e  p r i c e  ( o r  a s i n g l e  d i s t r i b u t i o n  of p r i c e s )  which would n o t  

b e  assumed t o  be  a f f e c t e d  by t h e  commercial izat ion inves tments  under s t u d y ,  

a l though a s  Case 1 i l l u s t r a t e s  t h e r e  may be  circumstances where t h e  a n a l y s i s  

would need t o  t a k e  account of such a n  e f f e c t  by a  new technology.  

This  emphasis on a  p r i c e  f o r e c a s t  w a s  argued i n  Sec t ion  2 ,  where i t  

w a s  s t a t e d  tha t  a key problem f o r  ERDA planning  i s  t h a t  t h e  agency must 

i n c o r p o r a t e  some n o t i o n  of l i k e l y  f u t u r e  market conditions--and, i n  par -  

t i c u l a r ,  some e s t i m a t e  of  a  "planning price1'--in i t s  ana lyses  of commercial- 

i z a t i o n  inves tments .  (Of course ,  t h e  problem presented by t h e  need t o  ana lyze  

ERDA planning d e c i s i o n s  a t  t h e  commercial izat ion s t a g e  w i l l  appear  i n  con- 

n e c t i o n  wi th  e a r l i e r  s t a g e s  i n  R&D a s  w e l l . )  Without such a  f o r e c a s t  of 

p r i c e ,  and perhaps o t h e r  market c o n d i t i o n s ,  i t  is  no t  p o s s i b l e  t o  d i s t i n g u i s h  

c l e a r l y  between technologies  which may y i e l d  pos i t i -qe  b e n e f i t s  i f  i n t r o -  

duced and t h ~ s e  which w i l l  n o t .  

The f o r e c a s t  of market p r i c e  u l t i m a t e l y  depenGs on s n a l y s i s  of i n t e r -  

n a t i o n a l  o i l  markets ,  on t h e  t a r i f f  o r  o t h e r  p o l i c i e s  t h a t  may be used t o  

b u f f e r  t h e  U.S. economy from t h e s e  p r i c e s ,  and on t h e  process  c f  p r i c e  forma- 

t i o n  i n  product  and r eg ion  markets throughout t h e  economy. Some s t e p s  i n  

t h i s  process  a r e  w e ' l l  understood,  o t h e r s  a r e  no t .  Ovgra l l ,  t h i s  i s  a  key a r e a  



f o r  f u r t h e r  r e s e a r c h  and a n a l y s i s  because  o f  i t s  importance t o  t h e  evalua-  

t i o n  procedure  d i s cus sed  above. 

I n  a d d i t i o n ,  f o r  e v a l u a t i o n  purposes  one a l s o  needs a  f o r e c a s t  o f  a  

companion p r i c e  t o  go a long  w i t h  t h e  market p r i c e  f o r e c a s t - - t h i s  p r i c e  t o  

r e f l e c t  t h e  s o c i a l  v a l u e  of  energy produced o r  saved. '  A s  d i s cus sed  i n  Sec- 

t i o n  3 .3 .1  above,  t h e  s o c i a l  va lue  of energy may depa r t  from t h e  market 

p r i c e .  With r e s p e c t  t o  domest ic  petroleum, it seems c l e a r  t h a t  t h e  s o c i a l  

v a l u e  is a t  l e a s t  t h e  p r i c e  of  l anded  imports--OPEC i s  t h e  sou rce  of  mar- 

g i n a l  s u p p l i e s  t o  t h e  United States  and wi.l.1. rema.in so for some t ime t o  

come. It i s  argued i n  Sec t ion  3 . 3 . 2  t h a t  i n  f a c t  t h e  social .  va lue  i s  even 

h igher - - tha t  t h e r e  is a  n a t i o n a l  s e c u r i t y  premium a s s o c i a t e d  w i th  ou r  de- 

pendence on impor t s .  The premium is  t h e  amount t h e  United S t a t e s  would be  

w i l l i n g  t o  pay f o r  a  b a r r e l  of o i l ,  above t h e  imported p r i c e ,  t o  be  f r e e  

from t h e  i n s e c u r i t y  a s s o c i a t e d  w i th  i t .  Thus, some form of n a t i o n a l  s e c u r i t y  

premium must be  e s t ima ted  t o  a r r i v e  a t  a s o c i a l  va lue .  

One measure of  t h e  n a t i o n a l  s e c u r i t y  premium is  g iven  by t h e  c o s t  of a  

s t o c k p i l e  which would coun te rac t  t h e  e f f e c t  of t h e  impor t s .  Suppose, f o r  t h e  

purpose of  i l l u s t r a t i o n ,  t h a t  a l l  impor-ES- a r e  equa l ly  i n s e c u r e ,  and t h a t  a  

s t o r a g e  program can i n  f a c t  p rovide  a  c o u n t e r a c t i v e  s e c u r i t y  t o  impor t s .  

Then c l e a r l y  t h e  s i z e  of t h e  a p p r o p r i a t e  s t o c k p i l e  i s  a monotonical ly  i n -  

c r e a s i n g  f u n c t i o n  of t h e  l e v e l  of impor t s .  A t  any g iven  l e v e l  of impor t s ,  

t h e  incrementa l  c o s t  o f  the  s t o c k p i l e  a s s o c i a t e d  w i th  one more d a i l y  bar -  

re l  o f  imported o i l  would then b e  t h e  n a t i o n a l  s e c u r i t y  premium. 

The a p p r o p r i a t e  s t o c k p i l e  s i z e  might be c a l c u l a t e d  a s  an optimum where 

t h e  c o s t  of ma in t a in ing  t h e  s t o c k p i l e  is  t r aded  o f f  a g a i n s t  t h e  expec ted  

s av ings  i n  t h e  c a s e  of an embargo p l u s  t h e  va lue  of t h e  d e t e r r e n t  e f f e c t  



( i . e . ,  t h e  lowered p r o b a b i l i t y  of embargo). A more i n t u i t i v e  measure of 

t h e  inc remen ta l  s t o c k p i l e  c o s t  can be  found by assuming t h a t  t h e  s i z e  of 

t h e  s t o c k p i l e  should  always be  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  l e v e l  of  i m -  

p o r t s ;  then  t h e  p r o p o r t i o n a l i t y  cons t an t  can be thought o f  a s  t h e  pe r iod  

over  which t h e  s t o c k p i l e  could r e p l a c e  t h e  impor ts .  I f  t h e  s t o c k p i l e  

i s  chosen t o  provide  N yea r s  of supply  a t  t h e  annual  r a t e  of impor ts  I ,  

i f  t h e  c o s t  of t h e  s t o c k p i l e  i s  s o l e l y  t h e  oppor tun i ty  c o s t  o f  t h e  capi -  

t a l  investment  i n  i n v e n t o r i e d  petroleum ( i ) ,  and t h e  petroleum is  purchased 

m 
a t  t h e  i n t e r n a t i o n a l  market p r i c e  (P ) ,  then  t h e  annual  c o s t  of t h e  s tock-  

m 
p i l e  f o r  each b a r r e l  p e r  y e a r  of impor ts  i s  L x P x N x .i. Thus, t h e ' n a t i o n a l  

s e c u r i t y  premium would be  N x i p e r  cen t  of t h e  imporred p r i c e .  I f  t h e  in-  

t e r e s t  r a t e  were 6% and a  1-year s t o c k p i l e  were deemed s u f f i c i e n t ,  t hen  t h e  

premium on each b a r r e l  would be  6% of  t h e  landed c o s t .  Of cou r se  t h i s  

s imple  c a l c u l a t i o n  misses  many compl ica t ing  f ~ c t o r s  i n  t h e  i n t e r n a t i o n a l  and 

domestic petroleum scene ,  b u t  i t  i l l u s t r a t e s  t h a t  a  s o c i a l  va lue  based on 

reasonable  assumptions and judgements could  be  cons t ruc t ed .  

5.3.2.  Analysis  of  t h e  Di f fus ion  Process  

A s  shown i n  Case 3 ,  t h e  e v a l u a t i o n  of t h e  b e n e f i t s  of t h e  more r a p i d  in-  

t r o d u c t i o n  of new technology depends u l t i m a t e l y  on f o r e c a s t s  of t h e  d i f f u s i o n  

of t h o s e  t echno log ie s  through t h e  r e l e v a n t  energy markets .  That i s ,  g iven  

i d  
e s t i m a t e s  of c o s t ,  G [C(x) ]  o r  G [C(x ) ] ,  t h e  a n a l y s i s  depends on scme method 

f c r  e s t i m a t i n g  x  given t h e s e  c o s t  f o r e c a s t s  and t h e  market p r i c e  d a t a  d i s -  
t 

cussed above. 

I n  gene ra l ,  t h i s  s t e p  r e q u i r e s  a  s e t  of methods f o r  ana lyz ing  t r anspor -  

t a t i o n ,  process ing ,  and energy technology choice ,  s o  t h a t  one can  s i m u l a t e  



t h e  way t h e  economy a d j u s t s  t o  a  new technology  g i v e n  t h a t  is  h a s  s u r v i v e d  

t h e  i n t r o d u c t i o n  s t a g e .  These e s t i m a t e s  may b e  made i n  a  v a r i e t y  of  wa)s-- 

I r ang ing  from informed judgements and c a l c u l a t i o n s  t o  h i g h l y  e l a b o r a t e d  f o r -  

mal models.  I n  t h e  l a t t e r  c a t e g o r y ,  f o r  example, e f f o r t s  a t  S t a n f o r d  Research 

7 
1ilS t i t u t e l  and Brookhaven N a t i o n a l  Labora tory-  p r o v i d e  a  framework f o r  con- 

I d i c i o n a l  f o r e c a s t i n g  of t h e  expec ted  p e n e t r a t i o n  of  new and emerging energy 

t e c h n o l o g i e s  and p roduc t s  based  on t h e  c o s t  and e f f i c i e n c y  a t t r i b u t e s  o f  t h e s e  

t e c h n o l o g i e s .  The SSL-Gulf model i s  a nerwnrk representation of  t h e  U.S. 

I energy  sys tem which p rov ides  a  ve ry  d e t a i l e d  d e s c r i p t i o n  of  t h e  p r o c e s s i n g ,  

c o n v e r s i o n ,  and t r a n s p o r t a t i o n  a c t i v i t i e s  r e q u i r e d  t o  p r o c e s s  pr imary energy 

I s u p p l i e s  ( c o a l ,  o i l ,  gas ,  and uranium) i n c o  energy f o r m  d e s i r e d  f o r  end-use 

I demand. The model h a s  sub -na t iona l  supp ly  and consuming r e g i o n s .  It r e q u i r e s  

a s  i n p u t  t h e  c o s t  and e f f i c i e n c y  a t t r i b u t e s  of  e x i s t i n g  and new t e c h n o l o g i e s ,  

I end-use denands, and supp ly  f u n c t i o n s  f o r  t h e  pr imary energy r e s o u r c e s ;  i t  

I de te rmines  t h e  q u a n t i t i e s  and p r i c e s  of energy i n  i n t e r m e d i a t e  and f i n a l  de- 

l i v e r e d  £ o m .  The model ha s  been used e x t e n s i v e l y  i n  s u p p o r t  o f  t h e  I n t e r -  

Agency Task Force on S y n t h e t i c  Fue l s .  3 

I S X I - ~ u l f  Energy Model : Overview o f  Nethodologv, E .  J . Caze le t  ( S t a n f o r d  
Rssearch  I n s t i t u t e ,  Xenlo Park ,  C a l i f o r n i a ,  1975) .  The development of  t h e  
~ ~ 1 " u i o d e l  was suppor t ed  by Gu l f ,  which i s  c o n t i n u i n g  t o  develop and u t i l i z e  
t h e  model independent ly  of  SRI. 

 rookha haven Energy System Op t imiza t ion  Yodel (.Associated U n i v e r s i t i e s  , I n c  . 
Upton, New York, 1974) ,  E . A .  Cherniavsky,  B r o o ~ h a v e n  N a t i o n a l  Labora tory  
T o p i c a l  Report No. BNL-19569. 

31, Recommendations f o r  a S y n t h e t i c  Fue l s  Commerc ia l iza t ion  Program," Syn- 
f u e l s  Inter-Agency Task Force (Government P r i n t i n g  O f f i c e ,  Washington, 3 . C . ,  
November, 1975) .  Four Volumes. 



The Brookhaven Energy System Opt imiza t ion  Model (BESOM), i s  a n  e x p l i c i t  

op t imiza t ion  model w h i c h . a l s o  i n c l u d e s  a  network r e p r e s e n t a t i o n  of t h e  energy 

system, d e s c r i b i n g  t h e  i n t e r m e d i a t e  p roces s ing  and convers ion  a c t i v i t i e s  he- 

tween e x t r a c t i o n  of  primary energy s u p p l i e s  and d e l i v e r y  of f i n a l  energy 

forms. The model is  n a t i o n a l  i n  scope and r e q u i r e s  i n p u t  d a t a  on end-use de- 

mands, t h e  primary s u p p l i e s  a v a i l a b l e ,  and t h e  c h a r a c t e r i z a t i o n  of  t h e  i n t e r -  

mediate  p roces s ing  and cocvers ion  technology c o s t s  and e f f i c i e n c i e s .  The 

model uses  t h i s  in format ion  t o  determine t h e  l e a s t - c o s t  combination of e x i s t i n g  

and new energy t e c h n ~ l o g i e s  r equ i r ed  t o  s a t i s f y  end-use demands, c o n s i s t e n t  

w i t h  environmental  r e s t r i c t i o n s  inc luded  a s  c o n s t r a i n t s  i n  t h e  model. 

Both t h e  SRI-Gulf and Brookhaven models a r e  v a l u a b l e  t o o l s  f o r  c o n d i t i o n a l  

a n a l y s i s  of technology cho ice .  Two c r u c i a l  prob1.ems a r e  no t  addressed by 

e i t h e r  of these modeli.i.ng e f f o r t s  however. First, w e  would expect  t h a t  t h e  

a c t u a l  commercial a v a i l a b i l i t y  of a  new technology w i l l  depend c r i t i c a l l y  on 

market f a c t o r s .  A s  we have emphasized, t h e  process  c f  t e c h n o l o g i c a l  change 

can be viewed a s  a s e r i e s  of investments .  I f  t h e s e  invest inents  a r e  made' by 

i n d u s t r y ,  t hen  they  a r e  very much dependent on expec ta t ions  of f u t u r e  market 

c ircumstances.  

Thus, a model which pu rpor t s  t o  'explain t h e . p e n e t r a t i o n  of new technolo-  

g i e s  must a l s o  exp la in  t h e  evo lu t ion  -of  events  which l e a d  t o  t h e  " a v a i l a b i l i t y "  

of t hose  technologies  a t  a  p o i n t  i n  t ime. None of  t h e  e x i s t i n g  ana lyses  come 

c l o s e  t o  doing t h i s .  This  i s  an  extremely impor tan t  (and d i f f i c u l t )  r e s e a r c h  

i s s u e .  

A second, and c l o s e l y  r e l a t e d ,  i s s u e  concerns t h e  demand f o r  t h e s e  new 

technologies .  Simple models of consumer behavior  based upon s imple  c o s t  

cons ide ra t ions  a r e  probably n o t  adequate  t o  c h a r a c t e r i z e  consumer response 



t o  a  new p r o d u c t  o r  t e c h n o l o g y .  A more r e a s o n a b l e  approach would b e  t o  con- 

s i d e r  e x p e c t e d  consumer r e a c t i o n  t o  t h e  a t t r i b u t e s  o f  new t e c h n o l o g i e s ,  

b a s e d  upon b b s e r v i n g  t h e i r  r e s p o n s e  t o  t h e s e  a t t r i b u t e s  i n  e x i s t i n g  t echnolo-  

g i e s .  The problem i s  e s s e n t i a l l y  one of u s i n g  i n f o r m a t i o n  on consumer r e s p o n s e  

t o  e x i s t i n g  t e c h n o l o g i e s  t o  p r o j e c t  r e a c t i o n s  t o  t e c h n o l o g i e s  and p r o d u c t s  

n o t  y e t  obse rved .  The i s s u e  o f  consumer demand f o r  new t e c h n o l o g i e s  i s  n o t  
. . 

a d d r e s s e d  i n  t h e  SRI-Gulf and Brookhaven models,  n o r  by any o t h e r  models o f  

e n e r g y  t echnology  c h o i c e  w i t h  which we a r e  f a m i l i a r .  
1 

5 .3 .3  E s t i m a t i o n  of I n d u s t r y  A c t i v i t y  i n  t h e  Absence of Government 
I n t e r v e n t i o n  

A s  i l l u s t r a t e d  by Case 4 ,  t h e  b e n e f i t s  of a  government program a t  t h e  

p o i n t  o f  commerical  i n t r o d u c t i o n  depends on t h e  l i k e l y  e v e n t s  t h a t  would t a k e  

p l a c e  i f  t h e r e  were  no i n t e r v e n t i o n .  It may b e ,  a s  assumed i n  Case 1 t h a t  

n o t h i n g  would happen w i t h o u t  government s u b s i d y .  On t h e  o t h e r  hand ,  i t  may 

b e  t h a t  government s u b s i d y  o n l y  s u b s t i t u t e s  f o r  i n d u s t r y  i n v e s t m e n t  t h a t  would 

. t a k e  p l a c e  i n  any c a s e ,  o r  t h a t  i t  o n l y  s p e e d s  up che i n t r o d u c t i o n  p r o c e s s  

by a  p e r i o d  o f  a  few months o r  a  y e a r  o r  two. I n  s u c h  a  c a s e ,  p r e c i o u s  p u b l i c  

r e s o u r c e s  a r e  b e i n g  devo ted  t o  a  low-value p r o j e c t .  I n  o r d e r  t o  a n a l y z e  any 

p a r t i c u l a r  p r o p o s a l ,  o r  t o  compare p r o p o s a l s ,  i t  i s  n e c e s s a r y  t o  have  some under- 

s t a n d i n g  of what may cake  p l a c e  w i t h o u t  i n t e r v e n t i o n ,  and t h i s  once a g a i n  l e a d s  

t o  a  need f o r  a c l e a r e r  u n d e r s t a n d i n g  of t h e  n a t u r e  o f  t h e  market p r o c e s s ,  how 

i t  f a i l s ,  and how one might g a t h e r  i n f o r m a t i o n  abou t  l i k e l y  i n d u s t r y  invo lve-  

ment a t  t h e  i n t r o d u c t i o n  s t a g e .  

1 
A t h i r d  d e f i c i e n c y  i s  t h a t  demands f o r  energy s e r v i c e s  a r e  assumed by 
t h e  model t o  be i n e l a s t i c  w i t h  p r i c e .  



5.3 .4  Es t imat ion  of t h e  Like ly  E f f e c t  of a  Commercial Demonstration 

The next  key l i n k  i n  t h e  e v a l u a t i o n  process  i s  between t h e  i n t r o d u c t i o n  

i 
investment g iven  some -- ex  a n t e  a p p r e c i a t i o n  of l i k e l y  c o s t s  G [C(x) ]  and t h e  

d  
r e s u l t i n g  informat ion  a f t e r  t h e  i n t r o d u c t i o n  has  been t r i e d ,  G [C(x ) ] .  One 

may b e  a b l e  t o  develop methods f o r  f o r e c a s t i n g  t h e  r a t e  of market d i f f u s i o n  

given assumptions about  t h e  c o s t  of t h e  technology,  a s  d i scussed  i n  Sub- 

s e c t i o n  5.3.2,  b u t  a n a l y s i s  of any p a r t i c u l a r  scheme r e q u i r e s  some way t o  

make a  l i n k  between c u r r e n t  expected c o s t s ,  t h e  government subs idy  i n  commer- 

c i a l  demonst ra t ion ,  and t h e  c o s t  i n p u t s  t h a t  one would put  i n t o  such a  model 

f o r  f o r e c a s t i n g  d i f f u s i o n .  

5 .3.5 Es t imat ion  of t h e  D i f f e r e n t i a l  Costs  and E f f e c t s  of A l t e r n a t i v e  - 
i n s  t rumeilt s 

A s  d i scussed  i n  Sec t ion  4.4,  the a l t c r n z t i v e  in s t rumen t s  used by t h e  

government t o  s u b s i d i z e  t h e  i n t r o d u c t i o n  s t a g e  may have very  d i f f e r e n t  c o s t s .  

A f a c t  no t  d i scussed  e a r l i e r  is  t h a t  d i f f e r e n t  i n s t rumen t s  may have d i f f e r e n t  

e f f e c t s  on t h e  amount of l e a r n i n g  t h a t  t akes  p i ace  i n  t h e  i n t r o d u c t i o n  s t a g e .  

I n  o r d e r  t o  choose among t h e  d i f f e r e n t  types  of programs d i scussed  i n  Sec t ion  

4, one needs t o  be a b l e  t o  d i s t i n g u i s h  between t h e  d i f f e r e n t  i n s t rumen t s  and 

d  
t h e i r  a b i l i t y  t o  produce a good measure o,f G [C(x ) ] .  

The prablem of e s t i m a t i n g  t h e  c o s t s  of v a r i o u s  government i n c e n t i v e s  can 

b e  i l l u s c r a t e d  by a g a i n  t u r n i n g  t o  t h e  l c a n  guarantee .  The c o s t  of a loan  

guarantee  ( i . e . ,  t h e  d o l l a r  va lue  of t h e  subs idy  provided) i s  .the d i f f e r e n c e  

between (1) t h e  market va lue  of the. debt  c l a im  wi th  t h e  guarantee  and (2)  

what t h e  c l a im ' s  market va lue  would be  i f  t h e  guarantee  were removed. E s t i -  

m t i n g  ~ h e  c o s t  i s  no t  d i f f i c u l t  i f  t h e  debt  would b e  a  high-grade i s s u e  ab- 

1 .  - 

s e n t  t h e  guarantee .  But i n  such cases  t h e  c o s t  i s  probably small-- that  Is ,  



t h e  l o a n  g u a r a n t e e  i s  u n l i k e l y  t o  p r o v i d e  a  s u b t a n t i a l  subsidy--and t h e r e -  

f o r e  i s  n o t  l i k e l y  t o  h a v e  much impac t .  

Loan g u a r 2 n t P e s  a r c  c f f c c t i v e  s u b s i d i e s  o n l y  when t h e  u n g u a r a n t e e d  d e b t  

h a s  a h i g h  p r o b a b i l i t y  of  d e f a u l t .  ("High" i s  measured re la t ive  t o  t h e  d e f a u l t  

p r o b a b i l i t i e s  n o r m a l l y  i n c u r r e d  by p r i v a t e  l e n d e r s . )  But t h e  h i g h e r  t h e  l i k e -  

l i h o o d  o f  d e f a u l t ,  t h e  h a r d e r  i t  w i l l  b e  t o  f i n d  a n  e x i s t i n g  d e b t  i s s u e  t h a t  i s  

( 1 )  a c t i v e l y  t r a d e d  and ( 2 )  a c l o s e  s u b s t i t u t e  f o r  t h e  g u a r a n t e e d  bond i n  a l l  

a s p e c t s  e x c e p t  t h e  g u a r a n t e e .  The  o n l y  c a n d i d a t e s  w i l l  bonds of f i r m s  which 

a r e  a l r e a d y  i n  f i n a n c i a l  d i s t r e s s .  It would b e  d i f f i c u l t  t o  f i n d  any e x i s t j n g  

t r a d e d  bonds which would b e  c l o s e  s u b s t i t u t e s  f o r  u n g u a r a n t e e d  d e b t  s e c u r e d  

by ,  s a y ,  a s h a l e  o i l  f a c i l i t y ,  w i t h  a  50 p e r c e n t  r a t i o  o f  d e b t  t o  t o t a l  cap- 

i t a l i z a t i o n .  

There  i s  a  methodology f o r  e v a l u a t i n g  r i s k y  d e b t  c l a i m s  t h a t  does  n o t  

1 
r e ~ s i r e  o b s e r v i n g  t h e  p r i c e s  of s u b s t i t u t e s .  It s t a t e s  t h a t  t h e  d i f f e r e n c e  

be tween  a d e b t  c l a h ' s  g u a r a n t e e d  and u n g u a r a n t e e d  v a l u e s  i s  a p o s i t i v e  f : ~ n c -  

t i o n  o f  t h e  a c t u a l  p r e s e n t  v a l u e  o f  t h e  assets s t a n d i n g  b e h i n d  t h e  d e b t ,  i h e  

1 
The a e t h o d o l o g y  i s  a n  e x t e n s i o n  o f  t h e  o p t i o n - p r i c i n g  f o r m u l a  deve loped  by 
B l a c k  and S c h o l e s  ("The P r i c i n g  o f  O p t i o n s  and C o r p o r a t e  L i a b i l i t i s s , "  
F. B l a c k  and M.  S c h o l e s ,  J o u r n a l  o f  P o l i t i c a l  E c o n m v ,  ?lay-June, 1974,  
637-50).  There  i s  a n  a r t i c l e  p u b l i s h e d  by Merton a p p l y i n g  t h e  methodology t o  
v a l u e   relative;^ s i m p l e  d e b t  c l a i m s  ("On t h e  P r i c i n g  o f  C o r p o r a t e  Debt:  Th2 
R i s k  S t r u c t u r e  o f  I n t e r e s t  R a t e s , "  R . C .  Merton,  J o u r n a l  o f  F i n a n c e ,  Xay, 1974,  
449-70) . O t h e r  work ( a s  y e t  u n p u b l i s h e d )  i n d i c 2 t e s  t h a t  t h e  approach  g i v e s  r e a -  
s o n a b l e  e s t i n a t e s  o f  t h e  v a l u e  o f  a c t u a l  r i s k y  d e b t  c l a i m s .  

An a l t e r n a t i v e  approach  i s  t o  u s e  i n f o r m a t i o n  a v a i l a b l e  ( f rom s o l i c i t a t i o n s  
o r  f rom c a l c u l a t i o n s )  on t h e  p r i c e  g u a r a n t e e s  which would b e  demanded f o r  a  
g i v e n  commercia l  d e m o n s t r a t i o n  w i t h  and w i t h o u t  l o a n  g u a r a n t e e s  and t h e n  
e s t i m a t e  t h e  v a l u e  o f  t h e  g u a r a n t e e  as t h e  n e t  p r e s e n t  v a l u e  o f  t h e  d i f f e r e n c e  
i n  r e v e n u e  s t r e a m s  t o  t h e  f i r m s .  T h i s  method and t h a t  d i s c u s s e d  above a r e  
u t i l i z e d  i n  Appendix A.  



degree  of  u n c e r t a i n t y  about  t h e  a s s e t s '  f u t u r e  v a l u e ,  t h e  m a t u r i t y  of t h e  deb t  

c l a im ,  t h e  p r o v i s i o n s  of  t h e  i n d e n t u r e  (coupon payments, .repayment s c h e d u l e s ,  

e t c . )  and t h e  c u r r e n t  t ime v a l u e  of money. The t h e o r y ' s  advantage  i s  t h a t  i t  

p rov ides  a  r i g o r o u s  b a s i s  f o r  c a l c u l a t i n g  t h e  v a l u e  of  t h e  gua ran tee .  

One d i f f i c u l t y  w i t h  t h i s  t heo ry  i s  t h a t  i t  assumes t h a t  t h e  v a l u e  o f ,  

t h e  f i r m s '  a s se t s - - the  v a l u e  of - a l l  i t s  o u t s t a n d i n g  s e c u r i t i e s - - i s  independent  

o f  t h e  p r o p o r t i o n s  of  deb t  and e q u i t y  f i n a n c i n g .  Th i s  may n o t  b e  t r u e ,  s i n c e  

t h e  e x i s t e n c e  of r i s k y  deb t  changes t h e  i n c e n t i v e s  governing o p e r a t i n g  and i n -  

vestment  s t r z t e g y .  Th i s  happens r e g a r d l e s s  of whether  t h e  r i s k y  debt  i s  

guaranteed .  Es t ima t ing  t h e  u n c e r t a i n t y  of t h e  a s s e t s '  f u t u r e  v a l u e  i s  a  major  

t a s k  a s  w e l l .  

5.3.6 Surunary 

I n  S e c t i o n  5 . 1  we p r e s e n t e d  a  semi-formal model of  government-supported 

I commerc ia l iza t ion  e f f o r t s  which sumnarized t h e  q u a l i t a t i v e  d i s c u s s i o n  of Sec- 

t i o n s  3 and 4 .  We then  ( i n  S e c t i o n  5.2) b u i l t  up t h e  key elements  of t h e  

I a n a l y s i s  problem. I n  S e c t i o n  5 . 3  w e  have  addres sed  t h e  d e f i c i e c c i e s  i n  o u r  

a n a l y t i c a l  c a p a b i l i t i e s .  While t h e  g e n e r a l  f e a t u r e s  of t h e  a n z l y s i s  problem a r e  

c l e a r ,  t h e r e  a r e  impor t an t  i s s u e s  where bo th  concep tua l  development and new 

a n a l y t i c a l  t o o l s  a r e  r e q u i r e d .  However, t h e  concepts  and t o o l s  which a r e  

a v a i l a b l e  a r e  s u f f i c i e n t  f o r  a n a l y s e s  i n c o r p o r a t i n g  many o f  t h e  key elements  
I 
I of t h e  framework d i s c u s s e d  i n  t h i s  paper .  
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PREFACE 

The federal government has had extensive experience in funding 

demonstration projects with the goal of stimulating technological 

change in the civilian economy. The results have been mixed. Some 

demonslrations appear to have aided the diffusion of innovation while 

others have contril>uted little. Pressing questions arise about what 

can be learned from this experience to enhance the effectiveness of 

future federal involvement. 

In Jl~ly 1974, under a contract from the Experimental Technolugy 

Incentives Program of the U.S. Department of Conmerce, Rand began a 

study of federally funded demonstration projects. Ry i~ndertaking casc 

studies of past d~mnnqtration projects, the vverall goal of this study 

is to formulate guidelines for use by federal agencies to improve the 

processes of planning, implementation, monitoring, evaluation, and 

dissemination of results for future demonstration projects. 

This study is divided into two phases extending over an 18-month 

period. Phase I, included in this report, covers the first year. The 

purpose of Phase I is to analyze a wide range of past demonstration 

projects in order to generate hypotheses about relationships between 

project characteristics and outcomes, and, on that basis, tu deline~te 

tentative guidelines for future federal action. This r e p u r l  includes 

a general discussion of federal demonstration projects; brief descrip- 

tions of the fifteen cases we have so far examined; a description of 

our conceptual framework involving the goals, strategies, and outcomes 

of demonstration projects; and a discussion of the broad outcomes and 

patterns we perceive from the cases completed to date. It continues 

into a step-by-step discussion of tentative guidelines, directed toward 

federal agencies, for each major component of a demonstration project. 

Other Working Notes listed subsequently describe the conceptual 

framework developed early in the study and present individual case 

studies of demonstration projects. 



Phase 11, cover ing  t h e  l a s t  s i x  months of t h e  s t u d y ,  w i l l  i n c l u d e  

examinat ion of a d d i t i o n a l  c a s e s  t o  t e s t  t h e  hypo theses ,  and t o  make 

more o p e r a t i o n a l  and s p e c i f i c  t h e  g u i d e l i n e s  d i s c u s s e d  h e r e  as t h e  

b a s i s  f o r  a  f i n a l  r e p o r t  t o  be  comp.1eted i n  e a r l y  1976. 
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SUMMARY 

PART I: AN ASSESSMEI4T OF DEMONSTRATION PROJECTS 

Drawing from case studies of past experience, this analysis seeks 

to delineate generalizations, hypotheses, and guidelines for future 

action by federal agencies involved in technological demonstration 

projects. We define a demonstration project in terms of five charac- 

teristics: (a). support by federal funds, (b) involvement of the civilian 

sector, (c) stimulation of technological change involving hardware, 

(d) significant private sector in~olvemen.~, and (e) operation in a ,real 

world environment, rather than in a laboratory. 

The study addresses two principal policy issues: 

o Under what circumstances is a federally funded demonstration 

project an appropriate instrument of government action? 

o How should a demonstration project be organized, funded, 

managed, and its results disseminated in order to maxi- 

mize its effectiveness? 

The ovcrail goal uT demonstration projects is to stimulate the dif- 

fusion of technological innovations. With this overall goal, demonstra- 

tion projects have one or more of the following objectives: (a) prnrl~lc- 

tion of new informasion to reduce uncertainties perceived by potential 

adopters of the tecHnol.ogical innovation, (b) exemplification of the 

technological innova'tion to provide potential.adopters with opportunities 

for first hand assessment of its usefulness and applicability, and (c) sata- 

lyzation of institutional and organizational changes to facilitate adoption. 

A few demonstration projects we have examined have been employed also as . 

tools in meeting hi.gh level nationa'l goals such as "Atoms for Peace" and 

exploiting the resources of the oceans to meet worldwide problems. The 

outcomes of demonstration projects can be assessed in terms of the extent 

to which they succeed in meeting thcse objectives. 

Demonstration projects have become major instruments of government 

interventiol? in civilian technology. We have identified 41 programs 



in 12 federal depzrtments and independent agencies that include 'demon- 

stration activities. We estimate that federal funding for demonstration 

projects in fiscal year 1974 totaled more than $600 nillion. Federal 

support for demonstrations will probably increase substantially in the 

future, particularly in the energy field. The 1974 Nonnuclear Energy 

Act states ,that nonnuclear energy R&D and demonstrations may require 

up to $20 billion over the next decade. 

A major purpose of most demonstrations is to generate new informa- 

tion, in order to aid decisionmakicg by potential adopters. In our 

conceptual framework, new information is directed to reducing uncertain- 

ties in five dimensions: technological, cost, demand, institutional 

and organizational, and externalities. One measure of a demonstration's 

outcome, then, is in terms of "information successM--which occurs if 

uncertainties are reduced to a point where well-infomed adoption de- 

cisions can be made. However, even if a demonstration is a compl.ete 

information success, no diffusion may follow for several reasons: 

(1) the information indicates that adoption ~lould be unecononic, 

(2) although the project generates information showing economic promise, 

potential adopters are unaware of the information, and (3) although 

the inforuiation may both show economic promise and be in the hands oi 

adopters, they are unable to act because of institutional and organiza- 

tional barriers to the use of the new knowledge. 

A second den~r~stration objective is to make potential adopters 

aware of the innovation and provide them with opportunities to examine 

its operation in an environment similar to their own. Most demonstra- 

tions are intended to perform this exemplary function. The outcome 

measure of.exemplary demonstrations is first the achievement of "appli- 

cation success," reflecting the extent to which the demonstration project 

meets local needs and thus can serve as a successful model. An exemplary 

demonstration must also achieve "dissemination success," in terms of 

broadcasting its results to all potential adopters. 

A third objective can be to change the organization of an industry, 

to create a new industry, or technology delivery system, or to cope with 

other specific barriers to technological change. If the changes required 
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can take place in an essentially competitive environment, and if the 

demonstration pro,ject shows that the product or process in question 

is economic, then we can be reasonably confident that market forces 

will bring about whatever organizational changes are required. How- 

ever, many institutional and organizational changes encounter barriers 

to competitive behavior, including such factors as inappropriate labor 

u n h n  policies, nonuniform building codcs, and weak incentives of 

potential adopters to reduce costs. In these cases, it is uniikely that 

a demofistration project will succeed, because these barriers arise due 

to policy decisions and private sector activities over which a demon- 

stration project has little control. 



CASE STUDY DESCRIPTIONS 

Case  s t u d i e s  u n d e r t a k e n  i n  P h a s e  I o f  o u r  s t u d y  a r e  d e s c r i b e d  

i n  t h i s  s e c t i o n .  The d e s c r i p t i o n s  o f f e r  b r i e f  overv iews  o f  t h e  

c a s e s  s o  t h a t  t h e  r e a d e r  can u n d e r s t a n d  . the c o n t e x t  i n  which t h e y  

are u s e d  a s  examples t h r o u g h o u t  t h e  t e x t .  F o r  a  more comple te  under-  

s t a n d i n g  o f  any p a r t i c u l a r  c a s e ,  t h e  r e a d e r  s h o u l d  c o n s u l t  t h e  appro-  

p r i a t e  Rand Working Note .  

For  each  c a s e  s t u d y ,  t h e  f o l l o w i n g  pages  s u p p l y  a l i s t  o f  b a s i c  

i n f o r m a t i o n  abou t  t h e  c a s e ,  a  b r i e f  d e s c r i p t i o n  of  t h e  d e m o n s t r a t i o n ,  

t h e  p r imary  g o a l s  and outcomes,  and any s p e c i a l  c h a r a c t e r i s t i c s  which 

d i s t i n g u i s h  t h e  d e t ~ o n s  t r a t i o n  from o t h e r  c a s e s .  

DIAL-A-RIDE TRAYSPORT,ITION SY STEI.1 

The growing problems o f  p o l l u t i o n ,  highway c o n g e s t i o n ,  and e n e r g y  

consumption have  s p u r r e d  g r e a t e r  f e d e r a l  c o n c e r n  f o r  a l t e r n a t i v e s  t o  

the p r i v a t e  ;luLcmubile a s  a means o f  t r a n s p o r t a t i o n .  T h i ~  c o n c e r n  i s  

ev idenced  i n  t h e  Urban Mass T r a n s p o r t a t i o n  A d a i n i s t r a t i o n ' s  f u n d i n g  of  

a number of  d e m o n s t r a t i o n  p r o j e c t s  which e i t h e r  improve on e x i s t i n g  

p u b l i c  t r a n s p o r t a t i o n  modes ( such  a s  b u s  c o r r i d o r s  on f r e e w a y s )  o r  s s e k  

t o  i n t r o d u c e  new forms o f  p u b l i c  t r a n s i t  ( s u c h  a s  t h e  p e r s o n a l  r a p i d  

t r a n s i t  s y s t e m  i n  Elorgantown, Ides t V i r g i n i a ,  and t h e  Dial-.%-Ride deaon- 

s t r a t i o n  i n  H a d d o n f i e l d ,  Sew J e r s e y ) .  The i n t e n t  o f  Dial-A-Ride .is t o  

c r e a t e  a  p -ub l i c  transportation s y s t e m  t h a t  p r o v i d e s  door- to-door  s e r v i c e  

l i k e  a t a x i  o r  p r i v a t e  a u t o ,  b u t  a t  o n l y  a  f r a c t i o n  o f  t h e  expense .  

Dial-A-Ride s y s  tems employ s m a l l  b u s e s ,  and g e n e r a l l y  o f f e r  b o t h  

prep1,anned and r e s p m s i v e  s e r v i c e .  I n  r e s p o n s i v e  s e r v i c e  t h e  p a t r o n ' s  

r e q u e s t  i s  made j u s t  b e f o r e  t h e  t r i p ;  i n  p r e p l a n n c d  s e r v i c e  t h e  r e q u e s t  

is  made somewhat i n  ndvancc., The key t o  a  s m o o t l ~ l y  f u n c t i o n i n g  s y s t e m  

i s  t h e  c o n t r o l  c e n t e r ,  which r e c e i v e s  r e q u e s t s  f o r  s e r v i c e  and r e i a y s  

t h e  i n f o r m a t i o n  and r o u t e s  t o  t h e  d r i v e r s  of  t h e  b u s e s .  I n  1 9 7 1  UXTtl 
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Dial-A-Ride ( c o n t d  .) 

and t h e  New J e r s e y  Department o f  T r a n s p o r t a t i o n  s p o n s o r e d  a demonstra-  

t i o n  o f  Dial-A-Ride i n  Maddonfie ld ,  which i s  l o c a t e d  10 miles f rom 

P h i l a d e l p h i a .  

B a s i c  I n f o r m a t i o n  L i s t  

F e d e r a l  Funding Agency: O f f i c e  of Research .  Development., and  n p n n n s t r a -  ..- .-. 7 
t i o n ,  Urban Mass T r a n s p o r t a t i o n  L i d m i n i s t r a t i o n ,  Depar tment  o f  T r a n s p o r t a t i o n .  

O p e r a t i n g  Agency: New J e r s e y  Depar tment  o f  T r a n s p o r t a t i o n  

O t h e r  O r g a n i z a t i o n s  I n v o l v e d :  D e p a r t n e n t  o f  Housing and Urban Deve lopnen t  

had  p r e v i o u s l y  funded r e s e a r c h .  LEX Systems and DAVE Systems c o n t r a c t e d  

f u r  systems d e s i g n  and o p e r a t i o n s  nanagement o n - s i t e .  FIITRE, s o f t w a r e  

development  and e v a l u a t i o n .  

P r o j e c t  . .... .. . L i f e :  August 1 9 7 1  - . T I I ~ P .  3.975 ( q p e r a t i o n ~  began May 1 3 7 2 ) .  

Pr imary Suurce  o f  .Demonstra t ion '  P r o p o s a l :  Urban Mass T r a n s p o r t a t i o n  

A d m i n i s t r a t i o n  

F e d e r a l  Cos t :  - c .  $10 m i l l i o n  i n c l u d i n g  a  s u b s t a n t i a l  f r a c t i o n  f o r  con- 

c e p t  development .  

C o s t ,  Loca l :  N e w  J e r s e y  Department o f  T r a n s p o r t a t i o n  c .  $420,000 f o r  

v e h i c l e  p u r c h a s e .  Revenue from f a r e s :  c .  $250,000. 

Cos t  S h a r i n g  w i t h  P r o f i t m a k i n g  F i n n s :  No. 

Cos t  S h a r i n g  w i t h  P u b l i c  Agencies :  Yes. - 
Target Audiences : 

P s t c n t i n l  a d o p t e r s :  public ard yr ivace  l d c a l  t r a n s i t  companies 

P o t e n t i a l  u s e r s :  l o c a l  t r a v e l e r s  

Between 1964 and 1 9 7 1  as niany as 1 0  Dial-A-Ride s y s t e m s  had b e e n  

o p e r a t e d  i n  t h e  U n i ~ e d  S t a t e s .  None of t h e s e ,  however,  had s e r v e d  a 

g e n e r a l  market ( a s  opposed t o  t h e  handicappe.d,  f o r  e s a m p l e ) ,  p r o v i d e d  

f u l l  door-to-door s e r v i c e ,  o r .  p r o v i d e d  f c e d e r  s e r v i c e  t o  a n  i n t e g r a t e d  

r e g i o n a l  t r a n s i t  sys tem.  Thus t h e  hoped f o r  g e n e r a l  p o t e n t i a l  o f  D i a l -  

A-Ride had n o t  bccn demonstrated i n  t h e  U n i t e d  S t a t e s .  To uieel: t h e s e  

needs  mlTA d e c i d e d  t o  fund a  d e m o n s t r a t i o n  f o r  which H a d d o n f i e l d  was 

f i n a l l y  s c l e c t e d  a s  a  s i t e .  
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The p r o j e c t  was i n t e n d e d  t o  d e m o n s t r a t e  n o t  o n l y  t h e  g e n e r a l  po ten-  

t i a l  of Dial-11-Ride, b ~ i t  two t e c h n o l o g i e s  f o r  v e h i c l e  r o u t i n g  and c o n t r o l  -- 
one manual ,  t h e  o t h e r  computer-based.  Under t h e  manua l ly  c o n t r o l l e d  

s y s t e m ,  a s u b s ~ a n t i a l  r i d e r s h i p  was aci l ieved,  e s p e c i a l l y  a s  f a r e s  were  

d e c r e a s e d  and new forms o f  s e r v i c e  i n t r o d u c e d .  But even  w i t h  a manual 

s y s t e m ,  v e r y  l a r g e  subs idy- to - fa re - revenue  r a t i o s  p r e v a i l e d .  R e l i a b l e  

o p e r a t i o n  of t h e  computer-based s y s t e m  was n e v e r  a c h i e v e d .  

S p e c i a l  C h a r a c t e r i s t i c s  

The c a s e  i l l u s t r a t e s  t h e  d i f f i c u l t i e s  t h a t  can a r i s e  when a  d e n o n s t r a -  

t i o n  r e q u i r e s  e x t e n s i v e  s u b s i d i e s  t o  c o n t i n u e  o p e r a t i o n .  S u b s i d i e s  o f  

p u b l i c  t r a n s i t  a r e  e x p e c t e d ,  o f  c o u r s e ,  b u t  t h e  H a d d o n f i e l d  s y s t e m  is 

more c o s t l y  t h a n  rcany o t h e r  p u b l i c  t r a n s i t  s y s t e m s .  

COEPUTER-ASSISTED ELECTKOCru2DIGGR1LhI h?llUJYSIS 

The H e a l t h  Care Technology D i v i s i o n  o f  DHEW h a s  funded s e v e r a l  p ro-  

j e c t s  t h a t  d e m o n s t r a t e  t h e  a p p l i c a b i l i t y  o f  computer t e c h n o l o g y  t o  h e a l t h  

c a r e .  During t h e  p e r i o d  1970-72, HCTD funded a  d e m o n s t r a t i o n  of t h e  u s e  , 

of t h e  computer t o  a i d  i n - t h e  i n t e r p r e t a t i o n  o f  e l e c t r o c a r d i o g r a m  (EKG) 

r e s u l t s  i n  s e v e r a l  Denver h o s p i t a l s .  It was hoped t h a t  t h e  u s e  of t h e  

computer would reduce  t h e  t i m e  n e c e s s a r y  f o r  EKG i n t e r p r e t a t i o n ,  improve 

a c c u r a c y ,  and lower  c o s t s  ( o r  a t  l e a s t  improve p r o d u c t i v i t y ) .  

B a s i c  I n f o r m a t i o n  L'is t 

F e d e r a l  Funding Agency: H e a l t h  Care T e c h n o l o g y . D i v i s i o n ,  Natioilal .  C e n t e r  

f o r  H e a l t h  S e r v i c e s  Research.  a ~ d .  Development, H e a l t h  Serv ic .es  and > I e n t a i  

H e a l t h  Admin is t ra t j .on ,  II~lEW. ' 

O p e r a t i n g  Agency: Community E l e c t r o c n r d i o g r a p l ~ i c  I n t e r p r e t a t i v e  S e r x i c e ,  

S t .  Lukes H o s p i t a l ,  Denver, Colorado.  

O t h e r  O r g a n i z a t i o n s  Invo lved  : Colorado H e a r t  A s s o c i a t i o n .  Members o f  

computer equipment and s o f t w a r e  i n d u s t r y .  
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P r o ' e c t  L i f e :  J u l y  1969 - August 1972 ( o p e r a t i o n s  s t a r t e d  J anua ry  1970) 2-- 
Primary Sourcc of Demonstration Proposa l :  HCTD ( R  and D was l a r g e l y  per-  

formed a t  DHEW f o r  his p r o j e c t ) .  

Fede ra l  Cost :  c .  $658,000 

Cost Other  Soilrces: $250,000 from i n d u s t r y  and Hea r t  A s s o c i a t i o n .  

$650,000 from u s e r  f e e s .  

Cost Shar ing  w i t h  Prof i fmaking  Firms: Yes. 

Cost Shar ing  wi th  Xon-Profi t  0 rganiza t j .ons  : Yes. 
--.-. 

Targe t  Audiences: 

P o t e n t i a l  adop te r s :  h o s p i t a l s  

P o t e n t i a l  u s e r s :  c a rd iog raphe r s  and p h y s i c i a n s  

PoLen t i a l  manufac turers :  com?uter and medical  equipment manufac tu re r s  

The EKG i s  an e s s e n t i a l  t o o l  of modern medicine.  ?lore than  50 

mi l l i o r .  E K G s  a r e  processed  annua l ly  i r l  t ile United S t a t e s  a t  an  ave rage  

p r i c e  ( t o  t h e  p a t i e n t )  of about $20, p l a c i n g  t h e  t o t a l  EKG market  a t  up- 

wards o f  $ 1  b i l l i o n  p e r  yea r .  
. . 

In t h e  s t a n d a r d  EKG procedure ,  l e a d s  from an  EKG r e c o r d i n g  machine 

a r e  a t t a c h e d  t o  t h e  p a t i e n t ,  whose e l e c t r i c a l  h e a r t  s i g n a l s  a r e  a m p l i f i e d  

and d i s p l a y e d  on a  s t r i p - c h a r t  recorded t h a t  i s  p a r t  of t h e  s e l f - c o n t a i n e d  

EKG appa ra tu s .  I n  a  p h y s i c i a n ' s  o f f i c e ,  c l i n i c ,  o r  s m a l l  h o s p i t a l ,  t h e  

procedure  u s u a l l y  i s  performed by a  n u r s e  o r  p a r a p r o f e s s i o n a l ;  i n  a  l a r g e r  

h o s p i t a l  t h e  equipment may be  moved t o  t h e  p a t i e n t ' s  b e d s i d e  on an "LSG 

c a r t "  ope ra t ed  by a s p e c i a l l y  t r a i n e d  t e c h n i c i a n .  A t e c h n i c i a n  ca? a c q u i r e  

roughly f o u r  EKGs  p e r  hour .  

A f t e r  an EKG t r a c i n g  is  a c q u i r e d ,  t h e  t e c h n i c i a n  c u t s  and mounts i t  

f o r  i n t e r p r e t a t i o n  by a  phys i c i an .  Some p h y s i c i a n s  i n  p r i v a t e  p r a c t i c e  

i n t e r p r e t  t h e  EKGs ,they a c q u i r e ,  b u t  most send  then1 t o  s p e c i a l i s t s  -- 
e l e c t r o c a r d i o g r a p h c r s  -- f o r  i n t e r p r e t a t i o n .  Large h o s p i t a l s  employ 

t h e i  own s t a f f  of e l e c t r o c a r d i o g r a p h e r s ,  w h i l e  s m a l l  hospi ta1.s  ( t y p i c a l l y  

t h o s e  w i t h  200 o r  fewer beds)  send.EKCs by m a i l  o r  cour , ier  t o  a l a r g e r  
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f a c i l i t y  f o r  i n t e r p r e t a t i o n .  The i n t e r p r e t e d  EKG, s i g n e d  by t h e  e l e c t r o -  

c a r d i o g r a p h e r ,  is  t h e n  r e t u r n e d  t o  t h e  p a t i e n t ' s  b e d s i d e  and  i n c l u d e d  i n  

his m e d i c a l  cha r t . .  

I n  Denver,  p r i o r  t o  t h e  c o m p u t e r - a s s i s t e d  EKG d e m o n s t r a t i o n ,  t h e  

t u r n a r o u n d  t i m e  from EKG a c q u i s i t i o n  t o  i n c l u s i o n  i n  t h e  p a t i e n t ' s  c h a r t  

r a n g e d  f rom a b o u t  24 h o u r s  i n  t h e  m a j o r  m e t r o p o l i t a n  h o s p i t a l s  t o  up t o  

72 h o u r s  i n  o u t l y i n g  f a c i l i t i e s .  I n  emergency c a s e s  a p a t i e n t  would o f t e n  

b e  b r o u g h t  by ' ambulance  f rom a s m a l l e r  h o s p i t a l  t o  a  l a r g e r  c e n t e r  f o r  

more r a p i d  EKG i n t e r p r e t a t i o n .  

The i n n o v a t i o n  d e m o n s t r a t e d  i n  Denver i n v o l v e d  computer  p r o c e s s i n g  

uf EKG s i g ~ l a l s  as ail a i d  t o  e l e c t r o c a r d i o g r a p h e r  i n t e r p r e t a t i o n .  I n  

t h e  d e m o n s t r a t i o n  s y s t e m ,  t h e  EKG s i g n a l s  were  a c q u i r e d  w i t h  a  s p e c i a l  

cart equ ipped  f o r  r e c o r d i n g  them on m a g n e t i c  t a p e  o r  t r a n s m i t t i n g  thern 

by t e l e p h o n e  t o  a c e n t r a l  computer .  The computer t h e n  ar ia lyzed t h e  d a t a  

a c c o r d i n g  t o  a  s t o r e d  program and t r a n s m i t t e d  a n  " u n c o n f i r ~ i c d  r e p o r t "  

b a c k  t o  t h e  EKG c a r t  w i t h i n  a  few m i n u t e s .  T h i s  r e p o r t  and t n e  o r i g i n e l  

EKG t r a c i n g  were  immedia te ly  p u t  i n t o  t h e  p a t F e n t t s  c h a r t .  S i m u l t a n e o u s l y ,  

a d u p l i c a t e  t r a c i n g  and r e p o r t  were  s e n t  t o  t h e  h o s p i t a l  e l e c t r o c a r d i o -  

g r a p h e r  f o r  i n t e r p r e t a t i o n .  The s i g n e d  "confiriiied r e p o r t t '  was t h e n  s e n t  

t o  t h e  p a t i e n t ' s  b e d s i d e  th rough  a  c o n v e n t i o n a l  d e l i v e r y  s y s r e z .  

G o a l s  and Outcomes 

The p r i m a r y  g o a l s  f o r  t h e  3 e n v e r  d e m o n s t r a t i o n  were :  

1. t o  t e s t  t h e  computer s o f t w a r e  on a corrmercia l  s c a l e ;  

2. t o  r e d u c e  t h e  c o s t s  o f  t h e  computer  i n t e r p r e t a t i o n ,  l a r g e l y  b y  

by f i n d i n g  t h e  o p t i m a l  economies o f  s c a l e ;  

3 .  t o  t e s t  p h y s i c i a n  and c a r d i o g r a p l ~ e r  a c c e p t a n c e  o f  t h e  s y s t e m .  

All o f  t h e s e  g o a l s  met w i t h ' c o n s i d e r a b l e  s u c c e s s  i n  t h e  d e m o n s ~ r a t i o n .  

The Denver s y s t e m  h a s  remained i n  o p e r a t i o n  a f t e r  t h e  w i t h d r ~ w a l  o f  f e d e r a l  

f u n d s .  The s y s t e m  was a c c e p t e d  by p h y s i c i a n s  r.:ithout d i f f i c u l t y  and be-  

c a u s e  i t  d i d  n o t  a f f e c t  t h e  c a r d i o g r a p i l e r ' s  income o r  s t a t u s ,  i t  h a s  becn  

a c c e p t e d  by them. I n  a d d i t i o n ,  t h e  t h i r d - p a r t y  p a y e r ,  B lue  C r o s s ,  h a s -  

a g r e c d  t o  pay t h e  a d d i t i o n a l  c o s t s  of  t h c  con1putc.r i n t e r p r e t a t i o n .  
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The b a s i c  t e c h n o l o g y  of computer EKG i n t e r p r e t a t i o n  h a s  been  r a p i d l y  

d i f f u s i n g  t h r o u g h o u t  t h e  n a t i o n ,  b u t  t h e  impac t  o f  t h e  Denver demonstra-  

t i o n  on t h i s  2 r o c e s s  is  n o t  c l e a r .  A number o f  p r i v a t e  f i m ~  were  e n t e r i n g  

o r  a l r e a d y  i n  t h e  computer EKG market  when t h e  Denver demonstration began.  

S p e c i a l  C h a r a c t e r i s t i c s  

1. T h i s  nay b e  a c a s e  i n  which f e d e r a l  i n t e r v e n t i o n  i n  t h e  p r o c e s s  

o f  t e c t l n o l o g i c a l  change was n o t  n e c e s s a r y .  Where t h e r e  i s  s t r o n g  p r i v z t e  

s e c t o r  a c t i v i t y  i n  d e v e l o p i n g  and c o m m e r c i a l i z i n g  a  t e c h n o l o g y ,  t h e  e f f e c t s  

of t h e  d e m o n s t r a t i o n  a r c  d i f f i c u l t  t o  i s o l a t e .  

2. The  Denver d e m o n s t r a t i o n  c0ntaine.d t h e  e l e m e n t s  t h a t  l s a d  t o  

s u c c e s s f u l  d e m o n s t r a t i o n :  ' t e c h n o l o g y  w e l l  i n  h a n d ,  c o s t - s h a r i n g  w i t h  

p r o f i t m a k i n g  f i r m s ,  and i n c l u s i o r ~  of a l l  r e l e v z n t  osganiz i lLiuns  i n  t h e  

d e m o n s t r a t i o n  p r o j e c t .  

SN,INE IJATEK COXVERSIO?! PLtLYT -- 
S i n c e  i t s  c r e a t i o n  i n  1952, t h e  O f f i c e  of S a l i n e  Water (OSIJ) had  

d i r e c t e d  governncn t  R6D on t h e  d e s a l i n a t i o n  o f  s e a  and b r a c k i s h  i n l a n d  

w a t e r .  P r c s i d c n t i a l  i n t e r e s t  i n .  t h e  prograul s t r e s s e d  i n t e r r l a t i o n s l  ap- 

p l i c a t i o n s  of d e s a l t i n g  t e c h n o l o g i e s ,  w h i l e  congress i .ona1  i n t e r e s t  was 

d o m e s t i c a l l y  focused .  I n  1958, PL-85-883 a u t h o r i z e d  OSW t o  $10 m i l l i c n  

to deu ivns t ra te  ar  conunercial  s c a l e .  The F r e e p o r t  (Texas )  p l a n t  was t o  

d e l u o ~ i s t r a t e  a p r o m i s i n g  new technology  which had b e e n  deve loped  u n d e r  

c o n t r a c t  w i t h  OSIi ( i n  r e s p o n s e  t o  t h i s  l e g i s l a t i o n ) .  

B a s i c  I n f o r m a t i o n  L i s t  

F e d e r a l  ~ u n d i n ~  Agency: O f f i c e  of S a l i n e  Wate r ,  Depar tment  of I n t e r i o r .  

O p e r a t i n g  A G ~ I I C ~ :  S tea rns -Roger  X a n u f a c t u r i n g  Company. 

O t h e r  O r g a n i z a t i o n s  I n v o l v e d :  W. L. Badger and A s s o c i a t e s ,  d e s i g n ,  ALE; 

Chicago Br idge  a n d  Tron Company C o n s t r u c t i o n ,  . . 

P . r o j c c t  L i f e :  1958-1965; i n  operaLion  1961-65. 

Pr imary Source  of  Denoils t r a t i o n  P r o p o s a l :  OSW 

Cost :  F e d e r a l  Govcnl~uent  : $ 2 . 3  m i l l i o n  
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Loca l :  Dow Chemical  Company: l a n d ,  i n - k i n d  s u b s i d i e s ,  w a t e r  p u r c h a s e  

C i t y  o f  F r c e p o r t :  w a t e r  p u r c h a s e  

Cos t  S h a r i n g  w i t h  P r o f i t m a k i n g  Firm: Yes ,  b u t  l a r g e l y  i n  k i n d ,  and 

as w a t e r  p u r c h a s e s .  

Cost  S h a r i n g  w i t h  Non-Prof i t  Agency: Yes, b u t  o n l y  a s  w a t e r  p u r c h a s e s .  

T a r g e t  Audiences :  - 

P o t e n t i a l  a d o p t e r s :  m u n i c i p a l  w a t e r  s y s t e m s  and i n d u s t r i a l  w a t e r  

u s e r s  i n  U n i t e d  S t a t e s  and a b r o a d .  

P o t e n t i a l  m a n u f a c t u r e r s :  m a n u f a c t u r e r s  o f  l a r g e  d i s t i l l a t i o n  e q u i p n e n c .  

Under OSW s p o l l s o r s h i p  a  new d e s a l t i n g  t e c h n o l o g y ,  t h e  l o n g  t u b e  

v e r t i c a l  e v a p o r a t o r  p r o c e s s ,  had  b e e n  deve' loped and was i n  u s e  i n  a  s m a l l  

p i lo t :  f a c i l i t y  . \.!!<en OSW was authorized t o  d e m o n s t r a t e  d e s a l t i n g  t e c h -  

n o l o g i e s  i n  1958, '  t h i s  p r o c e s s  was judged t o  b e  v e r y  p r o m i s i n g  and was 

among t h o s e  chosen  f o r  d e m o n s t r a t i o n .  

A p l a n t  d e s i g n e d  t o  p roduce  one  m i l l i o n  g a l l o n s  o f  d i s t i l l e d  water 

pe r  day from s e a  w a t e r  was c o n s t r u c t e d  i n  F r e e p o r t ,  Texas  and b e g a n  o p e r a -  

t i o n  i n  mid-1961 amid much p o l i t i c a l  f a n f a r e .  

The e a r l y  years of operation were p l a g u e d  by t e c h n i c a l  d i f f i c u l t i c s  

which a r o s e  from i a c k  of  p a s t  e x p e r i e n c e  w i t h  t h e  p r o c e s s  o n  a l a r g e  s c a l e .  

When t h e  p l a n t  was ready  f o r  c o n t i n u o u s  o p e r a t i o n ,  OSTJ and t h e  c o n t r a c t o r  

a g r e e d  t o  p e r f o h  development  t o  improve t h e  p r o c e s s  r a t h e r  t h a n  demon- 

s t r a t e  t h e  t e c h n o l o g y  i n  c o n t i n u o u s  o p e r a t i o n .  The p l a n t  d i d  i n  f a c t  

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

But  t he  l a c k  of  c o n t i n u o u s  o p e r a t i o n  h e l p e d  prompt t h e  p r o d u c e  w a t e r  

p u r c h a s e r s  t o  wi thdraw s u p p o r t  and gave t h e  m i s i m p r e s s i o n  t h a t  t h e  t e c h -  

nology was u n r e l i a b l e .  

Goals  and Outcornes --..---. ---- 
The p r imary  g o a l s  o f  t h e  F r e e p o r t  P l a n t  were :  

. 1. t o  d e m o n s t r a t e  t h c  t e c h n i c a l  f e a s i b i l i t y  o f  the  l o n g  t u b e  

e v a p o r a t o r  p r o c e s s ;  
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2.  t o  dem0nstra t .e  t h e  economic c o m p e t i t i v e n e s s  o f  t h e  p r o c e s s  

w i t h  o t h e r  d e s a l t i n g  t e c h ~ o l o g i e s .  

The p l a n t  met t h e  f i r s t  g o a l  which ,  g i v e n  t h e  p r e v i o u s  l e v e l  o f  

development  o f  t h e  t e c h n o l o g y ,  was a  s i g n i f i c a n t  accomplishment .  But 

t h e  second  g o a l  was n o t  met.  The p r o c e s s  was i n  f a c t  s l i g h t l y  s u p e r i o r  

t o  t h e  competing t e c h n o l o g i e s  i n  terms of c o s t ,  b u t  b e c a u s e  of t h e  l a c k  

o f  s u s t a i n e d  o p c r a t i p n ,  t h e  t echnology  was perceived by p o t e n t i a l  a d o p t e r s  

as u n r e l i a b l e ,  which is  of c o u r s e  an  i m p o r t a n t  component of o v e r a l l  c o s t  

e f f e c t i v e n e s s .  

S p e c i a l  C11abac.t~rj.s t i c s  

1. T h i s  c a s e  e x e m p l i f i e s  t h e  i n h e r e n t  c o n t r a d i c t i o n s  between a 

d e m o n s t r a t i o n  and a development a c t i v i t y .  The p r o c e s s  needed more deve lop-  

ment be , fore  i t  c o u l d  b e  demons t ra ted  a t  a  como.ercia1 s c a l e .  I n  t h i s  p a r -  

t i - c u l a r  c a s e  i t  may  have  been  p o s s i b l e  t o  a c c o c p l i s h  b o t h  o f  t h e s e  g o a l s  

w i t h  t h e  same f a c i l i t y ,  b u t  o n l y  i f  the. developclent work a t  t i le  p l a n t  had 

p receded  t h e  d e m o n s t r a t i o n  a s p e c t s  o f  t h e  p r o j e c t .  

2 .  T h i s  c a s e  (and i n  f a c t  t h e  OSW d e s a l t i n g  program) s u g g e s t s  t I ~ e  

i m p o r t a n c e  o f  p r i v a t e  i n d u s t r y ' s  w i l l i n g n e s s  t o  c o s t  s h a r e  as a  s c r e e n  

f o r  t h e  s e l e c t i o n  of d e m o n s t r a t i o n  a c t i v i t i e s .  T h e r e  was s u b s t a n t i a l  

p r i v a t e  s e c t o r  a c t i v i t y  i n  RSD, b u t  b e c a u s e  t h e  p o t e n t i a l  marke t  f o r  

d e s a l i n a t i o n  d i d  n o t  e x i s t  on a  s u s t a i n e d  b a s i s ,  i n d u s t r y  w a s  u n w i l l i n g  

t o  make s i g n i f i c a n t  i n v e s t m e n t s  a t  t h e  d e m o n s t r a t i o n  l e v e l .  

3 .  The c o u n t e r p r o d u c t i v e  e f f e c t  of p o l i t i c a l  p r e s s u r e  t o  h u r r y  t h e  

development and a p p l i c a t i o n  of .a t echnology  i s  e x e m p l i f i e d  by t h i s  c a s e .  

New d e s a l t i n g  t e c h n o l o g i e s  were  n o t  r eady  f o r  d e m o n s t r a t i o n ,  and t h e  

t echnology  f o r  d e s a l t i n g  was i n  t h e  m i d s t  of c o n s i d e r a b i e  change  when 

t h e  d e m o n s t r a t i o n  a u t h o r i z a t i o n  was p z s s e d .  X e v e r t h e l e s s ,  OSW d i d  ad- 

vance  t h e  development of t h e  t echnology  i n  t h i s  d e m o n s t r a t i o n .  

4 .  OSW was ari agcrlcy s~acle up l a r g e l y  o f  t e c h n i c a l  p e r s o n n e l .  I t  

had been  i n v o l v e d  a l m o s t  e x c l u s i v e l y  i n  file r e s e a r c h  and development  o f  

d e s a l t i n g ,  n o t  i n  i t s  commercialization. T h i s  c a s e  s u g g e s t s  t h a t  i n  o r d e r  

t o  s h i f t  from RSD t o  d c ~ n o n s t r a t i o n  a c t i v i t i e s ,  a n  agency s h o u l d  add 

c o m e r c i a l l y  o r i e n t e d  p e r s o n n e l  t o  i t s  s t a f f .  
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One of t h e  b a s i c  n u t r i t i o n a l  problems o f  t h e  less deve loped  c o u n t r i e s ,  

and i n d e e d  f o r  some p o r t i o n s  of o u r  p o p u l a t i o n ,  i s  t h e  l a c k  o f  h i g h  q u a i i r y  

p r o t e i n  i n  t h e  d i e t ,  p a r t i c u l a r l y  i n  t h e  d i e t s  o f  young c h i l d r e n .  F i s h  

i s  a s o u r c e  o f  e x c e l l e n t  p r o t e i n ,  b u t  i n  1965 t h e  w o r l d  h a r v e s t e d  o n l y  

a b o u t  1 0  p e r c e n t  o f  t h e  e s t i m a t e d  maximum s u s t a i n a b l e  y i e l d  o f  o c e a n  

f i s h .  Among t h e  p r imary  r e a s o n s  f o r  t h e  s m a l l  h a r v e s t  a r e  t h a t  f i s h  a r e  

d i f f i c u l t  t o  s t o r e  ( e s p e c i a l l y  i n  t h e  l e s s  t e c h n o l o g i c a l l y  advanced na- 

t i o n s )  and many f i s h  a r e  s imply  t o o  s m a l l  o r  t o o  bony t o  make u s a b l e  

s o l i d  p o r t i o n s  f o r  human consumption.  C o n s e q u e n t l y ,  t h e  p o s s i b i l i t y  of 

d e v e l o p i n g  a s t a b l e  c o n c e n t r a t e d  food f rom f i s h  f o r  human consumption i s  

an  i n t u i t i v e l y  a p p e a l i n g  i d e a .  F i s h  p r o t e i n  c o n c e n t r a t e  i s  s u c h  a  f o o d .  

I n  1 9 6 1  t h e  Bureau of Commercial F i s h e r i e s  (BCF) -- now renamed t h e  

N a t i o n a l  Marine F i s h e r i e s  S e r v i c e  (NNFS) -- began r e s e a r c h  on FPC.  Two 

y e a r s  l a te r  t h e  S e c r e t a r y  o f  t h e  I n t e r i o r  r e o r i e n t e d  t h e  FPC p r o g r a n  

toward more r a p i d  c o m m e r c i a l i z a t i o n ,  i n  s u p p o r t  o f  a U.S. f o r e i g n  p o l i c y  

g o a l  t o  expand food s u p p l i e s  i n  d e v e l o p i n g  n a t i o n s .  I n  1966 s p e c i a l  

l e g i s l a t i o n  a u t h o r i z e d  c o n s t r u c t i o n  of a  d e m o n s t r a t i o n  p l a n t  f o r  t h e  

p r o J u c L i u u  01 I T C  froii~ hake,  a lea11 f i s h  species. A f t e r  a s e r i e s  o f  

problems and d e l a y s ,  t h e  p l a n t  was c o n s t r u c t e d  i n  Aberdeen,  Washington,  

and began o p e r a t i o n  i n  t h e  summer of 1971.. F l o d i f i c a t i o ~ l s  t o  p e r m i t  FPC 

p r o c e s s i n g  from f a t t y  f i s h  were  made i n  t h e  f a l l  of 1971,  b u t  FPC produc-  

t i o n  r u n s  from f a t t y  f i s h  were  n e v e r  s u c c e s s f u l .  The d e m o n s t r a t i o n  p l a n t  

was c l o s e d  i n  J u n e  1972. Few o f  tile program's  b a s i c  g o a l s  were  i n  f a c t  

ach ieved  by t h e  d e m o n s t r a t i o n .  

B a s i c  I n £  ormatior1 L i s t  

F e d e r a l  Funding i\,;cncy: Bureau o f  Conuncrcial F i s h e r i e s ,  Depar tment  of -- 
t h e  I n t e r i o r  (which became i n  1970) N a t i o n a l  Plarine F i s h e r i e s  S e r v i c e ,  

N a t i o n a l  Ocean ic  and Atmospher ic  A d m i n i s t r a t i o n ,  Depar tment  o f  Commcrcc. 

O p e r a t i n g  Agency: Occnn l l a r v e s t c r s ,  I n c .  '(a j o i n t  v e n t u r e  of Swcco, I n c .  

and S t a r - K i s  t , I n c  . ) . 
P r o j e c t  L i f e :  1967-1372 ( o p e r a t i o n s  began 1971) 
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Pr imary  Source  o f  Demons t ra t ion  P r o p o s a l :  Bureau of Commerciai F i s h e r i e s  

u n d e r  p r e s s u r e  froin t h e  Marine  S c i e n c e s  C o u n c i l .  

C o s t ,  F e d e r a l  S h a r e :  c.  $3.5 m i l l i o n  ( f o r  c o n s t r u c t i o n  and o p e r a t i o n  

and undoubted ly  q u i t e  c o n s e r v a t i v e )  . 
No Cos t - s h a r i n g .  

T a x e  t Audiences  : - -.-.-- .=-. 

P o t e n t i a l  a d o p t e r s :  U.S. f i s h  p r o c e s s i n g  i n d u s t r y ,  g o v e r n w n t s  o f  

l e s s  deve loped  n a t i o n s .  

P o t e n t i a l  m a n u f a c t u r e r s :  U.S. f i s h  p r o c e s s i n g  equ ipment  ~ a n a f a c t u r e r s .  

P o t e n t i a l  u s e r s :  U.S. food p r o c e s s o r s ,  U.S. consumer d i r e c t l y  ( t o  

min imal  e x t e n t )  , . f o r e i g n '  food  p r o c e s s o r s  and con- 

sumers .  * 
The prodaact ior~ of F P C  i s  a  complex p rcb lem of b i o c h e m i c a l  engineer in : .  

Alchough a good deal  of R&D had  b e e n  y r r f u n t l e r l  uri FPC pLucrsses w!;e~l i!te 

d e m o n s t r a t i o n  begzn ,  a  l a r g e  number of  i m p o r t a n t  t e c h n i c a l  i s s u e s  r e a a i n c d  

u n r e s o l v e d .  T h i s  h i g h  l e v e l  o f  u n c e r t a i n t y  a b o u t  t h e  t e c h n o l o g y  f o r  con- 

s t r u c t i n g  an FPC p l a n t  a t  semi-works s c a l e  p l a g u e d  t h e  d e n o n s t r a t i o n  

p r o j e c t  t h r o u g h o u t .  The FPC d e m o n s t r a t i o n  ( i n  t e r n s  o f  t h e  t e c h n o l o g y  'S  

d i f f u s i o n )  very u n l i k e l y ;  

o  The d e m o n s t r a t i o n  was under funded ,  b u t  o v e r p r o m i s e d .  

o P o l i t i c a l  p r e s s u r e s  d e t e r m i n e d  an i n a p p r o p r i a t e  s i t e .  

o  Food and Drug A d m i n i s t r a t i o n  r e g u l a t i o n s  were  e x t r e m e l y  s t r i c t .  

o  G e t t i n g  raw mater ia l .  p roved  v e r y  d j , f f i c u l t .  

o The o v e r s e a s  m a r k e t i n g  e f  f o r t  f a i l e d  c o m p l e t e l y ,  and t h e r e  was 

l i t t l e  o r  n o  demand f o r  FPC on t h e  d o m e s t i c  m a r k e t .  

Goa l s  and Outcorncs 

The b a s i c  g o a l s  o f  t h e  FPC d e m o n s t r a t i o n  were :  

o t o  p rov ide  t e c h ~ l i c a l  and econonuc d a t a  upon which  f i s h  meal  

p r o d u c e r s  c o u l d  rationally b a s e  e n t r y  i n t o  t h e  FPC b u s i n e s s  and 

* 
The t echno logy  i s  s u f f i c i e n t l y  cociples t h a t  no a t t e m p t  w i l l  b e  

made t o  d e s c r i b e  i t  he.re. F o r  a  d e s c r i p t i o n  o f  t h e  t e c h n o l o g y  and i t s  
prob lems  c o n s u l t  WN-9073-DOC, e s p e c i z l l y  pp.  1 -4 ,  1.8-33. 
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o  t o  b r e a k  down FDA r e s t r i c t i o n  on t h e  m a n u f a c t u r i n g  and 

m a r k e t i n g  o f  FPC. 

The second g o a l  was l a r g e l y  accompl i shed .  The l a s t  o f  t h e  FDA 

r e s t r i c t i o n s  on FPC was removed i n  1 9 7 4 .  But i t  c a n  b e  r e a s o n a b l y  

a rgued  t h a t  t h e  d e m o n s t r a t i o n  p r o j e c t  would n o t  h a v e  b e e n  n e c e s s a r y  t o  

ac-comp1:ish t h i s  g o a l  i f  i n d u s t r y  had  b e e n  m o d e r a t e l y  i n t e r e s t e d  i n  pur-  

s u i n g  t h e  FPC technology .  The f i r s t  and, m d s t  i m p o r t a n t  g o a l  was n o t  met.  

A g r e a t  d e a l  of u n c e r t a i n t y  a b o u t  t h e  p r o d u c t i o n  t e c h n i q u e s  and c o s t s  

f o r  FPC s t i l l  e x i s t s .  Knowledge o f  t h e  demand f o r  FTC was n o t  appreciably 

i n c r e a s e d .  I f  a n y t h i n g ,  t h e  FPC d e m o n s t r a t i o n  e x p e r i e n c e  may h a v e  s o u r e d  

i n d u s t r y  u n j u s t i f i a b l y  on t h e  p r o d u c t .  However, t h e  d e m o n s t r a t i o n  d i d  

p roduce  a  g r e a t  d e a l  o f  i n f o r m a t i o n  a b o u t  t h e  t e c h n o l o g y  and r e l a t e d  a a t -  

ters t h a t  c o u l d  p rove  u s e f u l  f o r  a f u t u r e  d e m o n s t r a t i o n .  Much i f  n o t  a i l  

o f  t h i s  i n f o r m a t i o n ,  however,  might  h a v e  b e e n  o b t a i n e d  a t  iower  c o s t  b y  

f u r t h e r  R&D and t h e  c o n s t r u c t i o n  of a p i l o t  f a c i l i t y .  

Spec ia l .  C h a r a c t e r i s  t i c s  

The FPC p r o j e c t  is  a good exai ip le  o f  t h e  v a r i o u s  d i f f i c u l t i e s  t o  

which d e m o n s t r a t i o n  p r o j e c t s  a r e  s u s c e p t i b l e .  

1. O p e r a t i n g  a  s u c c e s s f u l  d e m o n s t r a t i o n  when i h e  t e c h n o l c g y  i s  n o t  

f a i r l y  w e l l  i n  hand i s  e x t r e m e l y  d i f f i c u l t ,  and i s  p r o b a b l y  i m p o s s i b l e  

when o t h e r  a s p e c t s  o f  t h e  p r o j e c t  a r e  a l s o  u n c e r t a i n .  

2 .  P o l i t i c a l  p r e s s u r e ,  whe ther  from f r i e n d s  o r  opponen ts  o f  t h e  

t e c h n o l o g y ,  p l a c e s  s u c c e s s  i n  j e o p a r d y .  

3. T h i s  c a s e  i l l u s t r a t e s  the. i m p o r t a n c e  o f  t h e r e  b e i n g  p r i v a t e  f irms 

w i l l i n g  t o  s h a r e  t h e  r i s k s  o f  t h e  d e n i o n s t r a t i o n  p r o j e c t .  When p r i v a t e  

f i n i s  were  approached f o r  c o s t  s h a r i n g ,  t h e i r  r e s p o n s e s  were  n e g a t i v e  

f o r  t h e  r e a s o n  t h a t  t h e y  c o n s i d e r e d  t h a t  t h e  t e c h n o l o g y  was n o t  s u f f i -  

c i e n t l y  w e l l  devel.oped. 
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American f a m i l i e s  l e a d  t h e  w o r l d  i n  r e f u s e  p r o d u c t i o n .  T h i s  s o l i d  

w a s t e  j.s c o s t l y  t o  c o l l e c t  and d i s p o s e  o f .  Ir. r e c o g n i t i o n  o f  t h e  growing 

p rob lcms  caused  by m u n i c i p a l  r e f u s e ,  Congress  p a s s e d  t h e  S o l i d  N a s t e  D i s -  

p o s a l  Act  of 1965 g r a n t i n g  DHEW b r o a d  a u t h o r i t y  t o  s u p p o r t  e f f o r t s  t o  

d e v e l o p  o r  test  new approaches  t o  s o l i d  w a s t e  management. I n  1970  t h i s  

a u t h o r i t y  was e x t e n d e d  and f u r t h e r  b roadened  and t h e  program was t r a n s -  

f e r r e d  t o  t h e  newly c r e a t e d  E n v i r o n m e n t a l  P r o t e c t i o n  Agency. I t  was 

u n d e r  t h e  g r a n t  of  t h i s  l e g i s l a t i o n  t h a t  t h e  C i t y  o f  S c o t t s d a l c ,  A r i z o n a  

was funded  i n  1969 t o  d e v e l o p  and d e m o n s t r a t e  a  new mechanized n e a n s  o f  

c o l l e c t i n g  f a m i l y  r e f u s e  w i t h  t h e  g o a l  o f  d e c r e a s i n g  t h c  c o s t s  o f  c o l l e c -  

t i o n .  The f i r s t  mechanized g a r b a g e  c o l l e c t i o n  t r u c k  d e v e l o p e d  i n  S c o t t s -  

d a l e  was a f f e c t i o n a t e l y  c a l l e d  G o d z i l l a ,  which s e r v e s  a s  o u r  s h o r t  n a n e  

f o r  t h i s  demons r r a '  ~ 1 o n .  ' 

B a s i c  I n f o r m a t i o n  L i s t  

F e d e r a l  Fund* - -- Agency: I n i t i a l l y  t h e  Depar tment  of  I l e a l t h ,  E d u c a t i o n ,  

and W e l f a r e  l a t e r  t h e  O f f i c e  o f  S o l i d  V a s t e  Nanagement P r o g r a m  o f  t h e  

Env i ronmenta l  P r o t e c t i o n  Agency. 

O p e r a t i n g  115ency: Depar tment  o f  P u b l i c  \;Torks, C i t y  o f  S c o t t s d a l e ,  A r i z o n a  

P r o j e c t  L i f e :  Plnrch 1969 - J u n e  1972 

P r i n a r y  Source  o f  Demons t ra t ion  P r o p o s a l :  C i t y  o f  S c o t t s d a l e  ( u n s o l i c i t e d  

p r o p o s a l )  

C o s t ,  F e d e r a l  Shared :  c .  $184,000 
-.-- 

L o c a l  S h a r e :  c.  $112,000 

Cos t  S h a r i n g  w i t 1 1  P r o f i t m a k i n g  Firm: No 

Cos t  S h a r i n g  w i t h  P u b l i c  Agency: Yes 

T a r g e t  t l ~ l d i e n c c s  : 

P o t e r l t i a l  a d o p t e r s :  p u b l i c  and p r i v a t e  r e fuse .  collectors 

P o t e n t i a l  m a n u f a c t u r e r s :  g a r b a g e  t r u c k  o u t f i t t i n g  i n d u s t r y  

P o t e n t i a l  u s e r s  : t h e  p u b l i c  
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Soon a f t e r  t h e  C i t y  o f  S c o t t s d a l e  began r e f u s e  c o l l e c t i o n  s e r v i c e s  

i n  1964,  a  s t u d y  group was formed t o  d e v e l o p  more economica l  means o f  

p r o v i d i n g  t h e  s e r v i c e .  By 1967 ,  under  t h e  l e a d e r s h i p  of t h e  C i t y ' s  

r e f u s e  commissioner ,  i n i t i a l  p l a n s  f o r  t h e  m e c h a n i z a t i o n  of r e f u s e  c o l -  

l e c t i o n  had been s t a r t e d .  The b a s i c  c o n c e p t  was t o  modify  e x i s t i n g  c o l -  

l e c t i o n  t r u c k s  by a d d i n g  a  h y d r a u l i c  arm which c o u l d  p i c k  up,  dump, and 

t h e n  r e t u r n  a  c o l l e c t i o n  can  w i t h o u t  t h e  need f o r  t h e  d r i v e r  t o  l e a v e  t h e  

t r u c k .  The p r imary  g o a l  was t o  s a v e  l a b o r  by c u t t i n g  t h e  s i z e  o f  e a c h  

crew from t h r e e  p e r s o n s  t o  one.  Implementa t ion  of s u c h  a s y s t e m - r e q u i r e d  

changes  i n  t h e  way p e o p l e  d e p o s i t e d  t h e i r  r e f u s e .  I n s t e a d  o f  i n d i v i a u a i  

garbage c a n s ,  l a r g e  c o n t a i n e r s  r a n g i n g  i n  s i z e  from 80 t o  300 g a l l o n s  

were  n e c e s s a r y .  A f t e r  some d i f f i c u l t y ,  t h e  C i t y  found a manufac t l l r e r  

w i l l i n g  t o  s u p p l y  t h e  new t y p e  o f  c o n t a i n e r s  -- b u t ' o n l y  a f t e r  t h e  C i t y  

had a g r e e d  t o  absorb  a l l  , c o s t s  o f  manufac tu re .  C i t y  p e r s o n n e l  u s e d  o f f -  

t h e - s h e l f  components t o  d e s i g n  nev  p a r t s  f o r  t h e  g a r b a g e  t r u c k s .  By t h e  

end o f  t h e  d e n o n s t r a t i o n  i n  1 9 7 2 ,  a  f a n i l y  o f  mechanized v e h i c l e s  had 

been d e s i g n e d  and p u t  i n t o  s e r v i c e .  

Goals and Ouecor,~es 

The p r imary  g o a l s  o f  t h e  G o d z i l l a  d e m o n s t r a t i o n  w e r e :  

o  t o  d e m o n s t r a t e  t h a t  s u c h  v e h i c l e s  l e d  L O  s u b s t a n t i a l  c o s t  s z v i n g s  

and 

o  t o  test  p u b l i c  a c c e p t a n c e  o f  a  c o l l e c t i o n  s y s t e m  i n  which f a i a i l i e s  

would f r e q u e n t l y  have  t o  s h a r e  c o n t a i n e r s .  

These  g o a l s  were  met i n  S c o t t s d a l e .  D e s p i t e  t h i s  s t r i k i n g . s u c c e s s ,  

t h e  i n n o v a t i o n ' s  d i f f u s i o n ,  w h i l e  s u b s t a n t i a l ,  h a s  b e e n  much s l o ~ i e r  chan  

one migh t  have e x p e c t e d .  A nui11hc.r o f  f a c t o r s  have no  d o u b t  c o n t r i b u t e d  

t o  t h i s  r e s u l t ,  b u t  wc b e l i e v e  t h a t  t h e  most i m p o r t a n t  r e a s o n s  a r e  ( 1 )  t h e  

l a c k  o f  a g a r b a g e  t r u c k  o u t f i t t i n g  f i r n  i n  t h e  d c n l o n s t r a t i o n  which c o u l d  

have plugged t h e  innovat ior1  i n t o  t h e  e s i s t i n g  tecl1nolo~;y d e i i v e r y  s y s t e m  

and ( 2 )  t h e  l a c k  o f  c o n s i s t e n . t  e f f o r t  on  t h e  p a r t  o f -  EPA t o  d i f f u s e  t h e  
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t e c h n o l o g y ,  a p p a r e n t l y  d u e  t o  a change o f  program emphas i s  and reduc-  

t i o n  o f  b u d g e t .  

S p e c i a l  C h a r a c t e r i s  t i c s  

1. The p r o p o s a l  f o r  G o d z i l l a  came from t h e  p o t e n t i a l  a d o p t e r  l e v e l .  

I t  was prompted by a  p r e s s i n g  l o c a l  need  f o r  d e c r e a s e d  c o s t  i n  r e f u s e  c o l -  

l e c t i o n .  

2. G o d z i l l a  had b e e n  p receded  by a s u b s t a n t i a i  p e r i o d  of p l a n n i n g  

even  b e f o r e  t h e  a p p l i c a t i o n  was made f o r  f e d e r a l  f u n d i n g .  

3 .  G o d z i l l a  shows t h e  a d v a n t a g e s  o f  h a v i n g  a d e m o n s t r a t i o n  p e r -  

formed by  t h e  same o r g a n i z a t i o n s  t h a t  d e v e l o p e d  t h e  i d e a  i r t i t i a l l y ,  as 

i n  t h e  r e f u s e  f i r i n g  d e m o n s t r a t i o n .  

4 .  G o d z i l l a  i 1 . l u s t r a t e s  t h e  i m p o r t a n c e  o f  t y i n g  a d e m o n s t r a t i o n  

t o  t h e  e x i s t i n g  t e c h n o l o g y  d e l i v e r y  s y s t e m .  

SIiI.PBULLDIXG R h D P R O G W I  

The s h i p b u i l d i n g  i n d u s t r y  i n  t h e  U n i t e d  S t e c e s  h a s  b e e n  a  d e c l i n i n g  

i n d u s t r y  s i n c e  Kor ld  War 11. The number o f  s h i p s  b u i l t  f o r  c o n m e r c i a l  

u s e  h a s  d e c l i n e d  d e s p i t e  s u b s t a n t i a l  s u b s i d i e s  f rom t h e  f e d e r a l  govern-.  

ment.  Not o n l y  h a v e  f o r e i g n  s h i p y a r d s  b e e n  compet ing  more s u c c e s s f u l l y ,  

b u t  t h e  U n i t e d  S t a t e s  i n d u s t r y  h a s  l a g g e d  b e h i n d  i t s  f o r e i g n  c o m p e t i t o r s  

i n  t h e  u s e  of  t e c h n o l o g i c a l  i n n o v a t i o n s .  T h i s  l a c k  of  i n n o v a t i o n  and 

weak c o m p e t i t i v e  p o s i t i c n  s t c n  from inany f a c t o r s ,  i.ncI.l.~di.ng t h ~  e f f e c t  

o f  f e d e r a l  s u b s i d i e s ,  o r i e n t a t i o n  toward t h e  m i l i t a r y  m a r k e t ,  r e s t r i c t i v e  

u n i o n  work r u l e s ,  t i g h t  C o a s t  Guard r e g u l a t i o n ,  a  r e l a t i v e l y  u n s t a b l e  

m a r k e t  f o r  mel-chant s h i p s , ' a n d  t h e  r e l a t i v e l y  s m a l l  c a p i t a l i z a t i ~ r ,  o f  

e v e n  t h e  major  s h i p y a r d s .  For  t l i e s e  and p e r h a p s  o t h e r  r e a s o n s  U.S. y a r d s  

h a d  become e x t r e m e l y  p r o t e c t i v e  cf t h e i r  t e c h n i c a l  and marke t  in fo rma-  

t i o n ,  and had f u ~ ~ d e d  KGD a t  a  very low l e v e l .  

I n  on a t t e m p t  t o  change t h i s  s t a t e  o f  a f f a i r s ,  t h e  P ia r i t ime  A d m i n i s t r a -  

t i o n  h a s  i n t r o d u c e d  n number o f  p rograms ,  t h e  nlusl: s u c c c s s f u l  o f  which h a s  

b e e n  t h e  s h i p b u i l d i n g  R&D p r o g r a n .  Tlie g o a l  o f  t h i s  p r o g r a n  was r iot  t o  
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d e m o n s t r a t e  new t e c h n o l o g i e s  -- i n  f a c t ,  i t s  d e m o n s t r a t i o n  a s p e c t s  

s h o u l d  b e  c o n s i d e r e d  s t r i c t l y  s e c o n d a r y  -- b u t  t o  b r i n g  a b o u t  o r g a n i z a -  

t i o n a l .  changes  i n  the. i n d u s t r y .  I n  p a r t i c u l a r ,  liarAd wishcd  t o  i n c r e a s e  

t h e  amount of communication w i t h i n  t h e  i n d u s t r y  on t e c h n i c a l  m a t t e r s  t o  

e a s e  t h e  i n t r o d u c t i o n  of t e c h n o l o g i c a l  i n n o v a t i o n s  i n  t h e  i n d u s t r y .  The 

a d v e n t  of t h i s  program was a s  a p a r t  of a  ma jor  r e o r i e n t a t i o n  of f e d e r a l  

p o l i c y  toward t h e  m a r i t i m e  i n d u s t r y  contaf i~led i n  t h e  ?llei?c7-x~nt /+!urine A c t  

of 1970. 

MarAd deve loped  i t s  program by c o o p t i n g  a  p r o f e s s i o n a l  a s s o c i a t i o n ,  

t h e  S o c i e t y  of Naval A r c h i t e c t s  and Fraririe E n g i n e e r s  and i n  p a r t i c u l a r ,  

i t s  S h i p  P r o d u c t i o ~ i  Culll~rllttec (S1'C). From t h e  1 i i . n ~ .  subcommi t t ees  of S?C, 

which d e a l t  w i t h  d i f f e r e n t  a s p e c t s  of s h i p  p r o d u c t i o n ,  came many of  t h e  

p r o p o s a l s  t o  FIarl\d f o r  t h e  development  and d c a o c s t r a t i o n  of new c o s t - -  

s a v i n g  d e v i c e s  i n  s h i p b u i l d i n g .  24eetings of  t h e  v a r i o u s  c o r z ~ i t  tees i n -  

c l u d e d  r e p r e s e n t a t i v e s  of EIarAd and f r e q u e n t l y  r ~ p r e s e n t a t l i v e s  of  t h e  

C o a s t  Guard,  whicli i s  p r i n c i p a l l y  r e s p o i l s i b l e  f o r  t h e  r e g u l a t i o n  of t h e  

i n d u s t r y .  PlarAd's p h i l o s o p h y  f o r  t h e  program was t o  d e v e l u p  a s  much 

c o n t r o l  and r e s p o n s i b i l i t y  a s  p o s s i b l e  t o  t h e  i n d u s t r y .  

Among t h e  r e s u l t s  of t h e  program h a v e  been :  

o t h e  i n t r o d u c t i o n  of a  number o f  new t e c h n i q u e s  f o r  s h i p -  

b u i l d i n g ,  e s p e c i a l l y  i n  s h i p  w e l d i n g  which i s  a major  a r e a  

of expense  

o  t h e  d e v e l o p ~ n c n t  of  R&D c o n s o r t i a  i n  t h e  i n d u s t r y  

o a g e n c r a l  i n c r e a s e  i n  t h e  l e v e l  of c o o p e r a t i o n  and communica- 

t i o n  w i t l l i n  t h e  s h i p b u i l d i n g  i n d u s t r y .  

It is  t o o  soon t o  detern1i.ne whe the r  t h e s e  a p p a r e n t  c h a n g e s  i n  t h e  

i n d u s t r y  w i l l  e n d u r e ;  t h e  r e a l .  t e s t  w i l l  cornc a s  f e d e r a l  s u p p o r t  f o r  t h e  

program i s  e l i m i n a t e d .  Nonc thc l . c s s ,  t h e  program a p p e a r s  t o  have  r e c o g n i z e d  

t h a t  t h e  b a s i c  problem of t h e  i n d u s t r y  i s  n o t  tec l lnology p c r  s e ,  b u t  i n -  

d u s t r y  o r g a n i z a t i o n  and i n s t i t u t i o n a l  c o n s L r a i n t s .  

S p e c i a l  C t ~ a r a c t e r i s  t i c s  - 
Tllc s ! l ipbu i ld ing  R & D  program, a l t l ~ o u g h  n o t  p r i . m a r i l y  a  den~ons  t r a -  

t i o n  program, h a s  a i d e d  i n  r e s t r u c t u r i n g  t h e  i n d u s t r y  t o  accon:xoilat;l ncx 
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t e c h n o l o g i e s .  ElarAdts e f f o r t s  t o  s t i m u l a t e  change i n  t h e  i n d u s t r y  be- 

f o r e  1970 when t h e  new l e g i s l a t i o n  was p a s s e d  and i t s  program of o r g z n i -  

z a t i o n a l  change was begun ,  me t  w i t h  a b s o l u t e l y  no  s u c c e s s .  I t  was i n  

p a r t  o u t  of f r u s t r a t i o n  w i t h  e a r l i e r  a t t e m p t s  t h a t .  t h e  new approach  w a s  

b o r n .  T h i s  c a s e  s t r e n g t h e n s  o u r  b a s i c  c o n t e n t i o n  t h a t  where  i r . s t i t u t i o n ; ? l  

and o r g a n i z a t i o n a l  b a r r i e r s  t o  d i f f u s i o n  of t e c h n o l o g i ~ s  e x i s t ,  demonstra--  

t i o n  p r o j e c t s  a l o n e  a r e  u n l i k e i y  t o  h a v e  much i m p a c t .  

NUCLE:AR SIIIP 87t!!'.<;!;/,$.6! 

I n  t h e  mid-1950s t h e  dominant  s > ~ i b o l s  of . b . e r i c a l s  d e v e l . o : ~ m ~ n t  of 

n u c l e a r  e n e r g y  were  t h e  bomhs dropped on J a p a n ,  and t h e  n z v a l  s u h n a r i n e  

! laut i l t t s .  P r e s i d e n t  Eisenhower was v e r y  d e s i r o u s  of  showing t h e  wor ld  

t h a t  t h e  n a t i o n  i n t e n d e d  t o  eri?loy i t s  n!lr 1 p a r  knowledge f o r  pccce r 'u l  

p l i r p n s p s .  To t h i s  c n d ,  the  Ti.csideiiL propbsed i n  1955 t h a t  t h e  V-nlted 

S t a t e s  c o n s t r u c t  a  n u c l e a r  powered merchan t  s h i p ,  which would becone  a  

v i s i b l e  symbol of t h e  n a t i o n ' s  commitment t o  Atoms f o r  Peace .  A y e a r  

l a t e r  Congress  passed  a  law a u t h o r i z i n g  t h e  c o n s t r u c t i o n  of t h e  2 .  S. 

S ~ v a n n a h ,  and t h e  Atomic Energy Coinmission and t h e  P i a r i t i m e  A d n i n i s t r a -  

t i o n  began  a  j o i n t  p r o j e c t  t o  c o n s t r u c t  t h e  v e s s e l .  

B a s i c  I n f o r m a t i o n  L i s t  -- 
E'cdera l  P u n d i ~ i g  iq,&cncies:  Atomic Energy Cominission and t h e  P la r i t ime  

A d m i n i s t r a t i o n  under  spec<al. a p p r o p r i a t i o n ,  

C o n s t r u c t i o n  C o n t r a c t o r s :  Eabcock and Wilcox,  r e a c t o r ;  New York Sh ip -  

b u i l d i n g ,  t ~ u l l ;  George Sharp  Co. ,  n a v a l  a r c h i t e c t .  

C o n t r a c t  f o r  O p e r a t i o n :  S t a t e s  ? l a r i n e  L i n e s  (1959-1962) ;  American E x p o r t  

I s b r a n d  t s e n  (1963-1970) . 
P r o j e c t  L i f e  -- : 1956-.I970 ( o p e r a t i o n s  began 13'59) 

P r imary  Source  of Dc:aons t r a t  i o n  F r o p o s a l :  I l ighes  t e x e c u t i v e  and c o n g r e s -  - 
s f o n a l  l e v e l s  of F e d e r a l  Government. 

F e d e r a l  C o s t :  C o n s t r u c t i o n  c o s t s  c .  $55 rn i l l . ion ;  t o t a l  c o s t s  i n c l u d i n g  

o p e r a t i o n s  s u b s i d i e s ,  $100 m i l l i o n  p l u s .  
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Targc  t Audiences -- : 

P u b l i c  o p i n i o n  l e a d e r s  i n  U .  S .  and a b r o a d  (Atoms f o r  P e a c e  g o a l )  . 
. P o t e n t i a l  a d o p t e r s :  n e r c h a n t  f l e e t  owners 

P o t e n t i a l  m a r ~ u f a c t u r e r s :  s h i p b u i l t i i n g  i n d u s t r y ;  r e a c t o r  d e s i g n  and  

m a n u f a c t u r i n g  i n d u s t r y  

The c o n s t r u c t i o n  of t h e  w o r l d ' s  f i r s t  n u c l e a r   ower red n e r c h a n t  s h i p  

was 3 t e c h n o l o g i c . a l l y  and o r g a n i z a t i o n a l l y  complcx p r o j e c t .  Organ iza -  

t i o n a l l y ,  che p r o j e c t  i n v o l v e d  t h e  c o o r d i n a t i o n  of two f e d e r a l  a g e n c i e s  

(AEC and FlarAd) c~!.lich had no h i s t o r y  of j o i n t  p r o j e c t s ;  i t  i ~ v o l v e d  t h e  

c o o r d i n a t i o n  of  a  nun~ber  of c o n t r a c t o r s ;  and i t  i n v o l v e d  making i n p o r t a n t  

compron i ses  between t h e  I ' r e s i d e n t ' s  d e s i r e  f o r  a n  a e s t l ~ e t i c a l l y  p l e a s i n g  

s h i p  and t h e  d e s i g n e r ' s  and C o n g r e s s ' s  d e s i r e  f o r  a s h i p  t o  d e x o n s t r a t e  

econo;nic f e a s i b i l i t y .  T e c h n o l o g i c a l l y ,  t h e  p r o j e c t  e n t a i l e d  t h e  d e s i g n  

and c o n s t r u c t i o n  of  a  f u n d a m e n t a l l y  new t y p e  of r e a c t o r  and t h e  d e s i g n  

of  a n e v  t y p e  of s h i p  w i t h  e x t e n s i v e  s a f e t y  p r e c a u t i o n s .  

To u n d e r s t a n d  t h e  Sa~'a;i~?ah p r o j e c t ,  o n e  mus t  L-ecogn ize  t h a t  i t s  

p r i m a r y  g o a l  was p o l i t i c a l .  F i r s t  conce ived  a s  a  p o l i t i c a l  sy r lSo l  of 

t h e  n a t i o n ' s  com;:~itment t o  t h e  p e a c e f u l  u s e s  of  a t o m i c  e n e r g y ,  t h e  s h i p  

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

n u c l e a r  merchan t  v e s s e l s .  To u s e  Sava~nah  a s  t h e  f i r s t  s t c p  toward a  

n u c l e a r  merchan t  . f l e e t  was a s u b s i d i a r y  g o a l  p u r s u e d  by  t h e  Sc.zai?zr& 

p r o j e c t  team. The o v e r r i d i n g  p o l i t i c a l  g o a l ,  however ,  d i r e c t l y  con- 

f l i c t e d  w i t h  th i . s  a im.  The s h i p  was d e s i g n e d  t o  b e  b e a u t i f u l ,  r a t ~ e r  

t h a n  e f f i c i e n t .  By i i h i t e  House d i r e c t i o n ,  t h e  s h i p  v7as a  h y b r i d  p a s s e n g z r -  

c a r g o  v e s s e l ,  which meant t h a t  i t  was o p t i m a l  f o r  n e i t h e r  u s e .  B e c s u s e  

of b u d g e t  c o n s t r a i n t s  and b e c a u s e  t h e  s h i p  was n o t  meant  t o  b e  e c o : l o x i c a l l y  

v i a b l e ,  s h o r t c u t s  !were made i n  o u t f i t t i n g  t h e  sh!.p, c s p e c i a l . l y  i n  i t s  

c a r g o  h a n d l i n g  c a p a b i l i t y  . 
O t h e r  g o a l s  were :  

o  t o  d e m o n s t r a t e  t h e  s a f e t y  and r e l i a b i l i t y  of  n u c l e a r  merchan t  

' s h i p s  i n  r e g u l . a r  op'ercl t ion.  

o  t o  e s t a b l i s h  p r e c c d e n t s  For i n t e r n a t i o n a l  1 i n b i l i . t ) .  and i n -  

d e m n i f i c a t i o n  i n  c a s e  of  a c c i d e n t s  

o  t o  d e ~ n o n s t r a t e  t h a t  r e g u l a r  m a r i n e r s  c.an b e  t r a incc l  t o  o p e r a t e  

n u c l e a r  s h i p s .  
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I n  t e rms  of  t h e  o r i g i n a l  g o a l s  f o r  t h e  Savannah p r o j e c t ,  t h e  denon- 

s t r a t i o n  was a  c o n s i d e r a b l e  s u c c c s s ,  and a b o u t  t h r e e  y e a r s  a f t e r  t h e  

p r o j e c t  was t n i t i a t c d ,  t h e  s h i p  was p u t  t o  s e a .  S i g n i f t c a n t  a d v a n c e s  

i n  m a r i n e  r e z c t o r  d e s i g n  ar.d s a f e c y  h e a  bcen  a c c o ~ ~ p l i s h e d ,  t h e  s!ltp 

c o u l d  c a r r y  b o t h  p s s s e n g e r s  and c a r g o ,  and t h e  s h i p  was an  aesthetic 

t r i u m p h .  She was g r e e t e d  e n t h u s i a s t i c a l l y  a t  many f o r e i g n  p o r t s  and 

was i n d e e d  a  symbol of  Atoms f o r  P e a c e .  

S u b s e q u e n t l y ,  a  c o m b i n a t i o n  o f  l a b o r  p rob lems  and t h e  need  f o r  

e x t e n s i v e  opera r i .ng  s u b s i d i e s  s o u r e d  p u b l i c  and C o n g r e s s i o n a l  e n t h u s i a s m  

fo r  t h e  p r o j e c t ,  arld no fol low-up d e m o n s t r a t i o n s  h a v e  been  a u t h o r i z e d .  

S p e c i a l  C h a r a c t e r i s t i c s  

1. A p r i m a r y  l e s s o n  of  Savannah i s  t h e  p o t e n t i a l  i n c o n g r u e n c e  o f  

p o l i t i c a l  g o a l s  and commercia l  d i f f u s i o n  o f  a  t e c h n o l o g y .  

2 .  D e s p i t e  t h e  l a c k  o f  d i f f u s i o n  of  S a t ~ n n r , a h t s  t e c h r ~ o l o g y ,  a  g r e a t  

d e a l  was l e a r n e d  a b o u t  n a v a l  r e a c t o r  t e c h n o l o g y  from t h e  p r o j e c t .  

T E L E P X O C E S S I S G  OF ?.!EDICAID CLAI? lS  

More and more p h y s i c . i a n l s  m e d i c a l  s e r v i c e s  i n  t h e  U.S. are b e i n g  

p a i d  t h r o u g h  t h i r d - p a r t y  p a y e r s ,  e . g . ,  M e d i c a r e  o r  B l u e  C r o s s .  I n  t e r n s  

o f  t h e  p h y s i c i a n ' s  t i m e  and t h e  c o s t s  t o  t h e  t h i r d - p a r t y  p a y e r s ,  i t  i s  

e s t i m a t e d  t h a t  t h e  a d m i n i s t r a t i v e  c o s t s  of  f i l i n g  t h e  c l a i m  amount t o  as 

much a s  25 pe rcen t :  of t h e  c o s t  of  t h e  c la i rn  i .cself ,  .The 8at . ional  In -  

s t i t u t e s  of H e a l t h  2nd t h e  Hea1.th C a r e  Technology D i v i s i o n  of HEX (HCTD) 

had perfqrmed i n - h o u s e  r e s e a r c h  on t h e  p o s s i b l c  u s e  o f  t h c  t e l e p h o n e  i n  

c o n j u n c t i o n  w i t h  computers  i n  h e a l t h  c a r e  d e l i v e r y .  I n d e p e n d e n t  r e s e a r c h  

o n  a  Medicaid  b i l l i n g  s y s t e m  u s i n g  t h e  t e l e p h o n e  and computer  was b e i n g  

c.onducted by t h e  C l i n i c a l  I n f o r n l a t i o n  Systems Group (CISG). a t  t h e  Uni- 

v e r s i t y  of Alabama. T h e r e f o r e ,  when HCTD d e c i d e d  t o  p u r s u e  demons t ra -  
, 

t i o n s  of  t h e  a p p l j . c a b i l i t y  o f  te l .cphone and colxputer t e c h n o l o g y  t o  h e a l t h  

c a r e ,  CISG was c o n t a c t e d  and aslced t o  s u b m i t  a p r o p o s a l .  CISG proposcd  

t o  demons t r a t c  a  s y s  tem whereby p h y s i c i a n s ,  u s i n g  a p p r o p r i a t e  c o d e s ,  

c o u l d  send bj . l . l ing  i n f o r m a t i o n  by phone d i r e c t l y  t o  a c e n t r a l  .corlputcl7r 
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and t h u s  c u t  down on t h e  t i m e  and e r r o r s  i n v o l v e d  i n  b i l l i n g  f o r  Pledicaid 

claims. T h i s  p r o p o s a l  was immedia te ly  a c c e p t e d  and t h e  d e m o n s t r a t i o n  

was begun. 

B a s i c  I n f o r n ~ t i o n  L i s t  

F e d e r a l  Funding Agency: H e a l t h  Care  Technology D i v i s i o n ,  X a t i o n a l  C e n t e r  

f o r  I Iea l th  S e r v i c e s  Research and Development,  H e a l t h  S e r v i c e s  and ?!ental 

H e a l t h  Adminis t r a . t i o n ,  DHEI.1 

0 p c r a t i . n ~  Agency: C l i n i c a l  I n f o r m a t i o n  Systems Group, U n i v e r s i t y  o f  - - 
Alabama (Birmingham). O t h e r  i n v o l v e d  o r g a n i z a t i o n s  ( s o f t w a r e  deve lop-  

ment) : I n t e r n a t i o n a l  B u s i n e s s  ~ i a c h i n e s  . 
P r o j e c t  T,ife: June 1971  - A p r i l  1974 ( o p e r a t i o n s  s t a r t e d  December 1971) - - 
P r i m a 3  Source  of D e n o n s t r a t i o n  P r o p o s a l :  HCTD - --- 
Cos t ,  F e d e r a l  G o v e r ~ n e n t :  c .  $575,000 . . 

C o s t ,  Other  Sources  : .  User  f e e s  c .  $31.,000 --- 
No c o s t - s h a r i n g  

T a r g e t  Audiences  : 

P o t e n t i a l  a d o p t e r s :  t h i r d - p a r t y  p a y e r s  ( e . g . ,  B lue  Cross  - Blue  

9hield) and S t a t c  5nd F c d c r n l  rucdicnl  i n s u r n n c c  

programs ( e .  g . , ~ e d i c a i d  , .P ledicare)  

P o t e n t i a l  u s e r s :  p h y s i c i a n s  i n  p r l v a t e  p r a c t i c e ,  l i m i t e d  a p p l i c a t i o n  

t o  h o s p i t a l s  

P o t e n t i a l  m a n u f a c t u r e r s :  o f f - t h e - s h e l f  c o a p u t e r s  would b e  used' 

P o t e n t i a l l y  i n t e r e s t e d  agency:  S o c i a l  S e c u r i t y  A d m i n i s t r a t i o n  

The Alabama Medi.caid b i l l i n g  sys tem i n v o l v e d  t h e  u s e  o f  a    ouch-  one^ 
t e l e p h o n e  equipped w i t h  c a r d d i a l e r R  a s  a n  o n - l i n e  i n p u t  d e v i c e  t o  a c e n t r a l  

computer.  I n s t e a d  of f i l l i n g  o u t  a c l a i m s  form m a n u a l l y ,  t h e  d o c t o r ' s  

a s s i s t a n t  mere ly  d i a l e d  t h e  computer and i n p u t  t h e  i n f o r n a t i o n  by u s i n g  

the touch- tone  b u t t o n s  and a  set  o f  s t a n d a r d  c o d e s .  To s a v e  t i m e ,  t h e  

c a r d d i a l e r R  cou ld  b e  used. t o  e n t e r  f o u r  k i n d s  of i n f o r n a t i o n :  ( a )  t h e  

d o c t o r ' s  name. and Medicaid p r o v i d e r  number; ( b )  t h e  p a t i e n t ' s  namc and 

i d e n t i f i c a t i o n  number; ( c )  r o u t i n e  d i a ~ n o s e s  (50  c a r d s  c o u l d  h a n d l e  o v e r  

213 of a l l  d i a g n o s e s  specified); (d)  coriunorl medi.cal  t r e a t m e n t s  (50 c a r d s  

r e p r e s e n t e d  9 4  p e r c e n t  of a l l  t r e a t r u e n t s  f o r  which N e d i c a i d  re imbursement  

was r e q u e s t e d )  . 
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The i n p u t  system was an  i n t e r a c t i v e  voice-answerback system. A t  

any s t a g e  i n  which t h e r e  was i n fo rma t ion  e i t h e r  mi s s ing  o r  i ncomple t e ,  

t h e  computer would inform t h e  n u r s e  o r  a s s i s t a n t  s o  t h a t  s h e  cou ld  add 

t h a t  i n fo rma t ion .  The voice-answerback sys tem a l s o  t o l d  t h e  n u r s e  o r  

a s s i s t a n t  what i n fo rma t ion  was t o  b e  e n t e r e d  a t  each s t a g e .  For u s e r s  

w i t h  expe r i ence  w i th  t h e  system, t h e  v o i c e  i n s t r u c t i o n s  could  b e  re- 

p l a c e d  by a  s e t  of t ones  which e i t h e r  t o l d  t h e  i n p u t t e r  t o  e n t e r  t h e  

n e x t  b i t  of i n fo rma t ion  o r  t o  supply  m i s s i n g  in fo rma t ion .  A s  each b i t  

of in forn ia t ion  wzs e n t e r e d ,  t h e  computer would s e a r c h  i t s  f i l e s  f o r  

r e l e v a n t  s c r een ing  in fo rma t ion .  For  example,  i t  could t e l l  whether  t h e  

p h y s i c i a n  nuniber was v a l i d ,  whether  t h e  p a t i e n t  was e l i g i b l e  f o r  Medica id ,  

whether  a  d i a g n o s i s  was v a l i d  and whether  t h e  p o i n t  of s e r v i c e  was appro  

p r i a t e  ( e . g . ,  h o s p i t a l  v s .  d o c t o r ' s  o f f i c e ) ,  whether  a  p rocedure  was 

v a l i d ,  whether  a  d i a g n o s i s  was v a l i d ,  and whether  t h e  cha rges  were w i t h i n  

an  a l l owab le  range .  Plost of this was j u s t  i n fo rma t ion  checking  -- t h a t  

i s ,  i n  checking d i a g n o s i s  v a l i d i t y ,  t h e  computer was not  i n d i c a t i n g  t h s t  

t h e  d i a g n o s i s  was i n c o r r e c t  ( o r  whether  a  g iven  p rocedure  was a p p r o p r i a t e ) ,  

b u t  s imply whether  t h e  n u r s e  had e n t e r e d  a  number f o r  which a d i a g n o s i s  

e x i s t e d .  The b e n e f i t s  of  t h e  i nnova t ion  inc luded :  

o  reduc ing  i n p u t  t ime  a t  t h e  p h y s i c i a n ' s  o f f i c e  from ove r  h a l f  

an hour p e r  c la im t o  only 1-1/2 minu te s ;  

o  p rov id ing  immediate feedback on mi s s ing  o r  incomple te  i n foma-  

t i o n  f o r  each  c l a im ,  t hus  r educ ing  t h e  number of c l a ims  sub-  

m i t t e d  w i t h  e r r o r s  t o  p r a c t i c a l l y  z e r o ;  

o  reduc ing  average  c o s t  p e r  c l a im  from a $1.25-$2.50 r ange  t o  

$.50-$.75 per  c l a im  a t  t h e  p h y s i c i a n ' s  o f f i c e ;  

o  reduc ing  manual i n p u t  t ime a t  t h e  i n t e rmed ia ry  end by a t  l e a s t  

50 p e r c e n t ,  thereby  c u t t i n g  back p r o c e s s i n g  c o s t s .  

Th i s  was acco~npl i shed  us ing  well-known s t a n d a r d  technology .  

P h y s i c i a n s  j o ined  t h c  program because  of t h e  s i g n i f i c a n t  s a v i n g s  

t h a t  would acc rue  t o  them. 
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Goals and Outcomes 

The primary g o a l s  of  t h e  p r o j e c t  were: 

1. t o  test  t h e  t e c h n i c a l  f e a s i b i l i t y  of a computer-telephone 

b i l l i n g  system; 

,2. t o  de te rmine  t h e  economic f e a s i b i l i t y  of such a  sys tem;  

3. t o  de te rmine  phys i c i an  accep tance  of such a  sys tem;  

4 .  t o  s e e . t h e  system d i f f u s e d  throughout  t h e  coun t ry .  

The f i r s t  t h r e e  g o a l s  were met ve ry  s u c c e s s f u l l y .  The s y s t e n  n o t  

on ly  worked, b u t  was very  e f f e c t i v e  i n  r educ ing  c o s t s  , and was accepted  

wi thou t  d i f f i c u l t y  by phys i c i ans .  The f o u r t h  (and pe,rhzps nos t f n p o r t a n t )  

g o a l  h a s  n o t  been met ,  f o r  two p a r t i a l l y  r e l a t e d  r e a s o n s :  

The primary p o t e n t i a l  a d o p t e r s  of t h i s  sys tem a r e  t h i r d  p a r t y  paye r s  

such a s  Blue Cross .  I n  t h e  c a s e  of f e d e r a l  and s t a t e  med ica l  i n s u r a n c e  

programs, t h e  t h i r d  p a r t y  payer  i s  t y p i c a l l y  under c o n t r a c t  w i t h  t h e  

government on a c o s t  p l u s  f i x e d  f e e  b a s i s .  T h i s  g r e a t l y  reduc.es t h e  

i n c e n t i v e  t o  adopt  cos t - sav ing  t e c h n o l o g i c a l  i n n o v a t i o n s .  The t h i r d  

p a r t y  paye r s   ere n o t  e x p l i c i t  t a r g e t  audiences  of t h e  demons t r a t i on  

u n t i l  i t  became c l e a r  t h a t  Blue Cross  i n  Alabana would r e f u s e  t o  a d o p t  

t h e  system. 

The S o c i a l  S e c u r i t y  Admin i s t r a t i on  (SSA) through which ?!edicare i s  

funded was deve loping  a s i m i l a r  system. HCTD d i d  v e r y  l i t t l e  t o  c o o r d i n a t e  

t h e i r  p r o j e c t  w i t h  SSA, and t h e  development of t h e  SSA s y s t e n  con t inued  

t n  compet i t ion .  SSA d e c l i n e d  t o  p u t  any p r e s s u r e  on t h e  t h i r d  p a r t y  

payers  t o  adopt  t h e  Alabama innova t ion .  

S p e c i a l  C h a r a c t e r i s t i c s  

1. Th i s  appears  t o  be  a c a s e  i n  which.  t h e  pr imary b a r r i e r  t o  t ech -  

n o l o g i c a l  change was n o t  t h e  l a c k  of a v a i l a b l e  a p p r o p r i a t e  technology ,  

b u t  t h e  l a c k  of in ' cen t ive  on t h e  p a r t  of t h e  primary p o t e n t i a l  a d o p t e r s  

t o  use  c o s t  s av ing  technology.  I t  is n o t  c l e a r  how any demons t r a t i on  

pro jec . t  could have rc.rnoved t h i s  i n s t i t u t i o n a l  b a r r i e r  t o  t e c h n o l o g i c a l  

change. And i f  t h e  i n c e n t i v e s  of t h e  t l i i r d  p a r t y  payer  were changed t o  

make c o s t  s av ing  an iniportant  g o a l  f o r  thcm, i t  i s  n o t  a t  a l l  clcclr  t h a t  
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a d e m o n s t r a t i o n  p r o j e c t  would h a v e  been  n e c e s s a r y  f o r  t h e  a d o p t i o n  of 

t h i s  s t r a i g h t f o n , ~ a r d ,  o f f - t h e - s h e l f  t echnology .  

2. T h i s  c a s e  e x e m p l i f i e s  a s i t u a t i o n  i n  which t e c h n i c a l l y  o r i e n t e d  

s t a f f  ( i n  t h e  f e d e r a l  agency) were  a t t e n p t i n g  t o  promote  t h e  c o m n e r c i a l i z a -  

t i o n  of a . t e c h n o l o g y .  Perhaps  b e c a u s e  of t h e i r  l a c k  of e x p e r i e n c e  i n  t h e  

marketp1ace; they f a i l e d  t o  u n d e r s t a n d  t h e  mechanisms by which t h e i r  i n -  

n o v a t i o n  cou ld  b e  d i f f u s e d .  

YANKEE C I V I L I L k Y  POi?T:lI REi'iCTOR ---- 
Under t h e  Atomic Energy A c t s  of 1946 a n d ' 1 9 5 4 ,  t h e  A t o x i c  Energy 

Commission was charged  by Congress  w i t h  t h e  development  and p romot ion  

of a t o m i c  energy  f o r  c i v i l i a n  p u r p o s e s ,  i n c l u d i n g  t h e  u s e  o f . a t o m i c  

r e a c t o r s  t o  g e n e r a t e  e l e c t r i c i t y .  Under i t s  mandate  t h e  AEC s p o n s o r e d  

s e v e r a l  e x p e r i i n e n t a l  r e a c t o r s  f o r  power g e n e r a t i o n  and  a p i l o t  s i z e d  

f a c i l i t y .  I n  ear1.y 1955 AEC deve loped  t h e  " P o i ~ e r  Demonsrraticrn R e a c t o r  

Program" (PDRP) and i s s u e d  i t s  f i r s t  round RFP s e e k i n g  c o o p e r a t i v e  p ro-  

p o s a l s  f rom t h e  u t i l i t y  i n d u s t r y .  The Yankee Atomic E l e c t r i c  Company, a 

c o n s o r t i u m  of  e l e c t r i c  u t i l i t i e s  i n  t h e  energy-hungry N o r t h e a s t ,  r e s p o n d z d  

t o  t h e  RFP and t h e  Y a n k e e - d e m o n s t r a t i o n  p r o j e c t  was b o r n .  I n  1956 a 

c o n t r a c t  between Yanlcee Atomic and AEC was s i g n e d ,  which c a l l e d  f cr con- 

s t r u c t i o n  and o p e r a t i o n  o f  a  p r e s s u r i z e d  l i g h t  wa te r -coo led  and  modera ted  

r e a c t o r  which was c a p a b l e  of p roduc ing  a t  l e a s t  134 megawat ts  .of  d l e c -  

t r i c i t y ,  much l a r g e r  t h a n '  t h e  p i l o t  f a c i l i t y .  AEC a g r e e d  t o  wa ive '  f u e l  

c o s t s  f o r  f i v e  y e a r s ,  s u p p o r t  up t o  $4 m i l l i o n  i n , p r i v a t e  R&D,  and p e r -  

form $1 a ~ l l l i o n  i n  RLD i n  i t s  own l a b o r a t o r i e s ,  f o r  a t o t a l  f e d e r a l  con- 

t r i b u t i o n  of abou t  $8.3 m i l l i o n .  The rest of t h e  c o s t ,  and a l l  o f  t h e .  

r i s k s  f rom c o s t  o v e r r u n s ,  were  t o  b e  p a i d  by Yankee Atomic and t h e  o t h e r  

c o n t r a c t o r s .  

B a s i c  I n f o r m a t i o n  L i s t  - 
F e d e r a l  Funcliny. A ~ e n c v :  - R e a c t o r  Development: D i v i s i o n ,  Atomic Energy Com- 

m i s s i o n .  

O p e r a t i n g  Agency: -- Yankee Atomic E l e c t r i c  Company 

O t h e r  Invo lved  .72-.-.2--.- O r r ? n i 7 ? t i o n s  : Wcs t i n g h o u s e  - Prime c o n t r a c t o r  f o r  t h e  

r e a c t o r  ; S t o n e  and Webs t e r :  Arch i  t e c t - e n g i n e c r  c o n t r a c t o r .  
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S i t e :  Rowe, Massachuse t t s  ( a  r u r a l  town on t h e  D e e r f i e l d  ~ i v e r )  - 
P r o j e c t  L i f e :  1956-1965 ( o p e r a t i o n  s t a r t e d  i n  1961,  t h e  p l a n t  i s  

p r e s e n t l y  producing e l e c t r i c i t y ) .  

Primary Source of Demonstratj.on P roposa l :  AEC. 

Cos t ,  Fede ra l  Share :  c .  $ 8 . 3  m i l l i o n  

Cos t ,  Loca l  Share:  $38.5 m i l l i o n  ( c a p i t a l  c o s t s )  

Cost-shar ing w i t h  Prof i tmaking  Firms: Yes 

Ta rge t  Audiences : 

P o t e n t i a l  a d o p t e r s :  e l e c t r i c  u t i l i t i e s  i n  h igh  c o s t  a r e a s  of t h e  U.S. 

P o t e n t i a l  manufac turers :  f i r m s  i n  r e a c t o r  d e s i g n  and c o n s t r u c t i o n  

Po ten t i a l .  r e g u l a t o r y  agency: AEC, b u t  on ly  ' t o  minor e x t e n t  

Although t h e  Yankee r e a c t o r  was a  s c a l e  up of a  wel l -developed 

type  of r e a c t o r ,  i t  had a  number of n o v e l  f e a t u r e s  which i n c r e a s e d  the  

amount of u n c e r t a i n t y  about  t h e  t echno logy ' s  f u n c t i o n i n g .  D e s p i t e  t h e  

f a c t  t h a t  t h e  b a s i c  r e a c t o r  type  was proven ,  t h e  s c a l e  of Yankee bras 

cons ide rab ly  beyond any power r e a c t o r  e v e r  b u i l t .  E v e n t u a l l y  c o n t r a c t o r s  

w i t h  expe r i ence  i n  b u i l d i n g  r e a c t o r s  and s o l i d  p l a n s  were found. The 

c o n t r a c t s  !7ere drawn between Yankee Atomic and t h e  c o n t r a c t o r s  w i t h o u t  

AEC be ing  a  p a r t y .  

Goals and Outcomes 

The pr imary goa l s  of t h e  p r o j e c t  were:  

o  t o  demons t ra te  t h e  t e c h n i c a l  f e a s i b i l i t y  o f  l a r g e  s c a l e  p re s -  

s u r i z e d  water-cooled r e a c t o r s  f o r  poyer g e n e r a t i o n  

o  t o  d i s c o v e r  t h e  c o s t s  of o p e r a t i n g  such  a  r e a c t o r  i n  con t inuous  

o p e r a t i o n  

A f t e r  a  number of minor t e c h n i c a l  problems were i r o n e d  o u t ,  the. 

Yankee p l a n t  began an e n v i a b l e  h i s t o r y  of  o p e r a t i o n .  P l a n t  a ' v a i l a b i l i t y  

was e x c e l - l e n t ,  and t h e  p l a n  gene ra t ed  c o n s i d e r a b l y  more e l e c t r i c i t y  t han  

had been e spec t ed .  The c o s t  of t h e  p1an.t tu rned  o u t  lower t han  o r i g i n a l l y  

e s t i m a t e d ,  b u t  t h i s  probably r e f  l c c t e d  h i g h  u n c e r t a i n t y  i n  t h e  o r i g i n a l  

e s t i m a t e s .  The. p l a n t ' s  coope ra t i ve  o \mcrsh ip  became a  model f o r  f u t u r e  

a c t i v i t y  of t h e  u t i l i t i e s  involved .  
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S p e c i a l  C h a r a c t e r i s t i c s  

1. Yankee i l l u s t r a t e s  t h a t  under s p e c i a l  c i rcumstances  a  demonstra- 

t i o n  p r o j e c t  can succeed d e s p i t e  c o n s i d e r a b l e  t e c h n o l o g i c a l  u n c e r t a i n t y .  

T h i s  was p o s s i b l e  because  most of t h e  o t h e r  a s p e c t s  of t h e  p r o j e c t  were 

n o t  s u b j e c t  t o  inrich u n c e r t a i n t y .  

2 .  Yankee i s  an  e x c e l l e n t  example of how federal  i n t e r v ~ n t i - n n ,  

even invo lv ing  a  s m a l l  p o r t i o n  of t h e  t o t a l  c o s t s ,  c an  p o s i t i v e l y  af- 

f e c t  t e c h n o l o g i c a l  i nnova t ion .  F e d e r a l  s u p p o r t  t i pped  t.he b a l a n c e  i n  

f a v o r  of t h e  p r o j e c t .  

CONNECTICUT YANKEE CIVLLII~Y POF.TR RE:\CTOR 

Encouraged by t h e  s u c c e s s f u l  o p e r a t i n g  expe r i ence  of such n u c l e a r  

p l a n t s  a s  Shippingpor t  , D r c s d ~ . n ,  and Yankae, AEC iccuc.d' an i n v i t a t i o n  

f o r  p roposa l s  t o  b u i l d  l a r g e - s c a l e  power r e a c t o r s .  \J'ilile t h e  i n v i t a t i o n  

f o r  Yankee i n  1956 was f o r  a r e a c t o r  l a r g e r  t han  134 megawatts (?be), 

t h e  i n v i t a t i o n  f o r  p roposa l s  i n  1362 was f o r  a  n u c l e a r  power p l a n t  l a r g e r  

t h a n  400 klwe. The g o a l  was t o  t a k e  a  proven r e a c t o r  concept  and denon- 

s t r a t e  t h e  econo~nics  of l a r g e  s c a l e  r e a c t o r s  a s  r e l i a b l e  sou rces  of power 

under  base  load c .ondi t ions.  I n  1962 a  consor t ium of t h e  type  which 

f i nanced  the  Yankee p l a n t  (and i n  f a c t  i n c l u d i n g  some of  t h e  s a n e  u t i l i -  

t i e s )  was formed t o  exp lo re  t h e  p o s s i b i l i t i e s  of  a  power r e a c t o r  i n  Con- 

n e c t i c u t ,  and a f t e r  AEC i s s u e d  i t s  RFP, Connec t icu t  Yankee Atomic Power 

Company, t h e  consor t ium,  decided t o  respond.  

Federal .  Funding Agency: Reac tor  Development D i v i s i o n ,  AEC 

Opera t ing  Agency: Connec t icu t  Yankee Atomic Power Company 

Other  Organ iza t ions  Involved:  Westinghouse, prime c o n t r a c t o r ;  S tone  and 

Webster ,  a r c h i t e c t - , e n g i n e e r  c o n t r a c t o r .  

S i t e :  Haddan Neck .Connec t icu t ,  a  township c l o s e  t o  a  p o p u l a t i o n  c e n t e r  -- 
a t  t h e  conf luence  of t h e  Connec t icu t  and Salmon R ive r s .  

P r o j e c t  L i f e :  1964-1973 (ope ra t i on  began J a n u a r y ,  1968; p r e s e n t l y  
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Primary Source of Demonstration P roposa l :  AEC ( i t  i s  q u i t e  p o s s i b l e ,  

however, t h a t  . t he  p l a n t  would have' been c o n s t r u c t e d  w i thou t  f e d e r a l  

a s s i s t a n c e )  . 
C o s t ,  F e d e r a l  Share:  c .  $13.1 m i l l i o n  ($7 .1  m i l l i o n  by waiver  of f u e l  -- 
cha rges  f o r  5 y e a r s ,  $6 m i l l i o n  i n  d e s i g n  a s s i s t a n c e ) .  

Cos t ,  Loca l  Share:  $103 m i l l i o n  ( c a p i t a l  c o s t s  of n u c l e a r  f a c i l i t i e s )  

Ta rge t  Audiences: 

P o t e n t i a l  adop te r s :  e l e c t r i c  u t i l i t i e s  

P o t e n t i a l  manufac turers :  commercial n u c l e a r  r e a c t o r  d e s i g n  and con- 

s t r u c t i o n  i n d u s t r y  

Potential r e g u l n t o r y  agency: AEC 

Although i n c o r p o r a t i n g  some of t h e  lessor is  l e a r n e d  from o t h e r  c i v i l i a n  

power r e a c t o r s ,  Connec t icu t  Yankee was t o  a  c o n s i d e r a b l e  e x t e n t  an  ou t -  

growth t e c h n o l c g i c a l l y  and o r g a n i z a t i o n a l l y  of t h e  Yankee d e a o n s t r a t i o n .  

The same c o n t r a c t i n g  team t h a t  had been s o  s u c c e s s f u l  w i t h  Yankee b u i l t  

t h e  p l a n t ,  u s i n g  t h e  same type  of r e a c t o r  b u t  a t  l a r g e r  s c a l e .  >Ienbers 

of Yankee Atomic were i n s t ruz i en t a l  i n  c r e a t i n g  t h e  Connec t icu t  Yankee 

consort ium, and Connec t icu t  Yankee Atomic used some of t h e  sane management 

pe r sonne l  a s  Yankee.. Nonethe less ,  Connec t icu t  Yankee d i d  i n c o r p o r a t e  

some d e s i g n  advances,  p a r t i c u l a r l y  i n  t h e  r e a l m . o f  t h e  c o n t r o l  sys tem,  

somewhat d i f f e r e n t  c o r e  d e s i g n ,  and pump des ign .  I t  should  b e  n o t e d ,  

however, t h a t  advances i n  n u c l e a r  r e a c t o r  technology of t h i s  s o r t  would 

be expec ted  w i th  t h e  c o n s t r u c t i o n  of a  new p l a n t  a t  t h i s  s t a g e  of t h e  

technol .ogyls  development.  The conf idence  w i t h  v h i c h  Connec t i cu t  Yankee's 

expec ted  performance was viewed i s  i l l u s t r a t e d  by t h e  f a c t  t h a t  t h e  

p r i v a t e l y  borrowed c a p i t a l  f o r  t h e  p r o j e c t  was a t  4 . 5  p e r c e n t  i n t e r e s t .  

Connec t icu t  Yankee d i d  .encounter a problem t h a t  had n o t  con f ron ted  Yankee 

t o  t h c  same e x t e n t :  envi ronmenta l  and s a f e t y  conce rns .  Because Con- 

n e c t i c u t  Yankee was c l o s e  t o  a  popu la t i on  c e n t e r ,  because  a s h i f t  a g a i n s t  

n u c l e a r  p l a n t s  was occu r r ing  i n  p u b l i c  op in ion ,  and because  t h e  r egu la -  

t i o n  of nuc l ea r  p l a n t s  was b e t t e r  developed,  Connec t icu t  Yankee Atomic 

f aced  a  more wary cnvironment than Yankec. The consor t ium made e x t e n s i v e  

p l a n s  and promises t o  c o r r e c t  any possib1.e thermal  p o . l l u t i n n  t o  t h e  r i v e r  
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from t h e  p l a n t  which might  have  c o s t  a s  much a s  $5 m i l l i o n .  I n  a d d i t i o n ,  

t h e  p l a n t  only escaped a  c h a l l e n g e  t o  t h e  g r a n t i n g  of  i t s  l i c e n s e  be- 

c a u s e  of a  t e c h n i c a l i t y  which d i s q u a l i f i e d  t h e  p r o t e s t e r s .  The p l a n t  

d i d  g e n e r a t e  a  g r e a t  d e a l  of u s e f u l  i n fo rma t ion  abou t  p o s s i b l e  t h e m a l  

p o l l u t i o n ,  b u t  i t s  expe r i ence  w i t h  t h e  l i c e n s i n g  procedure  cannot  be  

g e n e r a l i z e d  because of t h e  l u c k  involved .  

Goals .  and Outcomes 

The pr imary g o a l s  of Connecticut. .Yankee were: 

o t o  show . t h e  economies ,of s c a l e  of a  l a r g e  s c a l e  c o m e r c i a 1  

p r e s s u r i z e d  l i g h t  wa te r  r e a c t o r  f o r  electric power g e n e r a t i o n  

o t o  show t h e  u t i l i t y  i n d u s t r y  t h a t  n u c l e a r  pow.er had a r r i v e d ,  

both t e c h n o l o g i c a l l y  and economical ly  

Connec t icu t  Yankee d i d  i n  f a c t  show t h a t  economies of s c a l e  e x i s t e d  

f o r  power r e a c t o r s ,  which had been g e n e r a l l y  expec t ed  anyway. Today 

l i g h t  wa te r  cooled r e a c t o r s  dominate t h e  domes t i c  f i e l d  of power r e a c t o r s .  

S p e c i a l  C h a r a c t e r i s t i c s  

A s  a  demons t ra t ion  p r o j e c t  Connec t icu t  Yankee r a i s e s  some q u e s t i o n s  

about  t h e  j u s t i f i c a t i o n  of f e d e r a l  i n t e r v e n t i o n .  The power p l a n t  would 

i n  a l l  l i k e l i h o o d  have been c o n s t r u c t e d  w i t h o u t  government a s s i s t a n c e ,  

and i t  is  n o t  c l e a r  t h a t  t h e  outcomes i n  terms of t h e  p l a n t ' s  d e s i g n  

would have been any d i f f e r e n t .  T h i s  demons t ra t ion  might h e  j u s t i f  i c d  

e s s e n t i a l l y  as  an adve r t i s emen t  f o r  a  technology which a l r e a d y  e x i s t e d .  

I n  subsequent  s e c t i o n s ,  we c a l l  t h e s e  "exemplary demons t r a t i ons . "  As 

an  element  i n  a demons t ra t ion  program, i t  a l s o  he lped  p r o v i d e  t h e  pro- 

d u c t i o n  volume neces sa ry  t o  suppor t  manufac turers  deve lop ing  t h e  capa- 

b i l i t y  t o  supp1.y a  new technology .  

OPERATION RREAKTIIR b~lG11 - 

The c i v i l  d i s o r d e r s  which occur red  d u r i n g  t h e  mid-1960s p r e c i p i -  

t a t e d  an  i n c r e a s e  i n  f e d e r a l  government concern w i t h  t h e  problems con- 

f r o n t i n g  America 's  c i t i e s  i n  g e n e r a l  and urban hous ing  marke t s  i n  
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partic.ular. The Urban Development Act of 1968 was a direct outgrowth 

of this concern. It established the goal of producing 26 million hous- 

ing units by 1978, with at least 6 million for low income families, 

and authorized a research and development program to investigate the 

use of new, mass-produced housing technologies as a means of meeting 

the production goal. In May 1969, George Romney, Secretary of the 

Department of Housing and Urban Development, announced Operation Break- 

through as the Department's response to this congressional mandate. 

The program was outlined as a partnership of labor, consumers, private 

enterprise, local, state, and federal government which would seek to 

provide housing .for all income levels through the use of modern tech- 

niques of production, marketing, and :management. The implementation of 

this goal would be achieved in a three-part effort, which would proceed 

from housing system design and selection (Phase I) to prototype con- 

struction and testing (Phase 11) and, finally, to volume production 

(Phase 111) for housing markets which would be aggregated at the same 

time that the production-related steps of the program were being car- 

ried forward* 

Basic Information List 

Federal Funding Agency: Office of Research and Technology, Department 

of Housing and Urban Development. 

Contractors: The program involved three groups of private sector partici- 

pants as-contractors: 

1. 22 housing systems producers (HSPs)--companies or consortia 

whose housing systems would be demonstrated during the program. 

2. 9 prototype site planners (PSPs)--professicnal planning con- 

sultants which prepared the planning and design work for. the 

9 prototype sites. 
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3. 8 prototype site developers (PSDs)--general contractors at 

the sites for the prototype construction and demonstration. 

The MS? contracts for the prototype construction were signed with the 

PSDs, not with HUD. 

Site: The housing systems were demonstrated on 9 sites around the 

country. 

Projer.t  rife: May 1969 - present.(Some Phase I11 cons'truct'ion using 
Section 236 subsidy funds is still underway) 

Prinlarv Source of Demonstration Pro~osal: HUD 

Cost for Phases I and I1 (design d~velopment and prototype construction): 

Net federal government cost $ 72.2 miilion 

Financing hy private and state lenders 65.4 million 

Rents and sales 8.1. mi,.l.l.ion 

Cost Sharing with Profitmaking Firm: Yes, with HSPs - -- 
Target Audiences: 

Potential adopters: state and local public housing authorities, 

developers and general contractors 

Potential manufacturers: firms included as HSPs, building matsrials 

suppliers 

Regulatory agencies: local government building code and zoning 

agencies, transportation regulatory agencies 

(Tnt~rstate Commerce Commis~ion, Aiuerican 

Association of State Highway Officials) 

OLhcx: labor unions, financial institutions, including state housing 

finance agencies. 

Summary of Technology 

The national housing goal set forth in the 1968 omnibus housing bill 

re,quired the production of 2.6 million housing units per year. Such an 

annual rate of output would b e  significantly greater than previous peak 

levels of housing production and would probably be achieved only at 

substantial increases in cost, given that the residential construction 
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industry appeared to be operating at full capacity during the 1960s. 

The major input constraint was a predicted shortage of skilled labor. 

The most straightforward method for alleviating this shortage would be 

to move much of the craft-based, on-site construction into a factory 

setting in which capital and lcss-skilled labor ,could be used more in- 

tensive].~. 

This was the type of change in residential construction technology 

embodied in the housing systems selected for the program. Because the 

producers had only three months to respond to the RFP, the systems repre- 

sented basically .off-the-shelf technology. Several were offshoots of 

housing systems already in production for the U.S. market, and three 

were precast concrete panel systems which had already been used exten- 

sively in Europe.. Three high technology housing systems were demonstrated 

in Phase 11: (1) a fiber reinforced resin and filler to fabricate the 

system's structural and decorative panels; (2) a mandrel-wrapped, fiber 

shell module; and 0) a totally coordinated and complete system of con- 
crete panels, interior partitions, and exterior wall units. The syste5s 

selected included a variety of structural concepts. 

An iniportant cl~pect; of the terhnology of the program (not fully 

anticipated at its inception) was the development of a set of evaluation 

procedures for the Phase 11, prototype construction. Since no compre- 

hensive set of performance requirements, criteria, and tests existed 

in 1970, HUD contracted with the National Bureau of Standards for their 

development. The result of this effort was the four-volume Gxide Crite~Yia, 

which are perforlnance based and systems oriented with respect to the 

.health and safety aspects of housing and which address its livability and 

durability, subjccts of concern to mortgage lenders who are accustomed 

to using the Federal Housing Administration's Fiinimum Property Standards. 

This decision could potentially increase the incentives for and 

feasibility of future innovation in the housing industry. However, it 

became an extremely costly one in terms of Breakthrough's timetable and 

budget because of the problcms associated with interpreting and imple- 

menting the Guide Criteria. The criteria were phrased in tenns of per- 

forn~ance language and contained compliance testing which embodied new 
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c o n c e p t s  a n d / o r  p r o f e s s i o n a l  judgmsnts .  Thus t h e  i n t e r p r e t a t i o n  was 

more complex and l e s s  uniform.- than c o n v e n t i o n a l  s t a n d a r d s .  

G o a l s  and  Outcomes 

Accord ing  t o  t h e  RFP f o r  t h e  h o u s i n g  s y s t e m s  p r o d u c e r s ,  t h e  p ro -  

g r a m ' s  p r imary  g o a l  was 

... t h e  e s t a b l i s h m e n t  of  s e l f - s u s t a i n i n g  mechanisms f o r  r a p i d  
volume p r o d u c t i o n  of  m a r k e t a b l e  h o u s i n g  a t  p r o g r e s s i v e l y  lower  
c o s t s  f o r  p e o p l e  of a l l  income l e v e l s ,  w i t h  p a r t i c u l a r  emphas i s  
o n  t h o s e  g r o u p s  and i n d i v i d u a l s  which h a v e  had d i f . f i c u l t y  i n  
o b t a i n i n g  s a t i s f a c t o r y  h o u s i n g  i n  t h e  p a s t .  

The RFP a l s o  l i s t e d  a  number of s e c o n d a r y  g o a l s  d e s i g n e d  t o  a s s i s t  i n  

a c h i e v i n g . t h e  p r imary  o b j e c t i v e .  The o b j e c t i v e s  d e f i n e d  a b r o a d l y  

b a s e d  a t t a c k  o n  t h e  e n t i r e  mechanism f o r  p r o d u c i n g  h o u s i n g  s e r v i c e s ,  

as opposed t o  j u s t  t h e  c o n s t r u c t i o n  o f  t h e  h o u s i n g  u n i t  p e r  s e .  Because  

t h e  g o a l s  were  s t a t e d  i n  g e n e r a l  t e r m s ,  i t  i s  d i f f i c u l t  t o  s t a t e . p r e -  

c i s e l y  w h e t h e r  they  have been  accompl i shed .  

The f o l l o w i n g  i n t e n d e d  g o a l s  were  o b t a i n e d :  

1. Houses were  b u i l t ,  s o l d ,  and o c c u p i e d  i n  P h a s e s  11 and I11 i n  

a p r o g r a m . r u n  r e a s o n a b l y  o n  b u d g e t  and on t i m e  ( i n  t e r m s  o f  

i t s  g l o b a l  s c h e d u l e ) .  Twenty-nine hundred u n i t s  a r e  now b u i l t  

i n  t h e s p r o t o t y p e ,  and a p p r o x i m a t e l y  25,000 u n i t s  h a v e  b e e n  

p lanned  and a r e  i n  v a r y i n g  s t a g e s  o f  p r o d u c t i o n .  

2.  The h o u s e s  wcre  d i s p l a y e d  w i t h i n  communi t ies  which  were  i n t e -  

g r a t e d  r a c i a l l y  and e c o n o m i c a l l y .  I n  a d d i t i o n  t h e s e  community 

deve lopments  embodied t h e  "planned u n i t  development"  d e s i g n  

c o n c e p t ,  i n  which a v a r i e t y  o f  h o u s i n g  t y p e s  a r e  u s e d  o n  a 

s i n g l e  s i t e .  

3.  A comprehensive  s e t  of  performance-based e v a l u a t i o n  and t e s t i n g  

p r o c e d u r e s  have .been c r e a t e d ,  some a s p e c t s  o f  which  h a v e  been  

i n c o r p o r a t e d  i n t o  FHA's niinimuni p r o p e r t y  s t a n d a r d s  , a . l though  

t h e y  have n o t  been  a d o p t e d  by l o c a l  r e g u l a t o r y  a g e n c i e s .  
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4 .  A m a j o r i t y  of s t a t e s  have adopted s t a t e w i d e  b u i l d i n g  codes ,  

and a  number of r e c i p r o c i t y  agreements  among t h e  s t a t e s  have 

been made. The ev idence  t h a t  t h e s e  can  be  a t t r i b u t e d  d i r e c t l y  

t o  Breakthrough i s  only  c i r c u m s t a n t i a l  b u t  n o n e t h e l e s s  per -  

s u a s i v e .  

5 .  S e v e r a l  major companies became a c t i v e  i n  hous ing  p r o d u c t i o n  

f o r  t h e  f i r s t  t ime,  and some remain a c t i v e .  

6.  Coopera t ive  l a b o r  agreements were s igned .  

7 .  T r a n s p o r t a t i o n  charges  (po in t - to -poin t  t a r i f f s )  f o r  completed 

housing modules were reduced. 

8. A few l o c a l  deve lopers  were g iven  expe r i ence  w i t h  new ap2roaches  

t o  housing.  And some m i n o r i t y  group s u b c o n t r a c t o r s  and workers  

were provided w i t h  new o p p o r t u n i t i e s  i n  t h e  hous ing  f i e l d .  

However, a number of in tended  accomplishments d i d  n o t  occu r :  

1. S t a t e  and l o c a l  a u t h o r i t i e s  have  n o t  begun t o  engage i n  

s i g n i f i c a n t  housing market agg rega t ion  a c t i v i t y .  

2. Savings and l o a n  i n s t i t u t i o n s  have no t  s i g n i f i c a n . t l y  changed 

t h e i r  involvement o r  i n t e r e s t  i n  t h e  f i n a n c i n g  of i n d u s t r i a l i z e d  

housing product ion .  

3.  The program d i d  n o t  d i r e c t l y  s t i m u l a t e  s i g n i f i c a n t  i n n o v a t i o n  

i n  housing p roduc t ion  technology.  The q u a l i t y  of Breakthrough 

hous ingowas  n o t  a s  h igh  a s  expec ted  and t h e  p roduc t ion  c o s t s  

of t h e  Breakthrough systems were n o t  a p p r e c i a b l y  lower t han  

those  f o r  housing of comparable q u a l i t y .  I n  a d d i t i o n ,  s e v e r a l  

of t h e  housing producers  involved i n  t h e  program l o s t  money. 

S p e c i a l  Chornc t c r i s  - t i c s  

The c o ~ l f i g u r a t i o n  of outcomes f o r  Ope ra t i on  Breakthrough l i s t e d  

above can  be  a t t r i b u t e d  l a r g e l y  t o  t h e  r e l a t i o n s h i p  between t h e  programs 

g o a l s  and i t s  management, and t h e  i n t e r p l a y  between p o l i c y  and program 

d e c i s i o n s .  To a  s i g n i f i c a n t  deg ree ,  t h e  management methods de te rmined  

which program goa l s  were emphasized and subs.equently ach i eved ,  r a t h e r  

t han  v i c e  v e r s a .  Th i s  confused connec t ion  between g o a l s  and management 
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was confounded f u r t h e r  by t h e  i m p o s i t i o n  of a number o f  p o l i c y - l e v e l  

d e c i s i o n s  whi.ch - reduced t h e  p rogram's  f l e x i b i l i t y  and t h e r e b y  c o n s t r a i n e d  

i t s  a b i l i t y  t o  a c h i e v e  c r u c i a l  i n s t i t u t i o n a l  changes .  

B r e a k t h r o u g h ' s  o r i g i n a l  program d e s i g n  i n c l u d e d  marke t  a g g r e g a t i o n  

a s  a s i g n i f i c a n t  g o a l ;  and r e s e a r c h  on t h e  h o u s i n g  ' i n d u s t r y  i n d i c a t e s  

t h a t .  t h e  f ragmented and f l u c t u a t i n g  n a t u r e  of h o u s i n g  denand is  p r o b a 5 l y  

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

c i e n c y .  However, t h e  d e g r e e  t o  which t h i s  would a c t u a l l y  b e  t h e  f o c u s  

of t h e  program depended on t h e  budgeL a l l o c a t i o n s  f o r  P h a s e s  11 and I11 -- 
r e s e a r c h  v e r s u s  derr ,onst ra t ion;  h a r d  p r o d u c t s  v e r s u s  i n s t . i t u t i o n a 1  change.  

P o l i c y  concerns  d r o v e  Break through  i n  t h e  d i r e c t i o n  o f  P h a s e  11, l e a v i n g  

Phase  I11 ( a s  o r i g i n a l l y  p l a n n e d )  and t h e  d i f f i c u l t  i n s t i t u t i o n a l  is- 

s u e s  l a r g e l y  untouched and u n r e s o l v e d .  

PERSONAL RAPID TRANSIT SYSTDI 

D e s p i t e  e f f o r t s  t o  m a i n t a i n  and f u r t h e r  d e v e l o p  p u b l i c  t r a n s i t ,  t h e  

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

i n  u r b a n  t r a n s p o r t a t i o n .  I t  h a s  been  assumed t h a t  one o f  t h e  m a j o r  

r e a s o n s  t h a t  p u b l i c  t r a n s p o r t a t i o n  h a s  f a r e d  p o o r l y  i n  c o m p e t i t i o n  w i t h  

t h e  a u t o ,  i s  t h e  a u t o m o b i l e ' s  g r e a t e r  f l e x i b i l i t y  i n  moving p e o p l e  where  

t h e y  w i s h  t o  g o  when t h e  wish  t o  go w i t h o u t  t h e  need f o r  w a l k i n g  o r  e s -  

t e n s i v e  w a i t i n g .  To meet t h i s  problem f o r  p u b l i c  t r a n s p o r t ,  a t t e n t i o n  

h a s  been  f o c u s e d  on t h e  p r o s p e c t s  of p e r s o n a l  r a p i d  transit -- a s y s t e a  

u s i n g  a l a r g e  number of r e m o t e l y  c o n t r o l l e d  s m a l l  c a r s  on a n  e s t e n s i v e  

g r i d  of automated guideways.  An i n d i v i d u a l  c o u l d  o b t a i n  a  v e h i r l c .  on 

demand a t  a  nearby  s t a t i o n  which would t a k e  him v e r y  c l o s e  t o  h i s  u l t i -  

mate  d e s t i n a t i o n .  I n  o r d e r  t o  d e m o n s t r a t e  such a s y s t e m  t h e  Urban. Mass 

T r a n s  i t  A d m i n i s t r a t i o n  (UN'TA) funded t h e  Morgantown PRT . 

B a s i c  I n f o r m a t i o n  L i s t  

F e d e r a l  Funding Agency: Urban Mass ~ r a n s ~ d T t a t i o n  A d m i n i s t r a t i o n ,  U e -  

p a r t m c n t  o f  T r a n s p o r t a t i o n .  

L o c a l  O p e r a t i n g  Agenc.y:. U n i v e r s i t y  of West V i r g i n i a .  
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C o n t r a c t o r s : '  Boeing,  Aerospace ,  p r ime  c o n t r a c t o r  (development  o f  

v e h i c l e s ) ;  Bendix Development,  computer-based command and  c o n t r o l  

aystern and s o f ~ w a r e ;  F r e d e r i c k  R. H a r r i s  A s s o c i a t e s ,  d e s i g n  of  g u i d e -  

way. 

L o c a t i o n  of  S i t e :  E!organtown, West V i r g i n i a  -- p o p u l a t i o n  29 ,000  p l u s  

22,000 s t u d e n t  p o p u l a t i o n .  

P r o j e c t  L i f e :  1370 - c o n t i n u i n g .  --- 
Cos t  F e d e r a l  S h a r e :  c .  $61  m i l l i o n .  

- 9  

C o s t ,  1,ocal. sha re . :  $2-$3 from U n i v e r s i t y ,  c i t y  and c o u n t y  m o s t l y  i n  l a n d .  --- 
Cost  S h a r i n g  w i t h  'i'rof i t m a k i n g  F:irms : No - . . - 

Cost  S h a r i n g  w i t h  Non-Prof i t  Agenc ies :  Yes - 

The U n i v e r s i t y  of vest: V i r g i n i a . ,  w h i c h , h a d  a  t r a n s p o r t a t i o n  p r o b l e a  

f o r  c o n n e c t i n g  i t s  t h r e e  campuses i n  Morganto:.m, was i n t e r e s t e d  i n  t h e  

p o s s i b i l i t y  of employing advanced t e c h n o l o g y  t o  s o l v e  i t s  p r o b l e m ,  and 

s o u g h t  and r e c e i v e d  a  g r a n t  f r o n  m!TA i n  1969 t o  s t u d y  t h e  f e a s i b i l i t y  

of  PRT. Tli is  was f o l l o w e d  by a f o r m a l  r e q u e s t  f o r  c a p i t a l  f u n d s  t o  

b u i l d  a  PRT. 

It  became q u i c k l y  a p p a r e n t  t h a t  t h e  c o s t  e s t ' i m a t e s  f rom t h e  f e a s i -  

b i l l t y  scudy were  u n r e a l i s r i c a l l y  low. A f t e r  some m a j o r  c h a n g e s ,  a 

c o n t r a c t  was s i g n e d  and t h e  S e c r e t a r y  of T r a n s p o r t a t i o n  announced t h a t  

t h e  Morgantown PRT crould b e  r e a d y  f o r  p u b l i c  d e m o n s t r a t i o n  i n  O c t o b e r  

1972,  j u s t  b e f o r e  t h e  e l e c t i o n s .  Thus ,  UZ.lTA became commit ted  t o  b u i l d i n g  

t h e  PRT i n  j u s t  two y e a r s ,  d e s p i t e  t h e  f a c t  t h a t  t h e  t e c h n o l o g y  was un- 

p roven ,  t h e  s y s t e m  had n o t  been  d e s i g n e d ,  and l o n g  l e a d - t i n e s  w e r e  n e c e s -  

s a r y  f o r  t h e  d e l i v e r y  of some s y s t e m  components .  

A s  p l a n s  went  f o r w a r d ,  i t  was r e a l i z e d  t h a t  t h e  t e c h n o l o g y  f o r  a  

s y s t e m ' w i t h  a  l a r g e  number of s m a l l  v e h i c l e s  would n o t  p o s s i b l y  b.e r e a d y ,  

and s o  t h e  b a s i c  c .o~lccpt  of  t h e  s y s t e m  was changed from persona2 r a p i d  

t r a n s i t  i -r i th v e h i c l e s .  c a r r y i n g  3 o r  4 p a s s e n g e r s ,  t o  group r a p i d  t r a n s i t ,  

w i t h  v e h i c l e  c a p a c i t y  of 20. I11 a d d i t i o n ,  t h e  l e n g t h  of  t h e  s y s t e m  and 

t h e  number of  s t a t i o n s  were  reduced  t o  a b a r e  mini.mum. Meanwhi le ,  c . o s t s  

e s c a l a t e d .  
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The c o n t r a c t  between mITA and West V i r g i n i a  U n i v e r s i t y  s t i p u l a t e s  

t h a t  i f  t h e . p r o j e c t  does n o t  meet t h e  U n i v e r s i t y ' s  needs ,  t h e  U n i v e r s i t y  

r e s e r v e s  t h e  . r i g h t  ' to  r e q u i r e  t h e  sys tem t o  b e  d i smant led  and t h e  s i t e  

r e s t o r e d  t o  i t s  o r i g i n a l  c o n d i t i o n .  Thus, t h e  c o n t r i b u t i o n  of l a n d  by 

t h e  U n i v e r s i t y ,  c i t y  and county r e p r e s e n t s  a  c o s t - s h a r i n g  arrangement  

w i t h  l i t t l e  r i s k  s h a r i n g .  

PRT may o r  may n o t  be  a  good mode of r a p i d  p u b l i c  t r anspo r t a t i o r z .  

U n f o r t u n a t e l y ,  t h e  expe r i ence  i n  Piorgantown, d e s p i t e  t h e  e x p e n d i t u r e  

of ove r  $60 m i l l i o n  i n  f e d e r a l  funds ,  cannot  s e t t l e  t h e  q u e s t i o n .  

S p e c i a l  Charac t e r i s  tj.cs' - 
1. Demonstrating a  technology which is n o t  s u f f i c i e n t l y  developed 

is n e a r l y  imposs ib le . ,  Components should have been t e s t e d  on a  t e s t  bed ,  

b e f o r e  a t t empt ing  t o  d e s i g n  t h e  o v e r a l l  Morgantown system. 

2. P o l i t i c a l  p r e s s u r e s ,  e s p e c i a l l y  i n v o l v i ~ l g  xime c o n s t r a i n t s  , a r e  

d e t r i u ~ e n t a l  t o  demons t ra t ion  s u c c e s s .  

3.  Cost s h a r i n g  i n  t h e  absence of r i s k  s h a r i n g ,  which was t h e  c a s e  

i n  Morgantown, i s  n o t  a good i n d i c a t o r  f o r  e v e n t u a l  s u c c e s s .  

SOLID WASTE-TO-FUEL CONVERSION PLAYT 

I n  response  t o  t h e  growing problem of what t o  do w i t h  mun ic ipa l  s o l i d  

w a s t e ,  and i n  p a r t i c u l a r  t h e  l o s s  o f ' r e s o u r c e s  involved  i n  c u r r e n t  d i s -  

p o s a l  p r a c t i c e s ,  Congress passed t h e  Resource Recovery Act of 1970 which 

gave t h e  Environmental  P r o t e c t i o n  Agency s p e c i f i c  . a u t h o r i z a t i o n  t o  fund 

d e ~ n o n s t r a t i o n s  of new t echno log ie s  f o r  r e s o u r c e  r ecove ry .  A t  p r e s e n t ,  

t h e  Resource Recovery D i v i s i o n  i s  demons t ra t ing  s i x  a l t e r n a t i v e  ways t o  

r ecove r  t h e  energy ,  me ta l s  and o t h e r  m a t e r i a l s  now l o s t  i n  s o l i d  w a s t e ,  

and a m e l i o r a t e  d i s p o s a l  problems. The Refuse  iring Demonstrat ion (RFD) ,  

w i t h i n  which s o l i d  was te  i s  s p e c i a l l y  p repa red . and  t h e n  f i r e d  i n t o  a  

u t i l i t y  steam b o i l e r  i n  con junc t ion  w i t h , c o a l ,  i s  one of t h e s e  approaches .  

Bas ic  I n f o r m  t i o n  L i s t  

Fede ra l  Fundin$ - A ~ e n c y :  Energy Recovery Program, Resource Recovery 

D i v i s i o n ,  USEPA. 
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Opera t ing  Agcncir: -- Refuse Department of C i t y  of S t .  Lou i s ,  P I i s sou r i ,  

i n  coope ra t i on  wi th  t he  Union E l e c t r i c  Power Company. 

Other  Organiza t ions  -- Involved:  The Horner -Shi f r in  Engineer ing  Company 

des igned  and cons t ruc t ed  t h e  ~ f a c i l i t y  f o r  t h e  C i t y  and a ided  i n  t h e  

des ign  of Union E l e c t r i c ' s  f a c i l i t i e s .  

P r o j e c t  L i f e :  F e a s i b i l i t y  s t u d y ,  1968-1970, Demonstrat ion P r o j e c t :  

1970-75. 

Primary Source of Demonstration P roposa l :  Horne r -Sh i f r i n ,  Union E l e c t r i c .  

and t h e  C i ty  of S t .  Louis ,  j o i n t l y  developed..  

Cost :  F e d e r a l  government $2 .6  m i l l i o n  p l u s  $ 1  m i l l i o n  f o r  e v a l u a t i o n s  -- 
F e d e r a l  b a s i c  c o ~ t  = 67 p e r c e n t  of p ro j ec t .  casts  

Local  s h a r e s :  Union E l e c t r i c ,  c.  $950,000 

C i ty  of  S t .  Louis ,  c. $358,000 

Horne r -Sh i f r i n ,  c .  $100,000 (development c o s t s  

above c o n t r a c t  amount) 

Cos t -Shar ine  vi t.h Prof i trnaktnz Firm: Yes 

Cos t -Sharing wi th  Non-Prof i t  Agency: - Yes 

Ta rge t  Audiences: 

P o t e n t i a l  adop te r s :  - l o c a l  governments,  e l e c t r i c  u t i l i t i e s  and v c l ~ e r s  

w i t h  l a r g e  b o i l e r s  t o  g e n e r a t e  s team 

P o t e n t i a l  manufac turers :  d e s i g n  e n g i n e e r i n g  f i r m s ,  e s p e c i a l l y  f i r n s  

i n  t h e  i n c i n e r a t o r  d e s i g n  and c o n s t r u c t i o n  

market 

Regula tory  agenc i e s :  EPA a i r  q u a l i t y  c o n t r o l  

I n  1970, t h e  C i ty  of S t .  Lou i s ,  i n  c o n j u n c t i o n  w i t h  t h e  Horner- 

S h i f r i n  Company and t h e  Union E l e c t r i c  Power Company, submi t t ed  a  p r o p o s a l  

t o  t h e  f e d e r a l  government r e q u e s t i n g  funding  f o r  t h e  demons t r a t i on  of new 

p roces se s  t o  make use  of munic ipa l  s o l i d  was te .  T h i s  p r o c e s s  i n v o l v e s  

t h e  sh redd ing  of munic ipa l  r e f u s e  i n t o  p a r t i c l e s  no l a r g e r  than  1-1/2 

i nches  by means of a  hanunermill. T h e . h e a v i e r  p a r t i c l e s  ( i n c l u d i n g  n o s t  

of t h e  f e r r o u s  meta l )  a r e  then  e x t r a c t e d  by means of  an a i r  c l a s s i f i e r  
I - 
I (amounting, e s s e n t i a l l y ,  t o  a  g i a n t  vacuum c l e a n e r  which sucks  'up t h e  

l i g h t e r  p a r t i c l e s ) .  Th i s  l i g h t e r  p o r t i o n  (about  80 p e r c e n t  by weight )  
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i s  t h e n  t r a n s p o r t e d  by t r u c k  t o  t h e  Union E l e c t r i c  Company, a  p r i v a t e l y  

owned u t i l i t y  which suppLies  e l e c t r i c i t y  t o  e a s t e r n  ? l i s s o u r i  and n e a r b y  

c o u n t i e s  of I l l i n o i s ,  where  t h e  r e f u s e  i s  burned  i n  c o n j u n c t i o n  w i t h  

c o a l  i n  a  u t i l i t i e s  b o i l e r  t h a t  h a s  been  s l i g h t l y  m o d i f i e d  f o r  t h a t  

p u r p o s e .  I n  ternts of h e a t  v a l u e ,  t h e  r e f u s 6  s u b s t i t u t e s  f o r  from 1 0  t o  

1 5  p e r c e n t  o f  t h e  c o a l  i n  t h e  b o i l e r .  The p r o j e c t  was b e s e t  by- a  number 

o f  t e c h n i c a l  problems,  b u t  a l l  of them w e r e  r e l a t i v e l y  minor  and most  

had a c t u a l l y  been  a n t i c i p a t e d  by t h e . p l a n n e r s  o f  t h e  d e n o n s t r a t i o n .  Tech- 

n i c a l  problems were  g r e a t l y  reduced  by t h e  f a c t  t h a t  a l l  of t h e  major  

components of t h e  p r o j e c t  were  o f f  - t h e - s h e l f  and t h e  i n t e g r a t i o n  r c q u i r e d  

no major  m o d i f i c a t i o n s  of components. The t echnology  t.7a.s d e l i b e r a t e l y  

k e p t  v e r y  s i m p l e .  

Goa l s  and Outc .mi~s  

The p r imary  g o a l s  of t h e  BFD were:  

1. t o  d e m o n s t r a t e  t h e  t e c h n i c a l  f e a s i b i l i t y  o f  b u r n i n g  s o l i d  w a s t e  

i n  c o n j u n c t i o n  w i t h  c o a l  a s  a  v a l u a b l e  f u e l ;  

2 .  t o  s u p p l y  i n f o r m a t i o n  abou t  what  t h e  c o s t s  of b u i l d i n g  and 

o p e r a t i n g  such  a  s o l i d  w a s t e  d i s p o s a l  sys tem would b e ;  

3 .  t o  d i s c o v e r  what t h e  e f f e c t  of b u r n i n g  s o l i d  w a s t e  f u e l  i n  

c o n j u n c t i o n  w i t h  c o a l  would b e  on t h e  l e v e l  of a i r  p o l l u t a n t s  e m i t t e d  

by b o i l e r s .  

.These pr imary  g o a l s  were  mct s u c c e s s f u l l y  and t h e  r e s u l t i . n g  in forma-  

t i o n  was a l l  p o s i t i v e  from t h e  p o i n t  of v iew of t h e  t e c h n o l o g y ' s  u s e .  

The p r imary  and most s i g n i f i c a n t  outcome of  t h e  RFD h a s  b e e n  r a p i d  

and s u b s t a n t i a l  d i f f u s i o n  of t h e  t e c h n o l o g y .  Given t h e  RFD's r o l e  i n  

t h e  o r i g i n a l  development of t h e  t e c h n o l o g y ,  a l l  of  t h e  s u b s e q u e n t  d i f -  

f u s i o n  is  t o  b e  d i r e c t l y  t r a c e d  t o  t h e  d e m o n s t r a t i o n  p r o j e c t .  
I 

S p e c i a l  C h n r a c t e r i s  t i c s  

1. The EPA madc u s e  of what we c a l l  " t a r g e t e d  e v a l u a t i o n s , "  i . e . ,  

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

aimed a t  p a r t i c u l a r  a s p e c t s  o f  t h e  p r o j e c t .  I ~ v a l u a t i o n s  were  conducted 

on  a  major  t e c h n i c a l  component of t h e  s y s t e m ,  a marke t  s t ~ ~ d y ,  s y s t e m  

d e s i g n ,  and a i r  p o l l u t i o n .  These e v a l u a t i o n s ,  conducted by nongovern- 

m e n t a l  r e s e a r c h  f i r m s  n o t  i n v o l v e s  i n  t h e  d e m o n s t r a t i o n ,  a i d z d  i n  t h e  
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p r o d u c t i o n  of . informat ion from t h e  d e m o n s t r a t i o n  and t h e  s u b s e q u e n t  

d i s s e m i n a t i o n  and + £ f u s i o n  of t h e  i n n o v a t i o n .  

2. The RF'I) was p lanned  w i t h  t h e  a i d  o f  a f e a s i b i l i t y  s t u d y  con- 

d u c t e d  by t h o s e  who would s u b s e q u e n t l y  o p e r a t e  t h e  d e m o n s t r a t i o n .  T h i s  

a p p e a r s  t o  have been  a. h i g h l y  e f f e c t i v e  p l a n n i n g  d .evice .  

I I Y D P ~ U L I C .  WEE PROSTHETIC DEVICE -- 
S t i m u l a t e d  by news a c c o u n t s  of a r t i f i c i a l  knee  p r o s t h e s e s  which 

buck led  on t h e i r  w e a r e r s ,  t h e  V e t e r a n s  A d m i n i s t r a t i o n ,  i n  c o o p e r a t i o n  

w i t h  o t h e r  f ' e d e r a l  a g e n c i e s  and t h e  Committee on P r o s t h e t i c s  R e s e a r c h  

and D ~ v e l o p m e n t  of t h e  Natj.on;..l, Academy of  ' S c i e n c e s ,  i n i t i a t e d  a  program 

t o  d e v e l o p  a  h y d r a i l l i c  knee  mechanism i n  t h e  immediate  post-World Kar I1 

e r a .  T h r e e  p r i v a t e  f i r m s ,  under  d i f f e r i n g  c o n t r a c t u a l  a r r a n g e a e n t s  w i t h  

the government,  developed f o u r  m a r k e t a b l e  h y d r a u l i c  knee  mode ls .  Each 

model was t e s t e d  by t h e  Ve te rans  A d m i n i s t r a t i o n  i n  a  c l i n i c a l  a p p l i c a -  

t i o n  s t u d y  d e s i g n e d  t o  i n d i c a t e  f u n c t i o n i n g  under  c o n d i t i o n s  of a c t u a l  

u s e ,  u s e r  a c c e p t a b i l i t y ,  and a c c e p c a b i l i t y  t o  t h e  p r o f e s s i o n a l  p r o s t h e t i c s  

community. 

B a s i c  I n f o r m a t i o n  L i s t  

F e d e r a l  Funding Agency: V e t e r a n s  A d m i n i s t r a t i o n ,  P r o s t h e t i c  and S e n s o r y  

A i r  S e r v i c e ,  Research and Development D i v i s i o n .  

O p e r a t i n o  Agency: VA C l i n i c  Teams and p a r t i c i p a t i n g  co lnnerc ia l  l imb s h o p s .  
0 

Other  O r g a n i z a t i o n s  I n v o l v e d :  N a t i o n a l  Academy of S c i e n c e s - N a t i o n 2 1  Re- 

s e a r c h  C o u n c i l ' s  Committee on P r o s t h e t i c s  Research  and Development ;  :.lauch 
i 

L a b o r a t o r i e s ,  I n c . ,  Dayton,  Ohio;  U.S. Manufac tu r ing  Co., G l e n d a l e ,  C a . ;  

Dupaco, I n c . ,  A r c a d i a ,  Ca. 

P r o j e c t  L i f e :  C l i n i c a l  a p p l i c a t i o n  s t u d i e s  ( d e m o n s t r a t i o n )  Hydra-Cadence,  

1959-62, ~ u ~ a c o  "Herrne.~ ," 1963-65, Henschke-Plauch Nodel  B . , 19 63-64, and 

Hcnschke-Eiauch S-N-S , 1966-63. 

Pr imary Source  of Demons t ra t ion  P r o p o s a l :  V A ,  a s  p a r t  of i n s t i t u t i o n a l  

r o u t i n e ;  V A ,  NRCICPED, m a n u f a c t u r e r  i n  r e g a r d  t o  t i m i n g  of s t u d y .  
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Cos t :  V e t e r a n s  A d m i n i s t r a t i o n :  t h r e e  (3)  c l i n i c a l  a p p l i c a t i o n  s t u d i e s ,  

a p p r o x i m a t e l y  $75-$90 thousand t o t a l .  

Cost  S h a r i n g  w i  t l l -  Manuf act~irin!: F i rms  : None 

Cos t  S h a r i n g  w i t h  Corninercial Limb Shops:  P a r t i c i p a t i n g  l imb s h o p s  a g r e e d  

t o  c h a r g e  1 o w e r . p r i c e  f o r  f i t t i n g  and a l i g n m e n t  i n  r e t u r n  f o r  exemption 

from e d u c a t i o n  r e q u i r e m e n t  a s  a c o n d i t i o n  o f  p r o v i d i n g  devices t o  p . l . i g i h l ~  
. 

v e t e r a n  amputees.  

T a r g e t  Audiences:  - -- 

P o t e n t i a l  ' u s e r s :  v e t e r a n  above-knee amputees e l i g i b l e  f o r  VA 

b e n e f i t s ;  n o n - v e t e r a n  above-knee amputees .  

F o t e i l t i a l  p r e s c r f b e r s  and p r o v i d e r s :  VA p r o s t h e t i c  c l i n i c  terns and 

p r o s t h e t i s t s  a s s o c i a t e d  w i t h  c o n ~ e r c i a l  1irr;D s n o p s .  

Beg inn ing  i n  1959 and c o n t i n u i n g  through 1969, t h e  V e t e r s n ~  11daini3  t r n -  

t i o n  r a n  t h r c c  c l i n i c a l  application srudles .  on f o u r  h y d r a u l i c  f l u i d - c o n t r o l  

a r t i f i c i a l  knee  p r o s t h e s e s .  H y d r a u l i c  k n e e  d e v i c e s  had b e e n  d e v e l o p e d  

o v e r  t h e  p r i o r  decade  and a  h a l f ,  i n t r o d u c i n g  improvements o v e r  n e c h a n i -  

c a l  a r t i f i c a l  knee p r o s t h e s e s ,  b o t h  w i t h  r e g a r d  t o  s t a n c e  p h a s e  and swing  

p h a s e  c o n t r o l .  R e s u l t s  of each  c l i n i c a l  a p p l i c a t i o n  s t u d y  l e d  t o  a  reco9-  

menda t ion  t h a t  t h e  d e v i c e  b e  a c c e p t e d  by t h e  VA "on c o n t r a c t  ."   his 

recommendation was f a v o r a b l y  a c t e d  upon i n  e a c h  i n s t a n c e ,  t h u s  p e r n i t t i n g  

VA p h y s i c i a n s  t o  p r e s c r i b e  and c e r t i f i e d  p r o s t h e t i s t s  t o  p r o v i d e  t h e  

p a r t i c u l a r '  d e v i c e  t o  e l i g i b l e  v e t e r a n  b e n e f i c i a r i e s  of t h e  VA. T e c h n i c a l  

u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  t h e s e  d e v i c e s  had e s s e n t i a l l y  b e e n  worked 

o u t  i n  t h e  devclopinent p h a s e .  

Goa l s  and Outcomes 

The pr imary g o a l s  of t h e  c l i n i c a l  a p p l i c a t i o n  s t u d i e s  were  : 

1. To d e t e r m i n e  t h e  r e l i a b i l i t y  and m a i n t e n a n c e  c o s t s  o f  t h e  

h y d r a u l i c  knee  d e v i c e s  under  c o n d i t i o n s  of a c t u a l  u s e .  

2 .  To dctcl-mine a c c e p t a b i l i t y  of h y d r a u l i c  v s .  conven t iona l .  

r n e c l r ~ n i c a l  a r t i f  i . c i a l  knee.  p r o s  theses by above-knee amputees .  

3 .  To a s c c r  t a i n  and f a v o r a b l y  i r ~ f l u e n c e  t h e  a t t i t u d e s .  of t h e  p ro-  

f e s s i o n a l  p r o s t l i c t i c s  community, b o t h  i n  VA c l i n i c  f a c i l i t i e s  and i n  

c o ~ n i e r c i a l  limb shops  , toward h y d r a u l i c  k n e e  mechanisms. 
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These g o a l s  were met and t h e  r e s u l t s  l e d  t o  a  f a v o r a b l e  "on c o n t r a c t "  

d e c i s i o n  by t h e  V.4 f o r  each of t h e  f o u r  dev ices .  Hydrau l i c  knee  pro- 

t h e s e s  a r e  i n c r e a s i c g l y  be ing  u t i l i z e d  by above-knee amputees.  

L 

S p e c i a l  C h a r a c t e r i s  t i c s  

1. The "demons t r a t i o n l '  e f f o r t  of t h e  VA c l i n i c a l  a p p l i c a t i o n  s t u d i e s  

c o n s t i t u t e s  an i n t e g r a l  component of an o v e r a l l  VA p r o s t h e t i c s  R&D pro-  

gram, which is  a c t u a l l y  p a r t  of a  r e s e a r c h - t o - u t i l i z a t i o n  s t r a t e g y  em- 
% 

bedded i n  a  technology d e l i v e r y  .system. 

2. Wi th in  t h e  l a r g e r  p r o s t h e t i c s  TDS, u n c e r t a i n t y  r e d u c t i o n  i s  

a l l o c a t e d  a c r o s s  a  nuinber of d i f f e r e n t  a c t i v i t i e s ,  t h u s . r e l i e v i n g  t h e  
11 demonstrat ion" program of t h e  major burden f o r  t h i s  t a s k  i n  any given 

dimension. 

COAL GASIFICATION PROGWI 

Supp l i e s  of n a t u r a l  gas  and petroleum a r e  n o t  on ly  beconing expens ive ,  

b u t  w i t h i n  a  r e l a t i v e l y  s h o r t  pe r iod  of t ime may become simply u n a t t a i n -  

a b l e .  Coal ,  however, i s  i n  abundant long t e r n  supply  i n  t h e  United S t a t e s .  

For t h i s  rcacon t h e  Encrgy Rcscarch and Dcvclopmcnt A d n i n i c t r a t i o n  (ERD*\) 

i s  p l a c i n g  inc reased  emphasis on deve loping  and u l t i m a t e l y  demons t r a t i ng  

t echno log ie s  f o r  producing h igh  q u a l i t y  f u e l s  from c o a l .  . 

F e d e r a l  s u p p o r t  of r e s e a r c h '  on s y n t h e t i c  f u e l s  p r o c e s s e s  d a t e s  

back t o  t h e  l a t e  1940s,  b u t  t h e  economics of c o a l  conve r s ion  r e l a ' t l v e  

t o  r e l i a n c e  on n a t u r a l  gas  slowed t h e  e f f o r t .  However, t h e  . o i l  enbargo 

and o i l  p r i c e  i n c r e a s e s  have been i n s t r u m e n t a l  i n  prompting an e i g h t -  

f o l d  i n c r e a s e  i n  a p p r o p r i a t i o n s  f o r  t h e  Coal conve r s ion  D i v i s i o n  (CCD) 

of ERDA. be  tween 1973 and 1975. 

The g o a l s  of f u t u r e  e f f o r t s  a r e  t o  f i n d  s y n t h e t i c  f u e l s  t echnology  

t h a t  w i l l  d ec rease  the  c o s t  of p roduc t ion  by a t  l e a s t  1 0  p e r c e n t  ove r  

c u r r e n t  commercial t e chno log ie s .  An impor t an t  p a r t  of t h i s  program w i l l  

be t h e  l a r g e - s c a l e  dcmons t ra t ion  of promising gas  p r o c e s s e s  and develop- 

ment of a  cornplctely new i n d u s t r i a l  c a p a c i t y  f o r  g a s i f i c a t i o n  p roduc t ion .  

A t  p r e s e n t  CCD i s  fund ing ,  wholly o r  i n  pa r t , ,  r e s e a r c h  on t e n  d i f f e r e n t  

t e chno log ie s .  
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The CCD prograrn has  n o t  y e t  reached a  p o i n t  where demonst ra t ions  , . 

of a p roces s  a r e  p o s s i b l e ;  t h e  u n c e r t a i n i t i e s  sur rounding  t h e  t echno log ie s  

are. such t h a t  more development work i s  needed. Nonethe less ,  t h e  c o a l  

g a s i f i c a t i o r l  program o f f e r s  a 'number of i n s i g h t s  i n t o  demonst ra t ion  

programs i n  the  e a r l y  .phases when c r u c i a l  d e c i s i o n s  must b e  made. 

o Should the  demonst ra t ion  f a c i l i t i e s  be  c o n s t r u c t e d  a t  "semi- 

works1' o r  "£ u l l - s ca l e1 ' ?  

o What cos t - sha r ing  po l i cy  should b e  fol lowed f o r  g a s i f i c a t i o n  

demonst ra t ions?  

o The s t a f f  of CCD i s  h i g h l y  t e c h n i c a l ,  and as i s  t h e  case  w i t h  

t e c h n i c a l  s t a f f s  involved  i n  s e v e r a l  o t h e r  c a s e s  we have 

s t u d i e d ,  i s  having  some d i f f i c u l t y  p lanning  toward comner- 

c i a l i z a t i o n . .  

o  Given t h a t  t h e r e  a r e  a  number of t e c h n o l o g i c a l  a l t e r n a t i v e s ,  

which should b e  chosen f o r  demonst ra t ion?  

o  The CCD program r a i s e s  a number of i n t e r e s t i n g  q u e s t i o n s  

d e a l i n g  wi th  how a  new i n d u s t r y ,  and new forms of i n d u s t r y  

pa r tne r s l l i p s  , can b e  c r e a t e d  w i t h  t h e  a i d  of t he  f e d e r a l  

government. A t  t h i s  p o i n t  i t  i s  n o t  c l e a r  how impor tan t  

t a s k s  w i l l  b e  accomplished, nor  what t h e  proper  r o l e  of 

demonst ra t ions  i n  t h i s  p roces s  might be .  

Desp i t e  t h e  f a c t  t h a t  t h e  s y n t h e t i c  f u e l s  s t u d y  cannot  b e  used t o  

suppor t  o r  r e f u t e  hypotheses ,  i t  has  been v e r y  u s e f u l  t o  examine a 

demonst ra t ion  program i n  i t s  pre-demonstrat ion phase a s  a  s o u r c e  of i n -  

s i g h t s  i n t o  the  a c t u a l  problems of e a r l y  p lanning .  A s  we s u g g e s t  l a t e r  

i n  t h i s  r e p o r t ,  t he  p re l imina ry  p lanning  t o r  a  demonst ra t ion  may b e  t h e  

most c r u c i a l  s t a g e  of t he  p roces s .  
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This paper reviews the nle thodology of in-depth personal inter- 

views designed to elicit information f rom industry representatives to 

guide ERDA in planning i ts  future comnlercial demonstration programs. 

ERDA1s long-range plan l i s t s  1 1 6  demonstration projects with the 

pri111ai.y objective of pomot ing  the commercial application of EEEDA- 
1 

sponsored research and developrfient. Approximately half of those 

demonstration projects 'will  1)e initiated within the nest five years.  

'mlose delnonsiration programs constitute the pr imary mechanism 

through which EEDA plans to introduce i ts  research  and development 

into the commercial nlarlretplace. 

Since the purpose of tllese demonstration projects is to encourage 

incius try to comrnet*cialize ~ 3 b ~ " i - s ~ o n a o r c d  Z&D, their crhjective ruirst 

be to delxons trate probable conin-,ercial success.  Demonstration proj  - 
ects in the past have been ernp!oyed primarily as a means of con€irrnj.ng 

technical feasibility on a comlnercial scale. But more is required of 

future demonstration projects; they must  be undertalcen in a manner 

simulating a s  closely a s  possiblz the ultimate comlner-c.i.al e.n!l-i.connrlent 

in  ~vllich the technology will be used. The demonstration projects there-  

fore must concern thelxselves with a wide variety of l ion-techical  uncer- 

tainties, including costs,  market  demand, capital availability, public 

acceptance, arid regulatory compatibility. 

ERDA has been charged by Congress to evaluate twelve pr imary 

1 
Creating C!loices for  the Future,  - Vol. 2, " ~ r o g r a m  Implemen- 

tation," Energy Research and Dsvelopment Administration, Report 48, 
1975. 



aspects of i t s  proposed commercial demonstration projects. It will be 

seen f r o m  Chart  1 that only one of those dozen concerns is technical; 

the others illustrate the interdisciplinary requirements demanded f o r  

successful planning of commercial demonstration projects.  With few 

exceptions, i t  is very difficult to define quantitative measures  of effec- 

tiveness for these twelve evalilation responsibilities. They are for  tho 

most  pa r t  non-quantifiable by nature--demanding expert,  often subjec- 

tive judgment for  their evaluation. 

F o r  this reason, i t  is difficult to apply the more  conventional 

econon~etr ic  modeling approach in  demoxistration program planning. 

The econometric model transfer  function, s o  to speak, is difficult, in 

many insta.nces inipossible to define. (One promising exception j.s Mane's 

cross-impact  approach, but even that often requires suSjeciive est imates 
2 for the interaction matrix elements. ) The personal interview methodol- ' 

ogy, on the other I-~and, collects and analyzes the jud,rients of the very 

industry  executive,^ who will be concerned with the actual commerciali- 

zation process. Such judgments a r e  in essence the output of a ready- 

made moue1 of the f u ~ u r e  conn~erc i~ l izz t lon '~ ; 'ocess ,  as it exists in  the 

minds of the interviewees. If the right people a r e  properly chosen for , 

the personal interview, a "natural" model is realized which includes 

knowledgeable judgments or est imates of missing facts that would either 

stop the conventiol?al econometric modeler, o r  force him to use his  own 

(probzbly l e s s  ini'ormed) judgment. 

The personz.1 interview approach can also, by coilecting data for  

the models (for exampie, estimates of the Kane impact matr ix  elements), , 

complement the econometric modeling approsch. 

Another approach to collecting industry experience is to hold public 

2 
Julius Icane, "A P r i m e r  for  a ~ e k  Cross-Impact Language- -KSLVI," 

Technolol.:iczil Forecclstir,? and Social Chan,q:, Vol, 4 ,  1372, p?. 129-142. 



E R D A  E V A L U A T I O X  R E S P O N S I B I L I T I E S  

F O R  D E M O N S T E A T I O N  P R O J E C T S *  

e Program Objectives Identified/Achieved? 

e Economic, Environmental and Societal Significance ? 

e Urgency of Public Xeed ? 

e Private Investment Recapture Opportunities ? 

o Widespread Significance 7 

e Non-Federal Duplication? 

e Magnitud? Precludes Private Investment? 

e Availability of Kon-Feder2.1 Participants? 

o Total Cos t?  

e PrivatelFederal  Joint Endeavors ? 

e Program Management? . 

*Public Law 93-438, October 11, 1974 



hearings - - C o n g r e ~ ~  ional investigations, for  example. A disadvantage 

of this approach i s  ;hat tlie industry.representatives must al l  appear 

during a relatively brief and often inconvenient.period and, more im- 

portantly, they car:_,-ot be offered the anonymity necessary to assure  

forthright responses. In contrast,  the ~ e r s o n a l  interview technique 

offers the advantage of scheduling individual meetings at ir ,d~~st .ry con- 

venience and with axonymity. The.inlierview responses a r e  aggregated 

over all intervie:vs, and s o  reported. Thus, i n  a sense,  the personal 

interview methocii..s~zy is the "inverse" of the hearings apprsach. 

The persor,~'l_ lzterview approach is also complerr,entary to the 

Congressional he:--:lngs, in  the s e m e  that it can also gzther background 

information sequent open hearings . 
The in-clepili ixrconal  interview aethodology is also superior to 

mail surveys in  ::i-:;;'. information can be obtained that was nut anticipated 

in  preparing the s :.;.-srey questionnaire. Sucli informaticn usually cannot 

be elicited in ikc .Y?L>il desired with open answer types of written ques- 

tions. 

When a governlnent agency decides to adopt the p.zcsor-,al interviev: 

approach, an irn-.-.-. G ~ L  ;ant preli=inary question  nus st first be answered: . 

Should Ih? i n t e r ~ i e x - e r s  be agency personnel, o r  private individuals 

serving under coi l r ract? Government agencies are beginning to appre- 

ciate the need foiq cc~lfidzntial, independent assistance by non-goverm-nent 

interviewers in or,::..r to obtain the benefits ol'fered by anonymous respon- 

ses .  Such an~ny~r i i i y  can obviously not be granted by using government 

interviewers. Wkcn the sponsoring government agency pi-omises the 

interviewees ano::yr;nity, more candid aild forthcoming information will 

be gained. This role of an "honest brolter" or" information is becoming 

increasingly vall.iz5lc- as an intermediary between goverrment and indus- 

try,  particularly in the analysis and evaluation of alternative government 

policies by privztz industry. 



I N T E R V I E W  P I l I L O S O P H Y  
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o Retrospective and Prospective 

o Aggregate Respurises 

o Small Sample Truly Representative 7 

6, Precliction Reliable 7 

e Confidentiality/Anonymity/"Ilonest ~ r o k e r "  

I t  / 

e Inverse" of Congressional Hearings 

w Statistical Analysis  

e Probability Analysis 



Pour assumptions are  inherent in the personal interview metho- 

dology. 

F i rs t ,  . it  is.assumed that the interviewees w i l l  be candid and 

forthconling. That frankness can best (and perhaps only) be gained in 

an atmosphere of confidentiality. with anonymity assured by the govern- 

ment. A letter from the pertinent federal adrninistrator assuring the 

respondents of the confidential nature of the interview and of personal 

and corporate anonymity is useful in this regard. 

The second assumption is that a relatively small number of selec- 

ted company interviews is inde,ed representative of total industry opinion. 

Experience with the person21 interview metl~odology lcnds credence to 

this assumption; .the chief esecutives of a particular company a re  neces- 

sari ly familiar' with all major aspects of their industry, and demonstrate 

surprising similarity of understanciing and insight. In many cases a par- 

ticular industry (such as  the oil industry) i s  dominated by a few large 

I companies, in ~v l~ ich  case a smsl l  nui-nber of well chosen interviews w i l l  

I accl~rately reflect the entire industry view. In other cases', the actual 

I interviews must be carer'iiliy selected--using' iiicius try leaders, ior  ex- 

ample--to assure that the results truly reflect tile opinions of the wider 

industry membership. 

The third assumption is that the interviews wi l l  not be unduly clouded 

by superficial ills titutional or  personal pre j~idices. Biases of either nature 

I a r e  generally apparent to the interviewer and to the interview analyst. 

I The int.ervicwer must be heedful of this possibility, and identify any such 

I bias in'his notes where appropriate. An admonition to minimize such 

I biases should also be incorporated in the introductory background ma'ter- 

ial provided prior to the meeting. . 
The final assumption on which the personal interview methodology 

I r e s t s  is that the respondents and their organizations will in fact do what 
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Responses must not be superficial; the need for serious judgment i s  

implied in the protocol and reflected in the interview. Confidentiality 

and anonymity again lend credence to the validity of the anticipated 

actions. (Should a governzment program eventuate, statistical longi- 

tudinal studies can be conducted to compare the predicted and actual 

actions, Interview experience indicates that corporate positions will 

likely. eventuate a s  predicted, provided the environment at 'the la t ter  

time is co~npatible with the impiicit assunlptions upon which the corn- 

pany positions were based during the interviews. ) 
I 

The personal interview methodology is most  useful in program eval- 

'uation. There a r e  two types of program evaluation: prospective and r e t -  

rospective. Application cf the personal interview rfiethodology in planning 

commerc id  demoristrztion programs i s  necesssri ly predictive evaluation. 
11 'h common usage the t e rm evaluation'' is inlplici'ily assumed to re fe r  to 

completed prograrils o r  projects; yet the goverrinlent i s  increasingly being 

called upon to evaluate planned projects. This paper i s  concerned only 

with p rosp~?c  tive or  prsdic tive evaluatisns, 

Insofar as predi.ctive evzluations z r e  coccerned,. there a r e  again 

two kinds which arz esseniisl  in planiling d c ~ i i o n s  tration projcc ts, 7 3  the 

first ' instance, personal interviews with company executives may be em-  

ployed to determine industry plzns in  the absence of government initia- 

tives; in the second, interviews a r e  desigfied to ascertain proba.ble industry 

reactions to pos'si'ole o r  presumptive federal actions. 

As examples cf the f i r s t  kind of prospective interiiew resul ts ,  

Charts 2 and 3 have been reproduced from an IPMC rcport  for  the 
3 

National Science Foundation. Chart 2 shotvs the expected number of 

synfuel demonstration plants (as of August 1974) of four different tech- 

3"~ynthetic Fuels Iiicentives Study," Contract C-856, Pl'overnber 13, 
1974. 



El~pected Number of Synthetic Fue l  Demonstration Piants, 1974-81 - 
(Based on Four  Implicit Assumptions) 

I I I I (Source: Synthetic Fuels Incentives Study, National ~ c i ~ n c e  
Foundation Contrac't C-856, Xovember 13, 1974. ) 



nologies anticipated by industry, ostensibly in  the absence of govern- 

ment incentives. Chart 3 shows the most optimistic schedule of pilot, 

demonstration, f i r s t  commercial,  and subsequent commercial scale 

plants, for  the same four tecllnologies, planned in 1974 by a variety of 

companies, again in the presumed absence ~f .federal incentives. 

This information was a.ctually based on four implicit industry 

assumptions; that i s ,  the goverilment would: (1) not institute price con- 

trols  on synthetic crude o r  gas, ( 2 )  act  to expedite processing of environ- 

mental impact s tate.ments, (3.) make available the  necessary federal coal 
\ 

and oil shale lands, and (4)  adopi; an effective anti-inflation program. 

The existence of t l~ese  four implicit assum.ptio~;s illustrates an impor - 
tant caveat for  persolla1 intervie;vs: they must be conducted in such a 

way as to uncover such implicit f ~ c t o r s  which may not even be recog- 

nized a s  such by the intcrviewees themselves. In the case  in point, when 

the intervie~vees were advised to ignore tiiese four im2l.icit assumptions 

after  they were identified, the resuit  was to introduce delays of f rom one 

to five years in projects already begiin, and to postpor~e indefini'iciy others 
. . not yet initis';ed, ActrL21 subscqusnt e\rnav;e;lce ..." - .. ;ubs;an':i.z!.es ti;oc ,be C Q ~ -  

rected predict io~ls,  

Chart  4 illustrates the second kind of prospective program evalua- 
4 

tion. These intei-views, undertaken by IPhIC on behalf of F E A ,  were 

designed to determine probable industry reaction to a s e t  of proposed 

federal incentives desjg;ned to accelerate the commerc id  introduclion 

of the same four synthetic fuel techno2ogies considered in the ear l i e r  

NSF study. 

It will be seen f rom Chart  4 that the most  popular federal  incen- 

tive was the loan guarantee. But once again, in light of subsequent 

I 

'"hcentives for Synthetic Fuels," Contract CO-05-50216-00, 
July 31, 1975. 
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O V E R - A L L  P R 3 F E R E X C E  R A N K I N G +  

I I F o r "  Minus "Against I '  - 

Rank I n c e n t i v e  N u m b e r  a n d  T i t l e  - (Xet)* . +lo / -*  

1 4 - Loan Guarantee 4-4 (9 /2 /5 )  

2# 3 - Convertible Grant 

**3# 6 - Guaranteed P u r - c h a s e / C ~ ~ ~  . . 

4 7b - Guaranteed P r i c e  with Loan ~ u a r a n t e e  -1 (4 /7 /5)  

6 7a - Guaranteed P r i c e  -4 

7 2 - Direct  Grant (112--112) f o r  
Demonstration Plant 

8 7d .- Guaranteed T r i c e  (Alternative with 
Loan Guarantee) -5 

9 7c - Guaranteed P r i c e  (Alternative) - 6 

1 0  5 - ~ u a r a n t e e d '  ~ u r c h a s e / ~ i \ - e d  P r i c e  -8 

11 8b - Limiteh Pr*ice G u a r a n t e e / ~ d v s n c e  
Payments  -8 - ' (1 /6 /9)  

12# 8a - Linlited Pr ice  znd L ~ a n  Cuzrantke -9 ( 0 / 7 / ? )  

13H 9 - Sale of - Q t i o n s  / Guzranteed P r i c e  -9  (0 /7 /0 )  

+Source: 1ncenti.ves f o r  Sy3tketi.c Fue l s ,  F E A  C o ~ t r a c t  CO-05-50216-%00, 
July 31, 1975. 

*Weights: F o r  = i-1, Undecided o r  Xo Opinion = 0, Against = -1. 

**,Most companies favored a combination of these two incentives. , 

NOTE: Not ranked, but supported positively by all but one company: + 

100 percent  gove;*nrrient I'iiiancing -- a l a  World War I1 synthetic 
I 

rub'oer program. Xot ranked, but suggested positiveiy by sev- 
eral c o i ~ ~ p a d e s :  100 percent govermnent r i s k  insui-ance. 



history, an interesting discovery was made. All but one of the industry 

interviewees stated emphatically that a minimum 90 percent loan guaran- 

tee was necessary to gain their participation in the federal synthetic fuel 

program. One comparatively snail entrepreneurial corp,oration said 

they would accept a 75.percent guarantee. The government program 

adopted the 75 percent level despite our repeated warnings that the lower 

.- A' 
level  was unsatisfactory with the o,vel-whelming majority of co rnpa~ ie s  

interviewed. Sixce 2romulgation of the federsl  program it has been dis- 

covered tha,t the 75. percent level is in fact unpopular.  he lesson is that 

.: candid industry advice may not be believed if i t  conflicts with.governrnent . 
preconceptions. 

The application of the persolla1 interview methodology to ascis t  in  

planning colnmercial demonstrations is based on the presumption that ~ 
one of the best  so 'wces of p?annir,g idormation is the individuals poten- 

tially involved in the programs.  The identification of t:iiose institutions 

in  turn demands tl-& definition of a so-called tec-nnology cleiivery system, 5 

\ 

relating RgLD perfor;;~ers, product development companies, architect and 

engineer f i rms ,  coi~siruction ccl:i;janies, investil-ient o;.!;s;:izatio:~s, utili- 
L: 

t ies,  local governments, s tate 2nd federzl regulators, and markets.  This 

identification requires  some imagination; the gersonal interview rnet!lodol- 

ogy can be of help in this process by identifying unsuspected TDS members  

and by delineating institutional inter-relationships. 

This identification i s  facilitzted by the u n s t r ~ ~ c t ~ l r e d  nal:nrc of the 

interviews. The interviews a r e  unstructured in the sense that the dis- 

cussions a r e  allowed to follow their natural course under the guidance 

of the interviewer, who neverthelkss a s su re s  that the desired inforrna- 

tion specified by the interview protocol is attained a t  some point during 

5 I I 
Committee on Public Engineering Policy, Pr ior i t ies  for  Research 

I I ,Applicable to National Xeeds, VlssPington, D. C. : Nztional Academy of 
Engineering, 1973. 



the conversation. This unstructured approach can uncover valuable 

information which was not antici?ated in preparing the protocol, as well 

as facilitating a friendly and inforinal interview, more conducive to the 

disclosure of both desired and unanticipated information. 

The unstructilred approach is particularly appropriate in planning 

ERDA's commercialization demonstration programs,  since a major ob- 

jective i s  to identify obscure but important information that may not have 

been considered in .the original plsnr,ing 2rocess.  Furthermore,  the 

interview methodology helps in  identifying and reaching the most  knowl- 

edgeable people for assistance in planning the denronstration programs. 

Under the te rms  of Public Law 831, pr ior  approval of a written 

survey must be obtained f rom the OL'fice of Mafiagement a l ~ d  Budget V~hen 

ten o r  more persons a r e  to be interviewed for zny study conducted o r  

sponsored by a federal agency. To avoid corn$ications, investigatoi-s 

therefore may decide to interview a r i l a ~ i i n u ~ n  of nine represe11tr;tive 

com2anies in a particular industry. Or somewhat ciiff erent  informatioil 

may be collected from interviews with se ts  of up to nine represenia'iives 
I 

in different industries. 1.n any e verit, ;he uns tr~zelur.et1 1:at~ire of the p r  - 
sonal interviews aids c o m ~ l i a n c e  v i t h  tl:e OJ,IP, dir3ctive, which relates 

particularly to the cox~pletion of written questionnaires. 

In designing the interview protocol, particular ca re  must be taken 

to assure  that the meaning of the questions is c lear  ~ n d  consistent, and 

that the premise  on which a particular answer is based i s  understood, 
\ 

consistent between interviews, and consistent with the intent; of the ques- 

tion. 

The personal interview methociology demands knowledgeable and 

capable interviewers. They must  be thoroughly familiar with al l  aspects 

of the programs ugder discussion; they must  withhold personal judgments 

and r e s i s t  the temptation to lead the discwssion; ra ther ,  they must guide 

the discussion to assure  that the desi rsd  in.forr,ation is developed without 



prejudicing that information. The Irnowledge, tact and sensitivity re -  

quired normally can only be dbvelopcd through years  of experience. 
- This professional seniority is also needed to gain entree to the chief 

executives,' wlic would general3.y be unwilling to enter into lengthy, 

detailed conversations with interviewers who are  not in some sense 

their professional, if not organizational, peers. The interviewers 

must therefore be mature, objective, and intelligent, pleasant but non- 

commital, poised, and intimately familiar .with the subject under dis- 

cussion. Most importantly, they must have the ability ta keep the con- 

versation productive. 

There a re  two ways to prevent interviewer bias. The f i rs t  is to 

employ two interviewers, each of whom independently prepares an inter- 
' 

view report. Those reports a r e  subsequently compared and any diffcr- 

ences resolved by the two interviewers. The second techzlique is to 

recycle the interview report to the intervie~vees, permitting them to 

modify, extznd o r  cor rec t  the interviewer's understanding of their r e -  

marks,  and assuring them that the information has been thoroughly and 

accurately re7orted. 

It is also useful and courteous to send a copy of the draft final 

report  to the interviewees. This practice not only assures the inter- 

viewees that tiieir anonymity has been preskrved but also .offers them 

a final opportunity to modify their positions, if they so  desire. 

The' analysis of the aggregated Inte'rviews should identify common 

views held by the vario~ls executives interviewed. It is .incumbent upon 

the analyst to construct positions that recognize and reflect the positions 

of the aggregated interviews, a particularly difficult task with unstruc- 

tured in-depth interviews. This identification of trends and common 

opinions is perhaps the. most important output of the personal interview 

methodology, one requiring pains taking analysis. 

A second objective of the aggregate analysis is .to identify important 



unique opinions to be included in the final report  -(without, of ccjurse, 

identifying the particular interviewee by name o r  institutioil, unless 

! prior permission was given in writing). ' 

1 Internal consistency of the 'interview responses must also be 

I checked: in particular, solutions proposed by the intervievrees should 

I be compared with the pi-oblems to which they are.directed to assure 

I their cons is tency. 

An analytical method of particular interest involves interviewee 

estimates of the subjective probability with whi.ch they would undertake 

a certain action. In such cases, it has been IPA."LC1s practice to ask the 

interviewee to note his probability on a s c d e  (such as  that shown on 

Chart 5) .  It is then possible to combine the probabilities (in the par- 

ticular illustration, for the effect of combined federal incentives) in 

response to .limothetical ?olicy combinstions. Probability scales a re  

controversial; their least  controversial as?ect is to assist  j.n the rela- - 
tive evalua t i~n  of different .future actions. Thus, i t  may not be that - 
aggregates of institutions o r  persons will in fact demonstrate a 75 per 

cerlt probable reaction to s a x e  policy ~ l t ? l - n ~ t i v e ,  but ccr ta idY one 

could compa-re alternative policies, noting that one re  sul'iing in an aver - 
age 75 percent action probability is superior to one rzted at  an average 

25 percent. Eut the probability scales may also be interpreted abso- 

I lutely. For  example, a particular ap~licat ion of the probability corn- 

I bination fornlulae of Chart 5 has shourn th.at the projected effect of 

combined incentives was in fact reflected in actual Army reserve 

enlistments and re-enlistments. This is the more controversia.1 

aspect of subjective probability evaluation; one can dispute the predic- 

tive accuracy of such subjective probability estimates, but the relative 

I value of predicted policy combinations, using such formulae, a r e  less  

. controversial and a re  of genuine value to planners. 

Probably the most useful personal interview analytical technique 



S U B J E C T I V E  P R O G A B I L I T I E S  

Y e s  

Incentive-Combination Probability: 

Scale: 

where po ,=  probability with no incentives 

I I I 

th 
Pi = probability with i incentive 

0% 25 50 75 100% 



is simply reasoned o r  logical a~.gument.. Most of the irlformation col1e.c- 

ted in unstructured in-ciepth interviews is not qvtantitative. It is incum- 

bent upon the interviewer and analyst, therefore, to draw appropriate 

conclusic~ns and recolnmendatlons and to support those positions with 

rational arguments that rely upon and derive f rom the interview results .  

Reasoned argument i s  perhaps the most  common form of analysis ern- 

ployed in the personal interview methodology. 

The steps to be taken in the personal interview methodology a r e  

illustrated on Chart 6. 

The f i r s t  s tep is a let ter  of introduction f rom the chief administra- 

tor of the sponsoring government agency to the chief ,executive officers 

. of the industrial concerns to be interviewed. This introductory le t ter  

se ts  forth the reason for  the intended interview; requests  the coopera- 
. .  tion of tile coiilpally addressed; and assures  that company of tile federal  

agency's co:nmitment to the interviewer that incij.vidua1 responses will 

remain anonymous, that the interview will be he3.d in ccnditions of con- 
\ 

fidentialit.~, and that the oriiy inforlna'iion pro~edeci the iecierzl agency 

(unless otherwise autkorized by the Ifidividual csr~ipany) v,-il.h be in aggre- 

.gate form and re2orted nson:~inously. 

After the le t ter  of introduction has been received and sufficient 

. t ime has elapsed for  i t s  distribution within the company, the interviewer 
\ 

telephones the chief executive (as  he should have been advised by the 

introductory le t ter  to expect) to arrange the tinie and place for  the inter- 

view. A personal telepllone call  ratlier than a le t ter  is preferable for  

this fol1o.w-up, since possible industry qu&stions can be discussed and 

answered im,rneciiately. Tile interviewer will advise the company official 

that a le t ter  will be mailed outlining the details of the proposed interview, 

the topics to bs discussed, and providing the necessary backgr-ound infor- 

mation o r  so-called inte'rview protocol. .(In cases  where possible future 

federal  policies are under consideration, that iriforanation may be exten- 
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sive, and sufficient time must be allowed after  receipt  to prepare  a 

detailed response pr io r  to the meeting. ) 

The interview itself is typically 2 - 1 / 2  hours in  duration, is held 

a t  the executive offices of the corporation concerned, and involves a 

selection of the top executives of the corporation (assuming a grou;? 
6 

interview is desired ra ther  than individual executive opinions ) It is 

most desirable that the chief executive himself be present  in a group 

interview, a s  e q e r i e n c e  has shovrn that many esecutives z r e  reticent 

to express  corporate positioils in his absence. It is also important that 

all appropriate industry executives partici2ate (for example, the finan- 

cial vice president, the director of research,  the executive vice pres i -  

dent in charge of operations, and s o  forth). The meeting should not be 

too large,  however, since i t  should be ucdertakcn in an informal and 

unstructured fashion. The intervieivs a r e  in a sense led by the inter-  

viewer, who introduces a??ropriaie topics, but his objective is only to 

assure  that the nec;essary inf~rlr iat ion is gaineci a t  some point during the 

interview; most of the talking should, of course, be left  to the interview- 

ees. h sorne ifis'iances the interviei::cr rnsy be asked ' i ~ , e s p l a i : ~  proposcd 

federal  policies; in such cases  he will re20r t  his understaiicling of,ihe gov- 

ernment's position (which should have been discussed previously with 

federal officiais in preparation for  the interviews), but emphasize that 

it is only his own urlclerstanding of those policics, 

Genera2.1~ the interviewer takes written notes in  full view of the 

interviewees. Electronic recording i s  noi recommended since inter- 

viewees a r e  frequently l e s s  frank i f  their rernarlcs are s o  1-ecor.ded. 

The interview should also be prefaced by an assurance that the inter- 

6 - An additional benefit can be gained if the respondents a r e  inter-  
viewed individually ra ther  than as  a group. Such individual interviews 
car1 "protect" the esecutives f rom their own institution, and sl~ould be 
used when personal r a the r  tlizn instiiutionzil responses &re  desired. 



viewer's t r ip repor t  will be recycled to the interviewees fo r  their r e -  

view, modification and approvzil p r io r  to analysis in preparation for 

the final report.  

The interviewe'r should prepare  a t r ip  repor t  a s  soon a s  possible 

followin2 the interview to assure  thzt the details a r e  fresh. When corn- 

pleted, this report  is returned to the interviewee, who is encouraged to . 

make whatever changes 1 ~ ~ 3  desires ,  wi th  complete freedorn to modify o r  

extend any of the reported data. He should also be assured that the r e -  

sulting.report will be held confidentially in the interviewer's files, and 

not be made available to the goverrxnent without pr ior  written oonsent. 

The final repor t  itself primarily reflects the analysis of the aggre- 

gated t r ip  reports .  The analyst must  identify common vie'iT.rs of the inter-  

viewees, reflecting their positions in appropriately c l~osen  words a11d 

srlppor ting those positions wit11 anonymous quoies where possible. (A 
/ 

section of broad, selected excerpts f rom the "Lip repoi-ts--edited to 
I 

remove identification--should be iricorporaied in an appendix supporting 

the anal.ysis. ) Anal.ysis.of the individual t r ip  repor ts  i s  the most.demand- 

ing and p e r h q s  lliost irilijoi*iait a s p c t  0;' ilie ei~tii-e p e ~ ~ ~ ~ i ~ a : !  in2icrvl.ew 

methodology. Its objec:ive is to reflect clearly, accurately w-d corn- 

pletely industry reaction to government questions, a s  well a s  related 

industry advice and colnments . Conclusions and r e  colnmenciations 

clearly based u2on identified ind~ls t ry  positions should be drawn to 
I 

as s i s t  the government in i t s  own policy analysis and decisions. 

In order  that the final repor t  will indeed be of value to the govern- 

ment, the sponsoring federal agency is given a review copy of the final 

draf t  f rom which they may suggest a r e a s  where adciitional information 

is desired (if available), r eq~ le s t  further argument, o r  malce other cor -  

responding changes. Such additional information may be gained by 

follow -up te?e?hone calls  to the inter  viewees , o r  the analysis. may be 

appropriately estendc-d using other i17-orma'iion. 



By prefacing its demonstration p r o g r a n  planning with selected 

personal interviews of industry personr~el  potei~tially involved in  the 

subsequent commercial technology utilization, ERDA can assure  itself 

a more successful demo-nstration program. Personal  interviews thus 

offer an  excelient methodology to a s s i s t  in  planning ERDA'G future corn- 

mercialization denionstration programs.  . 





MANAGEMENT ISSUES IN 

SELECTED DEMONSTRATION PROGRAMS 

Final Report 

Energy Research and Development Administration 
Purchase Order No. WA-76-3775 '  

George C. Sponsler, President 
International Planning Management Corporation 

7910 Woodmont Avenue, Suite 1103 
Bethesda, Maryland 20014 

May 11, 1976 



C O N T E N T S  

Page 

. . . . . . . . . . . . .  I . EXECUTIVE SUMMARY 1 

. . . . . . . . . . . . . . . . .  Introduction 1 

. . . . . . . . . . . . . .  Study Objectives 2 . . . . . . . . . . . . .  Four Technologies 3 . . . . . . . . . . . .  Policy Considerations 4 
Procedures . . . . . . . . . . . . . . .  7 

. . . . . . .  Principal Findings and Recommendations 9 

. . . . . . .  Technical Design Majority Opinions 14 

. . . . . . . . .  Technical Design lXecommeridations 16 
. . . . . . . .  Site Selection Majority Opinions 18 . . . . . . . .  Site Selection Recommendations 19 

. . . . .  Developmental Problems Majority Opinion 19 
. . . .  Developmental Pr.oblelns Recommendations 20  . . . . . . . . . .  Operations Majority Opinion 21 . . . . . . . . .  Operations Recommendations 22 . .  

. . . . . . . . . .  Evaluation Majority Opinion 22 . . . . . . . . . . .  Evaluation Recommendation 23 . . . . . . . . . . . . . .  Overall Comparison 23 

Conclusions and General Recommendations . . .  28 

. . . . . . . . . . . . .  I1 . INTERVIEW RESULTS 34 

. . . . . . . . . . . .  Technical Design Comrrlents 34 . . . . . . . . . . . . .  Site Selection Comments 43 . . . . . . . . .  Developmental Problem Comments 47 . . . . . . . . . . . . . .  Operations Comments 54 . . . . . . . . . . . . . .  Evaluation Comments 58 . . . . . . . . . . . . . . .  Additional Comments 64 

. . . . . .  APPENDIXA . INTERVIEW PROTOCOL A-1 

. . . . . .  APPENDIX B . INTRODUCTORY LETTER B-1 

APPENDIX C . WHAT CONSTITUTES SUCCESSFUL . . . .  COMMERCIALIZATION OF THE LMFBR? C-1 



MANAGEMENT ISSUES IN SELECTED DEMONSTRATION PROGRAMS 

George C. Sponsler, President 
International Planning Management Corporation 

I. EXECUTIVE SUMMARY 

A. Introduction 

This report  presents the results  of a se r ies  of personal interviews 

with six selected companies involved in four ERDA-sponsored demonstra- 

tion programs : Coalcon, the Clinch River breeder reactor plant, solar  

heating and cooling of buildings, and an automobile gasoline turbine. 

The purpose of the interviews, undertaken under ERDA Purchase Order 

No. WA-76-3775, was to ass i s t  the ERDA Task Force on Demonstration 

Projects a s  a Commercialization Incentive in their study of the circum- 

stances under which an ERDA demonstration project should be undertaken, 

and, when it  is, how i t  should be designed and administered s o  a s  to be 

most  productive in "resolving technical, economic and social undertain- 

I1  ties. In order to better understand the problem and correspondingly to 

advise the ERDA Administrator, the Task Force commissio~ned the inter- 

views reported here to gain detailed info-rmation on the selected four 

demonstration projects to complement their own hearings and delibera- 

tions. 
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Study Objectives 

As the term is employed by the ERDA Task Force, a "demonstra- 

tion project" is defined to involve the operation of a complete energy 

syste-m in the expected commercial environment for the purpose of 

resolving the associated technical, economic and social uncertainties. 

The objective of the ERDA demonstration program is  to encourage the 

early commercial adoption by the private sector of energy technology 

developed under ERDA auspices. 'I'hus, 'ERDAts responsibilities a re  

quite different from those of the other major government technical agen- ' 

cies, for- example, DOU and NASA, in that ERDA is not its own customer; 

rather, ERDA must in a sense become a promoter of technology which wi l l  

be developed under government auspices, but which wi l l  be implemented 

by private industry in the commercial marketplace. 

ERDAts problem is thus one of technology transfer. And the purpose 

of these interviews was to facilitate the transfer, .or commercialization, 

a s  it has come to be known, of new energy technology by collecting infor- 

mation and advice from experienced contractors who are  currently in- 

volved in selected ERDA demonstration programs. Since ERDA is devel- 

oping R&D for industrial commercialization, ERDA must become increas- 

ingly cost conscious; and so their basic problem might better be defined 

a s  cost-effective technology transfer. 

ERDA plans some 11 6 demonstration programs. The particular 

four selected for  these interviews were chosen by ERDA executives a s  

representative of the larger number. 
I 



Four Technologies 

By way of brief description for those who may not be familiar with 

the four selected demonstration programs, Coalcon is a $237'million 

demonstration plant in Illinois near the St. Clair County town of New 

Athens. The plant's basic function will be to produce synthetic gas and 

oil f rom coal mined in Illinois. Coalcon Company, the prime contractor, 

is a subsidiary of Union Carbide and Chemical Construction Corporation. 

The state of Illinois will provide $25 million in Illinois coal development 

bond funds to furnish the remainder of the needed investment. 

The Clinch River breeder reactor plant, located, a s  the name sug- 

gests,  on the Clinch River a t  a site provided by the Tennessee Valley 

Authority in the state of Tennessee, is to demonstrate the feasibility of 

the liquid-metal fast-breeder reactor (LMFBR). The Clinch River pro- 

ject has been subject to a variety of delays and other problems which 

have resulted in a cost growth reflected by the prime contractor 's (West- 

inghousel) present estimate of .a total investment of $1. 5 billion. The 
I 

breeder  reactor concept reflects an Administration de,cision under which 

major  reliance is placed upon the nuclear breeder to gain the nation a 

degree of energy independence . in the la t ter  1980s. 

Solar energy for the heating and cooling of buildings is a major 

long-term goal of both ERDA and the nation. Unlike Coalcon and the 

LMFBR, the successful commercial introduction of solar  heating and 

cooling units must necessarily involvethe efforts of a wide variety of 
. . 
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primarily small  businesses, in  contrast with the huge capital investment 

by a few large businesses in the case of Coalcon and LMFBR type pro- 

jects. Although advanced technology, particularly in the form of solid- 

s ta te  solar  photovoltaic cells,  plays a role in the solar  heating and cool- 

ing of buildings, the associated technology primarily is relativelg simple, 

involving the collection of incident solar  energy upon blackened metal 

plates, which transfer  the absorbed heat energy to a circulating cooling 

fluid. 

Finally, the gasoline -fired automobile turbine engine, currently 

under development by the Chrysler Corporation under contract with. ERDA, 

is representative of demonstration projects designed to conserve energy. 

In this case,  i t  is believed that after development the gasoline turbine 

should prove .more efficient in the use of gasoline than more conventional 

internal combustion engines. There might also be weight savings which 

would in turn be reflected in reduced automobile gasoline consumption. 

Policy Considerations 

DOD and NASA offer precedents where research  and development 

have been particularly effective in solving national problems. But it  

must  always be borne in mind that those agencies /are their own custo- 

mers .  Commercialization i s  a different matter; ERDA is developing 

new technology for industry use. Because of the DODINASA precedent, 

Congress has come to believe that massive R&D is the solution to the 



nation's energy problem. R&D appears to offer an easy solution a s  an 

alternative to the development of a comprehensive and coherent national 

energy policy; but in the case of commercialization, i t  may not prove a s  

effective a s  it  was with DOD and NASA. 

One of the companies interviewed foresaw two possible scenarios 

for national energy development. In the f i rs t ,  i t  saw Congress appropri- 

ating great  sums of government R&D money which, in actuality, would 

have little substantive effect and might only be a transient phenomenon. 

In the second scenario, i t  saw a transition to a new and fundamen- 

tally different national approach to developing R&D for energy, particu- 

l a r ly  in the development of large energy generators for utilities. In . 

importance, this lat ter  scenario would correspond to the impact of R&D 

upon DOD and NASA following World War 11. 
/ 

Under this second scenario, to the extent that industry did not per-  

form, the government would itself enter and solve the problem. Never- 

theless, the same institutionalization and product development cycle would 

be anticipated to result  a s  was witnessed in DOD; namely, identification 

of requirements, development, procurement, production, e tc . ,  but with 

industry as the ultimate customer, whose procurement is dominated by 

the government. It is hoped and believed that ERDA' s responsibilities, 

I 
as expressed through i ts  demonstration programs,  will lead to the reali- 

I 

I zation of this second scenario. 

I Nevertheless, there is some industry doubt a s  to the efficacy of 
1 .  

1 the ERDA demonstration projects and, indeed, a s  to the demonstration 



project approach insofar a s  ultimate commercialization success is con- 

cerned. Par t  of this doubt a r i s e s  from the concern that the demonstra- 

tion projects a s  presently planned will not eliminate o r  even substantially 

reduce the r ea l  r isk  which i s  industry's primary fear in the commerciali- 

zation process.  That r i sk  is economic and financial, r a t h e r  than. technical. 

It is feared the demonstration projects may be directed to the wrong 

(primarily,  technical) objectives. Certainly one - must demonstrate tech- 

nical feasibility before one becomes concerned with economi.~ and finan- 

cial factors,  and the three a r eas  a r e  inter-related, a s  i s  obvious. None- 

theless, capital investment r i s k s  a r e  enormous, even if  the technology i.s 

successfully demonstrated. Demonstration projects a s  presently planned 

do not address this la t ter  problem. Indeed, the economic and financial 

r i sks  may be s o  great  that the technology, no matter  how successful, may 

never be used. 

Industry too often sees  technically questionable projects with uncer- 

tain paybacks. Why should the utilities, for  example, invest enormous 

quantities of money on such questionable projects ? The discounted cash 

flow analyses which a r e  called for often embody time horizons greater  

,than ten years ,  which a r e  f a r  too long for  most financial analysts, who 

need a quicker return on their investment. The payoff is s o  fa r  in the 

future that the mathematics of discounted 'cash flow and the mathematics 

of competitive markets offer a very dubious prospect. 



(Speaking of utilities, another old problem probably will r c a r  i t s  , 
head in attempts to commercialize ERDA technology: namely, the pub- 

l ic  utility vs. private power problem. Sooner o r  la ter  any policy con- 

nected with the demonstration of utility-like power systems will have to 

confront this public vs. private problem. ) 

Procedures 

The procedures followed in this present study were the same for 

each of the six companies interviewed. With the assistance of ERDA 

executives, a protocol was prepared, presented in Appendix A, which 

asked specific questions, the answers to which were desired in the course 

of the interviews. The protocol was'mailed pr ior  to the interviews to 

each of the six companies: Coalcon and Union Carbide (Coalcondemon- 

stration project); Westinghouse Electric (LMFBR and solar  heating and 

cooling of buildings); Honeywell (solar heating and cooling of buildings); 

and Chrysler Corporation (automobile turbine project). The protocol 

accompanied a le t ter  of introduction to the companies interviewed from 

the Chairman of the ERDA Task Force  on Demonstration Projects as  a 
1 

Commercialization Incentive. That le t ter  outlined the reasons for the 

interviews and requested the assistance of the chief executives of the 

corporations contacted to assure  that the interviews were productive. 

The Chairman's le t ter  is presented in Appendix B. e 
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The week after  the Chairman's le t ter  had been mailed, Interna- 

tional Planning Management Corporation (IPMC) telephoned the addres- 

s e e s  to arrange a specific time for the desired interviews.   hose ' 

arrangements were confirmed by a subsequent le t ter  from IPMC, which 

a lso  ifitroduced the  int~rviewrer and tho company. 

'The interviews lasted approximately two and one-half hours each. 

The general approach in each was to review the reasons for the inter- 

view, to explain the  objectives of the Task Force,  and then to address 

each specific question of the protocol (c. f .  Appendix A) in turn. Each 

question was discussed in dept.h a n d  often led to other mat tcrs  not fore- 

seen by the protocol. Following completion of the entire se t  of protocol 

questions, the discussion then extended into other a r eas  of particular 

interest  o r  concern to the interviewees. These la t ter  discussions proved 

quite fruitful, and their results  have been incorporated in the following 

sect ion under the heading "Additional Comments. I I 

A detailed t r ip  report  was prepared fnl lnwing each visit and 

returned to the particular interviewee for  his, comment, correction, 

extension or  other modification. In accord with the promise of anonymity 

offered by the Task Force  Chairman in his le t ter  (c. f .  Appendix B), each 

interviewee was assured of anonymity for  himself and his company and 

advised that the individual trip. reports  would not be shown o r  offered to 

ERDA, but ra ther  would be retained in the IPMC files to form the basis 

of this present report. In every case, the interviewees specifically 



requested that anonymity be preserved. Consequently, other than iden- 

tifying the companies interviewed, a s  previously has been done, the fol- 

lowing remarks  will not be associated with any particular individual o r  

company. 

In the analysis of the s ix  t r ip  reports ,  every attempt was made to 

determine the existence of a consensus of opinion o r  a majority opinion. 

Where such was not possible, a s  will be seen from the following Section I1 

on Interview Results, individual comments have been incorporated in this 

report  (in slightly modified fashion to eliminate any means of identifying 

the particular source). 

B. P r i n c i ~ a l  Findings and Recommendations 

Table 1 presents an overall summary of the answers to al l  of the 

protocol quesliur~s, lugether with an appraisal of projcct factor€, pre-  
I 

sented at the end of the table, of each demonstration project, a s  seen in 

the eyes of i t s  principal contractor, regarding the four factors noted, 

namely: familiarity with critical issues,  permanence of the government 

role, relative size of the government contribution, and the nature of the 

demonstration. As will be seen f rom that summary table, only three of 

the companies interviewed felt themselves qualified o r  their  project 

appropriate for  comparison a s  requested by the protocol with s imilar  

practices of DOD and NASA. All six companics preferred to discuss 

each protocol question individually; and, in the case of the three compa- 

nies not reported in Table 1, without regard to DOD and NASA practices. 



Table 1 

S U M M A R Y  O F  R E S U L T S  

In the opinion of the sample of ERDA' s participating contractors, ERDA' s management practices a r e ,  
in relation to those of DOD and NASA: 

I. TECHNICAL DESIGN 

Level of technical' direction 
Specify particular technology . 

Approval of drawings, etc. 
Approval of project personnel 
Approval of subcontractors 
Approve change 0rder.s 
Rights to patents and proprietary data 
Demand royalty-free licenses 
Access to contractor records 

ABOUT THE 

11. SITE SELECTION - -  Not applicable to DOD/NASA Comparison 

11- 1. Extent of site selection determination 
11-2. Offer federal land 
11- 3. Financial protection for publiz liability 
11-4. Environmental impact state.msnt 

preparation 
11-5. Facilitate procurement and permits 
11-6. Reimburse public for demons tration 

operations 
11-7.. Ownership o r  leasing procedilres 
11-8. Participation in hearings wi th  

concerned citizens 



Table 1 (continued) 

111. RESOLUTION OF DEVELOPMENTAL 
PROBLEMS 

111-.I. Role in resolution of development 
problems 

111-2. Inspection and acceptance rights 
111- 3.  Monitor development tests  
111-4. Approval over price adjustments 
111-5. Demand royalty-free use 
111-6. Approval of change of scope 
111- 7. Schedule and performance cr i ter ia  

control 
111-8. Access during development 
111- 9. Progress  report  stipulations 

MORE 
RESTRICTIVE 

ABOUT THE 
SAME 

LESS 
RESTRICTIVE 

IV. OPERATIONS 

IV- 1. Role during operational phase 
IV-2. Access during demonstration 

operations 
IV-3. Recourse in default 
IV-4. Termination rights 
IV- 5. Policy regarding follow-on use 
IV-6. Indemnify contractor during operations 
IV- 7. Monitor environmental aspects 
IV- 8. Interface be tween public and contractor 
IV-9. Specify operating procedures 



Table 1 (continued) 

MORE ABOUT THE LESS 

V. EVALUATION 

V-1. Insure  r e s ~ l t s  accura te ly  r epor t ed  
V-2. Design evaluation t e s t s  
V-3. A c c e s s  to evaluation da ta  
V-4. D i rec t  pa r t i cu la r  t e s t s  
V- 5. Evaluation dura t ion  
V-6. Terminat ion  r igh t s  
V-7: Publicity p rocedures  
V-8. Disseminat ion of da ta  



P R O J E C T  F A C T O R S  

Relative Size of 
Demonstration P r i m a r y  Famil iar i ty Permane nce of Government Nature of 

Project  With Critical Issue Government Role Contribution Demonstration 

Fully funded de- Trying to demonstrate 
Through ent ire  sign phase; 50150 commercial  viability of 

CoalCon (Union Car-  scope of program fo r  demo. con- coal conversion a s  an  
bide and CoalCon) Extremely (8 yea r s  ); disengage struction and -3per. industry. 

Limited; cr i t ical  
issue is degree of As long a s  i t  rep-  Accelerate commer-  
private investment resents  a viable cialization of so lar  
required before and necessary in- heating and cooling 

Solar  Heating market  is well centive :for com- Major - al l  sys tems for  build- 
(Honeywell) established. mercialization. phases. ings. 

Government role 
Will a fast  breeder  will las t  through $1. 95 billion est .  
be licensable and 1990s (fuel cycle, $260M utilities 

LMFBR useful in  utility development of $20M mfr.  & reg. Same a s  Critical 
(Westinghouse) network? comm. siz:e co. Govt. = 80% Issue 

Georgia Solar School 
(Westinghouse) 

Difficulty withpro- 
curement of goods 
and services  (not 
commercially 
available). 

Government con- 
tinues to monitor 
operations. 1000/0 government 

Prove technical feasi- 
bility and utility; data 
base for  others;  
responsive to the 
Congress 
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Selected individual responses a r e  incorporated in the following Section I1 

on Interview Results. 

In this Executive Summary only the consensus o r  majority view, 

appropriately modified where necessary, is summarized for each major 

section of the protocol. In addition, in each instance, al l  related recom- 

mendations, specifically proposed during the course of the six interviews, 

a r e  incorporated because of their potential importance to the deliberations 

of the ER.DA Task Force  on   em on strati on Projects a s  a Commercializa- 

tion Incentive. 

A s  w i l l  be seen from the summary Table 1 ,  in most instances the 

three respondents who felt qualified o r  believed i t  appropriate to com- 

pare  ERDA with DOD and NASA practices felt that there were substan- 

tially no differences. Such result  was to be anticipated, since in most 

cases  the ERDA practices have evolved from those of AEC, which in turn 

frequently have employed DOD precedents. In other cases  ERDA has fol- 

lowed both DOD and NASA precedents. 

Technical Design Majority Opinions 

The principal differences of opinion shown by Table 1 occurred in 

the a r ea  of technical design. One of the three respondents felt that gen- 

I I erally,  In contractual mat ters ,  ERDA is  loose and flexible vis-a-vis 

DOD and NASA practices; however, in the tcchnical context ERDA's prac- 

t ices a r e  decidedly more rigid. " In the view of this interviewee, the level 
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of technical direction exercised by ERDA "is distinctly more restrictive 

than either DOD o r  NASA. 

A second respondent who felt qualified to compare ERDA practices 

with those of DOD and NASA stated that "The level of technical direction 

exercised by ERDA is about right. However, he reported an anomalous 

situation in which one ERDA individual was exercising excessive technical 

direction over one particular subsystem for which he has oversight respon- 

sibility. 

The third respondent who felt qualified to compare ERDA with DOD 

and NASA, a s  noted by Table 1, felt that ERDA1s practices were ra ther  

more lax than those of DOD and NASA, except for  the a r ea  of phtents, in  

which he said that ERDA1s procedures were more rigid than those of DOD 

~ ~ N A S A . '  

In only one a rea ,  that of approval of change orders ,  did all  three 

respondents feel that ERDA's practices were always more restr ict ive 

than those of DOD~NASA.  

When one incorporates the views of the three companies who felt 

unqualified o r  preferred not to compare ERDA with DOD and NASA, the 

majority opinion emerges  that in general government direction over tech- 

nical design should be held to a minimum except in the initial selection of 

project design and contractor. What direction there is should primarily 

be in the a r ea  of incentives to push the state of the art .  This encourage- 

ment is particularly needed when one recognizes that the ERDA objective 



is to encourage the ultimate commercialization, not just prove technical 
,-, 

feasibility, of a particular demonstration project. 

There was unanimity of opinion that ERDA should not demand back- 

ground patent rights for a d k o n s t r a t i o n  project. 

The following spccific recommendations were collected during tile 

interviews regarding the government role in the technical direction and 

design of a demonstration project: 

Technical Design R.ecommendations 

e Broader participa.t.ion hy i n d ~ ~ s t r y  shni.11.d be encouraged in 

ERDA demonstration projects. The Mellon Institute's fellowship system 

of cooperative laboratories provides an interesting precedent, a s  does the 

FEA center for  construction technoiogy. EKDA must motivate a wide var- 

iety of diverse types of people in industry in order  to commercialize their 

new technology. Trade associations involved with the particular technol- - 

ogy might sponsor a Mellon Institute type fellowship, for example. Anti- ' 

t rus t  and related aspects of such possibilities must be reviewed in advance, 

however, before implementing this recommendation. 

8 The government should specify basic technology because those 

decisions determine basic project r isks.  However, the design organiza- 

tion should be consulted in that decision, and the government should not I 

exercise specific detailed design approval. 

To expedite and facilitate project management, ERDA should 



authorize the project officer to approve subcontractors arld should ra ise  

the level which requires headquarters approval to; say, $10 to $20 mil- 

lion. ' 

Contractors should have the right to file patents for exclu- 

sive use a s  an incentive for their participation in a demonstration pro- 

ject. The government should not have the right to disseminate patent ' 

information to contractor competitors, but ra ther  should be granted a 

royalty-free license for i ts  own purposes. However, the government 

must be careful not to permit itself to be accused of favoritism and must 

otherwise assure  fair  competition, particularly in industries where there 

may be only one o r  two large demonstration projects. 

Insofar a s  determination a s  to project marketability is con- 

cerned, however, the industry contractors must be permitted to make 

their own decisions f ree  of government intervention, subject only to 

incentives offered by the government. 

o The government should ra ise  the level above which they require 

pr ior  approval authority on tooling and orders  to a t  least  $25,000, or ,  

more generally, to one o r  two percent of the contract. 

e Patents in the public domain should be licensed to the govern- 

ment in proportion to the government's cost sharing and should pertain 

only to foreground patents. Background patents should remain entirely 

the property of the contractor. 

o Since no private company will allow another private company 

(e. g. , a subcontractor / contractor relationship) to audit their records,  



ERDA contract provisions should clearly indicate provision for the gov- 

ernment to audit subcontractors. 

a The scope and number of required reports  should be clarified 

and held to an absolute minimum by the t e rms  of the original contract for  

the demonstration project. The government should be flexible in demand- 

ing periodic repor ts  and. should permit reporting periods to be adapted to 

company accounting procedures and practices. 

Site Selection Majority Opinions 

None of the s ix  companies interviewed felt that i t  was appropriate 

or. pussible in many instances to contrast ERDA practices with those of 

\ 

DOD and NASA in the mat ter  of selection of demonstration project sites. 

The reason for this view w a s  that DOD and NASA generaiiy do not oper- 

ate demonstration projects ,  'and certainly do not have the commerciali- 

zation requirement incumbent upon ERDA1s demonstra.tion projects. Con- 

sequently no company offered a comparison between ERDA and DOD/.NA.SA 

in  the a r e a  of s i te  selection cri teria.  

All companics concurred in the belie1 lhat site selection is a poli- 

tical problem; since "politics is the a r t  of government" si te  selection 

necessarily becomes the prerogative and responsibility of the govern- 

ment. However, that selection by the government should be in accord 

with technical specifications stipulated by the contractor. Private con- 

t ractors  cannot afford to antagonize unsuccessful si te  pkoponents. 



Site Selection Recomrncndations 

. The .government should have the decision a s  to site selection, 

but the particular site o r  sites must meet the contractor's specifications. 

The government presently prefers to be self-insured, rather 

than to allow insurance premiums to qualify a s  contract costs. , 

Comprehensive insurance programs, private o r  government , 

supported, will be needed in future major. demonstration projects and in 

their subsequent commercialization. * 

e Payments in lieu of taxes are  needed to aid impacted local 

areas  in government demonstration projects, since such projects a re  

not generally subject to local taxes. 

Since the government must approve the environmental impact 

statements for a particular demonstration project, it is inappropriate for 
.-. 

the government to assist  in their preparation, and the government should 

not do so. 

Whereas the contractor is responsible for procuring his own 

construction and other permits, the government should be totally respon- 

sible for long lead time procurement. 

Developmer~tal PI-oblenls R/Iajority Opinion 

As will be seen from the summary Table 1, for the most part the 

three companies who felt qualified to compare ERDA with DQDINASA 

agreed that there was little difference between those three government 



agencies in the majority of the a r eas  concerned o r  involved in this head- 

ing. Principal exceptions occurred in the proper role for the government 

i n  the resolution of developmental problems, in  inspection and acceptance 

rights, and monitoring of development tests.  One of the three companies 

felt that ERDA was considerably l e s s  restr ict ive,  whereas the others 

felt  that ERDA was about the same a s  DOD/NASA in these regards. 

The only a r ea  in  which ERDA was thought to be possible more 

restr ict ive was in i t s  policy regarding royalty-free use and other patent 

rights. 

Develo~mental  Recommendations 

a Presently every cost-type contract change greater  than $500 

requires  goverm-~~ent approval. This figure should be raised 'Lo $25,000 

Q Presently ERDA requires approval of fixed-price contract 

changes of scope grea te r  than $100,000; with present  inflation this fig-. 

u r e  is too low. The figure should be increased to, say, $200,000 to 

$1 million. 

• Technical reports  should be required by the government l e s s  

frequently than is customary. Topical repor ts  a r e  eas ie r  to prepare and 

often more  useful to the government, and should be employed more gen- 

erally. 

• The government should not involve itself directly in devel- 

opment problems, a s  distinguished f rom ameptance tests.  
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e As a matter  of policy ERDA should be permitted to grant - 

contractors title to inventions made in'accord with the performance of 

ERDA contracts. By doing so, ERDA would help fulfill i t s  mission, a s  

outlined in the Energy R.eorganization Act, of having a patent policy which 

would provide an incentive to stimulate commercial industrial development 

in  energy fields, a s  well a s  protection of the public interest.  The public 

could be protected, under a policy leaving title to inventions to the con- 

tractor,  by being provided the best possible chance to have the invention 

brought to the marketplace. Fur ther  protection could be provided by 

reserving to the ERDA Administrator certain "march-in" rights to assure  

that, i f  the contractor did not exploit the invention within a reasonable per-  

iod of time, title to the invention could be obtained by the government s o  

that i t  could be licensed to another. Such a policy would, of course,  pre-  

serve to the government a royalty-free, non-exclusive license for govern- 

ment purposes. 

o As a matter  of policy ERDA should not obtain any f ree  license 

under background patents o r  data. Such licenses should be left to nego- 

tiation on a case -by- case  basis.  

e The government should demand royalty-free o r  other patent 

rights in proportion to the degree of government financial participation. 

Operations Majority Opinion 

A s  will be seen f rom the summary Table 1, a l l  three responding 

companies felt there was little difference between ERDA and DOD/NASA . 
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practices insofar a s  the operational phase of a demonstration project 

was concerned. 

One company was undecided regarding ERDA policy pertaining to 

follow-on use of technology. But the same company also felt  that ERDA 

was more  restrictive in its policies and practices regarding the monitor- 

ing of environmental aspects of demonstration projects and in i t s  role a s  

' an interface between the public and the contractor on such projects. 

Operations Recommendations 

The goveriunent should not itsclf in general' operate demon- 

strat ion projects,  but should employ appropriate private contractors. 

o Operating procedures should not be specified by the govern- 

ment, but rather by the contractor, since detailed project knowledge i s  

the contractor 's and not the government's. 

e The government should interface between the public ,and i ts  

demonstration project contractors in  such a manner .as to influence the 

market  in favor of the new technology. 

Evaluation Majority Opinion 

With but one exception, all three companies who felt themselves 

qualified o r  who desired to compare ERDA with DODINASA practices 

felt there was no substantial difference among those three government 

agencies. The one exception referred to ERDA policies regarding dis- 

semination of data, which one company felt to be more restrictive than 

s imilar  practices of DOD / NASA. 



Evaluation Recommendation 
P 

0 In most instances the government should permit the demon- 

stration project contractor to prepare his own evaluation; however, where 

an independent third-party evaluation is required for whatever reason, 

the government should adopt the following three policies: 

(1) The contractor should be-given approval of 

the proposed evaluator as to the la t t e r ' s  competence, etc. ; 

(2) The evaluation should be conducted in such a 

fashion that it  would not compromise the demonstration 

project contractor 's  prop'rietary rights; and 

(3)  The contractor should have the right of approval 

of the evaluator's proposed test  procedures. 

0vera:Jl Comparison 

In order  to permit '  an overall comparison of the view's of all  s ix 

respondents regarding ERDAfs management practices, a second table 

was prepared based upon the interviewer's interpretations of the respon- 

s e s  of each company to the protocol questions of Appendix A. In essence, 

Table 2 is an inferential analysis of the views of the companies interviewed 

concerning their appraisal of ERDA's management practices a s  the la t ter  

pertain specifically to the respondents' particular demonstration projects. 
, 

The column headings of Table 2 have been interpreted from Table 1 

as: "Too Strict, " "About Right, " o r  '!TOO Lax, " insofar a s  ERDA's 



Table 2 

S U M M A R Y  O F  R E S U L T S  

Interpreting the responses of ERDAfs participating contractors, ERDATs management a r e  
considered to be: 

I. TECHNICAL DESIGN 

1-1. Level of technical direction 
1-2. Specify particular technology 
1-3. Approval of drawings, etc. 
1-4. Approval of project personnel 
1-5. Approval of subcontractors 
1-6. Approve change orders  
1-7. Rights to patents and proprietary data 
1-8. Demand royalty-free licenses 
1-9. Access to contractor records 

11. SITE SELECTION 

11- 1. Extent of site selection determination 
11-2. Offer federal land 
11- 3. Financial protection for public liability 
11-4. Environmerltal impact statement 

preparation 
11-5. Facilitate procurement and permits 
11-6. Reimburse public for demonstration 

operations 
11-7. Ownership o r  leasing procedures. 
11-8. Participation in hearings with 

concerned citizens 



111. RESOLUTION OF DEVELOPMENTAL 
PROBLEMS 

Tzble 2 (continued) 

TOO STRICT ABOL-T RIGHT TOO LAX 

111-1. Role in resolution of development 
problems. 

111- 2. Inspection and acceptance rights 
111- 3.  Monitor development tests  
111-4. Approval over price adjustments 
111-5. Demand royalty-free use 
111-6. Approval of change of scope 
111- 7. Schedule and performance cr i ter ia  

control - 

111-8. Access during development 
111- 9. Progress  report  stipulations 

IV; OPERATIONS 

IV- 1. Role during operational phase 
IV-2. Access during demonstration 

operations 
IV-3. Recourse in defzult 
IV- 4. Termination rights 
IV-5. Policy regarding follow-on use 
IV- 6. Indemnify contractor during operations 
IV-7. Monitor environmental aspects 
IV-8. ~n te r face  between public and contractor 
IV-9. Speci.fy operating procedures 



Table  2 (continued) 

V. EVALUATION 

V-1 . Insure  r e s u l t s  accurately  repor ted  
V-2. Design evaluation t e s t s  
V-3. Access  t b  evaluation da ta  
V-4. Di rec t  pzs t icu la r  t e s t s  
V-5. Evaluation duration 
V-6. Termina t ion  r igh ts  
V- 7. Publicity 
V-8. Disseminat ion of data  

TOO STRICT ABOUT RIGHT TOO LAX 
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management practices contribute to the satisfactory conduct of the com- 

panies' demonstration projects. The previous data of Teble 1 have also 

been included in Table 2, identifying "More ~ e s t r i c t i v e "  with "TOO 

Strict, " "About the Same, " with "About Right, I' and "Less ~ e s t r i c t i v e "  

with "TOO Lax. " 

Comparing Tables 1 and 2, it  will be seen that there a r e  few sig- 

nificant differences. Overall, we conclude that ERDA1s management 

practices, a s  seen by the s ix  contractors interviewed, a r e  for the most 

par t  satisfactory. 

What differences there a r e  appear primarily in technical design 

concerns. It was the unanimous opinion of all  s ix companies interviewed 

that ERDA'S change order management . . practice is too str ict .  Similarly, 

the majority opinion was that ERDA1s patent management practices a r e  

too s t r ic t ,  particularly a s  they concern background rights. 

There a r e  no significant problems in ERDAt.s s i te  selection pro- 

cedures. 
. . 

Insofar as  the resolution of developmental problems is concerned, 

the only differences between Tables 1 and 2 appear: in  Question 111-5, 

the demand for royalty-free use, again reflect.ing concern with ERDAfs 

patent and in the demand for project report  information, 

Question 111- 9. 

The concern with ERDA patent regulations also explains the one 

deviation between Tables 1 and 2 insofar a s  operations a r e  concerned: 



namely, a concern regarding patent rights in the follow-on use of tech- 

nology, reflected by Question IV- 5. 

The patent problem also arose  in the one difference between 

Table 1 and Table 2 in Section V, Evaluation. An additional concern 

was raised in  the same section relating to the dissemination of data, 

Question V- 8, which again reflected the particular respondent's concern 

with ERDA patent restrictions. 

Conclusions and General Recommendations 

There was a divergence of opinions and conclusipns regarding the 

four different types of demonstration projects discussed during the inter- 

views. 

In the case of the large capital-intensive projects (Coalcon and 

LMFBR) the principal conclusion was that ERDA should recognize that 
, 

the pr imary problem to be solved in commercialization is the making 

available of the necessary funds, i. e: , financing. 

Financing was also anticipated to be the major commercialization 

problem in the adoption of a new technology s u c h a s  that of the autnmo- 

bile turbine. Here the problem of commercial introduction is not that 

of technical feasibility but rather that of financing the huge retooling of 

the entire automobile industry which would be needed to produce the tur-  

bine. 

In the case  of the solar  heating and cooling demonstration projects, 

financial considerations of a different nature predominate. Namely, 



industry presently projects return on sales  of much l e s s  than five per-  

cent, and re turn on investment of l e s s  than ten percent. Commercial 

attractiveness is therefore in doubt. As with the automobile turbine, 

to  encourage commercialization of solar  heating and cooling technology, 

reduced production costs a r e  required; however, a t  the moment improved 

production methods do not look particularly promising. Indeed, t h e  cost 

of production presently is about ten times what would be considered eco- 

nomical. 

Another problem with the solar  area--which in different ways is 

reflected in the other thrke a r eas  a s  well--is that of public acceptance. 

Frequently solar  installations a r e  esthetically unattractive and there is  

a built-in market  resistance. Market resistance might also be found in 

automobile turbines, although such is not anticipated to be the case. 

Environmental and safety aspects of the large projects,  such a s  Coalcon 

and the LMFBR, may jeopardize the public acceptance'of those projects 

as well. 

Historically i t  was felt that demonstration projects,  such as  those 

planned by ERDA, have not been particularly successful. in commercializ- 

ing a new technology. It was thought by one respondent that the Bureau of 

Mines demonstration projects were the precedent for  the ERDA program, 

as the BuMines projects were also cost shared and exhibited other charac- 

terist ics typical of the ERDA approach. The principal problem of such 

demonstration projects is that they have not illustrated economic feasibility. 
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On the other hand, certain AEC-sponsored demonstration pro- 

jects,  such a s  that a t  Shippingport, have been quite successful. In 

these lat ter  cases ,  however, the government paid 100 percent of the 

demonstration project cost,  and in the case of Shippingport sold the 

resulting steam at competitive prices to private industry. 

One respondent said that today ERDA is, being forced by Congress 

to produce results .  What is needed is a commercialization program 

which looks a t  all  pertinent political, economic, technical and social 

real i t ies and recommends a plan for a more promising commercializa- 

tion approach than is offered by current  demonstration projects. 

Similar recommendations were made by other respondents: 

e ERDA should itself plan the commkrcialization phase in 

detail o r  else should give clear-cut responsibility to someone, else to 

write such a strategic plan so  as to know how and when to involve the 

industrial community in encouraging future commercialization of i ts  

new energy technology. Thus ERDA should become a promoter a s  well 

as a developer of new energy technology. (Appendix C presents an 

example of such a commercialization plan, drawn for  the Clinch River 

Breeder Reactor Plant and made available to the general public by the 

Westinghouse Electric Corporation. ) 

In planning technology commercialization, ERDA might be 

wise to develop industry committees in each technical area ,  which would 

recommend how commercialization could best be brought about in that 



area.  Such an approach would guarantee industry involvement and would 

accelerate the commercialization process. It must be recognized that 

such a committee approach would differ from project to project, a s  the 

problems themselves a r e  drastically different between, say, the LMFBR. 

and the solar  area .  F o r  example, LMFBR o r  Coalcon commercialization 

1. ' 

will involve a very smal l  number of large businesses, whereas in the 

solar  projects a very large number of small  businesses will be involved. 

Each technical a r ea  has different problems and requires i ts  own special- 

ized commercialization plan (e. g. , see  Appendix C). 

e In i t s  approach to planning the commercialization phase, ERDA 

should, f i rs t ,  get the appropriate people together from industry and gov- 

ernment in discussion to decide what technology should be used and t'o 

identify what engineering approaches should be employed. Second, the 

government 'and industry would then determine what appropriate funding 

is required. Third, and most imposrtant, the government must then fig- 

ure out an equitable method of fundi g the production phase, o r  of assur -  

ing that adequate financing for the commercial introduction of the new 

technology i s  otherwise available. 

As par t  of i ts  commercialization strategic planning, the gov-' ! 
ernment should develop and publish a national energy policy which should 

be integrated in the sense that i t  stimulates the economy, provides 

energy, permits  people to work, and assures  national oil independence 

f rom foreign producers a t  some reasonable time in the future. 
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e Perhaps the demon~tra t ion '~1ant  phase should be eliminated 

altogether, with ERDA going directly to the f i r s t  commercial plant stage 

on a r isk  basis with government insurance of reasonable return on invest- 

ment. The World War I1 synthetic rubberplant  precedent might be most 

appropriate in this regard. 

8 ERDA must decide whether i t  will manage a demonstration 

project itself o r  will contract with a private company to do so. The lat- 

t e r  course is recommended by industry. 

e A number of vacancies exist in- ERDA which they a r e  trying 

to fill  from industry in o rder  to gain experienced management talent. 

This i s  a good policy and should be encouraged. 

e Finally, there a r e  many costs of demonstration plants which 

a r e  not involved in a commercial-scale project, and which further de- 

grade their financial attractiveness. In general, private financiers a r e  
, 

unwilling to contribute, say, $1 50 million toward a demonstration pro- 

ject with its associated r isk.  ~ i f t y / f i f t y  funding for demonstration 

projects is often too severe  for industry. The share  proportion of 

project funding should be based on a situational assessment of demon- 

strat ion risk. Not all pilot plants should be funded on a 70130 basis,  

nor all demonstration plants on a 50150 basis. It might be unbalanced 

one way o r  the other, depending on r isk.  The actual sharing proportion 

could be par t  of the original proposal for  a demonstration project. The 

government might consider bearing al l  costs of a new demonstration 
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plant with possible resale to industry on a bid basis ,  a l a  thc Worlci 

W a r  11 synthetic rubber industry precedent. 



11. INTERVIEW RESULTS 

This section presents selected (edited) comments offered by the 

various interviewees in response to the protocol questions presented in 

Appendix A. F o r  convenience, the comments a r e  presented in the same 

order  a s  the protocol questions, and the questions themselves a r e  repeated 

a t  the beginning of each corresponding se r i e s  of interviewee responses. 

All of the recommendations gathered during the interviews have 

been quoted verbatim in the preceding Executive Summary, and there- 

fore will - not be repeated hereafter.  

Technical Design Comments 

1-1. The principal question to be answered is:  What level of direction 
should the government exercise over demonstration project technical 
design? 

Government direction over technical design should be kept a t  a 

minimum and then primarily held to the prea of incentives in order  to 

. push the state of the art .  This is particularly s o  in fiClds of commer- 

cialization where the government is buying the design, not just the man- 

power. 



1 1  The government has a right to ear ly  signals" if the demonstration 

project were in difficulty. However, the government might be tempted 
I 

to become a "creeping monitor'' under whom enforcement might be r e -  

placed by regulation, which would be intolerable. 

In contractual mat ters ,  ERDA is loose and flexible vis-a-vis DOD 

and NASA practices; however, in the technical context ERDA's practices 

a r e  decidedly more rigid. The level of technical direction exerted by 

ERDA is distinctly more restrictive than'either DOD o r  NASA. 

. % 

2 
ERDA is presently toying with the (CS) management concept a l a  

DOD. This would be a most unwelcome development. The most success-  

2 
fully managed DOD projects did not employ (CS) . 

Informal govcrnmcnt guidance, particularly with respect to tech- a 

nical feasibility considel.ations, is welcome; however, in the case  of 

marketability, the contractor must decide. 

The level of technical direction exercised by ERDA in i ts  demon- 

stration projects i s  "about right. " 

The government should select the contractcir, but the contractor 

should then be left to do the work. The government should also have the 

right to inspection and veto. 
' 
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1-2. To what extent should the government specify the particular tech- - 
nology to be employed in achieving the desired performance? 

The contractor should work with A&E f i rms  at an  early stage of 

the demonstration in the definition of the system a s  a whole to encour- 

age the proper development of the project, and to assure  optimal use 

\ 

of the existing industrial infrastructure. 

It would not be wise to relax government specification control. 

To do s o  would permit  undesirable duplication of effort. 

The govermei i t  should only spe ciiy technology in the initial selec - 

tion of the contractor. Afterward i ts  role should be that of maintaining 

cognizance. 

The contractor selected should be among the best judges of com- 

mercialization. Additional commercialization considerations may need 

to be exercised in a step following the demonstration project,  in which 

the contractor could bc of great  use. 

ERDA's technology selection specifications a r e  too rigid, and 

frequently suffer from design by committees. Thus the design organi- 

zation, with their detailed knowledge of the implications and costs of 

technology selection, do not have a chance to participate in the original 

selection. 



The layers  upon layers  of government management review and 

I approval commonly experienced in the U. S. and particularly a s  required 

I by ERDA result  in serious. delays and cost growth of demonstration pro- 

jects. 

1-3. To what extent should the government exercise approval rights on 
drawings, materials ,  and/or  procedures ? 

It i s  unnecessary for the government to exercise approval rights 

on drawings, materials ,  o,r procedu~-es.  

The government should provide any information a t  i t s  disposal, 

beyond that which the contractor is using o r  knows about, regarding 

materials ,  processes,  etc. However, commercial good judgment i s  

most likely to r e s t  with the contractor. 

The government should exercise their legal approval rights, ex- 

cept in the a r ea  in which the productlsystem must meet performance 

requirements as specified. 

The government a s  a whole is much too restrictive. 

1-4. To what extent should the government exercise approval rights on 
-- 

project  personnel ? 

Most contractors a r e  capable of selecting their  own people and do 

not welcome government intrusion in the process. 



Some contractor-s a r e  concerned that the government laboratories 

may take over certain energy R&D a reas  to the exclusion of private com- 

panies, who may have done the original work. 

It is not appropriate for the government to exercise approval of 

personnel once a contractor has been selected. It i s  appropriate in the - 

initial selection of the contractor. 

The government should not exercise approval rights on project 

personnel. Presumably the contractor. has been selected because of 
I 

past exberience in  his field and in selecting personne'l. In that initial 
. . 

selection, the government should of course determine relative capabil- 

i t ies of the various personnel proposed. Key personnel changes subse- 

quent to contract award should be reported, of course; however, .if 

blanket government approval of personnel were required, it  would inter- 

f e r e  with union agreements, create conflicts of interest ,  and lead to 

prejudgment of the project. 

1-5. To what extent should the government exercise approval rights on 
subcontractors ? 

. ' The government should exercise i t s  approval of subcontractors 

only as regards  their financial credibility, except in the initial award 

of'the contract, when the subcontractor would be considered a team 

member. 



Preferably, the government should exercise i ts  determination in 

the original R F P  ra ther  than after  the contract award. "~egot . ia te  i s  pre-  

ferred to "approval. " ERDA should exercise no more approval rights 

than other governmental bodies. 

The government should only exercise approval rights on subcon- 

tracts  to a very limited extent. The government i s  buying the contrac- 

to r ' s  services in this area. However, l a rge  R&D subcontracting o r  
1 

unusual large procurement should be a subject for negotiation and 

approval by the government. 

1-6. To what extent should the government anwrove necessarv change 
o r d e r s ?  

Typical DODINASA change order  procedures relating to form, fit 

I and functio'n, etc. a r e  l e s s  applicable in ERDA contracts. A DOD/NASA 

approach would be too restrictive. 

U Misunderstanding and c.onfusion a r i s e  because of the level a t  which 

I changes must be approved by the government. Too much control exists 

under the present contract mode. 

I Change orders  have a negative impact upon cost and performance, 

but ;hen they a r e  necessary they should be processed promptly. ERDA 
I 

I approves o r  requires approval of changes a t  too low a level. 



Change orders  should be negotiated mutually between the govern- 

ment and the contractor, and should require proper reimbursement to 

the contractor. Change orders  to subcontractors a r e  prime contractor 

responsibility, unless the costs a r e  unusual and therefore require ex- 

planation to the government. ERDA's procurement restrictions signifi- 

cantly hamper purchasing schedules. Such restrictions include pr ior  

approval on tooling over $2,000 and orders  over $10,000. Such levels 

resul t  in many orders  being delayed unnecessarily. The l imits  a r e  too 

low. 

1-7. To what extent should the government esercise  riphts a s  to ~ a t e n t s  . 
and ~ r o ~ r i e t a r v  data? 

. The DOD practice of the contractor r c t a i n i ~ g  title is preferre?. 

With reference to background patent rights, no government access is  I 
desired. On occasion background patent position has been relaxed, but 

I 

i t  is an unpopular practice and is not preferred.  Patents and data devel- 

oped pr ior  to contract should become government property in t e rms  of 

license rights but not patent rights. 

Present  patent and proprietary data clauses make sense, both a s  

regards  background and foreground patents, data ownership, etc. 

There should be a good patent incentive for the contractor. The 

background patent a r ea  has been a particular problem. ERDA i s  much 

more  demanding of background rights thaae i ther  DOD o r  NASA. 
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Patent rights should not be decided a s  a matter  of policy. In al l  

cases they should be determined on a case-by-case basis,  subject to 

certain guidelines. In any event, background rights should be elimina- 

ted from government control. 

If inventions a r e  made using public funds, then those patents 

should remain in the public domain. Patents a r e  f a r  l e s s  important 

I I than l'momentum. The adage  m ever t ry  to root out an incumbent" 

implies the advantage afforded by a leading industrial position. 

1-8. To what extent should the government demand rovaltv-free licenses - " " 

for  government purposes to inventions, patents and discoveries developed 
pr ior  to o r  in the course of the technical design? 

Again in the background area ,  ERDA is much .too restrictive. 

Background, no; foreground, possibly, via a license. We would 

like to see  the license granted only if the specific development company 

cannot fulfill the market need; and royalty-free only if developed in the 

course of the technical design, with the contractor having no pr ior  rela-  

ted background experience. 

The practice under which the contractor owns a title but issues a 

royalty-bearing license is unpopular. Royalty-free licenses to the gov- 

ernment for background patents a r e  not appropriate, but a r e  entirely 

appropriate for foreground rights. 



Much of the success of a demonstration project derives from the 

contractor 's pr ior  experience. That experience is reflected in back- 

ground patent rights, which should not be made available to the govern- 

ment on a royalty-free basis.  

1-9. 'Yo what extent should the government be authorized access  to con- 
t ractor  records ? 

All records relating to activities for which the government pays 

o r  in  which the government shares  the cost should be and a r e  totally 

accessible to government review. Financial records  must be cor,si.s- 

tent with the type of contract, and in accord with government procure- 

' ment regulations. Some subcontractors a r e  concerned by the govern- 

ment 's  access rights, a s  they fear  they may lose considerable advantage 

to their  competitors who may gain information by the government's access 

to their  records. 

'l'he government has complete access except for personnel files. 

We feel they should.have no access to contractor records on fixed price;. 

on cost plus, present audit procedures a r e  suitable. 

In a cost-reimbursable contract standard catalog items a r e  not 

audited in detail. However, what should be done about future catalog 

i tems which may be required for cost disclosure, but which a r e  inten- 

ded for future commercial sa le?  This is a problem a rea  requiring gov- 

ernment resolution. 



Experience with the Corps of Engineers, who have demanded 

excessive access to reports ,  has proved cumbersome in practice and 

has been negative. 

There is currently a tremendous papkr 'burden on contractors 

mee;ting government requirements. 

Site Selection Comments 

11-1. Under what conditions .and to what extent should the government 
make si te  selection determination? 

The si te  selection problem involves a myriad of factors,  including: 

unions, local government, local populace, and many additional questions. 

It is best handled by the govertmlent. The c o ~ t i - a c t o ~ -  should develop a 
t 

"technical data banktt--that is, specifications for a site--but the actual 

selection should be .left to the gover~lrnent because of the political impli- 

cations. 

11 Politics is the ' a r t  of government. Site selection is primarily 

a political problem and should be left to the government, providing the 

k 
technical specifications a r e  met as stipulated by the contractor. 

,This is a "political football. " 



11-2. under what circumstances should the government offer federal 
land for  such purposes, and under what conditions? 

The land cost is a relatively minor par t  of a demonstration project. 

Unless.there is some overriding reason for choosing federal lands, there 

is no need for their use. I 

The government should consider offering federal land only a s  a 

mat ter  of cost effectiveness. - .  

A policy of exclusive use of federal lands could compromise the 

best s i te  selection from a technical standpoint. 

11-3. Should the government offer o r  furnish financial protection o r  . 

indemnification for public liability claims arising from demonstration 
operations 02 goverr--e;t lands ? 

There is no difference between federal and private land, and there 

should be no government protection, unless the government res t r ic ts  

the selection to federal lands when it  might be needed for unknown 

reasons. 

Financial protection o r  indemnification in large projects should 

be and is required by al l  participants. Government insurance might be 

useful. 

Not a major factor. 

The government should provide this protection. 

\ 



The government should act only a s  an insurer  of las t  resor t ,  

since 'most private contractors have their own insurance agents. 

11-4. To what extent should the government ass is t  in the preparation of 
needed environmental i m ~ a c t  statements for the  articular site selected? 

Perhaps the government should fund EISs, but not do them. In any 

case the government should approve them. 

EISs should be prepared by contractors and approved by ERDA. 

1.1-5. To what extent shoulg the gove rmen t  facilitate procurement neces- 
s a r v  for  cotlstruction and other ~ e r m i t s  relating to the  articular site 
selected ? 

In general,  procurement of permits  is the responsibility of the 

contractor. However, any government assistance is welcome. 

Governmental help would be appreciated. Insofar a s  building per-  

mits  a r e  involved relating to performance standards, we prefer  working 

with local rather than federal government bodies. However, special 

cases  might require government involvement fo help meet difficult local 

building codes. 

11-6. What arrangements should be made to reimburse the ~ u b l i c  for 
p~ - - 

demonstration project operations on federally-owned land? 

Land i s  a nominal part  of the project cost. 
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. Reimbursement is not necessary;,  however, exceptions a r i se  in 

s t r i p  mining of coal and similariy in the mining and processing of oil 

shale. 

This is a government problem, not the contractor 's.  

11-7. Correspondingly, what particular ownership o r  leasing procedures 
a r e  recommended for construction of plants on the site selected? 

If new construction is involved, timing problems may ar ise .  On 

occasion the construction phase might actually precede ERDA final 

decision and approval. A policy should be developed urlder which the 

government would not interpret a company's initiation of construction 

' pr ior  to final approval a s  a prima facie indication that the company 

would be willing to fund the project alone without government assistance. 

. . Arrangements depend upon how commercially attractive the project 

may be. The operator may wish to have an option to purchase, i f  the 

demonstration is successful. Fusion power demonstration projects of 

the future may be particularly concerned with this problem. 

, 

Ownership and leasing procedures should be par t  of the contrac- 

to r ' s  obligations. The government role should be one of stimulus and 

standby assistance. 



11-8. To what extent should the government participate in hearings and 
meetings with concerned citizen groups in the vicinity of the selected 
site ? 

The government should adopt a responsive posture for  local prob- 

lems,  but in general s i c h  problems a re  'the problem of the contractor. 

Clearly the government should do so. 

The government should participate since i t  is a partner in the cost- 
I 

shared .demonstration project. 

The government should not normally "participatet' but should lead 

the response o r  be the only respondent to concerned citizen groups. The 

action should be taken pr ior  to granting of an award. 

Developmental Problem Comments 

111-1. What role should the eovernment ~ l a v  in the resolution of devel- 
w L " 

o ~ m e n t  ~ r o b l e m s  in general ? 

In general the government should make available al l  i t s  technology 

to help solve developmental problems. The resources  of the national 

laboratories particularly should be made available in this regard. 

. The government should provide any technology a t  i ts  disposal 

that is required, but the government should not attempt to provide tech- 

nical solutions to developmental problems per  s e ,  which is the respon- 

sibility of the contractor. ' 



- 

The government should have approval rights to technical solutions 

to a major unplanned technical problem encountered during development. 

One needs flexibility to cope with unplanned problems, both technical and 

financial. 

The government should play a supportive role in the solution of 

developmental problems. 

The government must protect itself and the public interest in all 
I 

respects. 

111-2. '1'0 what extent should the government demand inspection and 
acceptance rights ? 

The question should be one of specification by the contract. Lf i t  

is contracted, the government has complete rights. Difficulties a r i se  

i n  cases not covered by the contract o r  for which there is not sufficient 

o r  adequate specification. 

It is reasonable for the government to have these rights. This 

is the name of the game; that's the way life is. 

Acceptance matters a re  a moot matter in research and develop- 

ment projects. Specifications a r e  not necessarily appropriate; rather 

they should be replaced by goals which could be reached on a best- 

effort basis. Misfeasance, of course, must remain reprehensible. 



The government i s  always entitled to inspect the end product it  

is financing. Yet acceptance rights on a complex R&D program can be 

relatively moot. 

Establishing the possible degree of success  i s  the purpose of a 

"best-effort" R&D project. . 

111-3. To what extent should the government demand o r  monitor devel- 
o ~ m e n t  t es t s?  

The government should demand o r  monitor development tests  only 
I 

to assure  that the results  will be successful and useful to others. 

The contractor i s  more qualified to judge the testing required for 

~ ~ ~ i i x e r c i i d i z a t i o n  than is the goverlmzent. 

Government should always monitor, but development tes ts  should 

be specified and written into the original contract; 

The word "demand" should be changed to "specify. I '  Practically 

any reasonable degree thereof is acceptable. 

The contractor is generally in a better position to specify; ERDA 

is relatively flexible in this regard. 

~ o v e r n m e n t  involvement in development, a s  distinguished from 

acceptance tes ts ,  is not welcome. This a r ea  should be called out in 

the contract. 



111-4.. To what extent should the government exercise approval over price 
adjustments o r  cost over-runs on specific items during construction? 

None on fixed price ccnstruction contracts. 

The government should approve changes in cost estimate of a sig- 

nificant size. 

On specific i tems,  no; however, i t  would be alright in a general 

cost-overrun situation. Beyond that, this problem falls into the usual 

government auditing procedures. 

Government approval over price adjustments o r  cost overruns 

should be primarily on the overall o r  major cost segments, because 

-the contractcr ls  es tkia t ing may balance out one task against another 

within a total cost limit. 

111-5. To what extent should the government demand royalty-free use 
o r  other patent rights to processes evolved in solution to developmen- 
tal problems ? 

Cornmcrcial utilization of inventions requires a great  deal of wurk 

and r i sk  capital beyond the initial making of the invention under an ERDA 

contract. The contractor is the party most likely to invest this effort 

and capital to exploit the invention, since he has the background exper- 

tise in the field of the invention. Without the right to patent the inven- 

tion, he cannot justify the investment needed to bring the invention into 
I 



the marltctplace, because anyone could take advantage of his work and 

1 capital investment and immediately bring out competing copy, thus 

denying him the recoupment of his investment. 

The government should have such royalty-free use,  but not indus- 

t ry  a t  large in order  to provide incentive to the demonstration project 

contractor. 

To whatever degree the government needs. 

111-6. To what extent should the government exercise approval and con- 
t rol  of change of scope o rde r s?  

Change of scope orddrs a r e  handled a s  per  the contract and for 

I the most par t  a r e  acceptable. 

It all  depends on the level of dollar approval. Presently every 

cost-type change greater  than $500 requires government approval and 

fixed price contract changes of scope greater  than $100,000. These 

figures a r e  too low. 

I It is customary for the government to exercise total approval and 

c o ~ t r o l  of change of scope orders ,  since change of scope is an actual 
, 

amendment to the contract. If the contracts a r e  cost reimbursable, 

'they a r e  totally a government responsibility. If the contract i s  cost' 



and changes should be conducted on the same basis  a s  the original 

financial participation. 

Government has full approval and control of change of scope orders  

by negotiation processes which resolve the effects on the ,end product and 

costs involved. 

111-7. To what extent should the government exercise control over 
changes of schedule and ~ e r f o r m a n c e  cr i ter ia  ? 

Government control over changes of schedule and performance 

c r i t e r ia  should be via negotiation on the prime contract. Subcontracts 

under agreed unusual cost l imits  should not have colltrols other than 

conventional audit. 

Schedule and performance cr i ter ia  should be subject only i f  cr i t i -  

ca l  to'the overall project,  not for  any specific problem. 

Clearly the government needs this right a s  a participant. 

Performance cr i ter ia ,  in  t e rms  of changes, a r e  subject to con- 

t rac t  t e rms  and ,can be made by mutual agreement. Itre take a l iberal  

view of this problem. 

111-8. To what extent should the government demand inspection rights 
and access during the deve lo~ment  period? 

The government should have total access and inspection rights, 
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subject to the te rms  of the contract and assuring that commercial pro- 

prietary information is held confidentially. 

The government should be given reasonable rights of access 'as 

specified by the contract. 

The government access and inspection rights should be to the ex- 

tent of assurance that efforts and progress  reported a r e  reasonable and 

accurate. 

111- 9. How frequently and how detailed should progress  reports  be 
reauired of the contractor 'for government review? 

Topical reports  a r e  often more useful and eas ier  to prepare than 

technical .reports. ERCA is flesible in this area.  

2 
ERDA proposes to follow DOD (CS) procedures in this area ,  with 

problems expected to result. 

Contractors generally experience too much effort in  preparing too 

frequent and overly detailed reports.  The frequency and level of detail 

should be reduced. 

. Less  frequent o r  l e s s  detailed progress  reports  might facilitate 

progress.  

. As specified by the actual contract and adhered to thereafter,  but 

with an anticipated frequency not greater  +ban once a month,. 



Progress  reports  should be provided for government review not , 

l e s s  than monthly and detailed to cover milestones, cost position, and 

technical information, such that other par ts  of industry and government 

1 

need not duplicate the same efforts. Some technical data cannot be .,- 

reported more frequently than quarterly o r  annually. The government 

I 

should be flexible in melding their requirements with the contractor 's I 

practices. 

Omrations Comments 

IV-1. In .general, what role should the government play during the 
operational phase of the demonstration? 

There is an old adage that "No government employee makes a mis-  

take and no government project is ever a failure. I '  Close contact between 

the government and the contractor on technical mat ters ,  particularly dur- 

ing the operational phase of a, demonstration project, i s  essential. The 
I 

government in' i t s  role a s  "sovereign" has responsibility for regulation 

of these matters. 

Contractors should be insured by private investors, using the gov- 

ernment only a s  an investor of las t  resort .  

. 
The government should play an active role and should understand 

the problems intimately, but they should not call all the shots. 

The present government role is appropriate and reasonable. 

I 
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Private commercial o r  industrial operators who a r e  experienced 

in similar  business should operate demonstration projects,  rather than 

government employees, in order  to maximize the transfer  of technology - - 

and confidence to the ultimate users .  

Ultimate commercial success is the government's responsibility, 

. but operation of the demonstration project is the contractor's. 

IV-2. What should be the ~ove rnmen t ' s  access and audit rizhts during 
the course of the demonstration ~ r o i e c t  o ~ e r a t i o n ?  

The government must have total access and audit rights a s  speci- 

fied by the contract. 

Ivlinimal, but .that necessary io assure  su.ccess. 

I V - 3 .  What should be government recourse in case of default? 

This right should be clearly negotiated in the original contract. 

Recourse should not extend beyond government financial participation. 

A major problem is the r isk  of termination damages. 

. The government can unilaterally cease--operations a t  any time 

under the termination clause, with corresponding termination liabili- 

, ties. Definition of default has to be determined in  a court of law. 

The has the right to terminate for convenience o r  

default, although the la t ter  is seldom encountered. Often termination 



f o r  convenience is used in place of default in order  to avoid litigation. 

Par t iculars  of termination should be and a r e  par t  of the contract. 

IV-4. What should be the government termination r ights? 

Termination for convenience is unfair in cost-shared demonstra- 

tion projects,  unless provision is made for residual damages to the end 

owner. 

The government must be permitted to terminate a project a t  the 

end of any phase, o r  indeed in the middle, subject to certain liabilities 

and termination Costs. 

IV-5. What should be the government's, policy regarding follow-on use 
of technolog,y arid ie cllilical changes during the course 01 the demons ti-a- 
tion plant operation ? 

The government's rights regarding follow-on use during the demon- 

strat ion plant operation should be on the basis  of financial participation. 

Contract must specify, otherwise hands off. It would actually be 

the same a s  during the development period, that is, on the same hasis  

as the cost sharing. \ 

Again the problem of free access  to competing contractors of 

patents developed under ERDA sponsorship ar ises .  ERDA generally 

does not allow contractors to retain patent protection to the 'extent that 

DOD does. 



IV-6. To what estcnt should the government indemnify the contractor 
during the course of o ~ e r a t i o n s ?  

The intent was interpreted to mean indemnification against secon- 

dary damages, in which case government participation is not appropriate. 

The government should indemnify contractor thoroughly. 

Most contractors would require such indemnification. 

This protection should be worked out in the original contract r e -  

lating to casualty liability. 

IV-7. To what extent should the government monitor environmental 
aspects of operations ? 

Here indemnification is important. Lf the government approves 

environmental impact statements, i t  should then indemnify against suits.  

The key restriction must be a ceiling upon the contractor 's liability. It 

is the government's responsibility to monitor environmental aspects of 

operations under E P A  regulations, and i t  is therefore appropriate here 

a s  well. 

- 
I I The government monitors the hell out of it. " 

IV-8. To what extent should the government act a s  an interface between 
concerned public groups and the contractor during the course of opera- 
tions ? 

Usually the contractor i s  the actual contact point with the public, 



although government participation and support is of course welcome. 

ERDA arranges for the contractor to have access to the public, but 

exercises the right of pr ior  approval more frequently than DOD o r  

NASA. 

Mast  of the interface should be pr ior  to award. However, the 

government interface. should continue if required. The government 

should lead. If handled properly (this is probably an atorr~ic energy 

question), the problem would exist a t  the onset with known lead during 

the contract. 

It is entiz.ely the contr,actorls responsibility to act a s  an interface 

with public groups; however, should they fail, the government could step 

in to  protect i t s  investment. 

The government should always be willing to. respond;. that i s ,  to 

s tep in when requested by the contractor. The contractor should share  

responsibility a s  a member of the project. 

Evaluation Comnients . 

V-1 . .In general, what procedure should the government employ to insure 
that the results  of the demonstration a r e  accurately reported and fairly 
evaluated ? . 

Clearly ERDA does not have many "on the scene" people .and there- 

fore does not have the ability to evaluate a demonstration project itself \ 
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to the extent and depth needed. III any event, i t  i s  best to leave evalua- 

tion to the private sector. 

The testing of the end product against contract specifications i s  a 

major evaluation, and is the contractor 's responsibility. Normally the 

contractor i s  very aggressive in evaluating i ts  own products. 

The government should make i t s  own evaluation, engaging a third 

party if necessary. 

Procedures a r e  very adequate a s  they stand and a r e  defined in the 

contract. 

The situation with ERDA is almost completely different from that 

with DOD and NASA, who a r e  their own customers. ,ERDA i s  trying to- 

get technology into the private sector; they a re  not their  own customer. 

ERDA1s big problem is technology transfer.  They need some 

vehicle to encourage industry participation in the commercialization 

phase. Potential industry users  should be involved on a broad basis  in 

a demonstration project to encourage their participation in that phase. 

At a minimum information should be exchanged, 'but i t  would be 'Detter 

to have the potential users  directly involved in the demonstration pro- 

ject itself. 



The gove.rnment has responsibility; i t  can establish the test stan- 

dards to be followed and a test period. The government should employ 

companies who clearly have an.interest in the ultimate commercial 

marketplace for project evaluation. Usually the initial prime contrac- 

tor  should have this responsibility. 

V-2. More s~ec i f ica l lv ,  should the government design the evaluation 
- - - 

t es t s ,  o r  exercise approval rights over test  design by the contractor? 

Consumer products can best be tested using the contractor 's own 

experienc'e. In general, contractors do not like the idea of the govern- 

ment employing a third party for test and evaluation; they prefer  tc:, do 

their own evaluation. 

The role of the private f i rm i s  to optimize decisions and perfor-  

mance, especially. from a financial standpoint. The government should 

be willing to pay for  the additional costs. 

. The situation is fine a s  i t  is; thc government does exercise approval 

rights, but they do not and should not design tests.  

This question leads to the problem of certification. Government 

,and industry actions should be resolved to establish independent certifi- 

cation. 



V-3. To what extent should the government have access to basic evalu- 
ation data pr ior  to incorporation in evaluation repor ts?  

The government should always have access to data to protect the 

industry. Whether the government has the necessary manpower and 

other capabilities required for analysis of that data is another matter.  

Access by the government to basic evaluation data prior  to incor- 

poration in evaluation reports  can be done by analysis of progress reports  

and draft reports  and the government's own data from the testing of the 

end product. 

V-4. To what extent should the government itself direct particular eval- 
uation tests  ? 

The government iself should direct particular evaluation tes ts  to 

the extent of their knowledge and to the extent the government i s  assured 

they a r e  obtaining reasonable results.  The contractor i s  presumed to be 

selected for this talent and is better equipped to establish the commer- 

cialization by tests.  

If the gove.rnrnent pays for it ,  the contractor will do it. The gov- 

ernment'should not direct specific evdluations; rather,  i t  may specify 

certain tests.  

I 

The government should do so'very sparingly. 

. The government should specify ends but not means. 



V-5, F o r  what period of time should the evaluation continue,? 

Should be a s  specified by the contract; the longer the period the 

better.  It should be a t  leas t  one year.  

More thought is needed by the government to determine the most 

appropriate period. If you a r e  trying to encourage industry acceptance, 

several  years  of evaluation is required. 

The period of time for govel-~ulient evaluation i s  negotiable. Per-  

formance testing is short  compared to expensive endurance testing. 

Co11l~rler.cial success is. better measured by industry than by government. 

V- 6. What termination rights should the government demand ? I 

Full  termination rights can be demanded by the government, but 

i t  must recognize the termination costs. The contractor should be en- 

titled to have the usual broad form Authorization and Consent clause 

included as par t  of the general provisions of the co~ilr.act. 

The government should have this right, provided they a r e  willing 

to pay termination damages, a s  specified by the contract. 

V-7. What publicity procedures should the government employ? 

Publicity should b& planned o r  structured in advance. ERDA 

must decide the extent to which it  wants to exploit the technology and 



should then proceed to do so. Once again ERDA must take on the r o l e ,  

of a promoter in i t s  public relations. ERDA is exercising very exten- 

sive control in most of i ts  demonstration projects,  perhaps more than 

is needed. 

Government permission should be required pr ior  to publication. 

The government issues al l  p r e s s  re leases  relevant to ERDA1s pro- 

g rams  and policies, and any such information for the public must have 

pr ior  government approval before .release. 

Any.puhlicity should be the joint responsibility of the contractor 

and the government to avoid any possibility of embarrassment.  

V-8. What control over dissemination of data should the government 
demand ? 

The government should have no control over the dissemination of 

data; rather the government should aid in making the data available un- 

l e s s  contra-indicated by patent requirements. Data should be fully dis - 

seminated to the public as a general rule, subject of course to restrictions 

on the use of such data as covered by the contractor 's o r  subcontractor's 

patents. There should be a suitable delay before such dissemination to 

enable the contractor o r  the government, a s  the case may be, to file 

patent applications o n  inventions disclosed in such data. Further,' what- 

ever  restrictive clauses were included in the contract a s  to the dissemination 



of contracted data would have to be taken into consideration. 

The contractor will demand al l  data for himself, but with limited 

distribution until the final report ,  and with government approval. In- 

t e r im data should be limited to statements of fact without interpretation 

to  avoid premature disclosure. 

The government has total control over data dissemination. 

Data cannot be disclosed pr ior  to deler~nination of llew patents 

under the te rms  of the contract. 

Additional Corrirrlerlts 

In addition to the preceding coinmerits regarding specific questions 

i n  the protocol, the interviews went into various subjects of particular 

interest  and concern to the part ies interviewed. In that regard,  the fol- 

lowing comments a r e  particularly worthy. 

One contractor has experienced problems in the transition from 

LIOU IRCGE) and B&P type proposals to ERDA r.equi~.e~~lerils.  ERDA pro- 

poses to take a three-year backward look, which would make this con- 

t ractor ' s  B & P  remuneration about one-third o r  one-fourth of i t s  projec- 

tions. The approach i s  the same a s  that followed by DOD, but the par-  

ticular demonstration technology l i es  in a growth a rea  in whicl~ business 

is anticipated to expand in the future, with corresponding B&P cost growth. 
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Also, ERDA IR&D policy presently demands ERDA ownership rights; 

DOD lets  the contractor keep those rights. The contractor would pre-  

f e r  the DOD procedure. 

Private financial sources tend to shy away from new technology. 

They prefer  to fund safe o r  known state-of-the-art technology. If the 

government must support untried technology, i t  must be prepared to 

pay a greater  percentage of the cost of ,new technology demonstration 

programs,  rather than the current  50 percent. 

Two common problems of demonstration projects a re :  their  s ize,  

. which does not permit  a return on investment similar  to that of a com- 

mercial  scale plant; and the technical r isk accompanying the new tech- . 

nology. As a compensating incentive, the government might consider 

offering contractors exclusive patent rights at some nominal royalty. 

In many instances, 50150 cost sharing of demonstration projecks 

is too severe  from the industry standpoint. The actual proportion of 

project funding should be based on a situational assessment of demon- 
- 

stration risk. Not al l  pilot plants should be 'funded on a 70130 basis, 

nor all demonstration plants on a 50150 basis. The rat io might be un- 

balanced one way o r  the other,  depending on r isk.  The actual sharing 

proportion could be part  of the original proposal. One view is that the 

present 50150 cost sharing i s  on the ragged edge of many, if not most, 

demonstration projects. 
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There is a bas'ic conflict in philosophy between ERDA, which is 

high-risk oriented in i ts  technical development projects', employing 

unproved (that i s ,  not state of the a r t )  technology, and the private finan- 

cial interests ,  which a r e  accustomed to low-risk projects,  well within 

the state of the ar t .  
\ 

The term "loan guarantee" is terribly unfortunate. It has the 

wrong association; for  example, it  reminds the public of, the Lockheed 

situation, with connotations of a give-away program. This ' is  bad pub- 

licity. It does not help the project in  the public's eyes. The loan 

guarantee program does not help the shor t - term availability of capital 

either, but most ER.DA programs a r e  long t e rm and should be viewed 

not as general programs to bail out failures, but to reward performance; 

that i s ,  to provide adequate return on investment. 

' A possible approach might be to offer a guarantee a s  to a certain 

re turn on investment after a 20-year period--much a s  UOU offers with 

i t s  cost-incentive contracts--withan above-average re turn on investment 

a s  an  incentive, if the project exceeds government anticipation. 

. . There a r e  some who say that demonstration programs a r e  unne- 

cessary;  rather,  what is needed is good planning and better performance 

monitoring in the old fashion of Red Rayburn a t  DOD. However, a pilot 

o r  demonstration plant is useful in helping to reduce technical r isks.  



In the opinion of the present author, the Coalcon contract is a 

model which might well be followed elsewhere in similar  large demon- 

stration projects,. The Coalcon contract required two weeks for i t s  

final intensive negotiation and runs 240 pages. It is very detailed, is 

quite acceptable to both Coalcon and the government, and appears to 

have foreseen most problems which have ar isen subsequent to i ts  sig- 

nature. 

*. * 4. 4, a. 
1- 1- ?- 



A P P E N D I X  A 

mTTERVLE5V PROTOCOL 

The ERDA Task Force  on Demonstration Projects  a s  a Commer- 
cialization Lncentive has been charged to advise the ERDA Administrator 
under what circumstances a dem.onstration project should be undeftaken 
and, when i t  is, how i t  should be designed and administered s o  as to be 

I I mos t  productive in resolving tecl~nical ,  cconomic and social uncertain- 
ties. " A "demonstration project" is defined to involve the operation of 
a complete energy system, in the expected commercial  environment, for  
the purpose of resolving those technical', economic and social uncertain- 
ties. The objective of the ERDA demonstration program i s  to encourage 
ear ly  commercial  adoptio!l by the private sector of energy technology de- 
veloped under ERDA auspices. It j.s for this reason that the demonstration 
projects  must  consider economic and social factors a s  well a s  the more 
conventional technical operations. 

To aid i ts  deliberations, the Demonstration Projects  Tas!.: Force  
wishes to gain t h e  benefit of 2rivate sector experiezce of contractors 
presently involved in a selected s e t  of on-going ERDA demonstration 
projects.  The purpose of this protocol i.s to se rve  a s  a guide for  inter- 
views intended to collect the desired information. 

Because of the often confidential o r  proprietary nature of the infor- 
mation involved, the ERDA Task Force  has assured International Pla.nning 
Management Corporation (IPAlIC) that al l  interview information will be . 

t reated anonymously. The Chairman has a lso  asked the IPMC interviewer 
to repor t  oral ly to the Task Force  any information which the interviewees 
would permit  to be s o  reported with attribution but informally on an off- 
the -record basis.  

After the interview, a confidential t r ip repor t  will be prepared and ! 
returned to the interviewee for  his review, modification and approval. 

I 

These t r ip  repor t s  will remain the confidential property of IPMC and will I 

not be divulged to the Task Force  without pr ior  written approval of the I 

intervicwee. 1 



To  guide the interview, we shall. seek your inputs to the follow- 
ing specific questions which the Task Force  has been asked to address.  
To facilitate our analysis,  we ask that you compare your BRDA experi- 
ence with DOD and NASA practice in answering these questions. 

I .  T E C H N I C A L  D E S I G N  

1-1. The principal question to be answered is: What level of direction 
should the government exercise  over demonstration project technical 
design? 

1-2. To what extent should the government specify the particular tech- 
nology to be employed in .achieving the desired performance ? 

1-3. To what extent should the government exercise approval rights on 
drawings, mater ia ls ,  and/or  procedures ? 

1-4. To what extent should the government exercise approval rights on 
project personnel? 

1-5. To what; extent should the government exercise  approval rights on 
subcor~tr.actors ? 

1-6. To what extent should the government approve necessary change 
orders ? 

1-7. To what extent should the government exercise rights .as to patents 
and proprietary data? 

1-8. To what extent should the government demand royalty-free l icenses 
for  government purposes to inventions, patents and discoveries developed 
pr ior  to o r  in the course of the technical design? 

1-9. To what extent should the government be authorized access  to con- 
t ractor  records  ? 

XI. S I T E  S E L E C T I O N  

11-1. Under what conditions and to what estent should the government 
make s i te  selection determination? 

11-2. Under what circumstances sl~ould the. government offer federal land 
for  such purposes, and under what conditions? 



11-3. Should the government offer o r  furnish financial protection o r  
indemnification for  public'liability claims arising f rom demonstration 
operations on government lands ? 

11-4. To what extent should the government a s s i s t  in  the preparation 
of needed environmental impact statements f o r  the part icular  s i te  selec- 
ted ? 

11-5. To what extent should the government f a c i l i t a t e  prr?ri.~rement neces- 
s a r y  fo r  construction and other permits  relating to the part icular  s i te  
selected? 

11-6. What arrangements should be made to reimburse the public for 
demonstration project operations on federally-owned land? 

II-7. Correspondingly, what particular ownership o r  leasing procedures 
a r e  recommended for  construction of plants on the si te  selected? 

11-8. To what extent should the government participate in.hearings and 
meetings with concerned citizen groups in the vicinity of the selected s i t e?  

111. R E S O L U T I O N  O F  

D E V E L O P I L T E P ? T A L  P E O B L E M S  

XII-1. What ro le  should the government play in the resolution of develop- 
ment  problems in general ? 

111-2. To what extent should the government demand inspection and 
acceptance r ights ? 

IU-3. To what extent should the government demand o r  monitor develop- 
ment  t es t s?  

111-4. To what ,extent should the government exercise  approval over price 
adjustments o r  cost over-runs on specific i tems during construction? 

111-5. To what extent should the government demand royalty-free use or 
other  patent r ights to processes  evolved in  solution to developmental 
problems ? 

\ 

111-6. To what extent sI-lould the government exercise  ap;?roval and conL 
t ro l  of change of scope o r d e r s ?  

LZI-7. To what extent should the government exercise  control over changes 
of schedule and performance c r i t e r i a?  * 



111-8. To what extent should the government demand inspection rights 
and access  during the development period? 

111-9. How frequently and how detailed should progress  repor ts  be r e -  
quired of the contractor for  government review? 

I V . ,  O P E R A T I O N S  

IV-1. In general, what role should the government play during the oper- 
ational phase of the demonstration? . 

IV-2. What should be the goverrunentls access  and audit rights during 
the course of the demonstration project operation? 

IV-3. What should be government recourse  i n  case  of default? 

TV-4, What should be the gavel-nrrlent; termination r ights? 

IV-5. What should be the governinenlls policy regarding follow-on use 
of technology and technical changes during the course of the demon- 
strat ion plant operation? 

IV-6. To what extent should the g o v e r ~ m e n t  inde,mr,ify the ccntractcr  
during the course of operations? 

IV-7. To what extent should the government monitor environmental 
aspects of operations? 

IV-8. To what extent should the government act a s  an interface between 
concerned public groups and the contractor during the course of opera- 
tioxls ? 

IV-9. To what extent should the government be able to specify operating 
procedures and changes thereto during the course of operations ? 

V .  E V A L U A T I O N  

V-1. Jn general,  what procedure should the government employ to insure 
that the resul ts  of the demonstration a r e  accurately reported and fairly 
evaluated ? 

V- 2. More specifically, should the government design the evaluation 
tes ts ,  o r  exercise approval rights over tes t  design by the contractor? 



V-3. To what extent should the government have access  to basic evalu- 
ation data p r io r  to incorporation in evaluation repor ts  ? 

V-4. To what extent should the government itself d i rect  part icular  
evaluation tes t s  ? 

V-5. F o r  what period of time should the evaluation continue? 

V-6. What termination r ights should the government demand? 

V-7. What publicity procedures should the. government employ? 

V-8. What coiltrol over dissemination of data should the government 
demand ? 

A s  noted ear l i e r ,  we shall  be seeking your answers to the preced- 
ing questions in light of your dealings with ERDA in relation to s imi la r  
practice on.DOD and NASA projects.  In each instance, we ask that you 
compare ERDA1s management practices a s  more  restr ict ive,  about the 
s a m e , .  o r  l e s s  restr ict ive than those of DOD and NASA. 

In addition to the'se questions, the T ~ s k  Force  11:ill -.velcome your 
observations in al l  domains pertinent to i t s  a r e a  of inquiry. 



A P P E N D I X  B 

xr. A.  S t a n l e y  Noss ,  P r e s i d e n t  
C o a l c o n  Conpany 
One P e n n  P l a z a  
New York ,  :lev York  10001  

D e a r  Hr. Noes: 

I am w r i t i n g  y o u  i n  my c a p a c i t y  a s  Cha i rman o f  t h e  ERDA T a s k  F o r c e  on  
D e n o n s t r a t  i o n  P r o j e c t s  a s  a C o n e e r c i a l i z a t i o n  I n c e n t i v e  t o  r e q c e s  t y o u r  
c o n p e n y ' s  c o o p e r a t i c s  ir! 3 s t u d y  o f  Easegement  i s s u e s  e n c o u n t e r e d  by 
s e l e c t e d  c o n t r a c t o r s  i n  t h e i r  c o n d u c t  o f  c e r t a i n  E a A - s p o n s o r e d  denon- 
s t r a t i o n  p r o j e c t s .  

The T a s k  F o r c e  h a s  b e e n  c h a r g e d  by A d m i n i s t r a t o r  Seamans t o  a d v i s e  ERDA 
a s  t o  t h e  c i r c u m s t a n c e s  u n d e r  v h i c h  a  " d e m o n s t r a t i o n  p r o j e c t "  s h o u l d  be 
u n d e r t a k e n  a n d ,  when i t  i s ,  how i t  s h o u l d  be d e s i g n e d  'and a d m i n i s t e r e d  
s o  a s  t o  be n o s t  p r o d u c t i v e  i n  M r e s o l v i n g  t e c h n i c a l ,  economic  and s o c i a l  
u n c e r t a i n t i e s . "  4 s  p a r t  o f  o u r  wofk,  we h a v e  b e e n  b r i e f e d  by Ef,i)A per -  
s o n n e l  o n  f o u r  s e l e c t e d  d e n o n s t r a t i o n  p r o j e c t s  ( t h e  l i q u i d ~ e t n l  f a s t -  
b r e e d e r  r e a c t o r ,  t h e  a u t o c o t  i v e  g a s  t u r b i n e ,  C o a l c o n ,  and s o l a r  h e a t  i n g  
ahd c o o l i n g ) ,  t h e  h i s t o r i e s  o f  w h i c h ,  i t  is b e l i e v e d ,  w i l l  p r o v i d e  
p a r t i c u l a r l y  i m p o r t a n t  i n s i g h t s  f o r  t h e  T a s k  F o r c e ' s  d e l i b e r a t i o n s .  

! i av ine  h e a r d  t h e  g o v e r n n e n t  s p o k e s n e n ,  x e  r -ou id  now l i k e  t o  i l ~ v c .  t lrc 
b e n e f i t  o f  t h e i r  i n d u s t r y  c o u n t e r p z r t  s '  v i e w s  o f  nana<er;..ent i s s u e s  o f  
p a r t i c u l a r  c o n c e r n  and i n p o r t a n c e  t o  t h e n  w h i c h  have  a r i s e n  d u r i n g  t n e  
c o u r s e  o f  t h e  d e m o n s t r a t i o n  p r o j e c t s .  S e c a u s e  o f  t h e  need f o r  c o n f i -  
d e n t  i a l i t y  and  t h e  d e s i r e  o f  many c o n t r a c t o r s  t o  r e m a i n  anon)rJous, ,  ERbA 
h a s  a r r n n g e d  w i t h  a  management c o n s u l t i n g  f i r n ,  I n t e r n a t i o n a l  P l a n n i n g  
l lanagement  C o r p o r a t i o n  ( I T H c ) ,  t o  u n d e r t a k e  a s e r i e s  o f  p e r s o n a l  i n t e r -  

. v i e w s  w i t h  t h e  c o u n t e r p a r t  c o m p a n i e s 1  p r o j e c t  managers  t o  i n q u i r e  i n t o  
- .  t h e s e  c lanagenent  i s s u e s .  LC is i n  t h i s  r e g a r d  t h a t  I am s o l i c i t i n g  y o u r  

a , s s i s  t a n c e .  

B e c a u s e  o f  t h e  i m p o r t a n c e  and c o r r e s p o n d i n g  u r g e n c y  a t t r i b u t e d  by E3DA 
t o  t h e  Yesk F o r c e  d e l i b e r a t i o n s ,  we v i s h  t o  c o x p l e t e  o u r  c o u n t e r p a r t  
c o a p j n y  r e v i e w  w i t h i n  t h i r t y  d a y s .  I n  : h i s  r e ~ a r d ,  nay I ask'!!our co- 
o p e r z t i o n  i n  n a k i n g  a v c l i l a k l e  y o u r  p r o j e c t  n a n a g e r  f o r  i n t e r v i e w  by IPXC 
a t  h i s  e a r l i e s t  p o s s i b l e  c o n v e n i e n c e .  Dr. G. C .  E p a n s l e r ,  P r e s i d e n t  o f  
X f i I C ,  v i l l  phone  y o u r  o f f i c e  w i t h i n  t i l e  n e x t  week t o  nalce s p e c i K i c  
a r r a n g e m e n t s .  



To advise you f u r t h e r  a s  t o  t he  p a r t i c u l a r  n o t t c r s  of concern t o  ny 
Task Forcc, I have asked D r .  Sponslcr t o  prepare t he  enclosed protocol  
t o  i u i d c  t h c  in te rv ieu3 .  1?3 YOU V i l l  see ,  vc a r c  searching f o r  s p e c i f i c ,  
i n e t a ~ c e o  of -,lanaZacnt i s sues  which have a r i s e n  during tile course of 
your Geuonstrntion p ro j cc t ,  ? a r t i cu lu r l j r  ae  they  p e r t a i n  t o  f i v e  i saue  . 

ca t ego r i e s :  t ec lmicnl  design i s sues ,  si  t c  s e l c c t  ion iosucs ,  p ro j ec t  
d c v c l o p c n t  i s s u e s ,  p ro j  cc t  opcrnt  ion i soues ,  and pro j  c c t  eva lua t ion  
i ssues .  I n  add i t i on  t o  the c p e c i f i c  i n fo rna t i on  d e t a i l e d  by tlle proto- 
c o l ,  I vould oE colirsc, welcone any o thc r  advice you nnd your p r o j c c t  
uanager n i $ - ~ t  c a r e  t o  o f f e r  ny Task Force. 

I would a l s o  V I C ~ C ~ C  your p e r ~ a i s s i o ~ ~  f o r  D r .  spons ie r  t o  b r i c f  individr ial  
Tcslc r c r c e  r!.r:;~ers ar~1L;r cs  t o  gpcc i f i c  i s sues  s b i c ! ~  you be l i eve  vould 
bc of pa r t  i cu ln r  va lue  t o  ua and wi th  regard t o  Glich you !;o~ild p c m i t  
d i ~ c l o s u t c  wit11 a t t r i b u t i c n ,  on an off-tile-rccord ba s i s .  Any acd a l l  
o thc r  i n f o n a t i o n  w i l l ,  of course,  be held m o n ~ o u s l y  by IR.:C and vill 
be incorporatcii  i n  t h e i r  f i n a l  repor t  i n  conbinfition wi th  the  o t h e r  
intcrviewcea'  , d a t a  without s p e c i f i c  aource d i sc lo3ure .  

llay I thanli you pereonal ly and on behalf  of ny Taok Force for your 
coo?crat ion i n  this a n t t e r ,  which is of g r e a t  inpor tanse  t o  Z U A  and t he  

- nat ion.  

Encloaurc: 
Task Porce r.lci7bcrsi1ip l is t  

In te rv iew Protocol  

WPC Job No. 1487-ISL-6 
Dioe IEL-1 



Energy,Rcsearch and ~cvclopmcnt Administration 

DEkIONSTRATION PROJECT TASK FORCE 

MEJfBERSIIIP BY SECTORS 

SECTOR 

I. Product ~evelopnent Companies : 5 members 

*Mr. Robert C. Gunness, - retired Vice-Chairman of the Board, Standard 
Oil Co. (Indiana) 

*Dr. Edward E. David, Jr., Execu'tive Vice-President, Could, Inc. 
*Dr. Denis M. Robinson, Chaiman of the Board, High Voltage Engineering' 

Corporation 
Mr. Howard K. Gason, President, Pionsantd. Research Company 
*Dr. Thomas Faine, Sr. Vice-President, General Electric Co. 

11. A 6 E / Design - Construct Firms: 1 nember 

*Mr. W. Kenneth. ~av<s, Vice-President, Eechtel P,ower Corporation 

111. Investment Companies: 
A. Conmercial Banks: 1 member 

Mr. William Cross, Jr., Executive Vice-President, Morgan Guaranty Ezr 

B. Investment Bank: 1 member 

Mr. George Xontgomcry, Senior Vice-President, White, Weld b Co. 

IV. Delivery Organizations: 
A. Utilities: 2 ne~bers 

Mr. Wallace B. Bshnke, Executive Vice-President, Commonwealth 
Edison Corp~ny 

*Mr. Robert A. Eaker, Sr. - retired Executive Vice-President, PuSlic 
Service Electric h Gas Company. 

B. Local Governcent: 1 member 

Hr. Eli Freedman, City Fanager, Rochester, New York 

V. Regulators : 
A. Federal: 1 member 

Mr. John Quarlcs, JE., Deputy Administrator, Environmental 
~rotec tion Agency 

B. State: 1 member 
\ 

Dr. Allan Pasternak, Connissioner, California State Energy 
Resources Conservation and Dcvelopnent Commission 

CHAIRMAN: **Dr. Robert Charpie, President, Cabot Corporation 
\ 

NOTES - 
* Member, National Academy of Engineering 

** ~embei, National Science Board 



A D D R E S S E E S  

M r .  A. Stanley E o s s ,  P re s iden t  
Coalcon Company 
One Penn  P laza  
New York,  New York 10001 

Mr.  Eugene Cafiero,  P re s iden t  
C h r y s l e r  Corpcrratiori 
12000 Lynn T o w n ~ c n d  Drivc 
Detroi t ,  ~ i c h i ~ a n  48231 

M r .  Edward Spencer ,  P re s iden t  
Honeywell, Inc. 
Honeywell P l aza  
Minneapolis,  Minnesota 55408 

M r .  Will iam Sneath, P re s iden t  
Union Carb ide  ~ o r p o r a t i o n '  
270 P a r k  Avenue 
New York,  New York  10017 

Mr .  Ruberst E.  .Ki rby ,  Cha i rman  of the Board 
Wes$inghouse E lec t r i c  Corpora t ion  
Westinghouse Building 
Gateway Center  
P i t t sburgh ,  Pennsylvania  15222 



A P P E N D I X  C 

WHAT CONSTITUTES SUCCESSFUL COMMERCIALIZATION 
OF THE LhlFBR? ::: 

We believe that "commercializatio'n" of the LMFBR means achieve- 
ment of an industry in which the LMFBR i s  purchased with projected 
bus bar  costs ,  commitment schedules and warranties s imilar  to those 
currently offered by the LWR vendors. Commercialization also means 
achievement of an industry in which LMFBR power plants a r e  purchased 
in substantial numbers. This will require confidence on behalf of the 
public utility commissions that the bus bar  costs a r e  competitive with 
alternate concepts. 

To achieve this overall goal of LMFBR commercialization, the follow- 
ing major conditions must be met: 

The reliability of the system for power generation must be 
clearly established through successful operation of demon- 
stration and prototype plants under practical utility condi- 
tions. Since the LMFBR i s  a relatively high capital cost,  
base load generator, i t  w i l l  not serve the needs of the utili- 
t ies i f  i t  is subject to significant unanticipated downtime o r  
excessively long maintenance periods. The cost of such . 

lack of availability would quickly e rase  the basic economic 
advantages of the LNFBR. Fur ther ,  by the time of commer- 
cial introduction of Ln:llFBKs, the present generation light 
water reactors  will have benefited by another decade of ex- 
perience involving hundreds of plants, and these systems 
will be highly reliable. 

2. The LMFBR must become an economic option for  the utility 
industry a s  compared to other base load power  generators 
available in the same period. Thus, the capital costs of the 
system must not be s o  much greater  than competing systems 
that the fuel cycle cost advantage i s  wiped .out o r  exceeded. 
Hence, the utility will choose the Ln!IFBR because i ts  over- 

I al l  total power costs will be less ' than  other alternatives. 

3.  The contracting, p r o c u r e m ~ ~ l t  and financial aspects of the 
LMFBR must be established to be essentially the same a s  

*Excerpt from Westinghouse Recommendations for a National 
Plan for Commercial Introduction of the Breeder Reactor in the Late 
1980s (Oak Ridge, Tennessee: Westinghouse Advanced R.eactors Divi- 
sion, n. d. ), pp. 1-2 .  



.. 
they a r e  for  the alternate commercially available nuclear 
and fossil  power generators. Thus, pricing practices,  
warranty provisions, and performance standgrds should 
all be fully competitive with the alternate systems. There 
must  be a gradual shift of these responsibilities to indus- 
t ry  during the pre-commercial  development period so  the 
sudden step increases in r isk ,  not comparable with prudent 
business practice, a r e  avoided. 

4. The basic supply of fuel must be assured. The LMFBR is 
intrinsically the means by which fuel supply is extended for 
generations. However, for this. to be effected practically, 
fuel fabrication, reprocessing, handling and transportation 
capability as well a s  effective waste storage facilities must 
be made available. Each of these facilities, in turn, must 
belicensable on a predictable basis s o  a s  to meet al l  safety 

,and environmental requirements. The doubling time of the 
system must also be such a s  to sustain the growth of LMFBR 
capacity. 

Implicit in  the requirements for  near t e rm economic power 
costs  is the ass-umption of federal assistance to the fuel 
cycle comparable to that given to the LWRs. The federal 
assistance for the LMFER is expected to take the form of 
providing fuel fabrication and reprocessing capability. 
The importance of achieving a fuel supply which does not 
r e  quire significant federal funding for expansion of the 
enrichment plants must be recognized. In this respect the 
proper balance between the econdmic value and achievement 
of a high breedi.ng ratio must he determined since the lowest 
power cost may not necessarily be associated with the high- 
e s t  breeding ratio. 

5. Adequate standards and design, fabrication and construction 
c r i t e r ia  must be defined which will assure  high reliability 
and safety in the high temperature sodium environment of 
the LMFBR. This underlying body of technical standards 
is an essential foundation to achieving predictable licensa- 
bility from both a safety and environmental standpoint. 
They a r e  essential prerequisites to assuring continued 
reliability and safety a s  the industry enters  the mass  pro- 
duction stage. 

6. Industrial design competence ,. manufacturing .capability and 
construction capability must exist to fabricate the plant 



co~r~ponents and to co~ls t ruct  the plants reliably, predictably 
and economically. 19 order  that the breeder fulfill i ts  role 
of extending uranium fuel 'supplies while supplying electrical 
generation capacity needs, a large number of plants must 
be built in the commercial phase. The magnitude of the task 
is such that a major industrial base must be in place to assure  
i t s  successful completion. A necessary corollary to this 
capability will be sufficient availability of the key materials  
required and sufficient numbers of skilled p e r s o ~ n e l  in  the 
design, .fabrication and construction fields. 

7. The licensability and environmental compatibility of'the . 

LMFBR must be established with the regulatory agencies 
on the basis  of definitive analyses and experimental data 
and this technical position communicated to gain public 
acceptance. The utilities must be assured that the plant 
is licensable and can be licensed on a schedule on which 
they can depend. By the time the LMFBR is introduced, 
this problem will have been solved for the present genera- 
tion nuclear plants o r  there will be no nuclear industry whose 
expansion the LMFBR i s  to serve. Utility executives will 
therefore not be willing to take major licensing r i sks  on the 
LMFBR unless they have no other choice for  baseload power 
generation. 

8. A i~ucleus of trained utility opcratorc and management must 
be available with specific 'programs for the training of addi- 
tional personnel to serve the growth of the industry. 

Each of the above eight conditions must be represented & the program 
established to reach successful commercialization. This report  sum- 
marizes  the elements of such a program, placing special emphasis on 
the reactor aspects on the assumption that the other LbIFBR organiza- 
tions whd a r e  also answering these questions will tend to emphasize the 
a r e a s  in which they a r e  actively engaged o r  taking the lead. 
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SRI PRESENTATION 

AFTERNOON SESSION 

(1:15 p.m.) 

DR. CHARPIE: To start with, I am now going to call on the 

Stanford Research group, Dr. North. 

DECISION ANALYSIS - APPLICATION TO DEMONSTRATION PROJECT 

PLANNING 

DR. NORTH: We are going to present to you now declsion 

analysis as a methodology that may have application to demonstration 

project selection and 

(Slide : ''overview of Presentation, ") 

Now in this presentation we're going to start off by spend- 

ing a few minutes introducing ourselves, talking about what decision 

analysis is, and how it relates to other quantitative planning 

methodologies. 

Then we are going to present a basic approach to the problem 

of demonstration project planning. We are then going to illustrate this 

approach with an example drawn from an actual project carried out by SRI 

as an appl ica.?.ion of decision analysis. The project was for a commer- 

cial client, and it was not in the energy field. Rather it was a deci- 

sion involving demonstration of an agricultural chemical. We will use 

it to illustrate the approach. 

Then we will tLrn our attention to the difficulties that are 

involved in using a decision analysis approach on energy-related 

demonstration projects for ERDA and the federal government. 



OVERVIEW OF  PRESENTATION^ ' 

I: INTRODUCTION AND BACKGROUND: WHAT IS DECISION 
ANALYSIS? 

11 .  AN APPROACH TO ANALYSIS OF DEMONSTRATION 
PROJECT DECISIONS 
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We will illustrate possible ways of addressing these 

)I 
difficulties using specific examples from SRI energy-related 

I 

analysis. 

projects. We will conclude by summarizing the main points of the 

decision analysis approach thatrwe see as being relevant and help- 

ful on demonstration projects. 

(Slide: "Introduction and Background: What Is 

Decision Analysis .I1) 

First a few words of introduction about decision 

(Slide: "Decision Analysis .If) 

Decision analysis is a quantitative planning methodology 

whose objective is to help a decision maker or a decision making 

authority to gain insight into difficult decision problems. 

Now what makes decision difficult? Typically one important 

aspect is complexity. Many factors need to be taken into account, and 

it is difficult for the decision making authority to do this in a 

consistent fashion. , 

One of the techniques that has been found useful in dealing 

with such complicated situations is to set forth a formal representa- 

tion of these factors and how they relate to each other. Very often 

this formalism can be a set of mathematical representations, which 

act as a summary of the knowledge about the various factors and their 

a 

relationships. The use of mathematics as a formalism for dealing with 

complexity goes under many names: operations research, systems engineer- 

ing, systems analysis, mathematical models, cost-benefit analysis, 

I 



INTRODUCTION AND BACKGROUND: 

WHAT IS DECISION ANALYSIS? 



A LANGUAGE 

DECISION THEORY SYSTEMS AND MODELING 
METHODOLOGY 



Now what does a  dec i s ion  maker ga in?  What does a 

dec i s ion  making agency g e t  from having t h i s  s o r t  of planning 

methodology employed? 

Well, one obvious r e s u l t  i s  t h a t  t h e  methodology provides  

a way of g e t t i n g  answers : .  s p e c i f i c  recommendations on a course  of 

a c t i o n  t o  be followed i n  t h a t  s p e c i f i c  d e c i s i o n  s i t u a t i o n .  But few 

d e c i s i o n  making i n d i v i d u a l s  o r  d e c i s i o n  making e n t i t i e s  . a r e  w i l l i n g  

simply t o  accept  an answer t h a t  cumes 01.1t o f  an a n a l y s i s .  They want 

t o  understand t h e  b a s i s  f o r  t h a t  answer. 

Fu r the r ,  d e c i s i o n s  a r e  o f t e n  taken not  by one i n d i v i d u a l  

but r a t h e r  by an  o fgad iza t ion  rhac is  composed o1 many J l L i e r e n ~  

i n d i v i d u a l s  w i th  many d i f f e r e n t  p o i n t s  of view. Much of t h e  va lue  of 

dec i s ion  a n a l y s i s  i s  no t  t o  ga in  answers bu t  r a t h e r  as a  process  o r  a  

way of communicating. I t  g ives  a f ramework  f o r  br inging  informat ion  

toge the r  so  t h a t  a l l  t h e ' f a c t o r s  t h a t  bear  on t h e  d e c i s i o n  can be 

i n t e g r a t e d .  This  framework a l lows  those  r e spons ib l e  f o r  t h e  d e c i s i o n  t o  

s e e  the r e l a t i o n s h i p s  among t h e  factors and t o  understand t h e  importance 

of any disagreements  t h a t  may e x i s t  about s p e c i f i c  f a c t o r s  bear ing  on 

t h e  dec i s ion  addressed.  

(S l ide :  "Elements of Good ~ e c i s i o n s  ."I) 

Now t h e  c e n t r a l  idea  of d e c i s i o n  a n a l y s i s  is  a  very  s imple 

one. Our assumption i s  t h a t  i n  a  world cha rac t e r i zed  by unce r t a in ty  

t h e  best  way oi achieving t h e  aims of t h e  o rgan iza t ion  o r  of t h e  

. i n d i v i d u a l s  i n  t h e i r  d e c i s i o n  making, which is  t o  g e t  good outcomes, 

i s  t o  make d e c i s i o n s  t h a t  a r e  l o g i c a l l y  c o n s i s t e n t  wi th  t h e  informa- 

t i o n  t h a t  is  a v a i l a b l e ,  w i th  t h e  d e c i s i o n  a l t e r n a t i v e s ,  and wi th  t h e  

o b j e c t i v e s ,  p re fe rences  o r  goa l s  of t h e  o rgan iza t ion .  
I 
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which we have defined decision analysis. Rather we must consider at 

the outset that there are two stages of decision making. 

The first stage is demonstration project selection, and 

in the case we are addressing here in this meeting, these are 

demonstration projects confront,ing ERDA, 

The second stage is a decision as to whether the 

technologies being demonstrated here will be applied on a large 

commercial scale, We will call this the commercialization decision. 

Typically the commerciali~ation decision ,is not going to 

be made by ERDA or an other agency of the federal government. 

Rather the decision will be made by private firms and by regulated 

utilities. The decision may be .heavily influenced by the action of 

government regulatory bodies. 

So in our approach to demonstration plant decisions we 

must include at least two sets of decision makers. Our goal must be 

to assist in the decision making process involving these two stages.. 

We begin by examining the decisions on demonstratiod 

projects and then we build models to predict what may happen as a 

rebult of carrying out n demonstration project, These demonstration 

outcomes may be uncertain, and so we will examine a spectrum of 

possible results that might occur. The demonstration outcomes may 

be plant capital and operating cost; they might involve technical 

performance; they might relate to consumer acceptance. 

Following rlle d&monstration outcome is the decision on 

commercialization. G:'.ven th! . inf onnat ;.on obtained in the demonstra- 

tion project, what will the decision makers do. in terms of deploying 

that technology on a large commercial scale? 



\, Again we want to model the consequences, this time of 

the commercialization decision. On one hand there will be business 

impacts to understand; on the other hand there may be environmental, 

political and sxial impacts that are also important in the mind of 

the decision makers who will be making the demonstration decision 

or the commerialization decision. 

These outcomes need to be evaluated from both points of 

view. Both sets of decision makers will be making their decisions 

based upon the cventual impacts of the commercialization of the 

technology. 

Now what makes the decisions difficult? 

We have uncertainty in the demonstration outcomes. 

There has been a lot of discussion already today relating to these 

uncertainties. Quite often we talk about the "risk" of a demonstra- 

tion project. Will the capital cost be far higher than estimated? 

This is an example of one uncertain aspect of the outcome of the 

demonstration project. 

However, there are other important aspects of risk not 

related to the demonstration outcomes. In the energy area in particular 

we need to consider the business environment for the commercialization 

decisions. It may be that much of the uncertainty that generates the 

"risk" as perceived actually ;elates more to the business environment. 

Changes in fuel price may strongly affect the plant's earnings. These 

uncertainties may outweigh the uncertainty on the technical performance 

or the capital cost of the demonstration plant, as being crucial to the 

cohercialization decision. 



We also need to consider how the business environment at 

the commercj.alization stage may relate to the business environment 

at the demonst:ration project stage. If we're concerned, for example, 

with issues on consumer acceptance, is the demonstration located in 

such a place and carried out in such a fashion that it will give us 

insight as to the market for the commercialization stage of the 

technology? 

(Slide: "Issues on Demonstration Project Decisions.") 

On the following slides we identify some of the issues 

in commercialization decisions. Let us look at the right-hand side 

of thnt hot ~lidc ("Ba~ic Stru~ture"). Our focus is an the n.eed to 

understand the implications of an outcome from a demonstration project. 

Given what happens in the demonstration, how will the commercialization 

decision be made? 

What aspects o f  the business environment as contrasted to 

the outcome from the demonstration project are going to be important? 

For example, how do the economics of the technologies in the demonstra- 

tion project rclnte to other technologies that might compete with them? 

What is the role of government regulation, both on the technology being 

demonstrated and on alternative technologies, and how will that influence 

the commercialization decision? 

Is there a value to the demonstration project itself? Even 

if you knew that commercialization would not occur, are there other 

gains, for example, insight into future technologies beyond the current 

stage, that make that project worthwhile? This is another question that 

may need to be addressed. 



ISSUES ON DEMONSTRATION PROJECT 

DECISIONS 

Q NEED TO UNDERSTAND IMPLICATIONS OF OUTCOME 
FROM DEMONSTRATION PROJECT: 

- Given Demonstration Outcome, How VJill Subsequent 
Commercialization Decisions Be Made? 

BUSINESS ENVIRONMENT: 

- Position of Demonstration Technology Compared to Alternative 
Te~h~nologies. 

- Government Regulatory Policies That Might Promote or l nhibit 
Demonstration Technology in Commercial Application. 

CQMMERClAL!ZATlON DECISIONS: 

- How Wil l  These Decisions Be Made, and How Do They Depend 
on Outcome of Demonstration Project? 

- I s  There a Value to the Demonstration Ou,tcome Even I f  It I s  
Clear That Commercialization Wi l l  Not Occur? 



(Second S l i d e :  " Issues  on Demonstration P r o j e c t  Decis ions.")  

Let u s  now look a t  t he  lef t -hand s i d e  of t h e  "Basic 

S t ruc tu re"  s l i d e .  We want t o  understand t h e  elements t h a t  lead  t o  t h e  

demonstrat ion p r o j e c t  outcome. What we o f t e n  f i n d  i n  t he  work t h a t  we 

have done both wi th  government c l i e n t s  and with p r i v a t e  f i rms  i s  t h a t  

much of t h e  c l i e n t ' s  t h ink ing  on r e sea rch ,  development and demonstra- 

t i o n  dec i s ions  i s  focused h e r e .  Emphasis i s  placed on t h e  t e c h n i c a l  

f c a t u r c s  i n£  luenc ing  t h e  demonstrat ion outcome., and l i t t l e  a t te r l  t i o n  

i s  given t o  t h e  bus ines s  d e c i s i o n s  subsequent t o  t h e  d e v e l o p ~ e n t  

o,utcome. 

We have t o  understand whar ourcomes are imporrant f o r  t h e  

subsequent commercial dec i s ion .  What do we r e a l l y  want t o  l e a r n  out  

of t h i s  demonstrat ion p r o j e c t  i n  o rde r  t o  be a b l e  t o  make t h e  d e c i s i o n  

a t  t h e  next  s t a g e ?  

The d e c i s i o n  on t h e  demonstrat ion p r o j e c t  i t s e l f  may have 

t h e  c h a r a c t e r  of whether o r  no t  t p  proceed wi th  t h i s  s p e c i f i c  p r o j e c t .  

I f  s o ,  what. a r e  t h e  t e c h n i c a l  and i n s t i t u t i o n a l  c h a r a c t e r i s t i c s ?  

What i n s t i t u t i o n a l  arrangements a r e  a p p r o p r i a t e  f o r  c a r r y i n g  out  t h e  

p r o j e c t  : \ h e r e  should i t  be loca t ed?  What s p e c i f i c  technologies  

should be used? What monitor ing f a c i l i t i e s  should be included so  t h a t  

t h e  important ques t ions  a r e  addressed i n  t h i s  demonstrat ion p r o j e c t  

and t h i s  information i s  a v a i l a b l e  f o r  t h e  subsequent dec i s ions?  

I f  the  d e c i s i o n  i s  not  t o  proceed, i t  may be t h a t  more R&D 

i n  s p e c i f i c  t e c h n i c a l  a r e a s  would be appropr i a t e .  .Perhaps i t  may be 

a p p r o p r i a t e  t o  do f u r t h e r  s t u d i e s  on the  bus ines s  environment t o  

understand t h e  c h a r a c t e r  of t h e  market and t o  understand i s s u e s  r e l a t -  

. i n g  t o  t he  environment o.r t h e  pub l i c  acceptance.  



ISSUES ON DEMONSTRATION PROJECT 
DECISIONS 

e NEED TO YhDERSTAND ELEMENTS THAT LEAD TO 
DEiVlONSTSATlON PROJECT OUTCOMES. 

What Outcomes Are Important for Subsequent Commercialization 
Decisions? 

Decisions on Demonstration Project: 

- Whether to Proceed? 

- What Institutional Arrangements for Government-Contractor 
Relationship? 
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- Should More R&D Be Done Prior to a Demonstration Project? 

- Should Better Understanding of Business- Environment and 
Public Acceptance Be sought prior to a Demonstration Project? 



(Slide: "Motivation for a Formal Planning Process for 

Demonstration Projects" 

Finally, we need to look at the whole "Basic Structure" 

slide as a'planning process and to understand it as communication; 

that there is a need to communicate between the two sets of decision 

makers, the decision makers at the demonstration project level and 

the decision makers on the.comercia1ization level. 

As f a r  as the federal government is concerned it is 

important to have coordination between the agencies responsible for 

the development project and the agencies that will be responsible for 

the r~gulation of this technology at commercial scale. These agencies 

should integrate their planning so that they understand what the other 

agency is going to do. 

Management of risk and reward is especially important in 

this situation where there are two sets of decision makers. First of 

all, how can the risk be defined and illustrated and summarized for 

decision making purposes? In the example to follow we will show you a 

method for accomplishing this. 

Second, given two de.cisi.011 makers, how do you allocate the 

rewards if the demonstration turns out to be very successful, and how 

do you allocate the responsibility and the losses if the outcome is bad? 

It is not clear how this risk sharing will be worked out. 

But both sides need to understand the solution in advance. Coordination 

planning of the demonstration project qnd commercialization requires 

a knowledge of how the risk and reward will be allocated. Private 

industry is unlikely to engage in projects when it believes that profits 

from a good outcome will be taken away by the government, but losses 

from a bad outcome will be its own responsibility. 



MOTIVATION FOR A FORMAL PLANNING PROCESS 

FOR DEMONSTRATION PROJECTS 

NEED FOR COMMUNICATION BETWEEN THOSE RESPONSIBLE 
FOR DEMONSTRATION PROJECT AND T'HOSE WHO WOULD BE 
RESPONSIBLE FOR COMMERCIALIZATION DECISIONS. 

- Integration of Development and Regulatory Functions of Government; 
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- Management of Risk and Reward for Demonstration and Commercialization 
Stages 

- Inter - Technology and Inter - Process Cornpetiti~~n; Need to Set Priorities 
and Timing of Demonstration Projects Appropriate to Needs of Energy 
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NEED FOR COMMUNICATION ON BASIS OF FEDERAL GOVERNMENT 
DECISION WITH CONCERNED PARTIES: 

(State and Local Agencies, Consumers of Energy, Industries, Environmental 
Groups, Other Special Interests) 



AN APPLICATION OF DECISION. - ANALYSIS 

T O .  A DEMONSTRATION PROJECT DECISION 



DR. COOK: In the series of slides that we go through r 

from this point on we are going to be talking about identifying the 

elements that are involved in planning projects of ,various scales, using 

the decision analysis methodology, . 

(Slide: "Application of Decision Analysis to a Demonstra- 

tion Project on a New Agricultural Chemical 

Project .") 

The particular case that I want to taik about came from a 

small, highly technical chemical manufacturer who had a great deal of 

research capability. This company had come across a couple 

of_ potential new products for the agricul.tura1 chemical.business. The 

company had no previous experience in marketing an agricultural 

chemical product; their existing product lines were in entirely dif- 

ferent industries. Nonetheless, their technically trained management 

was enthusiastic about the potential of these chemicals to enhance 

farm productivity. 

We shall label the two chemicals Compound A and Compound B. 

Obviously there was a decision to be, made, whether to pursue develop- 

ment or to abandon the project and have no demonstration. In order to 

arrive at a basis for commercialization it was evident that some £0- 

of large scale demonstration on fanus needed to be made. Not only was 

the demonstration' needed to 'attract attention, but also to test certain 

of the properties of the compound technically, environmentally, and to 

determine the economics of its use. 

Compound A was further developed than Compound B, but B 

appeared more potent. A number of years of use were needed to establish 

credibility of either product, and' the demonstration project would be 

very costly compared to the resources of the company. Demonstration 

of both A and B could.be ruled out. 
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A s  I mentioned b e f o r e ,  t h i s  company had no r e a l  background 

i n  t h e  a g r i c u l t u r a l  chemical market.  They could i d e n t i f y  a product  

t h a t  was p o t e n t i a l l y  compe t i t i ve ,  but  they d i d  no t  know a g r e a t  d e a l  

more than t h a t .  And they were u n c e r t a i n  about t h e  s i z e  of t h e  market 

f o r  t h i s  type of a g r i c u l t u r a l  chemical.  

One source  of u n c e r t a i n t y  had t o  do wi th  t h e  f a c t  t h a t  t h e  

C 
p a r t i c u l a r  chemical t h a t  we a r e  t a k i n g  abcut  had p o t e n t i a l  i n  both 

t he  domestic market and i n  i n t e r n a t i o n a l  a g r i c u l t u r e .  Act ions  of t h e  

f e d e r a l  government were important  because of government programs f o r  

a i d i n g  a g r i c u l t u r e  i n  less developed c o u n t r i e s  a s  w e l l  a s  p o s s i b l e  

government regrl ' lation af f e c t i n g  t h e  domestic market .  

( S l i d e :  "Agr i cu l tu ra l  Chemical Demonstration P r o j e c t  

Decis ion Analysis  . I 1 )  

a The s l i d e  t h a t  T'pl showing h e r e  now i s  completely analogous 

LU LIie o m  Warner showed j u s t  n fcw minutcc ago except  t h a t  t h i s  i s  i n  

t h e  con tex t  of t h e  s p e c i f i c  s i t u a t i o n  t h a t  t h i s  company f aced .  

You n o t i c e  a s  i n  t h e  o t h e r  c a s e  w e  have a demonstrat ion p r o j e c t  . 
and a bus iness  rode1  i n  t h i s  diagram. ( I  would l i k e  t o  add p a r e n t h e t i -  

c a l l y ,  a t  t h i s  po in t  i h a t  t h e  d i s c u s s i o n  t h a t  went on t h i s  morning con- 

cern ing  t h e  Experimental Technology Incen t ives  Program d e a l t  w i th  on ly  

a p r o j e c t  concerning t h e  demonstrat ion a s p e c t  of t h e  program. There i s  

another  companion program which SRI is conducting a long  wi th  RAND covering 

t h e  e n t i r e  commercial izat ion program, 

Here is  t h e  commercialization a r e a ,  A l o t  of t h e  i s s u e s  t h a t  

came up a s  ques t i ons  about t h a t  t h i s  morning w i l l  be developed i n  t h a t  

t o t a l  program. ) 
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Now back to the example. 

I 
In the case of the environment for the demonstration, the 

environment for this situation consists of what they knew about the 

product cost, the environmental situation, the ecological effects, how 

many dollars and scientific resources it would take to carry out the 

demonstration, and so forth. 

The main outcomes that would be observed from the demon- 

stration program were the producfion cost 'and'the required .concenfra~ 

tion of the chemical. 

The point I want to make here -- and you'll see this time 

and time again in these projects -- is that these are.observables 

from the demonstration program. The necessary observables for the 

commercialization decision had to do with the marketplace on which 

they had relatively little information. This is often the case in 

new products developed by private industry. 

The business environment was complicated by the presence, 

both domestically and in the foreign market, of the federal government. 

So decisions with regard to commercialization need to take 

account ' of these elements, which we have incorpo=ated in a business 

model. 

1 want to show you now a business model, I don't want to 

frighten you, because despite the conplexity of the diagram it is just a 

straightforward business analysis, It is shown in a logical 'form here 

that would be appropriate for communicating with management about the 
I 

detailed structure involved. 

* (slide : "Structural Model. ") 
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L e t  me i d e n t i f y  some of t h e  e lements  we saw i n  t h e  

e a r l i e r  s l i d e .  

T h i s  i s  t h e  demons t ra t ion  p r o j e c t  d e c i s i o n .  It invo lved  

a  demons t ra t ion  p r o j e c t  f o r  Compound A o r  Coupound B o r  do ing  n o t h i n g ,  

s o  t h i s  was t h e  p o l i c y  d e c i s i o n  r e q u i r e d .  

L e t  u s  examine how t h e  market w a s  r e p r e s e n t e d .  S t a r t i n g  

a t  t h e  top  l e f t - h a n d  s i d e  you s e e  t h e  domes t ic  m a r k e t ,  which i s  a s s e s s e d  

by t h e  k ind  of segmenta t ion  t h a t  would be made i n  any new produc t  

b u s i n e s s  s i t u a t i o n .  Because t h e  i n t e r n a t i o n a l  market was s o  u n c e r t a i n  

a s  f a r  as t h e  e x p e r t s  were concerned i t  was r e p r e s e n t e d  by a m u l t i p l i e r  of 

t h e  domes t ic  market.  The t o t a l  market w a s  t h e  sum of t h e  two. F i n a l l y ,  

t h e  growth model w a s  developed t o  r e p r e s e n t  how t h e  market would change - 
over  t ime.  Th is  market model i s  comple te ly  ana logous  t o  t h e  kind you 

would u s e  i n  a b u s i n e s s  p l a n  f o r  your own p a r t i c u l a r  o r g a n i z a t i o n .  

A c o m p e t i t i v e  model is  i d e n t i f i e d  h e r e  because  t h e r e  was a n  

e x i s t i n g  market and p r i c e  s t r u c t u r e  and s o  on f o r  e x i s t i n g  p r o d u c t s .  

The s p e c i f i c a t i o n s  f o r  t h e  e x i s t i n g  a g r i c u l t u r a l  chemica l s  were reason-  

a b l y  w e l l  known, and i t  was n o t  d i f f i c u l t  t o  model c o m p e t i t i v e  r e a c t i o n .  

The c o r p o r a t e  p r o f i t  model i n  t h e  lower c o r n e r ' d e a l s  w i t h  

t h o s e  e lements  t h a t  a r e  invo lved  i n  c a l c u l a t i n g  t h e  p r o f i t  t o  t h e  

corpora t ion . :  p r o d u c t i o n  c o s t ,  t a x  s t r u c t u r e ,  raw m a t e r i a l  c o s t s ,  and 

f i x e d  c o s t s  a s s o c i a t e d  w i t h  producing and marke t ing  t h e  p r o d u c t .  

S a l e s  were i d e f i t i f i e d  from t h e  market  model and t h e n  a d i s -  

counted c a s h  f low t y p e  of a n a l y s i s  was c a r r i e d  o u t  t o  compute p r o f i t .  



In every respect this is strictly a straightforward model 

of the business that this company was considering entering. 

(Slide: "Use of the Structural Model.") 

Using the experts in this particular organization we 
I 

I 

I 
deve1,oped an evaluation first to see what elements were important. We , 

I 

could have rushed in and given them general rules for establishing a 

demonstration program. However, the first issue was, to find out what 

was important to their busiriess, given the many uncertainties involved. 

You see here a list of items which wvuld be identified as,a 

result of the analysis based on the diagrams we saw before. A number of 

areas arc identificd that rqo found to be s e n i . t i ~ r ~  in t h e  demonstration 

decision: 

The most important one are ones are international market 

size, market growth rate, domestic market size, required concentration , 1 

and production cost. These are items we have mentioned before, and it 

is not surprising that they turn out to be important for the decision. 

Fur example, the international market is uncertain over a 

range from 3 t:> 8. Re.ca1.l these numbers represent multiples of the 
. 

domestic market, The marketing consultants were very uncertain about 

the international market, and they felt that reasonable estimates were 

between 3 and 8 times the domestic market. 

The market growth rate ranges from -6% to +lo%. Included 

in this a.ssessment is the uncertainty about what federal regulations 

might do to this class of chemicals, 111 thg.:dutllestic nlarket size you 

see a similarly wide range, based on the same kind of reasoning. 

The next two entries are technical variables, of the sort 

where the judgment normally comes from technical departments of 

companies; 



USE OF THE STRUCTURAL MODEL 

SENSITIVITY ANA LYSlS 

IDENTIFIES CRUCIAL STATE VARIABLES 

RANGE OF PRESENT 
I VALUE OF PROFIT f/ 

STATE VARIABLE RANGE (MILLIONS) 

INTERNATIONAL MARKET SlZE 
MARKET GROWTH RATE 
DOMESTIC MARKET SlZE 
REQUIRED CONCENTRATION 
PRODUCTION COST 
FIXED MARKETING COST 
DEMONSTRATION TIME 
DEMONSTRATION COST 
RESEARCH OPPORTUNITY COST 
RESEARCH COST I 

DISCOUNT RATE 

3 
-6% 

2.4 M 
0.0005% 

S.32 
1 .OM 

2 YRS 
$3.5M 

0 
$4 50 K 

t o  8 
,+ 1 0% 
6.OM 
0.5% 
$1.12 
2.OM 

5 YRS 
$5.5M 
$400K 
$750K 



On t h e  r i g h t  s i d e  of t h e  s l i d e  you see  ranges  of p r e sen t  

va lue  of p r o f i t s  c a l c u l a t e d  from t h e  s t r u c t u r a l  model we descr ibed  a  

minute  ago. These ranges  i n d i c a t e  t h e  r e l a t i v e  importance of t h e  

v a r i a b l e s .  

On t h e  b a s i s  of t h e s e  r e s u l t s  we were a t  a  p o i n t  where we 

needed t o  d e f i n e  t h e  next  s t e p s  t o  d e a l  w i th  t h e  d e c i s i o n s  which t h i s  

company faced on t h e  demonstrat ion proj 'ect .  

( S l i d e :  " P r o h a h i l i s t i c  Analysis  . ' I )  

I n e v i t a b l y  i n  t h e  d e c i s i o n  a n a l y s i s  methodology you come 

a c r o s s  a  d e c i s i o n  t r e e .  Here i n  s imple form we have reduced a  more 

complex d e c i s i o n  t r e e  t o  show i t s  s t r u c t u r e .  T h e  f i r s t  ' dec i s ion  

p o i n t ,  shown by a  squa re ,  i n d i c a t e s  t h r e e  a l t e r n a t i v e s ,  t o  develop A 

o r  B y  o r  t o  abandon. Next comes t h e  u n c e r t a i n  demonstrat ion outcome, 

shown by a  c i r c l e .  A t  t h i s  s t a g e  p r o b a b i l i t i e s  a r e  ass igned t o  l e v e l s  

of concen t r a t i ons  and c o s t s ,  r e p r e s e n t i n g  d i f f e r e n t  p o s s i b l e  outcomes 

from t h e  demonstrat ion.  For example, t h e r e  might  be  a  p r o b a b i l i t y  of 

20% of a  c o s t  of below 60  c e n t s  pe r  pound of t h e  m a t e r i a l ;  t h e r e  might 

a l s o  be  another  p r o b a b i l i t y ,  of say,,10%, t h a t  t h e  m a t e r i a l  would c o s t  

above $1.00 pe r  pound i n  c o m e r c ? a l  q u a n t i t y .  

Subsequent t o  t h e  demonstrat ion outcome, a  d e c i s i o n  has  t o  

be made t o  market o r  t o  abandon. The time comes when people  have t o  

dec ide  what t o  do. And i n  t h e  nomenclature of t h e  t r e e  w e  show two. 

branches f o r  the a l t e r n a t i v e s ,  market o r  abandon, T h e  next  s t a g e  

r e p r e s e n t s  t h e  market u n c e r t a i n t y ;  i f  you market,  v a r i o u s  s a l e s  l e v e l s  

might occur wi th  p r o b a b i l i t i e s  r e f l e c t i n g  e x p e r t  judgment of t h e  

l i k e l i h o o d  of t h a t  market outcome, 



DEMONSTRATION 
DECISION 

PROBABl LlSTlC ANALYSlS 

SEQUENTIAL ALTERNATIVES' AND OUTCOMES 

DEMONSTRATION 
OUTCOME 

MARKET 
DECISIONS 

MARKET 
OUTCOME 

MARKET 

REQUIRED PARAMETERS 
DEVELOP A CONCENTRATION 

AND PRODUCTION 
COST ABANDON 

MARKET MARKET 
PARAMETERS 0 PROFIT 

REQUIRED 
CONCENTRATION . 
AND PRODUCTION 

COST ABANDON 

\ ABANDON L 



Now each pa th  through t h e  t r e e ' o f  d e c i s i o n s  and outcomes 

s p e c i f i e s  t h e  i n p u t s  f o r  t he  p r o f i t  model. We can c a l c u l a t e  t h e  

p r o f i t a b i l i t y  of a  l a r g e  c o l l e c t i o n  of s cena r io s  f o r  how the  bus iness  

might evolve.  

T,pt  11% I .CICI~ at t h c  compsne~lts LllaL cl la ' r :~~.cer iZe each 

s c e n a r i o ,  These a r e  j u s t  i h e  s e n s i t i v e  v a r i a b l e s  we d e a l t  wi th  be fo re .  

I want t o  very  qu ick ly  reproduce t h i s  ' s l i d e  ("Use of t h e  S t r u c t u r a l  

Model") t o  i d e n t i f y  t h e  components i n  t h a t -  I n  t h i s  ca se  t h e r e  is  a  

component of product ion c o s t  and a  component of tile r equ i r ed  concentra-  

t i o n .  These c h a r a c t e r i z e  p o s s i b l e  outcomes of t h e  demonst.ration p r o j e c t ,  

I n  . t he  ca se  of t h e  market parameters  t h e r e ' s  a  component d e a l i n g  wi th  

t h e  s i z e  of t h e  domest ic  market,  t h e  growth r a t e  of . t h e  domest ic  

market ,  and t h e  i n t e r n a t i o n a l  market.  These c h a r a c t e r i z e  what may 

happen i f  t h e  product  i s  marketed. 

Tllrse compone'nts make up t h e  s t r u c t u r e  t h a t ' s  involved i n  

t h e  d e c i s i o n  t r e e  which you s e e  on the  sl 'ide ( " P r o b a b i l i s t i c  Analysis") .  

Now yo11 might ask' how we c o l l e c t  t he  in format ion  f o r  t h i s  

t y p e  of a n a l y s i s .  We six down wi th  t h e  e x p e r t s  involved. i n  l~iaking t h e  

d e c i s i o n ,  management o r  persons  they d e s i g n a t e ,  We s t r u c t u r e  t h e  

problem and then have them a s s e s s  t h e  p r o b a b i l i t i e s  of d i f f e r e n t  out-  

comes o!:curring i n  t h e  demonstrat ion p r o j e c t ,  baaed on what they know 

now. I 'must stress t h a t  t h i s  i s  wi th  what t h i y  know now, because t h i s  

i s  t h e  s t a g e  where y0.u begin .  YOU begi.n. wi,th wherc you are,  with t h e  

understandi-ng you now hove, and you then  f e r r e t  ou t  a  deeper  understand- 

i n g  of t h e  problem a s  you proceed i n  t h i s  kind of a n a l y s i s .  



( S i i . r l e )  " P r o E i  t 1 , o t t e r y  f o r  A i t e r n n t i v e  R . "  

t.!o\j w!!cn you y e t  t h r o u p l ~  w i  t.11 s ~ ~ c h  a  t r ee  yo11 

~ . ~ e c x l  t o  (:one o11t w i  t t i  c n . i . c . ~ ~ i . ; ~ t i o n s  o f  p r o f i t a h i i  i i t y .  Tn 

t l l i  s (:asp t h e  rli st-ciun t ~ d  cils11 f i . oo  f o ' r  t h c  h u s  i . n e s s  v c n t r ~ r e  

is c ; ~ ~ i . c ~ . ~ l . a t e _ d  f o r  many s c e n a r i o s ,  a n d  t h e  probability d i s t r i -  

b u t  i o n  i s  ~ , i . v e n  o f  t h e  resil i ts .  T h a t ' s  w h a t  yo11 see i n  t h i s  

d i a y , r a ~ s ,  w h i c h  s r ~ r n m a r . i z e s  t h e  r e s u i t s  f o r  a i t e r n a t i v e  R .  / 

T h i s  d i a y , r ; ~ m  h a s  :3 i o t  ( I €  i n f o r m a t i o n  i n  i t ,  s o  

i t  dt!sc.rvc:s car ( - , f r l j .  e x a m i n a t  i o n .  F i r s t  t h e r e  i s  some  p r o b -  

a l> i . i . iLy  l l e r e  ( t w o  chances  o u t  o f  ten) o f  something i i . k e  a f i v e  

n i . i  i i o n  c . l o i i a r  i . o s s  f o r  t l ic!  1 ) r r s i n e s s .  S i m i l a r i . ~ ,  t h e r e ' s  n 

p r o l > a l r i i . i t y  o f  n l ~ o r l t  6 0  p e r c e n t  t h a t  t h e  company  w i i . i  s h o w  a 

i o s s ,  t l ~ a t  i s ,  ttic. p r ; ) f i t  w i i  i h e  P ~ I I R ~ .  t o .  o r  l ess  t h a n  z e r o  i n  

t l ~ i s  s i t ~ ~ ; ~ t i o n .  T t i c r e ' s  a  p r o l ~ a b i i i t y  of .9 t h a t  you  w i i i  

r~cl t  make more t e n  m i i i i o n  d o . i i a r s ,  o r  e q u i v a i e n t i y ,  t h e r e  

is n prol3nhi . i . i  t y  ot. I(! p e r c e n t  o f  a c  I e a s r  a ten m l . i . i . 1 ~ 1 1  

( l o i j . a r  p r o f i t .  

Flow tlie impi  i c a t i n n s  o f  t h i s  d i a g r a m  a r e  f a r  r i C h e r  

t l ~ a n  one  rn.i.p,l~t e x p e c t ,  f o r  some  i n t e r e s t i n g  r e a s o n s .  

I l o c ~  d o  wc $r.~dp.c! w h e t h e r  t o  p r o c e e d  w i t h  t l i e  demon- 

s t r i l t . i . r ) n  p r o j c c t ?  You !:;.ly, "The e x p e c t e d  v a i l l e  i s  a $10,000 

i o s s .  l ' t ' s  a  t o s s u p  w h e t l i e r  you  d o  a n y t h i n p  wi . th  t h e  b u s i . n e s s  

I i t .  i:r~t t.lic p o i l . ~ t  1 w a n t  t o  make  h e r e  is t h a t  i n  
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a p p r o n c l l  tr, t h e  p r o r i ~ ; i l , i i i t y  o f  tllc 1 ,us inc r ; s  n n y  Ile r e a l i y  

!  i s s r o ~ ~ .  I f  T h a d  : j u s t  c:ai.ctlia t r r l  t l ~ e  e x p e c t e d  o r  n o m i n a l  

c a s e  T. i..wr~id. liavcs c.nrlcd u p  nc!;lr ze ro .  T mir?, l l t  h a v e  c o n c i ~ ~ r l e d  

t l ~ r r c !  is ;i s m a i  i. p r o f . i  t a n d  made a d e c i s i o n  t o  r,n a h c a d  b a s e d  

o n  t.1i.i t 11111~ i l ) (~ r .  

Tn t:lli s c.:ise t l ~ c r c  was s c > r n c  p robal1 i . i  -i t y ,  two  

c l ~ ; i ~ . ~ c : c s  rlt~t: o f  tr11, o f  i o s i n y ,  r i v c  ~; i - i . i  i.i.on d o i . i a r s .  T l l i s  

colli;,ilny !.~ar; r ~ o t  ;1 i a r g t  cno t~ f : l l  company  t o  he , ? h i e  t o  i o s c  

[ i v e  ~rli. .i .i .inn d o . i i a r s  b ~ i t l i o r l t  somc! s e r i o u s  p r o b i c m s .  

On t h e  c ~ t l ~ c r  I lnnd,  t h e r e  is a s m a i . i  p r o b a l ) i i i t y ,  

o n c  c l l n n c e  i n  t e n ,  t:lia( i t  W A S  a  r e a l  money m a k e r  f r o m  t h e i r  

s t a n c l p o i n t .  

So  \~1.1nt ( l o  yo11 clo i n  s i t , u n t i o n s  l i k e  t l i i s ?  Remember ,  

t l l i s  i s  n suriilnary of tlic s t a t e  o f  k n o w i e d c e  a l l o u t  t h e i r  

I)t~sinc.ss.; vvc3ntr~rc! ;it t : l ~ i  s p o i n t  i n  t imp. 

\.;pi. i ,  yc!~l r ? i j ? , l ~ t  s a y  : " S ~ ~ p ~ ~ o s c  T. h a d  p c r f e c t  i n  f o r -  . 

1:int i o n  a b o ~ ~ t  tlic. ins:;c:; .in t l l i  s h r ~ s i n e s s  - - . I f  If T coui.d 

f i . n d  :;o~n.cl.>oc!y \ l l i c l  c:c)r~ic.l t e ' i i  m e  w h e t h e r  T w o u i d  e n t e r  . i n t o  a 

. l o s s  :;i t ~ ~ a t i o r i  sf.) 1 c011i.c.l nvoi . r l  i . t ,  T m i p h t  m;~l.:e a d r a r l a t i c  

! ) r c ) f i  l. w i  tl) t1:i.s ! r ~ ~ s i ! i c s s  v e n t r ~ r e .  

1 c o t ~ i r !  c ~ i . i ~ n i i i a t e  t l i a t  p a r t  o f  t h e  i i n e  ~ O I J  see 

t o  t h e  Left o f  z e r o .  And i f  you d i t l  t h a t  t h e  c x p e c t e r l  v a i l l c  

o f  L I I ~ :  r e u i s e c l  prc-)l.nl).i.i. i t y  d i s t r i h t l t i o n  wou id  I)e s o r ; l c l t l ~ i n g  

J i . kc  threr : :  lnii. i . i nn  t l o i  i a r s .  T h a t ' s  a d r a r ? n t i c  c h a n g e  Ernm 

r.~llerc. y o u  were hc! Fnrc.. 



Now t h e  q u e s t i o n  is ,  how can  you a p p l y  t h e  informa-  

t i o n  t h a t  you h a v e  abou t  t h e  b u s i n e s s  t o  e v a l u a t e  f u r t h e r  

i n f o r m a t i o n  t h a t  might  change  t h e  d e c i s i o n s  t h a t  you make 

i n  t h e  b u s i n e s s ,  s o  a s  t o  a c h i e v e  a  b e t t e r  outcome than  you 

had b e f o r e ?  

( S l i d e :  " ~ a l c u l a t i o n  o f  t h e  Value  o f  ~ u r t h e r  

I n f o r m a t i o n . " )  

L e t  m e  g o  back  t o  t h e  d e c i s i o n  t r e e  t o  show how 

t h i s  e v a l u a t i o n  is  c a r r i e d  o u t .  The d e c i s i o n  a l t e r n a t i v e s  

a t  t h e  f a r  l e f t  a r e  "deve lop  A," "deve lop  B," and "abandon," 

and i i ~ ~ u l l ~ e r  branch  t h a t  s a y s ,  l e t ' s  " g a t h e r  some d a t a  o n  t h e  

i n t e r n a t i o n a l  m a r k e t , "  which i s  o n e  o f  t h e  i m p o r t a n t  v a r i a b l e s .  

L e t ' s  t a l k  a b o u t  t h e  i d e a  of p e r f e c t  i n f o r m a t i o n .  

-Suppose we fo.und a man who c o u l d  t e l l  you e x a c t l y  what t h e  

s i z e  of  t h e  i n t e r n a t i o n a l  m a r k e t  was; t h a t ' s  p e r f e c t  i n f o r m a t i o n .  

I f  you knew h i s  a n s w e r ,  you t h e n  c a n  d e t e r m i n e  w h e t h e r  you 

s h o u l d  d e v e l o p  A o r  B o r ' a b a n d o n  t h e  v e n t u r e .  T h e r e  is 

s t i l l  some u n c e r t a i n t y  a b o u t  o t h e r  i m p o r t a n t  v a r i a b l e s ,  b u t  

know t h e  s i z e  o f  t h e  i n t e r n a t i o n a l  m a r k e t .  T h i s  a l l o w s  you 

t o  improve y o u r  d e c i s i o n  from what  you would h a v e  done  i n  

t h e  a b s e n c e  o f  t h i s  i n f o r m a t i o n .  

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

d e c i s i o n  trees a r e  p r a c t i c a l  ways o f  o r g a n i z i n g  t h e  e l e m e n t s  

t h a t  a r e  i n v o l v e d  i n  a  b u s i n e s s  d e c i s ' f o n .  You'can t a l k  a b o u t  
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them i n  t h i s  k i n d  of  s t r u c t u r e  and s p e c i f y  what  you know and 

what  you don ' t  know. O t h e r  p e o p l e ' s  i d e a s  c a n  b e  examined 

t o  s e e  what  impac t  t h e y  h a v e .  You c o n t i n u e  Eo t h e  p o i n t  . 
where  you c a n  e f f e c t i v e l y  d e a l  w i t h  t h e  d e c i s i o n ,  t h a t  i s ,  . 

where  f u r t h e r  i n f o r m a t i o n  g a t h e r i n g  o r  a n a l y s i s  i s  n o t  w o r t h  

i t s  c o s t .  

( S i i d e :  "ResuLts  o f  t h e  C a l c u l a t i o n  f o r  t h e  Value  

of  I n f o r m a t i o n . " )  

Here  a r e  t h e  r e s u l t s  f o r  t h i s  b u s i n e s s  v e n t u r e .  

We i a b e i  them as t h e  v a l u e  o f  p e r f e c t  i n f o r m a t i o n  b e c a u s e  

t h e y  r e p r e s e n t  t h e  i d e a i  c a s e  o f  c o m p l e t e  r e s o l u t i o n  o f  un- 

c e r t a i n t y .  I n  p r a c t i c e  t h i s  l i m i t  is g e n e r a l l y  n o t  a t t a i n a b l e .  

What w e  found was t h a t  i f  you had p e r f e c t  i n f o r -  

m a t i o n  a b o u t  t h e  i n t e r n a t i o n a l  m a r k e t ,  i t  is  w o r t h  a m i l l i o n  

and  a  h a l f  d o l i a r s .  T h i s  i s  a b o u t  h a l f  t h e  v a l u e  o f  r e s o l v i n g  

a l l  of t h e  u n c e r t a i n t y ,  which we d i s c u s s e d  two s l i d e s  back .  

You can  see t h e  r e s u l t s  f o r  t h e  o t h e r  v a r i a b l e s .  The v a l u e  

o f  i n f o r m a t i o n  on  them is l e s s .  

Now obv ious l . y  w e  d o  n o t  have  a c c e s s  t o  p e r f e c t  

i n f o r m a t i o n  a b o u t  t h e  b u s i n e s s ,  and o u r  c l i e n t  o f  c o u r s e  knew 

t h a t .  Rut what t h e y  l e a r n e d  was t h a t  i t  m i g h t  b e  w o r t h  a 

g r e a t  d e a i  t o  o b t a i n  more i n f o r m a t i o n  a b o u t  t h e  i n t e r n a t i o n a l  

m a r k e t .  

So w i t h  t h e  i d e a s '  t h a t  came o u t  o f  t h e  a n a l y s i s  

t h e y  t a l k e d  t o  m a r k e t  c o n s u l t a n t s  a g a i n ,  i n  a  more s t r u c t u r e d  
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way t h i s  t i m e .  It t u r n e d  o u t  t h a t  i n f o r m a t i o n  on  f e d e r a l  

government  p o l i c y  w i t h  r e g a r d  t o  t h e  i n t e r n a t i o n a l  marke t  

was e a s i l y  o b t a i n a b l e .  T h i s  made t h e  d e c i s i o n .  o b v i o u s :  T h e r e  

was n o t  enough o f  a m a r k e t  i n t e r n a t i o n a l l y  t o  make t h e  b u s i n e s s  

p r o f i t a b l e .  A f t ~ r  some f u r t h e r  o t u d y  of ~ 1 1 e  durnesric m a t k e t ,  a  

d e c i s i o n  was made t o  n o t  p roceed  w i t l 1 , t h e  d e m o n s t r a t i o n  p r o j e c t .  

T h i s  r e s u l t  i s  u n f o r t u n a t e  p e r h a p s ,  b u t  t y p i c a l  

of t h e  k ind  o f  decision o f t e n  fnvolved i n  ticw b u s i n e s s  v e ~ i t u r e s .  

We are  now g o i n g  t o  g o  t h r o u g h  i n  t h e  n e x t  p o r t i o n  o f  o u r  

d i s c u s s i o n  some e n e r g y  a p p l i c a t i o n s .  We w i l l  d e s c r i b e  a 

s y n t h e t i c  f u e l s  a n a l y s i s  f o r  t h e  government ,  a n  a p p l i c a t i o n  t o  I 

s u l f u r ,  o x i d e  removal  s t r a t e g i e s ,  and a  g a s  u t i l i t y  s u p p l y  

d e c i s i o n .  j 

Warner:  

DR. MOUTH: I migh t ,  comment b e f o r e  g o i n g  on t h a t  

t h e  a n a l y s i s ' j u s t  p r e s e n t e d  on t h e  a g r i c u l t u r a l  c h e m i c a l  

d e c i s i o n  c a n  b e  t h o u g h t  of  a s  e v a l u a t i n g  a d e m o n s t r a t i o n  

p l a n t  i l l  order t o  g e t  more i n f o r m a t i o n  b e f o r e  making t h e  

c o m m e r c i a l i z a t i o n  d e c i s i o n .  The d e c i s i o n  t r e e  framewofk 

shows how t o  e v a l u a t e  t h i s  a l t e r n a t i v e  t o  g e t  more t e c h n i c a l  

i n f o r m a t i o n ,  v e r s u s  o t h e r  a l t e r n a t i v e s  o f  g e t t i n g  f u r t h e r  

i n f o r m a t i o n  by  c a r r y i n g  o u t  marke t  s t u d i e s :  

I t h i n k  t h i s  a d d r e s s e s  t h e  q u e s t i o n  t h a t  D r .  David 

was p o s i n g  ea r l i e r  a b o u t  t h e  impact  o f  i n f o r m a t i o n  o n  t h e  



c o m m e r c i a l i z a t i o n  d e c i s i o n  p r o c e s s .  The p o i n t  w e  would l i k e  t o  

commend f o r  you r  c o n s i d e r a t i o n  is t o  l o o k  a t  o t h e r  a l t e r n a t i v e s  

b e s i d e  g e t t i n g  t e c h n i c a l  i n f o r m a t i o n  from t h e  d e m o n s t r a t i o n  

p r o J e c t .  F o r  example ,  t h e r e  may b e  ways t o  o b t a i n  from s o u r c e s  

o u t s i d e  t h e  d e m o n s t r a t i o n  p r o j e c t  more i n f o r m a t i o n  p e r t a i n i n g  

t o  t h e  b u s i n e s s  e n v i r o n m e n t .  

( S i i d e :  " D i f f i c u l t i e s  i n  A n a l y z i n g  Energy  

D e m o n s t r a t i o n  P r o j e c t s  and  Ways 

o f  A d d r e s s i n g  These  D i f f i c u l t i e s . " )  

Now how c a n  t h i s  t y p e  o f  a n a l y s i s ,  a  s i m p l e  b u s i n e s s  

model ,  and p r o b a b i l i t i e s  i n  a  d e c i s i o n  tree f o r m u l a t i o n  used  

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

d e c i s i o n s  t h a t  w i l l  f a c e  ERDA o n  d e m o n s t r a t i o n  p l a n t s ?  
+ 

( S i i d e :  " D i f f i c u l t i e s  i n  A n a l y z i n g  Energy 

D e m o n s t r a t i o n  P r o j e c t s " )  

T h e r e  a r e  t h r e e  p o i n t  5 w e  r e g a r d  as c r u c i a l  d i f f i c u l t i e s .  

P o i n t  number one  is t h e  c o m p l e x i t y  o f  t h e  b u s i n e s s  

e n v i r o n m e n t .  I n  t h e '  a p p l i c a t i o n  o f  t h e  a g r i c u l t u r a l  c h e m i c a l  

we were  a b l e  t o  c o n s t r u c t  a  f a i r l y  s i m p l e  model  of  t h e  m a r k e t  

by  s e g m e n t i n g  t h e  m a r k e t ,  summar i z ing  t h e  r e a s o n a b l e  p r e d i c t -  

a b l e  b e h a v i o r  o f  compan ie s  w i t h  c o m p e t i n g  t e c h n o l o g y ,  and  

summar iz ing  t h e  c h a n g e s  t h a t  would o c c u r  i n  t h a t  marke t  a s  

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

o u t  b y  one  a n a l y s t  w i t h  a b o u t  a  month o f  h i s  t i m e ,  most  o f  

which was s p e n t  i n t e r a c t i n g  w i t h  t h e  m a r k e t  e x p e r t s .  I a m  

s u r e  i n  y o u r  v a r i o u s  compan ies  you h a v e  a l l  seen t h i s  t y p e  

o f  marke t  a n a l y s i s  a  g r e a t  many t i m e s .  

P o i n t  number two i s  t h e  p rob lems  r e l a t e d  t o  t h e  

e v a l u a t i o n .  I n  t h e  c a s e  o f  o u r  c l i e n t  o n  t h e  a g r i c u l t u r a l  

c h e m i c a l  d e c i s i o n ,  t h e  m a j o r  i s s u e  t h e y  were  conce rned  w i t h  

was p r o f i t .  I n  t h e  c a s e  o f  ERDA's d e c i s i o n s  we h a v e  n o t  

o n l y  t h e  h u s S n e s s ' i m p a c t s  t o  c o n s i d e r  b u t  a , w i d e  r a n g e  o f  

i m p o r t a n t  p o l i t i c a l ,  e n v i r o n m e n t a l  and s o c i a l  c o n s i d e r a t i o n s .  

A b a l a n c e  mus t  b e  a c h i e v e d  be tween t h e s e  s o c i a i  ' o b j e c t i v e s  

and t h e  b u s i n e s s  o b j e c t i v e s .  

P o i n t  number t h r e e  is t h a t  we h a v e  two sets  o f  

d e c i s i o n  maker s ,  and t h e  p i a n n i n g  p r o c e s s  r e q u i r e s  c o o r d i n a t i o n  

be tween t h e  two. We h a v e  a  f e d e r a l  agency  p l a n n i n g  d e m o n s t r a t i o n  

p r o j e c t s  and  p r i v a t e  f i r m s  o r  u t i l i t i e s  p l a n n i n g  t h e  c o m m e r c i a l i z a t i o n .  

I n  o u r  a g r i c u l t u r a l  c h e m i c a l  example  i t  was e a s y .  Both t h e s e ,  

d e c i s i o n s  would be  t a k e n  by  t h e  same f i r m .  F o r  e n e r g y  d e m o n s t r a t i o n  

p r o j e c t s  d i f f e r e n t  o r g a n i z a t i o n s  may b e  making t h o s e  d e c i s i o n s  

w i t h ' v e r y  d i f f e r e n c t  k i n d s  o f  d e c i s i o n  c r i t e r i a .  

We now want t o  t u r n  o u r  a t t e n t i o n '  t o  'how t h e s e  

d i f f i c u l t i e s  migh t  b e  a d d r e s s e d .  How c a n  we p roceed  t o  appl-y 

d e c i s i o n  a n a i y s i s ?  



( S l i d e :  D i f f i c u l t t e s  # l :  The Complexity of 

Energy Economics.") 

L e t ' s  f i r s t  l o o k  a t  t h e  complex i ty  of  e n e r g y  economics. 

Here is t h e  way we've found u s e f u l  i n  o u r  p r o j e c t s  t o  a d d r e s s  

t h i s  d i f f i c u l t y .  It i s  a n  e x t e n s i o n  of t h e  s o r t  of methodology 

t h a t  was used i n  t h e  a g r i c u l t u r , a l  chemical  example. We . 

deve lop  a  'model of t h e  market  b u t  t o  a  much f i n e r  l e v e l  

of  d e t a i l .  T h i s  a d d i t i o n a l  , d e t a i l  i n  t h e  energy  m a r k e t p l a c e  

may b e  v e r y  i m p o r t a n t  i n  t h e  d e c i s i o n  s i t u a t i o n .  We must 

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

r e s o u r c e s  t o  meet end use  demand. Geography i s  i m p o r t a n t  

because  of  t r a n s p o r t a t i o n  c o s t  a s  we a s s e s s  t h e  c o m p e t i t i v e -  

n e s s  o f  e n e r g y  m a t e r i a l s .  And f i n a l l y  we have t h e  changes' 

t h a t  occur  o v e r  t ime  i n  t h e  energy  marke tp lace .  

( S l i d e :  "Complexity of t h e  Energy Market .If) ' 

S e v e r a l  y e a r s  a g o  we c a r r i e d  o u t  a n  a n a l y s i s  

w i t h  t h e  Gulf O i l  C o r p o r a t i o n  on t h e i r  s y n t h e t i c  f u e l  

p o l i c i e s .  We have s e v e r a l  r e p r e s e n t a t i v e s  o f  Gulf O i l  

h e r e  i n  t h e  a u d i e n c e  today who p a r t i c i p a t e d  i n  t h i s  work. 

We s t a r t e d  o f f  b u i l d i n g  a  b u s i n e s s  model of t h e i r  

p l a n n i n g  problem a s  i n  t h e  - a g r i c u l t u r a l  chemical  example. 

Very q u i c k l y  we- found t h a t  we had a  g r e a t  d e a l  of d i f f i c u l t y  

i n  d e a l i n g  w i t h  t h e  q u e s t  i o n  of i n t e r f u e l  c o m p e t i t i o n .  . . 

There  were s o  many a l t e r n a t i v e s  t o  c o n s i d e r  i n  d e t e r m i n i n g  



DIFFICULTIES IN ANALYZING ENERGY 
DEMONSTRATION PROJECTS 

PROBLEM: The Complexity of Energy Economics 

WAY OF ADDRlESSING IT: 
1. 

, Model the  Energy Marketplace, Including Effects 
Introduced by Market l mperfectiions and Government 
Regulations. 

- lnterfuel Competition 

- Effect of Geography; Transportation Costs 

- Dynamic Aspects 



Resources 

Fnreinn 

COMPLEXITY OF THE ENERGY MARKET 
Resource . . - - - - . 
Extraction SUPP~Y Primary Product Secondary End-Use 

- - 

Processes Transportation Conversion Transportation Conversion Distribution Conversion End-Use Demand 
Auto Opr. Auto . -.-.-.. Import Tankers Sour Tankers Combustion Truck - 

0 il Crude . Power 
Exploration Crude Refining Liquids Generation Tank Cars Busnruck BusKruck 

Domestic and Pipeline Pipelines Gaj Lines Air Opr. 
r 

Combined- I Oil Production Sweet 
Gas Lo Btu Cycle + Air Opr. 

.Crude Power Marine 
Oil Shale Mining and Pipeline .Refining Gas Pipelines power 

C 

Lines Ship Opr. 
Extraction Generation . RIC Space Heat 

Tar Sands Unit Trains Sh?!a Hi Btu Service Combustion 
Gas Pipelines 

' 

Mining and ? Refining Large Fuel Station RIC Misc. Heat 
Hi Sulfur Retorting Unit Trains Cel l  Resistance 
Coal Power L o a l  Heating RIC Electromech. 

Surface Generation povrer 
LO S ~ l f ~ r  Mining De ivery 

Heat Ind. Process Steam 

Coal Coal Hp Transmission Pump L Underground Ind. Direct Heat 

Natural Mining Hi Btu Catalytic 
Gas 

Ind. Electromech. 
Gasification Burner 

Imported 
Gas 

Imported 
Methanol 

Solvent 
Refining 

Liquefaction 

Lo Btu 
Gasification 

Methanol 
Refining 

Nuclear- 
Thermal- 

Nap. Feedstock 
Electro-Mech. 
Devices Gas Feedstock 

Steam Coal Feedstock 
Generation 

Small 
Fuel 
Cell 

Chemical 
Manufacturing 

Splitting 

Nuclear 
Power 
Generation 

General 
Manufacturing 



what c o m p e t i t i v e  f o r c e s  would se t  t h e  m a r k e t  p r i c e  o f  a  . 

s y n t h e t i c  f u e l  p r o d u c t .  

F o r  example ,  i f  you ' r e  c o n s i d e r i n g  a  s y n t h e t i c  

g a s  t o  meet a n  end use  need s u c h  a s  s p a c e  h e a t i n g  f o r  a  

r e s i d e n c e  o r  a  commerc ia l  e n t e r p r i s e ,  you h a v e  c o m p e t i t i o n  

be tween n a t u r a l  gas and t h e  s y n t h e t i c  goo burned  d i r e c t l y ,  

from e l e c t r i c i t y  ( h e a t  pumps o r  r e s i s t a n c e  h e a t i n g )  which 

might  b e  g e n e r a t e d  from a low Btu  s y n t h e t i c  g a s ,  and from 

o t h e r  f u e l s .  F u r t h e r ,  t h e  p r i c e  o f  a f e e d s t o c k  used  t o  

make s y n t h e t i c  g a s  l i k e  Western  c o a l  p r i c e  may b e  se t  n o t  

by  i t s  v a l u e  f o r  s y n t h e t i c  g a s  b u t  b y  compe t ing  u s e s .  

A l l  t h r o u g h  t h i s  n e t w o r k  we must  t h i n k  about '  t h e  

i n t e r f u e l  c o m p e t i t i o n  t h a t  w i l l  t e n d  t o  set  t h e  p r i c e s  

o v e r  t i m e .  T h e r e  is a v a s t  m u l t i t u d e  o f  c o m b i n a t i o n s  t h a t  

? ' 
might  need  t o  be  c o n s i d e r e d ,  -and we h a v e  t o  s o r t  t h r o u g h  

them. 

I n  o u r  Gulf  s t u d y  w e  went t h rough  a n  e x c e r c i s e  o n  

t h e  b i a c k b o a r d  where  w e  w r o t e  down t h e  economics  f o r  v a r i o u s  

f u e l  c y c l e s  ( p a t h s  from r e s o u r c e  t o  end u s e  demand) a n d  t r i e d  

t o  u n d e r s t a n d  what  t h e  most  i m p o r t a n t  i s s u e s  were  i n  d e t e r -  

min ing  t h e  l e a s t  c o s t  p a t h .  W e  f e l t  t h a t  we needed more 

d e t a i l  s o  we s t a r t e d  b u i l d i n g  a model of. t h e  i n t e r f u e l  com- 

p e t i t i o n .  

, ( S l i d e :  "U.S. Energy Model R e s o u r c e  L o c a t i o n s  
,- 
14 

and Demand Regions.")  



We Eound from t h e  b l a c k b o a r d  e x e r c i s e  t h a t  geo- 

g r a p h y  was i m p o r t a n t .  F o r  iow s u i f u r  Wes te rn  c o a l ,  f o r  

exampie ,  i t  made a  g r e a t  d i f f e r e n c e  i n  t h e  p r i c e  whe the r  

t h e  c o a l  i s  t h e  Powder R i v e r  B a s i n ,  i n  t h e  C h i c a g o  a r e a ,  
\ 

o r  p o i n t s  f u r t h e r  east .  So we had t o  p u t  i n t o  t h e  model a 

i e v e l  of  r e g i o n a i  d i s a g g r e g a t i o n  t o  t a k e  a c c o u n t  o f  t h e  

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

i n  t h e  i n t e r f u e l  c o m p e t i t i o n .  

( S l i d e :  "Dynamics o f  t h e  . . Market  .") 

F i n a l l y .  . w i  t t l  r espect  t o  dec i s ions  i n  s y n t h e t i c  , 

f u e l  p o i i c y  w e  c o u l d  b e  l o o k i n g  a . t  a  d e m o n s t r a t i o n  p l a n t  

t h a t  wouid t a k e  10 t o  15 y e a r s  t o  b e  e s t a b l i s h e d  and subse -  

q u e n t  commerc i a l  p l a n t s  t h a t ' r n i g h t  b e  u sed  f o r  30 t o  40 

y e a r s  beyond t h a t .  T h e r e f o r e ,  w e  need a p l a n n i n g  h o r i z o n  
/ 

o u t  t o  t h e  o r d e r  o f  50 y e a r s .  

Dur ing  t h a t  t i m e  t h e  e n e r g y  m a r k e t  is  g o i n g  t o  be  

u n d e r g o i n g  many c h a n g e s . >  T h e r e  w i l l  be  d e c r e a s i n g  amoun t s  

o f  d o m e s t i =  o i l  and g a s .  T h e r e  w i l i  be  c h a n g e s  i n  t h e  q u a n t i t y  

and  p e r h a p s  t h e  c h a r a c t e r  o f  consumer  demands. New t e c h -  

n o l o g i e s  w i l i  be  emerging .  And f i n a l l y  we h a v e  t o  c o n s i d e r  

t h e  e f f e c t  o f  m a r k e t  i m p e r f e c t i o n s .  P e o p l e  t e n d  t o  h a v e  

i n e r t i a  i n  t h e i r  p u r c h a s i n g  b e h a v i o r .  They t e n d  t o  buy t h e  

t e c h n o l o g i e s  t h e y  know o r  t h a t  a re  w e l l  e s t a b l i s h e d ,  and t h e y  

d o  n o t  n e c e s s a r i l y  s w i t c h  t o  t h e  o n e s  t h a t  a r e  least  c o s t l y .  
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So we have t o  have a  way of  t a k i n g  market  imper- 

f  e c t  ions  i n t o  a c c o u n t .  

( S i i d e :  "SRI-Gulf Energy Model.") 

The r e s u l t  o f  t h i s  work, which we d i d  j o i n t l y  w i t h  

G u l f ,  was t o  d e v e l o p  a n a t i o n a l  model of i n t e r f u e l  c o m p e t i t i o n  

o v e r  a  50-year p l a n n i n g  h o r i z o n .  

We d i s a g g r e g a t e d  r e g i o n a l l y  w i t h  e i g h t  r e g i o n s  f o r  

end use  demand, 30 s o u r c e s  o f  r e s o u r c e  s u p p l y ,  and abou t  

600 l i n k s  i n v o l v i n g  t r a n s p o r t a t i o n  o r  d i s t r i b u t i o n  p r o c e s s e s  

f o r  moving e n e r g y  m a t e r i a l s  i n  go ing  from t h e  p r imary  r e s o u r c e s  

t o  t h e  s a t i s f a c t i o n  of  end u s e s .  

T h e r e f o r e ,  t h i s  model keeps t r a c k  o f  2,400 l o c a t e d  

m a t e r i a l s  i n  1 7  t ime  p e r i o d s .  When you mul t i .p ly  t h e s e  numbers 

t o g e t h e r  you have  about  40,000 ' v a r i a b l e s ;  fo.r each we want 

t o  a s s e s s  a p r i c e  and a  q u a n t i t y .  We are a b l e  t o  do  t h i s  

u s i n g  a n  i t e r a t i v e  methodology t h a t  h a s  grown o u t  of  r e s e a r c h  

done a t  S t a n f o r d  U n i v e r s i t y  and SRI. With t h e  methodology 

we can  d e t e r m i n e  t h e  p r i c e s  and q u a n t i t i e s  o v e r  t i m e  t h a t  

c h a r a c t e r i z e  t h i s  m a r k e t p l a c e  w i t h  s u p p l y  and demand i n  l i a l ance .  

The model a l l o w s  t h e s e  c a l c u l a t i o n s  t o  b e  made 

e a s i l y  f o r  many d i f f e r e n t  sets o f  s p e c i f i c  a s sumpt ions .  

Then you c a n  d o  s e n s i t i v i t y  a n a l y s i s  and under.stand which 

o f  t h o s e  a s s u m p t i o n s  i s  i m p o r t a n t  f o r  a s p e c i f i c  d e c i s i o n .  

Using t h e  model we. c a n  i n c l u d e  d i f f e r e n c e s  i n  f i n a n c i a l  

e v a l u a t i o n  c r i t e r i a .  For  example,  a s y n t h e t i c  g a s  ~ l a n t  might 
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b e  e v a l u a t e d  by a  r e g u l a t e d  u t i l i t y  u s i n g  one  se t  o f  c o s t - o f - c a p i t a l  

f a c t o r s ,  w h i l e  a  p r i v a t e  e n t e r p r i s e  would u s e  a  h i g h e r  c o s t  o f  

c a p i t a i .  We c a n  examine  t h e  impact  o f  government  r e g u l a t i o n s .  

F o r  example ,  how n a t u r a l  g a s  i s  g o i n g  t o  b e  r e g u l a t e d  migh t  

make a  b i g  d i f f e r e n c e  i n  t h e  a t t r a c t i v e n e s s  o f  t h e  s y n t h e t i c  

g a s .  We c a n  a l s o  examine  t h e  e f f e c t  o f  m a r k e t  i m p e r f e c t i o n s ,  

s u c h  a s  a consumer ' s  i n c l i n a t i o n  t o  c o n t i n u e  t o  u s e  a g a s  

f u r n a c e  e v e n  i f  some o t h e r  way o f  h e a t i n g  h i s  home migh t  

become more economica l .  Consumer i n e r t i a  h a s  b i g  i m p l i c a -  

t i o n s  f o r  t h e  demand f n t  gas ,  and h c n c c  f o r  t h e  a t t r a c L L v e ~ i e s s  

o f  a  s y n t h e t i c  g a s  i n v e s t m e n t .  

T h i s  model  r u n s .  We h a v e  used  i t  r e c e n t l y  i n  

l o o k i n g  a t  s y n t h e t i c  f u e l s  d e c i s i o n s  f o r  a  T a s k  F o r c e  o f  t h e  

O f f i c e  of  Management and  Budge t ,  which  M r .  Loweth a l l u d e d  

t o .  T h i s  Task  F o r c e  examined v a r i o u s  programs t h a t  t h e  

government  migh t  u n d e r t a k e  t o  s u b s i d i z e  c o m m e r c i a l - s c a l e  

1 
s y n t h e t i c  f u e l  p l a n t s .  

( S l i d e :  "Toca i  P r i m a r y  Energy:  Nominal Case ;  

Prices o t  S e l e c t e d  P r i m a r y  ~ e 8 o u r c e s  

2 
by  Loca t ion . " )  

T'll j u s t  g i v e  you a b r i e f  l o o k  a t  rlie k i n d  o f  

o u t p u t  t h e  model  c a n  g e n e r a t e ,  namely ,  a ser ies  o f  p r i c e  and 

1. Recnmmendations f o r  a  S y n t h e t i c  F u e l s  C o m m e r c i a l i z a t i o n  
Program: Volume IT. R e p o r t  s u b m i t t e d  by t h e  I n t e r a g e n c y  
T a s k  F o r c e  o n  S y n t h e t i c  F u e l s  t o  t h e  P r e s i d e n t ' s  Energy  R e s o u r c e s  
C o u n c i l ,  ~ o v e m b e r  1975, GPO S t o c k  No. 041-001-001 11-3; 

2. I b i d ,  p .  H20, H21. 
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q u a n t i t y  p r o j e c t i o n s  o v e r  t i m e  showing t h e  c o m p e t i t i o n  

be tween s y n t h e t i c  f u e l s  and v a r i o u s  n a t u r a l  f u e l s .  

Now I d o n ' t  want  t o  ' t a k e  time t o  e x p l a i n  t h e  tre- 

mendous amount o f  i n f o r m a t i o n  i n  t h e s e  f i g u r e s .  I n  p r a c t i c e .  

w e  would want  t o  examine  a  whole s e r i e s  o f  s u c h  g r a p h s  t o  

s e e  t h e  e f f e c t  o f  d i f f e r e n t  a s s u m p t i o n s .  We d o  n o t  want t o  

f i x  on o n e  set o f  numbers.  

T h i s  e n e r g y  model  is a  t o o l  f o r  u n d e r s t a n d i n g  t h e  

b u s i n e s s  e n v i r o n m e n t .  We f e e l  t h a t  such  t o o l s  are needed 

i n  o r d e r  t o  d e a l  w i t h  t h e  enormnllr c o m p l e x i t y  o f  t h c  e n e r g y  

m a r k e t p l a c e  i n  t h e  c o n t e x t  o f  d e m o n s t r a t i o n  p l a n t  d e c i s i o n s .  

( S l i d e :  " D i f f i c u l t i e s  #2:  C o n f l i c t  be tween  

Economics and a  M u l t i p l i c i t y  o f  

Env i ronmen ta l  S o c i a l ,  and P o l i t i c a l  

G o a l s  .") 

Now l e t ' s  t u r n  o u r  a t t e n t i o n  t o  t h e  second d i f f i -  

c u l t y ,  which i s  a  q u e s t t o n  o f  t r ade -o f  f s ,  T h e r e  is a c o n f l i c t  

be tween t h e  economic g o a i  of low-cost  e n e r g y  and a m u l t i p l i -  

c i t y  o f  s o c i a l ,  e n v i r o n m e n t a i ,  and p o l i t i c a l  g o a l s .  

Here  a g a i n  o u r  method o f  a p p r o a c h  is t o  t r y  t o  

i n c o r p o r a t e  t h e  i n f o r m a t  i o n  a v a i l a b l e  from va r  i n u s  s o u r c e s  

i n t o  a model .  Then t h i s  i n f o r m a t i o n  and i t s  i m p l i c a t i o n s  

c a n  h e  f o r m a l l y  a d d r e s s e d  and examined by a l l  of t h o s e  who 

a r e .  c o n c e r n e d  w i t h  t h e  p a r t i c u l a r  d e c i s i o n  s i t u a t i o n .  
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( S l i d e :  " P r i v a t e  S e c t o r  Coal  G a s i f i c a t i o n  Dec i s ion . " )  

We migh t  c o n t r a s t  a p r i v a t e  s e c t o r  d e c i s i o n ,  s u c h  

a s  on  a  s y n t h e t i c  g a s  p l a n t  w i t h  a p u b l i c  s e c t o r  v i e w p o i n t .  

The p r i v a t e  s e c t o r  e v a l u a t i o n  m i g h t  b e  made on  t h e  b a s i s  o f  

t h e  c a p i t a l  c o s t ,  o p e r a t i n g  c o s t ,  and e f f i c i e n c i e s  o f  t h a t  

p l a n t ,  and p r i c e s  t h a t  a r e  assumed f o r  t h e  p r o d u c t  and f o r  t h e  

f e e d s t o c k .  (An e n e r g y  model may b e  h e l p f u l  i n  a s s e s s i n g  t h e  

prices f o r  t h e  p r o d u c t  and f ~ e r l s t n c k . )  From t h i s  i n f o r m a t i o n  

a d i s c o l ~ n t e d  c a s h  f l o w  a n a l y s i s  c a n  b e  used  t o  c a l c u l a t e  

p r o f i t ,  j u s t  a s  i n  o u r  a g r i c u l t u r a l  chemica l  example.  

M a ~ y  p r i v a t e  c o n c e r n s  w i l l  be  c o n c e r n e d  a b o u t  more 

t h a n  j u s t  p r o f i t .  They may b e  conce rned  a b o u t  t h e  q u a l i t y  

o f  t h e  s e r v i c e  d e l i v e r e d  t o  t h e  consumers ,  e n v i r o n m e n t a l  

impaccs ,  and  u ~ l ~ e r  t h i n g s  o f  t h i s  s o r t .  Howarrl Cook w i l l  

a d d r e s s . t h e s e  i s s u e s  i n  more d e t a i l  when h e  c o n t i n u e s  

h i s  p a r t  o f  t h e  p r e s e n t a t i o n .  

' The p o i n t  I want  t o  make h e r e  is t h a t  p r o f i t a b i l i t y  

i s  a  r e l a t i v e l y  s i m p l e  c r i t e r i a  t h a t  o n e  might  s t a r t  w i t h  i n  

u n d e r s t a n d i n g  how p r i v a t e  s e c t o r  d e c i s i o n s  a re  made. When 

w e  l o o k  a t  t h e  problem from t h e  government ' s  p o i n t  o f  v i e w  

t h a t  t h e r e  are a g r e a t  many o t h e r  c r i t e r i a  b e s i d e  p r o f i t a b i l i t y  

t h a t  a l s o  e n t e r  i n t o  c o n s i d e r a t i o n  f o r  t h e  government ' s  

d e c i s i o n s .  

( S l i d e :  "Government Energy P o l i c y  

D e c i s i o n  C r i t e r i a . " )  



GOVERNMENT ENERGY POLICY 
DECISION CRITERIA 

Risk Preference 
l u d g e m m t s l  

Tim. F'reference 
Judgements 

Value Tradeoff 

I Prices of Useable cnergy - I 
I Consumption of Useable Energy I 

SOCIAL 
PREFERENCE 

M O D E L  

ENERGY 
M A R K E T  

M O D E L  

I Government Expenditure, Revenues I 

Dependence on Foreign Supply 
e 

e 
Balance of Payment Effect 
I * 

,I Employment 

I lndu;try Profits I 

Changes in 

Parameter M O D E L  

Equivalent Worth 



F o r  example ,  t h e r e  a r e  q u e s t i o n s  h a v i n g  t o  d o  w i t h  

dependence  on  f o r e i g n  s o u r c e s  o f  e n e r g y  s u p p l i e s  ( t h e  

r a t i o n a l e  f o r  o u r  g o a l  of  n a t i o n a l  e n e r g y  i n d e p e n d e n c e ) ,  

t h e  b a l a n c e  o f  payments e f f e c t s ,  t h e  e f f e c t 8  o n  t h e  e n v i r -  

onment,  and  u s e  o f  s c a r c e  r e s o u r c e s  whose v a l u e  may n o t  b e  

r e f l e c t e d  i n  t h e i r  p r i c e .  Water i n  t h e  a r i d  West migh t  

p o s s i b l t y  b e  an  example  o f  t h i s  las t  i s s u e .  

A l l  of  t h e s e  v a r i o u s  f a c t o r s  t h e n  must  b e  t a k e n  

i n t o  a c c o u n t :  The d e c i s i o n  maker i s  g o i n g  t o  h a v e  t o  

a d d r e s s  t h e s e  i s s u e s  a s  w e l l  a s  t h e  economics  as  h e  makes h i s  

d e c i s i o n s .  

Given t h a t  t h e  d e c i s i o n  is o f  c o n c e r n  t o  a g r e a t  

many i n d i v i d u a l s  and  g r o u p s ,  how c a n  t h e  i s s u e s  b e  s o r t e d  o u t ?  

How c a n  we h e l p  t i le  d e c i s i o n  maker t o  make t r a d e - o f f s  and  

judgments  a b o u t  t h e  d i f f e r e n t  o b j e c t i v e s  i n  a c o n s i s t e n t  

way? 

We migh t  s t a r t  b y  b u i l d i n g  a model t o  summarize 

i n f o r m a t i o n  a b o u t  o n e  s p e c  i f  i c  t r a d e - o f f  . We w i l l  i l l u s t r a t e  

by  u s i n g  s u l f u r  o x i d e  e m i s s i o n s  from a c o a l - b u r n i n g  power 

p l a n t .  The m a t e r i a l  p r e s e n t e d  h e r e  is from work we c a r r i e d  o u t  

. , 
l a s t  y e a r  f o r  - t h e  Na t.Lonal Academy o f  S c i e n c e s .  

1 

1. Nor th  and Merkhofe r ,  " A n a l y s i s  o f  ~ l t e r n a ' t f v e  C o n t r o l  
S t r a t e g i e s , ' '  from A i r  Q u a l i t y  and S t a t i o n a r y  S o u r c e  E m i s s i o n  
C o n t r o 1 , a  r e p o r t  by  t h e  N a t i o n a l  Academy o f  S c i e n c e s  p r e p a r e d  
f o r  t h e  Committee on  P u b l i c  Works, U.S. S e n a t e ,  March 1975. 



( S i i d e :  "Assessment of S o c i a l  Costs.")  

Le t  us  c o n s i d e r  a  r e p r e s e n t a t i v e  coa l -burn ing  power 

p l a n t  i n  t h e  Appalachian a r e a ,  s a y  on t h e  Ohio-Pennsylvania 

b o r d e r .  T h i s  p l a n t  is assumed t o  burn t h r e e  p e r c e n t  s u l f u r  

c o a l .  A thousand-megawatt p l a n t  is t h e r e f o r e  go ing  t o  produce 

q u i t e  a  l a r g e  amount of  s u l f u r  o x i d e  e m i s s i o n s :  abou t  160 

m i l  l i o n  pounds p e r  y e a r .  

What e f f e c t  a r e  those  e m i s s i o n s  go ing  t o  have on t h e  

ambient  l e v e l s  o f  s -u l fu r  d i o x i d e  and s u l f a t e  i n  a r e a s  downwind? 

For  example is  v e r y  much of  t h e  s u i f a t e  t h a t  is obse rved  i n  t h e  

N e w  Turk-Washffigton-Boston m e t r o p o l i t a n  complex a  consequence 

o f  emissions from p l a n t s  l i k e  t h i s  o n e  and o t h e r s  i n  t h e  

same g e n e r a l  a r e a ?  

What e f E e c t  d o  t h o s e  ambient l e v e l s  have on hunan 

h e a l t h ,  on p r o p e r t y  damage, and o t h e r  v a l u e s  of concern?  

We need t o  modei t h o s e  r e l a t i o n s h i p s .  We unders tand  f i r s t  

what t h e  p h y s i c a i  con:;cqrnences o f  t h e  s u l f u r  e m i s s i o n s  a r e :  

t h e  number of c a s e s  of  v a r i o u s  h e a l t h  e f f e c t s ,  t h e  c o r r o s i o n  

of  g a l v i n i z e d  s t e e l  and o t h e r  m a t e r i a l s ,  t h e  damage t o  s t a t u e s ,  

t h e  o c c u r r e n c e  o f  a c i d  r a i n  w i t h  i t s  i m p l i c a t i o n  f o r  f o r e s t  

growth,  and t h e  r e d u c t i o n  i n  v i s i b i l i t y .  We need t h e n  t o  b r i n g  

some v a l u e  judgments o n  t h e s e  p h y s i c a l  e f f e c t s  i n  o r d e r  t o  

r e l a t e  t h e  b e n e f i t s  o f  c o n t r o l l i n g  e m i s s i o n s  t o  t h e  c o s t  of  

c o n t r o l  programs. 
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T h i s  p r o c e s s  w i l l  a l l o w  u s  t h e r e f o r e  t o  a s s e s s  

how bad t h e  s u l f u r  e ~ n m i s s i o n s  a r e  end t h e r e f o r e  how much 

i t  m i g h t ,  be  wor th  s o c i e t y  t h e r e f o r e  t o  r e d u c e  them. ~ k d u c t i o n  

m i g h t  be  accompl i shed  by e m i s s i o n  c o n t r o l  d e v i c e s  o r ,  

a l t e r n a t i v e l y ,  s w i t c h i n g  t o  o t h e r  ways o f  g e n e r a t i n g  e l e c t r i c  

power t h a t  d o  n o t  i n v o l v e  s u c h  l a r g e  q u a n t i t i e s  o f  s u l f u r  

o x i d e  e m i s s i o n s .  

The a n a l y t i c a i  p r o c e s s  i n v o l v e s  working  w i t h  e x p e r t s  

i n  v a r i o u s  d i f f e r e n t  areas: t h e  m e t e o r o l o g i s t s  and  t h e  

a t m o s p h e r i c  c h e m i s t s  t o  u n d e r s t a n d  t h e  r e l a t i o n s h i p  be tween  t h e  

r e l e a s e s  and  t h e  ambien t  I . ~ v e i s ;  t h e  m e d i c a l  specialists ar~d 

e p i d e m i o l o g i s t s  o n  t h e  r e l a t i o n s h i p  be tween t h e  ambien t  

l e v e l s  and h e a l t h  e f f e c t s ;  m a t e r i a l s  damage e x p e r t s  and  e c o n o m i s t s  

who h a v e  s t u d i e d  p r o p e r t y  damage, e tc  . The e v a l u a t i o n  q u e s t i o n s  

shown on  t h e  r i g h t  s i d e  o f  t h e  s l i d e  w i l l  b e  o f  c o n c e r n  

t o  t h e  government  a g e n c i . e s  r e s p o n s i b l e '  t o  t h e  c i t i z e n s  t h r o u g h  

t h e  p o l i t i c a l  p r o c e s s .  

I n  t h e  Academy s t u d y  we a s s e s s e d  t h e s e  q u a n t i t i e s  

i n  n u m e r i c a l  terms. We h a v e  ment'ioned t h e  e m i s s i o n s  o f  

160 m i l l i o n  pounds o f  s u l f u r  d i o x i d e .  Working w i t h  t h e  

m e t e o r o i o g i s t s  and  t h e  a t m o s p h e r i c  c h e m i s t s ,  we are a b l e  

t o  s e e  what t h e s e  e m i s s i o n s  m i g h t  mean i n  terms o f  a m b i e n t  

s u l f a t e  l e v e l s  300 mi.Xes downwind: A nomina l  estimate is a 



q u a r t e r  o f  a  microgram p e r  c u b i c  mete r  i n c r e a s e  i n  s u l f a t e  

l e v e i s .  ,We then  go  t o  t h e  d o c t o r s  and e p i d e m i o l o g i s t s  and 

we a s k  what t h i s  change i n  ambient s u l f a t e  is  go ing  t o  mean 

i n  t e rms  of  s p e c i f i c  h e a l t h  e f f e c t s .  A s  a n  example, l e t  u s  

t a k e  c h r o n i c  r e s p i r a t o r y  d i s e a s e  a s  i t  h a s  been d e f i n e d  i n  t h e  

e p i d e m i o l o g i c a l  s t u d i e s ,  namely a s  a  p e r i o d  of a t  l e a s t  t h r e e  

months d u r i n g  which t h e  i n d i v i d u a l  h a s  on most days  a  p e r s i s t e n t  

cough and phlegm i n  h i s  t h r o a t .  The nominal dose-response  

r e l a t i o n s h i p  i m p l i e s  char: tills I[~c~triisc i i . r  ambicnt  l c v c l s  might 

i n c i d e n c e  of r e s p i r a t o r y  d i s e a s e .  So o v e r  a p o p u l a t i o n  f o r  

s t a t e s  downwind of  50 m i l l i o n ,  t h a t  would g i v e  you o f  t h e  o r d e r  

of  40,000 a d d i t i o n a l  c a s e s .  Now how might  t h o s e  b e  e v a l u a t e d ?  

p r o d u c t i v i t y ,  how much he i s  wi lL ing  t o  spend f o r  m e d i c a l  

t r e a t m e n t  of v a r i o u s  s o r t s ,  and how much s o c i e t y  a p p e a r s  t o  

b e  w i l l i n g  t o  spend t o  a l l e v i a t e  h e a l t h  e f f e c t s  o f  t h i s  k ind .  

A nominal  e s t i m a t e  used i n  t h e  Academy s t u d y  was $250. 

We b r i n g  t h e s e  e l e m e n t s  t o g e t h e r ,  and w e  f i n d  from . 

a  t o t a l .  of $10 mi l . l ion  a s  t h e  v a l u e  a s s o c i a t e d  w i t h  c h r o n i c  

r e s p i r a t o r y  d i s e a s e  from t h e  s u l f u r  e m i s s i o n s  O F  t h e  r e p r e s e n t a t i v e  

p l a n t ,  

I n c l u d i n g  t h e  o t h e r  h e a l t h  e f f e c t s ,  a c i d  r a i n  and s o  

f o r t l l ,  w e  g e t  a  t o t a l  f o r  o u r  a s sessment  o f  $33 m i i l i o n ,  which 

I 
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works o u t  t o  about  20 c e n t s  p e r  pound of s u l f u r  e m i t t e d  from 

t h e  s t a c k .  

Now t h e r e ' s  a  b i g  probiem i n  w r i t i n g  down numbers 

l i k e  t h i s  because  most of  t h e s e  q u a n t i t i e s  and r e l a t i o n s h i p s  

a r e  v e r y  u n c e r t a i n .  So t h e  use  of t h e  methodology s h o u l d  

be  n o t  j u s t  t o  d e v e l o p  a  s i n g l e  number b u t  c a r r y  o u t  a  s e n s i t i v i t y  

a n a l y s i s  t o  g a i n  an  u n d e r s t a n d i n g  of t h e  importance  of  t h e  

i s s u e s .  

What. i s  t h e  range  of  d i s a g r e e m e n t s  on t h o s e  numbers 

and what a r e  t h e  impac t s  o f  v a r i o u s  a s s u m p t i o n s  t h a t  might 

b e  made i n  d i f f e r e n t  a r e a s ?  

For example, I n  ehe t r a n s p o r t  a r e a  t h e r e  is  c o n s i d e r a b l e  

u n c e r t a i n t y  on t h e  c o n v e r s i o n  r a t e  of  s u l f u r  d i o x i d e  t o  form 

s u l f a t e .  W e  can  t r a c e  the  e f f e c t  of  t h i s  u n c e r t a i n t y  t o  t h e  

20 c e n t s ;  t h i s  answer  might change o v e r  a  f a c t o r  of two. 

There  is more u n c e r t a i n t y  wi th  r e g a r d  t o  t h e  dose- 

r e s p o n s e  r e l a t i o n s h i p .  Here the  judgment ' in o u r  Academy 

s t u d y  was t h a t  t h i s  r e l a t i o n s h i p  between t h e  ambient l e v e l  

and t h e  number of  c a s e s  might b e  t e n  t i m e s  t o o  h igh :  T t  

might o n l y  be  4 ,000 i n s t e a d  of 40,000. On t h e  o t h e r  hand i t  

might be a s  much os d o u b l e ,  80,000 i n s t e a d  of 40,000. 

The i m p l i c a t i o n s  o f  t h i s  u n c e r t a i n t y  can b e  t r a c e d  

through:  The 20 c e n t s  might be  i n c r e a s e d  t o  35 c e n t s  o r  c u t  

down t o  9 c e n t s .  



Then we 'can l o o k  a t  t h e  i m p l i c a t i o n s  o f  d i f  f e r e l i t  

v a l u e  judgments  o n  t h e  i m p o r t a n c e  o f  t h a t  h e a l t h  e f f e c t .  We 

found,  f o r  example ,  t h a t  c h r o n i c  r e s p i r a t o r y  d i s e a s e  was a 
\ 

v e r y  i m p o r t a n t  one .  W e  a l s o  had i n c l u d e d  a s thma  a t t a c k s  as  a  

h e a i t h  e f f e c t ,  and w e  found o u t  t h a t  t h i s  was r e l a t i v e l y  less 

i m p o r t a n t :  Vary ing  t h e  v a l u e  a s s i g n e d  t o  a s thma  a t t a c k s  

made o n l y  a few c e n t s  d i f f e r e n c e .  

P e o p l e  from many d i f f e r e n t  v i e w p o i n t s  o n  t h e  Academy 

P a n e l  examined t h e s e  i n s i g h t s ,  d i s c u s s e d  them, and c r i t i c i z e d  

them. When we found t h a t  a n  i s s u e  was n o t  i n c l u d e d  p r o p e r l y  

i n  t h e  a n a l y s i s ,  we would g o  back  and r e v i s e  i t .  

A l l  o f  t h i s  t h e n  l e a d s  toward a way o f  making t h e  

t r a d e - o f f s  be tween t h e  i m p l i c a t i o n s  o f  t h e  s u l f u r  o x i d e  e m i s s i o n s  

and t h e  economic impact  o n  e n e r g y  p r o d u c t i o n .  I n  t h i s  c a s e  

t h e  a l t e r n a t i v e s  were  p u t t i n g  s t a c k  g a s  s c r u b b i n g  on power 

s t a t i o n s ,  o r  s w i t c h i n g  t o  a  more e x p e n s i v e ,  l ow s u l f u r  c o a l .  

A b r o a d e r  q u e s t i o n  would be  compar ing  c o a l - b u r n i n g  power p l a n t s  

w i t h  o t h e r  k i n d s  o f  e n e r g y  p r o d u c t i o n  f a c i l i t i e s .  

( S l i d e :  "Government Energy P o l i c y  D e c i s i o n  C r i t e r i a . " )  

I n  t h e  c o n t e x t  o f  t h i s  l a r g e r  q u e s t i o n  we must  l o o k  

n o t  a t  j u s t  o n e  o f  t h e s e  t r a d e - o f f s ,  s u l f u r  o x i d e  e m i s s i o n s  

v e r s u s  t h e  c o s t  o f  e l e c t r i c i t y ,  b u t  a  whole r a n g e  o f  them. 

Going t h r o u g h  t h i s  s o r t  o f  mode l ing  e x e r c i s e  I h a v e  d i s c u s s e d  

f o r  s u l f u r  o x i d e  and d o i n g  s e n s i t i v i t y  a n a l y s i s  c a n  i n d i c a t e  t h e  



r e i a t i v e  i m p o r t a n c e  o f  t h e s e  many i s s u e s  and h e l p  t h e  d e c i s i o n  

makers  t o  s o r t  o u t  p r i o r i t i e s .  Which a r e  t h e  o n e s  t h a t  s h o u l d  

b e  emphas ized ,  where  i t  is a d v i s a b l e  t o  g o  i n t o  c o n s i d e r a b l e  

d e t a i l ,  b r i n g i n g  t o g e t h e r  t h e  b e s t  e x p e r t i s e  and s p e n d i n g  

a d d i t i o n a l  money f o r  f u r t h e r  a n a l y s i s  and i n f o r m a t i o n  b e f o r e  

c o m m i t t i n g  t o  ' d e c i s i o n s ?  Which are  the '  i s s u e s  t h a t  are  

r e l a t i v e l y  less  i m p o r t a n t ?  

The o b j e c t i v e  o f  d e c i s i o n  a n a l y s i s  methodology i s  t o  

h e l p  t h e  d e c i s ' i o n  maker t o  g a i n  i n s i g h t s ,  and no't t o  o b t a i n  

numbers l i k e  20 c e n t s  p e r  pound o f  s u l f u r  o x i d e ,  which may b e  

quo ted  o u t  o f  c o n t e x t  and p e r h a p s  misused  i n  t h e  p l a n n i n g  p r o c e s s .  

( S i i d e :  " D i f f i c u 1 t . i . e ~  #3: Lack o f  Co-ordina ted  

Planning.'.') 

Now l e t  m e  t u r n  t o  t h e  t h i r d  q u e s t i o n ,  t h e  m a t t e r  . 

o f  c o - o r d i n a t i o n  be tween t h e  p u b l i c  s e c t o r  d e c i s i o n s  o n  d e m o n s t r a t i o n  

p l a n t s  and  p r i v a t e  s e c t o r  d e c i s i o n s  o n  commercia l  deployment .  

And o u r  way o f  a d d r e s s i n g  i s  a g a i n  t h e  same word, "model". We 

b u i l d  a model  o f  t h e  d e c i s i o n  p r o c e s s  as  s e e n  by  e a c h  o f  t h e  

conce rned  p a r t i e s .  

We want t o  g i v e  you two examples .  One is t h e  I n t e r a g e n c y  

Task  F o r c e  a n a l y s i s  o n  s y n t h e t i c  f u e l s  c o m m e r c i a l i z a t i o n ,  a  

government  d e c i s i o n  i n  which t h e  d e c i s i o n  f u r t h e r  on b y  t h e  

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

t e c h n o l o g i e s  was v e r y  i m p o r t a n t .  The o t h e r  is  a c u r r e n t  SKI 
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p r o j e c t  f o r  t h e  American N a t u r a l  Gas C o r p o r a t i o n ,  on  which Howard 

Cook i s  p r o j e c t  l e a d e r  and which he w i l l  d i s c u s s  i n  a  moment. 

( S i i d e :  " S y n t h e t i c  Fue-l-s D e c i s i o n  Tree . " )  

L e t  me i l l u s t r a t e  w i t h  t h i s  r a t h e r  c o m p i i c a t e d  i o o k i n g  

t r e e  t h e  d e c i s i o n  s t r u c t u r e  f o r  t h e  f e d e r a l  government ' s  

s y n t h e t i c  f u e l  c o m m e r c i a l i z a t i o n  program. T h i s  t ree  h a s  t h e  

same kin-ds o f  c h a r a c t e r i s t i c s  as  t h e  s i m p l e  tree t h a t  we used  

f o r  t h e  a g r i c u i t r u a l  c h e m i c a l  d e c i s i o n ;  T h e r e  a r e  two 

s t a g e s  o f  d e c i s i o n s :  Here o n  t h e  f a r  l e f t  t h e r e  i s  t h e  f e d e r a l  

d e c i s i o n  on  s u p p o r t  o f  t h e  s y n t h e t i c  f u e l  c o m m e r c i a l i z a t i o n  

program. T h i s  program is  f o r  commercia l  s c a l e  s y n t h e t i c  f u e l  

p l a n t s  i n  t h e  d e c a d e  o f  t h e  '80 ' s .  Four  a l t e r n a t i v e s  a re  

shown: no f e d e r a l  program, a f e d e r a l  program o f  o n e  commercia l  

s c a l e  p l a n t  o f  e.ach o f  s e v e r a l  k i n d s ,  l e a d i n g  t o  a c a p a c i t y  

o f  a  t h i r d  o f  a  m i l l i o n  b a r r e l s  p e r  d a y ;  a  medium program 

o f  a  m i l l i o n  b a r r e l s  p e r  day  ( t h i s  program h a s  b e e n  recommended 

by  t h e  P r e s i d e n t  i n  h i s  1975 S t a t e  o f  t h e  Union a d d r e s s )  and 

f i n a l l y  a maximum o r  h i g h  program o f  1 .7  m i l l i o n  p e r  day ,  

e s s e n t i a l l y  a l l  w e  c o u l d  do  i f  we were  t o  t u r n  a l l  o u r  

c a p a b i l i t i e s  t o  b u i l d i n g  s y n t h e t i c s  p l a n t s  be tween now and 

1985.  . 

The n e x t  s t a g e  i n  t h e  tree is a s e r i e s  o f  outcomes  

t h a t  wouid b e  r e s o l v e d  s u b s e q u e n t  t o  t h e s e  commercia l  s c a l e  

d e m o n s t r a t i o n s .  F i r s t ,  a change  i n  o u r  s t a t e  o f  knowledge 
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abou t '  t h e  c o s t  o f  s y n t h e t i c  f u e l  p l a n t s ,  t h e  l e a r n i n g  t h a t  

would come from b u i i d i n g  t h e s e  commercia l  s c a l e  i n s t a l l a t i o n s .  

Then t h e r e  a r e  a series o f  q u e s t i o n s  r e g a r d i 7 g  t h e  b u s i n e s s  

env i ronmen t :  I n  p a r t i c u l a r ,  what  happens  t o  .,.?ie p r i c e  o f  

f o r e i g n  o i l  as  a compe t ing  e n e r g y  s o u r c e ?  T h i s  d e p e n d s  o n  what  

happens  t o  t h e  OPEC c a r t e l .  Does t h e  c a r t e l  m a i n t a i n  t h e i r  

a b i l i t y  t o  se t  p r i c e  o r  d o  t h e y  l o s e  t h a t  a b i l i t y ?  F o r  e a c h  o f  

t h o s e  s i t u a t i o n s ,  what  irappens t o  t h e  f o r e i g n  o i l  p r i c e ?  

T h i s  may depend on o t h e r ,  n o n - p o l i t i c a l .  f a c t o r s  l i k e  how much 

new o i i  is found i n  v a r i o u s  i n t e r n a t i o n a l  l o c a t i o n s .  

Give11 a l l  t h e s e  v a r i o u s  s c e r i a r i o s ,  d e f i n e d  by t h e  

government  s y n t h e t i c  f u e l  program, t h e  c h a n g e s  i n  t h e  c o s t  of  

s y n t h e t i c  f u e l ,  and what happens  t o  f o r e i g n  p r i c e ,  t h e r e  a r e  

a  number o f  d i f f e r e n t  p o s s i b l e  s ta tes  o f  i n f o ~ m a t i o n  where 

t h e  companies  c o u l d  be i n  t h e  1980 's  d e c a d e  when t h e y  make 

d e c i s i o n s .  Rased on  e a r l i e r  p l a n t  e x p e r i e n c e  t h e  p r i v a t e  

s e c t o r  w i l l  d e c i d e  how many s y n t h e t i c  f u e l  p l a n t s  t h e y  want  

t o  c o n s r r u c c  i n  t h e  ' 8 ~ ' s  and f o r  u s e  i n  t h e  d e c a d e  o f  t h e  

'90's t o  p r o d u c e  s y n t h e t i c  f u e l s  o n  a  l a r g e  c o m m e r c i a l ' s c a l e .  

Weli, t h i s  i s  t h e  c o m m e r c i a l i z a t i o n  d e c i s i o n  t h a t  

w e  migh t  d raw i n  a n a l o g y  be tween a d e m o n s t r a t i o n  p l a n t  d e c i s i o n  

f a c i n g  ERDA and  t h i s  l a r g e  s c a l e  f e d e r a l  d e m o n k t r a t i o n  program 

d e c i s i o n  on s y n t h e t i c  f u e l s .  

We show a l t e r n a t i v e s  from no  a d d i t i o n a l  c a p a c i t y  
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a l l  t h e  way up t o  an  a d d i t i o n a l  f i v e  m i l l i o n  b a r r e l s  a  day 

i n  a d d i t i o n  c a p a c i t y  i n s t a l l e d  d u r i n g  t h e  '80 's .  The n e x t  

s t a g e  of t h e  t r e e  is a  s e r i e s  of  outcomes,  d e f i n i n g  t h e  c o s t  

t h a t  i s  r e a l i z e d  on s y n t h e t i c  f u e l s ,  t h e  b e h a v i o r  i n  t h e  90's  

of f o r e i g n  o i l  p r i c e ,  a g a i n  depending on t h e  c a r t e l ,  and f i n a l l y  

t h e  q u a n t i t y  of domes t i c  o i l  and g a s  r e s o u r c e s  a v a i l a b l e .  

Now we have many p a t h s  th rough  t h i s  t r e e ,  and each 

of  t h o s e  p a t h s  c a n  b e  regarded  a s  a  s c e n e r i o .  It i s  charac -  

t e r i z e d  by f o r e c a s t  c o s t ,  what happens t o  f o r e i g n  o i l  i n  t h e  

80'9, t h e  d e c i s i o n  t a k e n  i n  t h e  p r i v a t e  s e c t o r ,  what happens 

i n  t h e  '90 's  t o  s y n t h e t i c  f u e l  c o s t s ,  and f i n a l l y  what happens 

t o  t h e  p r i c e  o f  f o r e i g n  o i i ,  and t o  domes t i c  o i l  and g a s  

r e s e r v e s .  

There  a r e  a  t o t a l  of s e v e r a l  thousand of  t h e s e  

p o s s i b l e  s c e n a r i o s  and what t h e  a n a i y s i s  d o e s  i s  t o  s o r t  

th rough .  them. For each p a t h  we have d e f i n e d  a  p r o b a b i l i t y  

which is based on p r o b a b i l i t i e s  t h a t  a r e  a s s i g n e d  i n d i v i d u a l l y  

t o  t h e  v a r i o u s  u n c e r t a i n  f a c t o r s ,  j u s t  a s  was done i n  o u r  

a g r i c u l t u r a l  chemical  example. 

With each  p a t h  is a s s o c i a t e d  a  measure  o f  b e n e f i t ,  

a  measure of t o t a l  wor th  f o r  t h a t  p a r t i c u l a r  s c e n a r i o .  

( S l i d e :  " A n a l y s i s  of  F e d e r a l  Program A l t e r n a t i v e s  

f o r  S y n t h e t i c  Fuels Commercial.izat Con .") 

Now what goes  i n t o  measure? Obviously  t h e r e  are 



g o i n g  t o  b e  d i f f e r e n t  c r i t e r i a  f o r  t h e  f e d e r a l  government  and 

f o r  t h e  commerc ia l  f i r m  making t h e  d e c i s i o n  w h e t h e r  o r  n o t  

t o  buy mor s y n t h e t i c s  p l a n t s  i n  t h e  mid-'80's.  Fo r  t h e  f e d e r a l  

government  w e  u sed  d e c i s i o n  c r i t e r i a  t h a t  i n c l u d e d  t h e  b e n e f i t s  

t o  ' t h e  consumers  o f  l ower  c o s t  e n e r g y ,  t h e  b e n e f i t s  t o  t h e  

p r o d u c e r s  (how much t h e y  would be  a b l e  t o  r e a l i z e  o n  t h e i r  

i n v e s t m e n t s  i n  s y n t h e t i c s  p l a n t s )  t h e  s o c i a l  b e n e i f  i t  o f  

. a d d i t i o n a l  c a p a c i t y  a s  p r o t e c t i o n  a g a i n s t  a n  embargo of  f o r e i g n  

o i i ,  and t h e  e n v i r o n m e n t a l  and soc ioeconomic  c o s t s  a s s o c i a t e d  

w i t h  t h i s  a d d i t i o n a l  c a p a c i t y .  

A l i  of t h e s e  c r i t e r i a  w e r e  made e x p l i c i t .  A good 

d e a l  of  t h o u g h t  and s e n s i t i v i t y  a n a l y s i s  went  i n t o  d e f i n i n g  

a n  a p p r o p r i a t e  way t o  r e p r e s e n t  them f o r  t h i s  s t u d y .  The  sum 

o f  t h e s e  c o s t s  and  b e n e f i t s  became t h e  o v e r - a l l  c r i t e r i o n  f o r  

t h e  f e d e r a l  government  o n  i t s  d e c i s i o n  o n  t h e  commercialization 

program. 

  or t h e  mid-'80's d e c i s i o n  b y  t h e  p r i v a t e  s e c t o r  

o n  how much s y n t h e t i c  f u e l  c a p a c i t y  t o  buy ,  wc assumed t h e  c r i t e r i o n  

would b e  t h e  r e t u r n  on  i n v e s t m e n t  o t  t h e  p r o d u c e r s .  

So t h e n  w e  g o  b a c k  t o  t h e  tree. 

( S l i d e :  " S y n t h e t i c  F u e l s  D e c i s i o n  Tree.")  

We e v a l u a t e  t h e  b e s t  d e c i s i o n  f o r  1980's  c o m m e r c i a l i z a t i o n  

o n  t h e  b a s i s  o f  b e n e f i t  t o  t h e  p r o d u c e r s .  We c a n  d e t e r m i n e  how 

t h i s  d e c i s i o n  w i l l  be t a k e n  g i v e n  what  s c e n a r i o  has o c c u r r e d  



t o  t h i s  p o i n t .  By working  o u r  way f u r t h e r  backward i n  t h e  

t r e e ,  we c a n  d e t e r m i n e  how t h e  government  would want t o  t a k e  

i t s  d e c i s i o n .  T h i s  d e t e r m i n a t i o n  t a k e s  i n t o  a c c o u n t  t h e  

t h o u s a n d s  o f  s c e n a r i o s  t h a t  migh t  f o l l o w  f o r  e a c h  o f  t h e  d e c i s i o n  

a l t e r n a t i v e s .  

So a  g r e a t  many e l e m e n t s  a r e  b e i n g  b r o u g h t  t o g e t h e r :  

t h e  l e a r n i n g  t h a t  would o c c u r  a s  a  r e s u l t  o f  t h e  program o n  

t h e  c o s t  of s y n t h e t i c  f u e l s ,  t h e  e v e n t s  i n  f o r e i g n  c o u p t r i e s  

t h a t  might  impact  on  t h e  p r i c e  o f  o i l ,  t h e  b e h a v i o r  of  t h e  

p r i v a t e  s e c t o r ,  and s o  f o r t h .  The a n a l y s i s  p r o v i d e s  a way 

of a s s ~ m h l i . n g  a l l  of  t h i c  i n f o r m a t i o n  s o  t h a t  L I I ~  l u d i v i d u a l s  

i n  t h e  S y n t h e t i c  F u e l s  Task  F o r c e  c o u l d  s t u d y  i t ,  c r i t i q u e  i t ,  

and examine  t h e  e f f e c t s  o f  a l t e r n a t i v e  a s s u m p t i o n s  i n  coming 

t o  t h e i r  d e c i s i o n  recommendat ions .  

S i i d e :  "Components o f  Expected  Di scoun ted  Net 

B e n e f i t . " )  

T h i s  s l i d e  p r e s e n t s  t h e  components  o f  b e n e f i t  f o r  

t h e  v a r i o u s  program'  a l t e r n a t i v e s .  T h e r e  is a m i s p r i n t  i n  

t h e  handout  which I h a v e  c o r r e c t e d  on t h e  s l i d e .  

Examining t h e  f o u r  progam a l t e r n a t i v e s  b y  t h e  c a t e g o r i e s  

o f  b e n e f i t  t o  t h e  consumers ,  b e n e f i t  t o  t h e  p r o d u c e r s ,  and 

embargo p r o t e c t i o n ,  and soc ioeconomic  p r o t e c t i o n ,  we found 

t h a t  t h e  b e n e f i t  f o r  embargo p r o t e c t i o n  and t h e  c o s t  a s s o c i a t e d  

w i t h  e n v i r o n m e n t a l  and soc ioeconomic  p rob lems  more o r  less 
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b a i n n c e  e a c h  o t h e r  o u t .  The b e n e f i t  f o r  l o w e r  c o s t  e n e r g y  f o r  

t h e  consumers  was more t h a n  q f f s e t  by  t h e  e x p e c t e d  n e t  l o s s  t o  

t h e  p r o d u c e r s ;  h e n c e  t h e  need f o r  a  government  s u b s i d y  e x c e e d i n g  

t h e  b e n e f i t s  e x p e c t e d  f o r  t h e  consumers .  

The e f f e c t  o f  t h i s  a n a l y s i s  was t o  m o t i v a t e  a c h a n g e  

fro19 a  commitment t o  t h e  m i l l i o n  b a r r e l  a d a y  program t o  a 

s m a l i e r  commitment ,  t o  a n  i n f o r m a t i o n a l  l e v e l  program, w i t h  

a n  o p t i o n  t o  expand i n  a  s econd  phase  a p  t o  a  m i l l i o n  b a r r e l .  

a d a y  program i f  s u b s e q u e n t  i n f o r m a t i o n  m o t i v a t e s  s u c h  a n  

e x p a n s i o n .  T h i s  was t h e  s t a t e m e n t  t h a t  M r .  Loweth a l l u d e d  

t o  t h i s  morning .  ' 

The r e s u i t s  o f  t h e  a n a l y s i s  a r e  v e r y  s e n s i t i v e  t o  

t h e  p r o b a b i l i t y  t h a t  is a s s i g n e d  t o  t h e  con t inu , ed  s t r e n g t h  o f  

t h e  c a r t e l .  T h e r e  a r e  o t h e r  c r i t i c a l  a s s u m p t i o n s ,  and I c a n  

e a s i l y  s p e n d  more t h a n  o u r  t o t a l  of 90 m i n u t e s  d i s c u s s i n g  t h i s  

a n a l y s i s .  We d'o n o t  h a v e  t p  t i m e  t o  g o  i n t o  t h e  d e t a i l s .  

So t h e  p o i n t  I want  t o  l e a v e  you w i t h  i s  t h e  need  t o  

model t h e  d e c i s i o n  c r i t e r i a  a s  s e e n  b y ' b o t h  sets  o f  d e c i s i o n  

makers :  t h e  f e d e r a l  government  f o r  t h e i r  p rogram d e c i s i o n ,  

and  t h e  p r i v a t e  s e c t o r  f o r  t h e  d e c i s i o n  t h e y  w i l l  make on  

s u b s e q u e n t  c o m m e r c i a l i z a t i o n  o f  s y n t h e t i c  f u e l s  t e c h n o l o g i e s .  
. . 

Howard? 

( S i i d e :  "Gas U t i l i t y  A p p l i c a t i o n  o f  Energy  A l t e r n a t i v e s . " )  

DR. COOK: What you  s a y  i n  t h e  l a s t  few s l i d e s  i s  



d 

c o n t r a s t e d  g r a p h i c a l i y  w i t h  what  I w i l l  t a l k  a b o u t  i n  t h e  n e x t  

. few m i n u t e s .  I w i l l  h e  d i s c u s s i n g  commerc ia l  a p p l i c a t i o n s  w i t h  

t h e  American N a t u r a l  Gas Company, wh ich  i s  g o i n g  t h r o u g h  t h e  

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

I n  a v a i l a b l e  e n e r g y . s o u r c e s .  C o m m e r c i a l i z a t i o n  d e c i s i o n s  i n  

t h i s  c a s e  i n v o l v e  a  g r e a t  number of  a l t e r n a t i v e s  f o r  g a s  compan ie s  

l i k e  t h e  American N a t u r a l  Gas Company. 

T h e r e  is a  d r a s t i c  change  i n  t h e  c i r c u m s t a n c e s  f o r  t h e  

gas u t i l i t ! ~ ~ .  H i s t o r i c a l l y  t h e y  h a v e  had a b u s i n e s s  whe re  t h e  

s u p p l y  came f rom a s i n g l e  s o u r c e ,  whe re  t h e y  i n t e r e s t e d  

p i p e i i n e  compan ie s  i n  t r a n s p o r t i n g  t h e  g a s ,  and where  t h e  

b u s i n e s s  was c o n t i n u e d  based  o n  e x p l o r a t i o n  and development  b y  

t h e  v a r i o u s  k i n d s  o f  p r o d u c e r s  i n v o l v e d .  

D r a m a t i c a L l y  o r  t r a u m a t i c a l l y ,  w h i c h e v e r  way you 

w a u t  t o  t a l k  a b o u t  i t ,  t h e y  nnw face  some c o m p l e t e l y  new 

a l t e r n a t i v e s  i n  t h e F r  b u s i n e s s .  The o f f i c e r s  o f  t h e  American 

N a t u r a l  Gas Company f i n d  t h e m s e l v e s  i n  a p o s i t i o n  o f  c o m p l e t e l y  

r e l e a r n i n g  t h e  components  o f  t h e i r  b u s i n e s s ,  whe re  p rob lems  

l i k e  c a p i t a i i z a t i o n  a r e  o f  a  g r e a t  d e a l  of  i m p o r t a n c e .  Over 

t h e  n e x t  t e n  y e a r  p e r i o d  t h e  c a p i t a l i z a t i o n  o f  t h e  company may 

b e  be tween  t h r e e  and f o u r  t i m e s  wha t  i t  i s  t o d a y .  T h i s  i s  

a  d r a m a t i c  c h a n g e  i n  t h e  c h a r a c t e r i s t i c s  o f  t h e  company. 

T e c h n i c a l  c h a r a c t e r i s t i c s  a r e  a l s o  chang ing .  They 

may b e  i n v o l v e d  i n  h i g h  t e c h n o l o g y  s y n t h e t i c s  where  up t o  t h i s  
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t ime  they  have  been invo lved  o n l y  i n  t h e  t e c h n o l o g i e s  of  

e x p l o r a t i o n ,  development and p i p e l i n e  and d i s t r i b u t i o n .  

Almost u n q u e s t i o n a l b l y  t h e  company 'wi l l  be invo lved  i n  

some e x c r u t i a t i n g  d e c i s i o n s  about  supply ,  a l t e r n a t i v e s .  A s  

c h a r a c t e r i s t i c s  o f  the .  g a s  i n d u s t r y  today  you s e e  d e c l i n i n g  

s u p p l i e s  and i n  t h e  e a r l y  and mid and l a t e  '80's. y o u ' l l  see 

s i g n i f i c a n t  s h o r t f a l l s . .  

I t h i n k  t h e  c h a r a c t e r i z a t i o n  of t h i s  g a s  company . 

Is l i k e  many o t h e r s .  I f  you looked a t  t h e  FPC a l l o c a t i o n  

scheme f o r  numbers from 1 t o  9 ,  where  1 i s  t h e  r e s i d e n t i a l  

h e a t i n g  c l a s s i f i c a t i o n  and ' t h e  o t h e r s  a r e  v a r i o u s  c l a s s e s  o f  

commercial  u s e ,  i n  g e n e r a l  I t h i n k  what you s e e  is t h a t  based 

on s u p p l i e s  t h a t  a r e  a v a i l a b l e ,  i t  is  go ing  t o  b e  h a r d  t o ' m a i n t a i n ,  

even w i t h  l i t t l e  growth o r  no growth i n  demand, a  s u p p l y  of  ' g a s  

adequatA t o  serve t h e  r e s i d e t i ~ i a l  h e a t i n g  c l o o ~ i f i c a t i o n .  

L i m i t i n g  g a s  s u p p l y  h a s  g r e a t  economic e f f e c t s  f o r  

t h e  i n d u s t r i a l  community. A v e r y  s i g n i f i c a n t  p o i n t  i n  t h a t  

c a s e  is t h e  f a c t  t h a t  whatever  happens  i n  t h e  c h o i c e  o f  

d e m o n s t r a t i o n  programs and a l t e r n a t e  s u p p l i e s  f o r  t h e s e  

companies,  i t  i s  go ing  t o  b e . n e c e s s a r y  f o r  them t o  f a c e  

s h o r t f a l l s  i n  s u p p l y  i n  t h e  n o i  t o o  d i s t a n t  f u t u r e .  

The t i m i n g  of a l t e r n a t i v e s  i s  e x t r e m e l y  i m p o r t a n t  

t o  them, s o  t h e r e '  is a  c o n s t r a i n t  o n  d e m o n s t r a t i o n  programs 

t h a t  needs  t o  be  i d e n t i f i e d .  I n  most c a s e s  t h e  companies w i l l  



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

don ' t  come t o  p a s s .  

By t h e  way, I want t o  ment ion  a t  t h i s  p o i n t  t h e r e  

was a  comment made t h i s  morning i n  t h e  d i s c u s s i o n  about  

t h e  t o t a l  ene rgy  p i c t u r e .  As t h e  g a s  and e l e c t r i c  i n d u s t r y  

i s  now c o n s t i t u t e d  i n  most c a s e s  -- t h i s  i s n ' t  t r u e  i n  a l i  

c a s e s  -- g a s  u t i l i t i e s  and e l e c t r i c  u t i l i t i e s  a r e  s e p a r a t e  

today.  .The problem of i n t e g r a t i n g  t h e  s u p p l y  d e c i s i o n s  i n  t h e  

combined market  is t h e r e f o r e  much more d i f f i c u l t  t h a h  i t  was 

some t ime  ago.  New s u p p l y  i n v o l v e s  huge i n v e s t m e n t s  f o r  

e i t h e r  g a s  o r  e l e c t r i c  u t i l i t i e s .  Some b a s i s  f o r  r e s o l v i n g  

how t o  r a i s e  t h i s  c a p i t a l  would be an  i n t e r e s t i n g  q u e s t i o n  

t o  l o o k  a t  o v e r  t h e  whole spec t rum of  e n e r g y  d e m o n s t r a t i o n  

p r o j e c t s .  

If you d e c i d e  t h a t  you a r e  g o i n g  t o  g o  a l l  e l e c t r i c  

you would o b v i o u s l y  n o t  expand g a s  supp ly .  If  you d e c i d e  t h a t  

new g a s  s u p p l i e s  a r e  t h e  way t o  go,  t h i s  i s  a n o t h e r  c l a s s  

a l t e r n a t i v e s .  Most l i k e l y  we w i l l  have a  mix of both kinds 

o f  a l t e r n a t i v e s .  

I ment ioned t h a t  c a p i t a l  r e s o u r c e  r e q u i r e m e n t s  f o r  new 

s u p p l y  a r e  huge compared t o  c a p i t a l i z a t i o n  of e x i s t i n g  g a s  

u t i l i t i e s .  It now a p p e a r s  a s  a  f a c t  t h a t  we a r e  e n t e r i n g  i n t o  

t h e  d e c i s i o n  making p r o c e s s  i n  t h i s  p a r t i c u l a r  u t i l i t y  where 

c e r t a i n l y  t h e  g a s  s u p p l y  i s  u n c e r t a i n  and dwind i ing ,  and t h e  



r e g u l a t o r y  b a s i s  i t s e l f  f o r  t h e  company e n t e r s  i n t o  t h e  b u s i n e s s  

development.  

One o f  t h e  q u e s t i o n s  invo lved  is i f  a  g a s  company 

p roceeds  t o  o b t a i n  a s i g n i f i c a n t  new s u p p l y  f o r  themse lves ,  

w i l l  i t s  o l d  s u p p l y  b e  r e a l l o c a t e d  by a n  a l l o c a t i o n  p rocedure ,  

g i v e n  t h a t  t h e r e  a r e  some t r a u m a t i c  s u p p l y  problems i n  

nea rby  a r e a s ,  where u t i l i t i e s  don ' t  have t h e  s u p p l i e s  r e q u i r e d  

t c  meet r e s i d e n t i a l  demand? And i n  e f f e c t  we a r e  s e e i n g  

t h e s e  s i t u a t i o n s  d e v e l o p i n g  now. 

Now w i t h  r e g a r d  t o  what happens t o  d e m o n s t r a t i o n  

p r o j e c t s  t h e r e  a r e  a bunch o f  competing k i n d s  of  a l t e r n a t i v e s  

t h a t  occupy t h e  minds of  t h e s e  u t i l i t i e s .  I want t o  p o i n t  

o u t  some problems t h a t  need t o  be r e s o l v e d  i n  t h e  c o m m e r c i a l i z a t i o n  

d e c i s i o n  w i t h  r e g a r d  t o  h i g h  Rtu d e m o n s t r a t i o n  p l a n t  d e c i s i o n s .  

One o f  t h e  s i t u a t i o n s  invo lved  -- and t h i s  lias shown 

up v e r y  p o i n t e d i y  i n  o u r  model i n  t h i s  p a r t i c u l a r  i n s t a n c e  -- 
t h e  f a c t  t h a t  a  v e r y  far -ahead look  a t  t h e  b u s i n e s s  a l t e r n a t i v e s  

invo lved  i n  g a s  s u p p l i e s  -- t h a t .  .is., . e x p l o r a t i o n ;  development 

and p r o d u c t i o n  companies -- h a s  n o t  been  t h e  p r a c t i c e  f o r  

t h i s  p a r t i c u l a r  company a l t h o u g h  they  have  a  v e r y  a d e q u a t e  

s u p p l y  compared t o  a l o t  o f  u t i l i t i e s .  The b u s i n e s s  v e n t u r e s  

such  a s  e n t e r i n g  new a r e a s  o r  d e v e l o p i n g  a  new s u p p l y  p r o s p e c t  

have g e n e r a l l y  been planned pe rhaps  t h r e e  y e a r s  ahead up t o  

t h i s  p o i n t .  



The q u e s t i o n  of f u t u r e  s u p p l y  i n v e s t m e n t s  i s  r e a l l y  

a  problem which because  o f  t h e  c h a r a c t e r i s t i c s  o f  s u p p l y  

a i t e r n a t i v e s  shou ld  now b e  planned a t  l e a s t  t e n  y e a r s  ahead.  

Low Btu g a s  p l a n t s .  Suppose h i g h  Btu d e m o n s t r a t i o n  

programs don' t come a l o n g  and t h e  dwind l ing  s ~ ~ p p l y  s i t u a t i o n  

p e r s i s t s .  M e t r o p o l i t a n  and o t h e r  h i g h l y  i n d u s t r i a l  a r e a s ,  

f o r  example t h e  Ford R i v e r  Rouge p l a n t  and s u r r o u n d i n g  complex, 

might w e i l  go t o  iow Btu p l a n t s  a s  a n  a l t e r n a t i v e ,  n o t  a s  

a n  i n t e r i m  hu t  f o r  some s i g n i f i c a n t  t i m e .  

LNG supp ly .  There  is  a  p o s s i b i l i t y  t h a t  f o r e i g n  

s u p p l y  of LNG w i l l  o n l y  l a s t  f o r  a s h o r t  p e r i o d  of t ime .  T h e r e  

i s  g r e a t  u n c e r t a i n t y  abou t  t h e  l e n g t h  o f  t i m e  of  s u p p l y ,  

abou t  the  p r i c e ,  and abou t  t h e  problems o f  i n t r o d u c i n g  t h a t  

k ind  of s u p p l y  t echno logy . .  

Coal .  T h e r e  is t h e  p o s s i b i l i t y  of c o a l  mining and - 
c o a l  d i s t r i b u t i o n  f o r  d i r e c t  b u r n i n g  t o  meet c e r t a i n  of  t h e  

e n e r g y  n e e d s  of  t h e  c u r r e n t  cus tomers  and p r o s p e c t i v e  cus tomers .  

Then f i n a l i y  t h e  t tem which 1 mentioned e a r l i e r :  t h e  

u t i i i t y  must p l a n  ahead f o r  . the  l e v e l  of consumer s e r v i c e ,  

t h e y  w i l l  p r o v i d e .  The s e r v i c e  c o u l d  be l i m i t e d ' t o  e x i s t i n g  

r e s i d e n t i a l  g a s  c u s t o m e r s ,  growth i n  r e s i d e n t i a l  cus tomers ,  

o r  v a r i o u s  l e v e l s  o f  commercia'l g a s  use.  

So t h i s  p i c t u r e  is g r a p h i c a l l y  d i f f e r e n t  from t h e  

s t a n d p o i n t  of t h e  b u s i n e s s  environment  and f r o m , t h e  s t a n d p o i n t  



of, c o m m e r c i a l i z a t i o n  d e c i s i o n s  t h a n  t h e  i l l u s t r a t i o n  t h a t  

Warner went t h rough .  A b a s i c  c h a r a c t e r  of  g a s  u t i l i t y  i s  t h e  

need t o , d e t e r m i n e  t h e  b a s i s  f o r  t h e i r  f u t u r e  b u s i n e s s :  what  

c u s t o m e r s  t h e y  w i l l  s e r v e  and what  l e v e l  of  s u p p l y  a l t e r n a t i v e s  

t h e y .  w i l l  p u r s u e .  T h i s  background is  e s s e n t i a l  f o r  u n d e r s t a n d i n g  

t h e i r  v i e w p o i n t  on  d e m o n s t r a t i o n  p l a n t s  as a n  a l t e r n a t i v e  f o r  

f u t u r e  s u p p l i e s .  

( S l i d e :  "Summary.") 

I want  t o  move ahead now, and v e r y  r a p i d l y  g o  c h r o u g l ~  

a summary o f  t h e  o v e r - a l l  a p p r o a c h  t h a t  we t a l k e d  about . .  

( S i i d e :  " I t e r a t i v e  Phi losophy.")  

The b a s i c  a p p r o a c h  we'ke t a l k i n g  a b o u t  is  a n  i t e r a t i v e  

a p p r o a c h .  I n  t h e  c a s e  o f  t h e  American N a t u r a l  Gas Company we 

began o u r  i n i t i a l  e f f o r t  w i t h  t h e  o f f i c e r s  o f  t h e  company 

p a r t i c i p a t i n g  i n  t h e  mode l ing ,  l o o k i n g  a t  t h e  r e s u l t s  and 

t h e  r e l a t i o n s h i p s ,  and f i n d i n g  o u t  some s u r p r i s i n g  t h i n g s  a b o u t  

t h e i r  b u s i n e s s ,  b o t h  i n  t e r m s  o f  t h e  b u s i n e s s  r e l a t i o n s h i p s  

and  some o f  t h e  t e c h n i c a l  r e l a t i o n s h i p s ,  i n  o r d e r  t o  u n d e r s t a n d  

what  is  happen ing  i n  t h e  model r e s u l t s .  An e f f o r t .  t o  b r i n g  

t h e  f i n a n c i a l  and t e c h n i c a l  p i c t u r e s  t o g e t h e r  f o r  a b u s i n e s s  

h a s  a g r e a t  d e a l  of I m p o r t a n c e .  

Then s e n s i t i v i t y  a n a l y s i s  i s  used t o  g a i n  i n s i g h t  i n t o  

which t h i n g s  a re  i m p o r t a n t ,  and e v e n t u a l l y  t o  t h e  p o i n t  o f  

d e c i d i n g  what  i n f o r m a t  i o n ,  n e e d s  t o  be c o l l e c t e d .  



SUMMARY: A DECISION ANALYSIS 

APPROACH FOR EVALUATING DEMONSTRATION 

PROJECTS 



I ment ioned t h e  i d e a  i n  t h e  American N a t u r a l  Gas 

c a s e  o f  g o i n g  back  and s p e n d i n g  a  p e r i o d  o f  t i m e  d e v e l o p i n g  t h e  

f u e l  e x p i o r a t i o n  and development  p i c t u r e  b e t t e r  t h a n  and 

o v e r  a  l o n g e r  p e r i o d  o f  t i m e  t h a n  t h e y  had done  b e f o r e  i n  

o r d e r  t o  t r y  t o  u n d e r s t a n d  w i t h  f u r t h e r  i n s i g h t  what  t h e  s u p p l y  

s i t u a t i o n  m i g h t  b e .  

Subsequen t  a n a l y s i s  a t  f i n e r  l e v e l s .  W e  want  t o  

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

needed f o r  a  p r a c t i c a l  b a s i s  f o r  maki.ng d e c i s i o n s  i n  t h e  

b u s i n e s s .  So w e  f i r s t  b u i l d  a n  o v e r - a l l  model r e l a t i n g  t h e  

v a r i a b l e s  i n  t h e  b u s i n e s s .  Then f o r  t h o s e  f a c t o r s  t h a t  a r e  

i m p o r t a n t  f o r  t h e  d e c i s i o n  we expand t h e  model t o  f i n e r  l e v e l s  

o f  d e t a i l  and i n c l u d e  more s p e c i f i c  i n f o r m a t i o n .  T h i s  p r o c e s s  

s h o u l d  p r o v i d e  a  b a l a n c e d  b a s i s  t h a t  i s  r e a l i s t i c  and p r a c t i c a l  

as f a r  as t h e  b u s i n e s s  i s  c o n c c r n c d ,  

( S i i d e :  " S t e p s  f o r  D e c i s i o n  A n a l y s i s  A p p l i c a t i o n :  A") .  

S p e c i f i c a t i o n  of  t h e  d e c i s i o n s .  W e  t a l k e d  a b o u t  t h e  

need t o  s p e c i f y  t h e  d e c i s i o n .  I want  t o  p o i n t  o u t  t h a t  i n  

i d e n t i f y i n g  d e c i s i o n  n l t e ' r n a t i v e s  w e  a r e  t a l k i n g  a b o u t  R&D . 

i e v e l  a i t e r n a t i v e s  a s  w e l l  a s  d e m o n s t r a t i o n  p r o j e c t  a l t e r n a t i v e s  

and c o m m e r c i a l i z a t i o n  d e c i s i o n s .  You can '  t t a l k  a b o u t  t h e  

d e m o n s t r a t i o n  p r o j e c t  w i t h o u t  u n d e r s t a n d i n g  t h e  R and D l e v e l  

c o n t e x t .  

I d e n t i t y  o f  outcomes.  I n  t h e  c a s e  o f  t h e  American 

N a t u r a i  Gas Company, t h e  a p p r o p r i a t e  s e t  o f  outcomes  was a n  
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i m p o r t a n t  p o i n t  f o r  d i s c u s s i o n  w i t h  management. Very o f t e n  

commerc ia i  o r g a n i z a t i o n s  a r e  i a b e l e d  a s  b e i n g  c r a s s ,  b u t  

t h i s  company was v e r y  c o n s c i o u s  o f  i t s  r o i e  a s  a  p u b l i c  s e r v i c e  

company. I n  a d d i t i o n  t o  p ; o f i t s ,  t h e  l e v e l  of s e r v i c e  was 

a g r e a t  d e a i  of c o n c e r n  t o  them b e c a u s e  o f  t h e  economic impac t  

o n  i n d u s t r y  i n  t h e  a r e a s  t h e y  s e r v e .  And f i n a i i y ,  t h e  p r i c e  
1 

o f  g a s  t o  t h e  c u s t o m e r s  t h e y  s e r v e  is  v e r y  i m p o r t a n t  t o  them. 

I f  t h e y  g o  t o  c o a i  g a s i f i c a t i o n  p l a n t s  t h e  p r i c e  o f  g a s  migh t  

b e  o f  t h e  o r d e r  of  t h r e e  o r  f o u r  times what  i t  i s  c u r r e n t l y .  

I n  t h e i r  s e r v i c e  a r e a  o f  n o r t h e r n  Mich igan  a b o u t  40 

p e r c e n t  o f  t h e i r  c u s t o m e r s  l i v e  o n  incomes o f  a b o u t  $5,000 

a  y e a r .  An i n c r e a s e  i n  h e a t i n g  c o s t s  would b e  a  t r a u m a t i c  

e x p e r i e n c e  f o r  t .hose p e o p i e .  The d e c i s i o n s  o n  s e r v i c e  l e v e l  

.and p r i c e  f o r  t h e s e  p e o p l e  need t o  h e  r e s o i v e d  by American 

N a t u r a i  Cas  and t h e  r e & i a t o r y  a g e n c i e s  i n v o l v e d .  

I d e n t i f y  t h e  o r ~ a n i z a t i o n s  w i t h  d e c i s i o n  makinq  

a u t h o r i t y  and  o t h e r  p a r t i e s  c o n c e r n e d  w i t h  t h e  d e c i s i o n s .  

T h i s  i s  t h e  r e g u l a t i o n  problem:  Who d e c i d e s  how g a s  s u p p l i e s  

> '  

w i l l  be a l l o c a t e d  and p r i c e d  f o r  p e o p l e  who a r e  now on t h e i r  

g a s  i i n e s ,  new c u s t o m e r s ,  and i n d u s t r i a l  u s e r s ?  Many o r g a n i z a t i o n s  

and  g r o u p s  w i i l  b e  i n v o l v e d  i n  t h i s  d e c i s i o n .  

I d e n t i f y  i n t e r a c t i o n s  w i t h  o t h e r  d e m o n s t r a t i o n  

p r o j e c t s  o r  programs.  T h i s  i s  a more g e n e r a l  p o i n t .  I f  t h e r e  

a re  a  number o f  p rog rams  compe t ing  a t  some l e v e l ,  d e c i s i o n s  w i l l  
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be r e q u i r e d  t o  d e t e r m i n e  which o f  t h e  competing programs 

shou ld  be c o n t i n u e d .  A b a s i s  i s  needed t o  e v a l u a t e  programs 

and communicate between programs f o r  p l a n n i n g  purposes .  

( S l i d e :  "S teps  f o r  D e c i s i o n  A n a l y s i s  A p p l i c a t i o n :  B.") 

The n e x t  s t a g e  is t h e  development of s t r u c t u r a l  

models.  We have i l l u s t r a t e d  t h e  e l e m e n t s  now s e v e r a l  t imes:  

modeling t h e  d e m o n s t r a t i o n  outcomes,  modeling t h e  market  f o r  

t h e  t echno logy  b e i n g  demons t ra ted ,  e v a l u a t i o n  models  f o r  commercial 

o r g a n i z a t i o n s  and e v a l u a t i o n  models f o r  government o r g a n i z a t i o n s ,  

and s e n s i t i v i t y  a n a l y s i s  t o  g a i n  i n s i g h t  on u n c e r t a i n t y  w i t h  

r e g a r d  t o  o v e r - a i l  program d e c i s i o n s .  

( S l i d e :  " S t e p s  f o r  D e c i s i o n  A n a l y s i s  A p p i i c a t i o n :  

' C ,  D.")- 

The kind of p r o b a b i l i s t i c  a n a l y s i s  which b r i e f l y  

i n  t h e  a g r i c u l ' t u r a l  chemicai  example I discr tssed invo lved  

i d e n t i f y i n g  and a s s e s s i n g  p r o b a b i l i t i e s  f o r  t h e  impor tan t  

u n c e r t a i n  s t a t e  v a r i a b l e s .  

We d i d  n o t  t a i k  much abou t  whether  p r o b a b i l i t :  

a s sessment  i s  a p r a c t i c a l  a r t .  We have d i s c o v e r e d  I t  is a 

p r a c t i c a i  a r t ,  t h a t  you can s t r u c t u r e  probiems and use  p r o b a b i l i t i e s  
\ 

e f f e c t i v e l y .  
1 

1. For a d i s c u s s i o n  of p r o b a b i l i t y  a s s e s s m e n t  s e e  C.S. 
S p e t z l e r  and C.S. S t a e 3 , v o n  H o i s t e i n ,  " P r o b a b i l i t y  Encoding i n  
Dec i s ion  Anaiys is . , "  Management S c i e n c e ,  Vol. 2 2 ,  P. 340, 
November 1975. 
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C. PROBABI LISTIC' ANALYSIS 

Identification, Assessment of Probabilities for Uncertain 
State. Variables that are Crucial to the Decisions 

Identification of Strategies on Commercialization for 
Scenarios Involving Various 

- Outcomes of Demonstration Projects 

- Exogenous Technical, Economic, and Environmental 
Factors 

- Changes in Social, Political, or Government Regulatory 
Environment 

ldentif ication of Preferred Demonstration Plant Decision 

Sensitivity Analysis 

D. CALCULATION OF THE VALUE OF RES'OLVING 
UNCERTAINTY BEFORE PROCEEDING WITH 
DEMONSTRATION PROJECT 



I d e n t i f i c a t i o n  of s t r a t e p i e s  f o r  c o m m e r c i a l i z a t i o n .  

1 a l l u d e d  t o  t h i s  when we t a l k e d  about  i d e n t i f y i n g  t h e  p a t h  

th rough  t h e  d e c i s i o n  t r e e .  How would f i r m s  d e c i d e  whether t o  

buy a  demons t ra ted  t echno iogy ,  t a k i n g  a c o u n t  of  t h e  d e m o n s t r a t i o n  

outcomes and t h e  e x t e r n a l  v a r i a b l e s  c h a r a c t e r i z i n g  t h e i r  

b u s i n e s s  environment?  

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

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

examine t h e  f a c t o r s  t h a t  m o t i v a t e  t h e  d e c i s i o n  i n  f u r t h e r  

d e t a i l .  

DR. NORTH: I want t o  make a c o u p l e  of  f i n a l  comments 

on t h i s  s l i d e  i n  c o n c l u s i o n .  

( S l i d e :  "Basic  S t r u c t u r e :  Demons t ra t ion  

P r o j e c t  D e c i s i o n  Ana lys i s . " )  

The ntethodology t h a t  we have p r e s e n t e d  f o r  t h e  d e c i s i o n  

l i k e  t h e  a g r i c u l t u r a l  c h e m i c a l s  example is s i m p l e ,  and s t r a i g h t -  

forward.  Use of a  b u s i n e s s  p l a n n i n g  modei for d i s c o u n t e d  c a s e  _ 
f l o w  a n a i y s i s ,  and s e n s i t i v i t y  a n a l y s i s  t o  unders tand  which 

a r e  t h e  i m p o r t a n t  e l e m e n t s  i n  t h e  b u s i n e s s  p l a n n i n g  model, 

.is t a u g h t  a t  v i r t u a l l y  e v e r y  b u s i n e s s  s c h o o l .  Many companies 

use  t h e s e  i d e a s  e x t e n s i v e l y .  

The u s e  o f  d e c i s i o n  t r e e s ,  w i t h  p r o b a b i l i t i e s  on 

u n c e r t a i n  i n p u t s ,  and c a i c u l a t i o n  of t h e  p r o b a b i l i t y  d i s t r i b u t i o n  

f o r  an  o v e r - a l l  measure  of p r o f i t a b i l i t y ,  i s  t a u g h t  e x t e n s i v e l y  
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i n  b u s i n e s s  s c h o o l s  and  is used by a number o f  companies .  

Many f i r m s  d o  n o t  now u s e  t h e s e  methods ,  b u t  t h e  p r a c t i c e  

seems t o  b e  s p r e a d i n g .  

We a t  SRI h a v e  worked w i t h  many companies  i n  p u t t i n g  

t h e s e  methods  i n t o  p r a c t i c e  i n  t h e  p r i v a t e  s e c t o r .  The a p p l i c a t i o n  

o f  t h e s e  i d e a s  t o  p l a n n i n g  i n  t h e  p u b i i c  s e c t o r  i s  n o t  w i d e s p r e a d .  

The p r a c t i c e  i s  i n  i t s  i n f a n c y  w i t h  o n l y  a few exampies  t h a t  

h a v e  been  c a r r i e d  o u t .  Problems such  as  d e m o n s t r a t i o n  p l a n t s  

f o r  EHDA a r e  more d i f  E l c u l t ,  f o r  I t  wi.11 t a k e  a g r e a t  d e a l  of  work 

f o r  t h e s e  me thods  t o  b e  implemented i n  a f a s h i o n  t h a t  i s  u s e f u l  

and c r e d i b l e  f o r  t h e  d e c i s i o n  makers .  

W e  have  t r i e d  t o  enumera t e  what  w e  see as t h e  

t h r e e  most i m p o r t a n t  d i f f i c u i t i e s .  The f i r s t  is  t h e  need  t o  

a c h i e v e  an  u n d e r s t a n d i n g  of  t h e  ' b u s i n e s s  e n v i r o n m e n t .  T h i s ,  

migh t  b e  accompl i shed  u s i n g  a l a r g e - s c a l e  computer  implemented 

model  i i k e  t h e  SRI-Guif Energy model ,  o r  s i m i l a r  mode l s  t h a t  

h a v e  been  d e v e l o p e d  by v a r i o u s  o t h e r  o r g a n i z a t i o n s .  The 

second  i s  t h e  problem o f  i n t e g r a t i n g  t h e  economic o b j e c t i v e s  

w i t h  t h e  e n v i r o n m e n t a l ,  p o l i t i c a i  and s o c i a l  o b j e c t i v e s .  T h i s  

i n t e g r a t i o n  w i l l  be  a  d i f f i c u l t  p r o c e s s :  Much t i m e  and e f f o r t ,  

and  p a r t i c i p a t i o n  f rom many d i s c i p l i n e s  wili be needed.  

F i n a i l y ,  t h e  probiem o f  c o o r d i n a t i o n  be tween p r i v a t e  s e c t o r  

p l a n n i n g  on c o m m e r c i a i t z a t i o n  and government p l a n n i n g  on 

p r o j e c t s .  One o f  t h e  p rob lems  i n  p l a n n 1 . n ~  d e m o n s t r a t i o n  p l a n t s ,  



which we have s e e n  o f t e n  i n  o u r  p r i v a t e  s e c t o r  e x p e r i e n c e ,  

and hea rd  a l l u d e d  t o  i n  t h e  p u b l i c  s e c t o r ,  i s  t o o  much f o c u s  

on t h e  l e f t - h a n d  s i d e  of  t h e  d iagram ("Basic S t r u c t u r e " ) .  

You can  c h a r a c t e r i z e  t h i s  v iewpoin t  a s  "have t echno logy ,  w i i l  

t r a v e l : "  For t h i s  v iewpoin t  s u c c e s s  i s  t e c h n i c a l  s u c c e s s  i n  

t h e  d e m o n s t r a t i o n  outcome; t h a t  i s  t h e  end of t h e  p l a n n i n g  

h o r i z o n .  T h i s  c a n  b e  a  d a n g e r o u s l y  s h o r t s i g h t e d  v iewpoin t .  

I n  o u r  o p i n i o n  i t  is e x t r e m e l y  i m p o r t a n t  t o  under-  

s t a n d  t h e  r ight-hand s i d e  o f  t h e  d iagram;  t h e  market  f o r . t h e  

new t e c h n o l o g i e s .  What i s  t h e  need f o r  t h e  t echno logy  b e i n g  

demons t ra ted?  How w i l l  t h e  t echno logy  f i l l  t h a t  need? How 

might t h a t  need change because  of  changes  i n  t h e  b u s i n e s s  

env i ronment ,  changes  i n  t h e  r e g u l a t o r y  environment ,  and pe rhaps  

changing p u b l i c  a t t i t u d e s  r e g a r d i n g  env i ronmenta l  and s o c i a l  

goa l s?  1,Jndcrstanding t h e s e  i s s u e s  seems t o  u s  o f  paramount 

impor tance  i n  t h e  e v a l u a t i o n  of  ERDA's d e m o n s t r a t i o n  programs. 

Thank you. 

DR. CHARPIE: Are t h e r e  any q u e s t i o n s ?  

MR. R E H N K E :  I would l i k e  t o  make one  comment. 

I t h i n k  i t  was a  v e r y  i n t e r e s t i n g  d i s c u s s i o n .  I n  

d e c i s i o n  t r e e  p l a n n i n g ,  one  .of t h e  t h i n g s  I d i d n ' t  h e a r  was 

t h e  m a t t e r  of  c o n f i d e n c e  l e v e l s  i n  t h e  c a l c u l a t i o n s  t h a t  

you ' re  making. 

I t h i n k  i f  you look  back  o v e r  h i s t o r y  o f ,  s a y ,  



t h e  l a s t  20 y e a r s  i n  t h e  energy b u s i n e s s  I t h i n k  t h e r e  a r e  

a number of  new developments  t h a t  have o c c u r r e d  t h a t  nobody 

e v e r  thought  abou t  v e r y  s e r i o u s l y .  

You r e c o g n i z e  t h e  g r e a t  danger  of overdependence 

on t h e  o p e r a t i o n  of t h i s ,  k ind of modeiing f o r  d e c i s i o n  

making. 

DR. NORTH: May I respond t o  t h a t ?  l e t  me respond 

i n  two ways, f i r s t  by go ing  back t o  my o r i g i n a l  s l i d e .  

( S l i d e :  "Elements o f  Good D e c i s i o n s  .") 

F i r s t  o f  a l l  what we a r e  t a l k i n g  abou t  i s  a d e c i s i o n  

p r o c e s s  f o r  making a  good d e c i s i o n ,  t h a t  is ,  one  t h a t  i s  

c o n s i s t e n t  w i t h  t h e  g o a l s  and t h e  i n f o r m a t i o n  a v a i l a b l e .  We 

do  n o t  g u a r a n t e e  good outcomes. T h e r e  is n o t h i n g  i n  t h e  

methodology t h a t  is go ing  t o  p r e v e n t  s u r p r i s e s ,  and we canno t  

r e s o l v e  t h e  u n c e r t a i n t i e s .  We d o  n o t  have a c c e s s  t o  a  c l a i r v o y a n t  

w i t h  a  c r y s t a i  b a l l .  

T t  i s  t r u e  t h a t  what appeared t o  be  good d e c i s i o n s  

on t h e  p a r t  of  e n e r g y  companies have i n  f a c t  l e d  t o  bad out.comes. 

I don ' t  s e e  t h a t  we a r e  go ing  t o  b e  a b l e  t o  avo id  s i m i l a r  

s i t u a t i o n s  i n  t h e  f u t u r e .  I t h i n k  t h a t  anybody who l o o k s  a t  t h i s  

methodology a s  o f f e r i n g  a  s o l u t i o n  t o  t h a t  problem is  mis taken .  

I don ' t  t h i n k  d e c i s i o n  a n a l y s i s  methodology can promise  t h a t .  

I t  may b e  t h a t  d e c i s i o n  a n a l y s i s  w i l l  be  h e l p f u l  i n  

h e l p i n g  p e o p l e  t o  t h i n k  t h r o u g h  t h e  i m p l i c a t i o n s  o f  t h e  i n f o r m a t i o n  



t h a t  is  a l r e a d y  a v a i l a b l e ,  and t o  p r e v e n t  s u r p r i s e s  i n  t h e  s e n s e  

of  t h i n k i n g  through t h e  u n c e r t a i n t i e s  i n  a  l i t t l e  b i t  b e t t e r ,  

more compiete  and more comprehensive  f a s h i o n .  

( S l i d e :  "A Lang,uage and Philosophy.")  

The second response  I would l i k e  t o  make t o  your 

comment r e l a t e s  t o  t h e  o t h e r  i n t r o d u c t o r y  s l i d e .  We need 

t o  d i s t i n g u i s h  between t h e  methodology a s  p r o v i d i n g  answers ,  

and t h e  methodology a s  a  p r o c e s s  and a  framework f o r  d i s c u s s i o n .  

Hanagcmcnt is go ing  t o  be making t h e  d ~ r i s i n n s .  

T y p i c a l l y  t h e  d e c i s i o n  p r o c e s s  i n v o l v e s  i n t e g r a t i n g  many 

d i f f e r e n t  p o , i n t s  o f  v iew and a r e a s  o f  e x p e r t i s e .  Where we see 

t h e  methodology a s  b e i n g  u s e f u l  i s  p r i m a r i l y  a s  a  framework 

f o r  t h i s  i n t e g r a t i o n ,  and no t  a s  a way of g e t t i n g  a n  answer 

t h a t  w i l l  s t a n d  t h e r e  and be  judged b a d i y  i n  r e t r o s p e c t  when 

much more i n f o n n a l l u t ~  Is a " a 1 l a b l e  than was available t o  t h e  

management t h a t  made t h a t  d e c i s i o n .  

''How can  t h e s e  methods be  v a l i d a t e d ? "  i s  t h e  q u e s t i o n  

we a r e  o f t e n  asked .  And I t h i n k  we have t o  answer i t  i n  a  

way t h a t  I am borrowing from a  Marine Corps Colone l ,  whom I 

heard  asked t h e  same q u e s t i o n  a t  a  Department of  Defense 

p r e s e n t a t i o n .  

When asked how h i s  s i m u l a t i o n  model f o r  a  Marine 

l a n d i n g  e x e r c i s e  was v a i i d a t e d ,  he s a i d ,  "It g i v e s  my commander 

a warm f e e l i n g  i n  h i s  g u t  ." A s  t h e  commander makes t h e  d e c i s i o n s  
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t h e  model makes him more c o m f o r t a b l e  w i t h  h i s .  d e c i s i o n  making 

r e s p o n s i b i l i t y .  

I t h i n k  t h i s  i s  a l l  t h a t  methodology c a n  p r o v i d e .  

We c a n n o t  g u a r a n t e e  c o r r e c t  a n s w e r s  and good outcomes .  A l l  

we c a n  d o  i s  h e l p  a s s i m i l a t e  t h e  i n f o r m a t i o n  and h e l p  t h e  d e c i s i o n  

maker t o  f e e l  more  c o m f o r t a b l e  t h a t  t h e  i n f o r m a t i o n  a v a i i a b l e  

t o  him h a s  been  t a k e n  i n t o  p r o p e r  a c c o u n t .  

DR. COOK: Warner h a s  g i v e n  a n  answer  t h a t  is 

c . e r t a i n l y  .a . p h i l o s o p h i c a l  a n s w e r ,  and i t  is t h e  r i g h t  answer .  

I would i i k e  t o  answer  from t h e  s t a n d p o i n t  o f  t h e  o l d  s a i t ,  

b e c a u s e  we were  u s l n g  t h e s e  k i n d s  o f  t ~ c h n i q ~ ~ i - s  i n  t h e  n u c l e a r  

b u s i n e s s  a dozen  y e a r s  ago .  

I n  t h e  s a f e t y  area much o f  t h e  p r o b a b i l i s t i c  a n a l y s i s  

t h a t  a p p e a r e d  i n  t h e  Rasmussen R e p o r t ,  Appendix 1  i s  e s s e n t i a l l y  

t h e  same as work t h a t  had been  d o n e  ear l ie r ,  i n  1964 and 1965. 

The a n a l y s i s  w a s  n o t  c a r r i e d  t h r o u g h  b e c a u s e  t h e  p o s i t i o n  o f  t h e  

government  agency  d i d  n o t  p e r m i t  t h e s e  methods  t o  b e  used .  

S y s t e m a t i c  i d e n t i f i c a t i o n  o f  d e c i s i o n  a l t e r n a t i v e s  

and c a r e f u l  t h i n k i n g  a b o u t  s t r u c t u r e  makes you l o o k  a t  t h e  problem 

much more b r o a d l y .  And many o f  t h e  s u p r i s e s  -- Whi le  you c a n ' t  

g u a r a n t e e  t h a t  y o u ' r e  go ing  t o  a v o i d  them, many o f  t h e  t h i n g s  which 

t u r n  o u t  t o  b e  p i t f a l l s  c a n  b e  i d e n t i f i e d  i n  advance  and r e l a t e d  

t o  t h e  o t h e r  a s p e c t s  o f  t h e  prohiem. And t h a t  i s  a g r e a t  d e a l  

of h e l p  i n  p l a n n i n g .  



T h i s  i s  my answer from p r a c t i c a l  e x p e r i e n c e  done. 

While I a g r e e  p e r f e c t l y  wi th  Warner's answer w i t h  r e s p e c t  t o  

t h e  f a c t  t h a t  you c a n ' t  g u a r a n t e e  no s u r p r i s e s ,  you c e r t a i n l y  

can h e l p  deve lop  t h e  s t r u c t u r e  t o  h e l p  a v o i d  them. 

DR. CHARPIE: Any o t h e r  q u e s t i o n s ?  

MR. D A V I S :  I t  seems t o  me one  o f  t h e  a s p e c t s  we 

a r e  t r y i n g  t o  d e a l  w i t h  when you ' re  t r y i n g  t o  dev,elop a  long- 

r ange  program is t o  come up w i t h  what I g u e s s  I would c a l i  

a  p ruden t  program w l l i c l i  p r o t e c t s  you a g a i n s t  unfavnrah le 
\ 

t h i n g s  happening i n  t h e  f u t u r e ,  s o r t  of t h e  r e v e r s e  o f  what 

Waliy Behnke s a y s ,  i n  t r y i n g  t o  a l i o w  f o r  f a v o r a b l e  problems. 

Rut t o  some e x t e n t ,  and i t  seems t o  me t o  a  c o n s i d e r a b l e  

e x t e n t ,  i n  t h e  o v e r - a l l  e n e r g y  b u s i n e s s  we a r e  t r y i n g  t o  

make s u r e  t h a t  we have g o t  some of t h e  a l t e r n a t i v e s  a v a i l a b l e  

i n  c a s e  we need t o  u s e  them. It i s  ~ i o t  n e c e s s a r i l y  a m a t t e r  of 

p r o j e c t i n g  what t h e  p r o b a b i l i t y  i s  o f  hav ing  t o  u s e  them, b u t  

t o  make some a i lowance  f o r  t h e  f a c t  t h a t  w e  may s i m p l y  be i n  

v e r y  bad t r o u b l e  and need t o  have them, and deve lop  some s o r t  

of  a  c o u r s e  of  a c t i o n  which would l ead  t o  t h e s e  b e i n g  a v a i l a b l e  

t e c h n i c a l l y  and i n  o t h e r  ways a t  a t i m e  when they  may be  , 

needed,  even though t h e  p r o b a b i l i t y  of t h a t  may n o t  b e  a s s e s s e d  

today  a s  b e i n g  v e r y  h i g h .  

I'm s u r e  t h i s  comes i n t o  t h e  d e c i s i o n  a n a l y s i s  

t h i n g  i n  some manner, h u t  i t  seems t o  m e  i t  l e a d s  to. something 



\ 

o t h e r  t h a n  t h e  s o r t  o f  s t r a i g h t f o r w a r d  p r o b a b i l i t y  a s s e s s m e n t  

t h a t  you d e s c r i b e .  

DR. COOK: If you r e c a i i  t h i s  m o r n i n g ,  when I w e n t  

t h r o u g h  t h e  s t r u c t u r e  o f  t h i s  a g r i c u l t u r a l  c h e m i c a i  p r o b i e m  I 

i d e n t i f i e d  t h a t  a s  a n  a r e a  t h a t  you g o  t h r o u g h .  And o n e  o f  t h e  

t h i n g s  you  would i i k e  t o  d o  w i t h  t h i s  k i n d  o f  a n a i y s i s  i s  t o  

i d e n t i f y  a i t e r n a t i v e  s c e n a r i o s ,  i d e n t i f y  b r a n c h  p o i n t s  a t  

w h i c h ,  i f  y o u ' r e  i n  d i f f i c u i t y  w i t h  o n e  a l t e r n a t i v e ,  y o u  c a n  

s w i t c h  t o  a n o t h e r  o n e .  

So t h e  i d e a  o f  a h e d g i n g  s t r a t e g y  o r  a  c o n t i n g e n t  

p i a n  i s  a i i  a p a r t  o f  t h e  s t r r l c t 1 l r e .  And more  t h a n  t h a t ,  t h c p e  

i s  a  p r e - p l a n n i n g  e i e m e n t  t o  i t  t h a t  a i i o w s  you  t o ,  i n  a n  o r g a n i z e d  

f a s h i o n ,  c o n s i d e r  how you  w i l l  t a k e  c o r r e c t i v e  a c t i o n .  

FIR. D A V I S :  T h i s  came t o  my mind when y o u  w e r e  t a l k i n g  

a b o u t  s y n t h e t i c  f u e l s ,  t o  d e m o n s t r a t e  t h a t  i t  i s  c h e a p e - r  t o  d o  i t  ' 

o n e  way t h a n  a n o t h e r ,  and  you may get  t h e  same amount  o f  i n f o r m a t i o n .  

T a g r e e ,  h u t  o n  t h e  o t h e r  h a n d ,  t h i s  i s  s o m e t h i n g  we m i g h t  j u s t  

n e e d  and m i g h t  b e  w i l l i n g  tr . ,  pay  more f o r  as i n s u r a n c e .  I happen  

t o  b e  p e r s o n a l l y  c o n v i n c e d  we need  i t .  

DR. COOK: T h a t ' s  a v a i u e  j u d g m e n t  t h a t  m u s t  , b e  

a p p i i e d  i n  t h e  p r o g r a m .  And i f  t h e  v a l u e  o f  h a v i n g  t h o s e  

a i t e r n a t i v e s  i s  h i g h  e n o u g h  you  i n  f a c t  w i i i  w a n t  t o  h a v e  

them. The  v a l u e  j u d g m e n t  h a s  t o  b e  worked o u t .  Warner  t a i k e d  

a b o u t  t r a d e - o f f s  b e t w e e n  a i t e r n a t i v e s ;  a n d  t h a t ' s  w h a t  I t h i n k  



you'ze t a i k i n g  a b o u t :  i s  i t  w o r t h  i t  t o  you t o  h a v e  t h o s e  

t r a d e - o f f s  i n  a  form t h a t  a l l o w s  you t o  have  f l e x i b i l i t y ?  

DR. NORTH: L e t  m e  r e spond  d i r e c t l y  t o  your  q u e s t i o n  
. '  ? 

a b o u t  s y n t h e t i c  f u e l s  by  showing a  l i t t l e  more c o m p l i c a t e d  t r e e  

t h a n  we had i n  t h e  p r e s e n t a t i o n .  

( S i i d e :  P a r t i a l  D e c i s i o n  T r e e  D i s p l a y  o f  R e s u l t s )  
1 

T h i s  t r e e  shows t h e  i n d u s t r y ' s  d e c i s i o n  b a s e d  on  

what  happens  i n  t h e  e i g h t i e s .  It shows how many p l a n t s  d i d  

i n d u s t r y  d e c i d e d  t h e y  need t o  buy,  b a s e d  on t h e  p r i c e  o f  f o r e i g n  

o i l  and t11e c o s t  p r o j e c t i o n s  t h a t  a r e  made a f t e r  t h e  o r i g i n a l  

p l a n t s  i n  t h e  1970 's  government  program are o p e r a t i n g .  And 

we see d e c i s i o n s  t a k e n  a l l  t h e  way from f o u r  m i l l i o n  b a r r e l s  a 

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

pu rchased .  

T h i s  d e c i s i o n  can '  b e  r e g a r d e d  as c o n t i n g e n c y  p l a n n i n g .  

A g r e a t  many p o s s i b i l i t i e s  s h o u l d  be c o n s i d e r e d  i n  t h i s  a n a l y s i s .  

And t h e  d e g r e e  t o  which u n c e r t a i n t i e s  s u c h  a s  c h a n g e s  i n  f o r e i g n  

o i l  p r i c e  h a v e  b e e n  t a k e n  i n t o  a c c o u n t  is  p a r t  o f  t h e  f e e d b a c k  

t h a t  h a s  t o  come f rom t h e  d e c i s i o n  maker s  and t h e i r  a d v i s o r s ,  

w i t h  whom t h e  methodology s p e c i a l i s t s ,  s u c h  as  Howard and m y s e l f ,  

a re  working .  A f t e r  a l l ,  t h e y  a r e  t h e  e x p e r t s  on  t h e  b u s i n e s s  

and t h e y  know what  t h e  r i g h t  q u e s t i n n s  a re .  And o u r  j o b  i s  t o  

p r o v i d e  a framework t o  p u l l  a l l  t h e s e  i s s u e s  t o g e t h e r .  

MR. DAVIS: I n  t h i s  p a r t i c u l a r  c o n n e c t i o n  is t h i s  

y o u r  judgment o f  what  . i n d u s t r y  w i l l  do ,  o r  does i n d u s t r y - -  

1 . '  From t h e  S y n f u e l s  I n t e r a g e n c y  Task  F o r c e  R e p o r t ,  
Vol .  11, p.  67  
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D R .  NORTH: T h i s  i s  a  j u d g m e n t  made by  t h e  

F e d e r a i  I n t e r a g e n c y  T a s k  F o r c e  i n  t h e i r  a s s e s s m e n t  o f  t h e  

s i t u a t i o n .  I m i g h t  a d d  t h a t  t h i s  a n a i y s i s  was d o n e  f rom 

s t a r t  t o  f i n i s h ,  i n c i u d i n g  t h e  w r i t i n g  o f  t h e  r e p o r t ,  i n  a  t o t a i  

o f  s i x  w e e k s .  So t h e r e  r e a i i y  was n o t  time f o r  a i o t  o f  i n d u s t r y -  

g o v e r n m e n t  i n t e r a c t i o n .  As f a r  a s  we w e r e  c o n c e r n e d ,  w e - w e r e  

p r o v i d i n g  s u p p o r t  t o  t h e  g o v e r n m e n t  I n t e r a g e n c y  T a s k  F o r c e  i n  

t h i s  a r e a .  

H R .  D A V T S :  C o ~ ~ i d  T make o n e  o t h e r  comment? 

I n  t h e  d i s c u s s i o n  h e r e  i t  seems t o  m e  w e ' r e  t r e a t i n g  

d e m o n s t r a t i o n  p i a n t s  as  s o m e t h i n g  s o r t  o f  s e p a r a t e  f rom t h e  

o v e r a i i  c o m m e r c i a i i z a t i o n  p r o c e s s .  And t h i s  was h i g h i i g h t e d ,  

I t h i n k  i n  some ways ,  b y  t h e  c h a r t s .  

R J u s t  a s  a  m a t t e r  o f  p h i i o s o p h y  i t  seems t o  m e  t h a t  you 

t c n d  t o  l o o k  a t  t h e  w h o i e  p r o c e s s ,  t r a n s f e r r i n u  t h e  t e c h n o l o g y  

f r o m  w h e r e v e r  i t ' s  d e v e l o p e d  t o  c o m m e r c i a l  u s e ,  a n d  t h e  g o a i  

o f  d e m o n s t r a t i o n  p i a n t s  i s  d o i n g  t h a t .  

I t 's  g o i n g  t o  b e  t o o  bad i f  somebody sets them a s i d e  

a s  s o m e t h i n g  m a g i c a i  and s e p a r a t e ,  a n d  n o t  h a v e  i t  a s  p a r t  o f  

t h e  o v e r a i l  p r o c e s s .  

It seems t o  me i t ' s  t h e  b a s i c  p h i l o s o p h y  o f  i o o k i n g  

a t  d e m o n s t r a t i o n  p r o j e c t s .  

DR. COOK: T h a t ' s  e x a c t i y  wha t  we t r y  t o  b r i n g  

o u t  when we p o i n t  o u t  t h a t  t h e  d e m o n s t r a t i o n  p r o j e c t  r e a l l y  



c o n e s  i n  r i g h t  a i o n g s i d e  t h e  o t h e r  a i t e r n a t i v e s ,  a s  f a r  a s  

t h e  b u s i n e s s  c l i t c r n a t i v e s  and  t h e  s ' t ;ppiy a i t e r n a t i v e s .  

FIR. DAVIS:' You w e r e  nss r~minp ,  t h e y  h a d  t o  h a v e  a 

d e m o n s t r a t i o n  p i a n t .  

DR. COOK: No, i t ' s  o n e  o f  t h e  d e c i s i o n s  t h e y  m i g h t  

h a v e  t o  make. 

DR.  CHARPTE: I ' d  i i k e  t o  a s k  a  d i f f e r e n t  k i n d  o f  

q u e s t  i o n .  

I n  t h i n k i n g  a b o u t  t h e  a p p i i c a t i o n  o f  t h e s e  t e c h n i q u e s ,  

t h e s e  p r o c e s s e s ,  w h i c h  you  d e s c r i b e  a s  f a i r i y .  c o n v e n t i o n a i  

t o  ERDA's m a j o r  p r o j e c t .  d e m o n s t r a t i o n  p r o j e c t s .  I f i n d  a p r o b l e m  

I d o n ' t .  know how t o  d o ;  t h a t  i s ,  . t h a t  m o s t  t h e  d e m o n s t r a t i o n s  

you t a i k e d  a b o u t  h e r e ,  c a n  b e  b r o k e n  down i n t o  p i e c e s  w h i c h  a r e  

d e s c r i b e d  i n  terms o f  p r o b a b i i i t i e s  r u n n i n g  f rom z e r o  t o  o n e .  

My p e r c e p t i o n  is  t h a t  i n  t h e  a r e a  o f  e n e r g y  p r o j e c t s ,  

h o w e v e r ,  w h e r e  t h e r e  a r e  two o r  t h r e e  i e v e l s  o f  t i m e - s e q u e n t i a l  

d e c i s i o n s ,  o n e  o f  w h i c h  -- o n e  ser ies  o f  which  i s  r e l a t e d  t o  ' 

g o v e r n m e n t  a c t i o n ,  a n d  p a r t  o f  which  i s  r e l a t e d  t o  s o c i a l  a n d  

p o i i t i c a i  a n d  e n v i r o n m e n t a i  e v a i u a t i o n s  t h a t  t h e  v a r i a b i e s  a r e  

n o t  c o n t i n u o u s ,  t h a t  t h e y  o f t e n  h a v e  j u s t  t h e  z e r o  and  t h e  o n e  

t h e r e .  

F o r  e x a m p i e ,  you  w i i l  h e  a l i o w e d  t o  i m p o r t  LNG o r  

you  w o n ' t ;  i t  w i i i  h e  p o s s i b i e  t o  p u t  some s u l p h u r  i n t o  t h e  

a t m o s p h e r e  o r  i t  w o n ' t .  



~ n d i  o f t e n  t h e s e  k i n d s  o f  -- t h e  t e c h n i q u e  which i s  

des igned  t o  t r e a t  t h e  c o n t i n u o u s  v a r i a b l e s ,  I t h i n k  i n  t h e  c a s e  

of  t h e s e  mass ive  energy  p r o j e c t s  i s  go ing  t o  have t o  d e a l  w i t h  
/ 

t h e s e  d i s c o n t i n u i t i e s .  

Now, how c a n  you l o o k  a t  t h e  f i r s t  g e n e r a t i o n ,  o r  

t h e  f i r s t  two g e n e r a t i o n s  of  t h e  d e c i s i o n  p r o c e s s  when t h e  

d i s c o n t i n u o u s  v a r i a b l e  is i n  t h e  l a s t  s t e p ?  

I DR.  NORTH: L e t  me d e s c r i b e  from o u r  commercial  

e x p e r i e n c e  how we have o f t e n  d e a l t  w i t h  . t h i s  i s s u e .  

DR. CHARPIE: Companies n e v e r  g e t  themse lves  i n  t h i s  

t r a p  by t h e i r  own c h o i c e .  

DR. NORTH: The problem companies o f t e n  f a c e  is t h a t  

a s  they  con templa te  t h e  d e c i s i o n . o n  a  new techno logy ,  t h e i r  

c r u c i a l  u n c e r t a i n t y  i s  what t h e  government w i l l  do  i n  r e g u l a t i n g  

t h a t  b u s i n e s s .  . 

One of  o u r  c l i e n t ' s  l a r g e s t  inves tment  d e c i s i o n s  i n  

t h e  energy  a r e a  was made i n  t h e  f a c e  of  p o s s i b l e  government 

r e g u l a t i o n  of t h e  company's main p r o d u c t .  And t h e  q u e s t i o n  was 

whether  t h i s  company s h o u l d  jump i n t o  a  new techno logy  I n  

advance o f  t h e  government r e g u i a t i o n  and g e t  a  jump on t h e i r  

c o m p e t i t o r s ,  o r  w a i t  t o  see whether  t h e  government.  would f o r c e  

t h e  i n d u s t r y  t o  change t e c h n o l o g i e s .  

Now i n  t h i s  c a s e  t h e r e  was some p r o b a b i l i t y  a s s i g n e d  

t o  government r e g u l a t i o n ,  and t h e r e  w a s  a  g r e a t  d e a l  of u n c e r t a i n t y  



a s  t o  what t h a t  p r o b a b i l i t y  ought  t o  be .  Some peop le  i n  t h e  

company f e l t ,  "It 's a l m o s t  c e r t a i n  t h e  government i s  going 

t o  do  t h i s  because  of  t h e  way t h e  e n v i r o n m e n t a l i s t s  f e e l  abou t  

t h i s  i s s u e , "  and o t h e r  p e o p l e  were  s a y i n g ,  "Well, you know i f  

, you look  a t  t h e  number of peop le  t h i s  i s  go ing  t o  p u t  o u t  of  

j o b s  and t h e  d i s l o c a t i o n  of t h e  i n d u s t r y ,  we don ' t  t h i n k  t h e  

government i s  go ing  t o  impose t h e  change excep t  v e r y  s l o w l y  

o v e r  a  number of yea r s . "  

Now you can  d e f i n e  what t h i s  d i f f e r e n c e  of  o p i n i o n  means. 

A i o t  of though t  may h a v e  t o  go  i n t o  j u s t  e x a c t l y  what p r o b a b i l i t i e s  

we u s e  i n  t h a t  a n a l y s i s .  And you wind up w i t h  a  c o n c l u s i o n  t h a t  

maybe the  swing t h i s  u n c e r t a i n t y  makes i n  t h e  company's p r o f i t s  

i s  s o  b i g  t h a t  we'd b e t t e r  i n v e s t i g a t e  a  hedging s t r a t e g y ;  how 

we can  b e s t  p r o t e c t  o u r s e l v e s  a g a i n s t  t h e  impact of  government 

r e g u l a t i o n ,  o r  what t h e  l a c k  of  government r e g u l a t i o n . m i g h t  

mean t o  o u r  b u s i n e s s  -- t h e  q u e s t i o n  Ken Davis  was r a i s i n g .  

DR. CHARPIE: I ' m  t r y i n g  t o  a d d r e s s  t h i s  from t h e  

ERDA p o i n t  of view. 

DR. QUARLES: From t h e  ERDA p o i n t  o f  view, doesn ' t  

t h e . a n s w e r  f i t  r i g h t  i n ,  because  of  t h e  v a r i e t y  of  t e c h n o l o g i e s  

t h e y  w i i i  need t o  have t o  meet t h e  t o t a l  ene rgy  supp ly?  So 
. .. 

t h a t  some p a r t s  o f  t echno logy  might  b e  f o r e c l o s e d  by government 

a c t i o n  o r  some o t h e r  n e g a t i v e  roadb lock ;  and y e t ,  a s  you l o o k  

a t  a l l  t h e  p o s s i b i l i t i e s  r e s e a r c h e r s  a r e  t r y i n g  t o  deve lop ,  



you can r e a s o n a b l y  a s s i g n  some p r o b a b i l i t i e s  and s t i l l  come o u t ,  

' on  b a l a n c e ,  i n  a  s t r o n g  p o s i t i o n .  

DR. COOK: I t h i n k  t h e r e ' s  a n o t h e r  i m p o r t a n t  f a c t o r .  

You can  a s s i g n  p r o b a b i i i t i e s ,  b u t  what happens when t h e  e v e n t  

happens? How do  you change t h i n g s  when t h e  p r o b a b i l i t y  becomes 

z e r o  o r  one? 

I t h i n k  t h i s  i s  a f u r t h e r  s t e p  i n  t h e  p l a n n i n g  

p r o c e s s ,  t o  have a  s t r u c t u r e  ready  when peop le  s a y ,  "Now I ' v e  

g o t  t o  regroup." We a r e n ' t  r eg roup ing  from z e r o  and con templa t ing  

o u r  n a v e l  and s a y i n g  "Where a r e  we going?"  We a r e  r e a l l y  d e a l i n g  

on a  c o n s t r u c t i v e  communication b a s i s .  

I t h i n k  t h e  answer is r i g h t ,  b u t  I t h i n k  t h e r e  is a l s o  

a n o t h e r  advan tage  of be'ing a b l e  t o  be  r e s i l i e n t  when you g e t  

t o  t h e  p o i n t  of e v e n t s  a c t u a l l y  happening.  

DR. C H A R P l E :  Any o t h e r  q u e s t l u ~ ~ s ?  

(No r e s p o n s e )  

DR. CHARPIE: Wel l ,  let 's t a k e  a  15-minute b r e a k  

now and g e t  on w i t h  o u r  agenda.  

(Recess )  
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A Study of the Role of kvironmental and Safety Factors, 

in ERDA Sponsored 

Demonstration Projects 

I. Introduction * 

In 1975 a.Task Force on Demonstration Projects . . as a Commerciali- 

zation Incentive was forned by the Office of Industry, State and Local 

Governments of the U.S. ERDA. Theobjective of this task force is "to 

advise ERDA on methods of structuring technical demonstratioas of new or 

improved energy systems so that these demonstrations may be responsive to 

non-techical, as well as technical, issues which are vital in the ultimate 

decision to proceed with commercial exploitation." The membership of the 

task force was carefully selected to provide a balanced representation 

from the principal interest groups involved in commercialization decisions 

in the field of energy: the developer, the investor and the regulator. 

When the task force met, their programs included a number of 

presentations by ERDA staff members on various demonstration projec-ts that 

were under way or being considered. As these staff briefings continued 
t 

though the course of several meetings, some membeks of the task force 

became concerned '&at the role of environmental and safety factors in 

the planning, im2lernentation and eva.luation of the demonstration projzcts 

was not clear. It is the purpose of this study to exaniine that role and 

to deterxine, if possible, whethe=. or not the concern of the task force 

members was justified. 



To address this task, the present study has focused on two 

cases of demonstration projects which had come to the attention of the 

Task Force during the staff briefings. Both of these will be described 

below and attention will be focused on how each one has dealt with environ- 

mental and safety problems. Although these problems are specific to each 

.demonstration project, the methodology used to solve those probl.ems is 
... 

sufficiently general in application, that the conclusions of this study 

will not be limited to two individual demonstration projects. After 

presenting the two case studies, they will be smarized apd an interesting 

policy issue which surfaced during interviews with the staff will be posed 

for the ERDB management. 

11. The Clean Boiler Fuel Demonstration Plant 

This demonstration project is commonly referred to as the Coalcon 

Project, because the Coalcon Company, an affiliate of Union Carbide and 

Chemical Construction Company, is to design, construct and operate a plant 

for producing clean boiler fuels from high-sulphur coal under joint spon- 

sorship with ERDA. (cf Reference 1 and Appendix A) The plant is to be 

fully integrated from receipt of coal to delivery of a finished product, 

including cleanup of all waste strearns and recovery of all potential by- 

products. Coalcon is organizing a consortium among private companies and 

public agencies to provide fifty percent of the financial support for 

the program, while ERDA will supply the other fifty percent. 

Tlie overa71 objective of the project is to verify the commercial 

economics, the technical scale-up potential, and the physical and chemical 



feasibility of a process for produc-i-ng-clean boiler fuel in a comrnercial- 

size, wholly integrated plant. This plant is to convert 2,600 tons of 

high sulfur coal a day into 3,900 barrels of clean liquid fuel and 22 

million cubic feet of high-ETU pipeline-quality gas per day. These products 

will be evaluated for compatibility with current power plant and boiler 

designs. 

The project is being conducted in four phases: 

Phase I, Preliminary hgineering; 

Filaoo 11, Detailed Plant  Fhgineer ing;  

Phase 111, Plant Construction; and 

Phase IV; Plant Operation, Testing and Evaluation. 

The chart presented in Figure 1 shows these four phases as a fwction of 

time for the Coalcon Project, In addition, the role of envi~onmental and 

safety efforts are indicated at the bottom of the chart. 

In Phase I, Llle empliasis might tcnd to be on the preliminary 

engineering of just the plant design. However, the site selection process 

involved -the establishment of criteria by which a choice could be made. 

These criteria included environmental factors which were broken out into 

three categories, physical, human and biological. 

Under physical factors in the environment, site proposals were 

to evaluate water quality, availability and limitations on use. These 

limitations had to spell out the water quality ratings compared to E.P.A. 

- acceptable limits, limitations on effluent contaminants and temperature, 

as well as a list of the use and discharge permits which would be required 

at any proposed site. Air quality had to be, assessed for existing wind 



patterns, proximity to popillation centers, and similar factors, before 

estimating the impact of projected levels of change caused by the intro- 

duction,of the new plant operation. State permits and regulations on air 

quality had to be spelled out. Both solid and liquid waste disposal had 

to be examined in detail. The impacts on humans, flora and fauna are 

similarly specified in the site selection criteria. 

Seven states were asked to suggest sites and document them 

according to the detailed criteria outlined above. Sixteen sites in six 

states were proposed and an internal evaluation began. If the data were 

complete, other federal agencies were contacted (cog. E.P.A., U.S.G.S;, 

Army Corps of &gir,eers, etc.) to review the proposals. Eight of the 

proposed sites were rejected by evaluating the data submitted. The other 

eight were visited by an ERDA team and also an independent third party 

under contract to ERDA. The information submitted by Coalcon, the indepen- 

dent third party contractor and the ERDA team for site visits was forwarded - 
to the Site Review Panel chaired by the Assistant Administrator for Fossil 

Ehergy. This panel prepared the data for submission'to the ERDA Adminis- 

trator for final selection. Of the fourteen criteria used to compare the 

various sites, four dealt with the environment as shown in the rating 

sheet in Figure 2. In addition to the symbolic ratings used by Coalcon, 

numerical values were assigned by the ERDA third party contractor to each 

of the criteria for each site in order to determine an overall rating for 

each one. The New Athens, Illinois site was finally chosen by the ERDA 

Administrator. 

4s scen in Figure 1, the site selection came in the fourth 



quarter of 1975 and was made after only a few months of field studies. 

Once the site was selected, the ERDA staff could focus its attention on 

the details of the environmental assissment which would have to be done 

in Phase I1 of the project, "Detailed Plant Ehgineering." 

Under Phase 11, the site specific environmental assessment will 

be made by carrying out more. field studies and examining the process 

effluents from the plant to be built. These studies will be compiled into 

a draft of an environmental impact statement. In the meantime, an hviron- 

mental Task Force for the project will monitor and guide these efforts. 

The Task Force includes representation from the Assistant Administrator for 

Ehvironment and Safety o,f.EKDA, the Assistant Director fok Ehvironment and 

Safety in Fossil Ehergy, the IBDA Division of Fossil Demonstration Plants, 

and the ERDA Pittsburg Energy Research Center. Representatives of the U.S. 

Ehvironmental Protection Agency - Region V,.the State of Illinois, and the 
U.S. Water Rasoizrces Council. a.rs a3.so on the Task Force. 

These Task Force members and their staff are to oversee the ERDA 

Ehvironmental Assessment Activities with respect, to this demonstration, 

plant. The objectives of these activities are to direct and review 

environmental analysis and data gathering in order. to:. 

- prepare the environmental impact assessment; , , .  

-- develop the Ehvironmental Impact Statement; 
, ---insure early consideration of community concerns;.and 

-- begirl to provide data for development of the ongoing 

environmental monitoring program. 

The result of these efforts will be the Environmental Impact Statement for 



this plant, which will include analysis of any pos'sible adverse effects and 

evaluate alternatives and an environmental protection strategy. Public 

hearings on the draft document are to be held and additional means to 

mitigate any adverse effects will be solicited. Public comments will be 

considered in preparing the final Ehvironmental Impact Statement. 

An essential feature of the environmental protection strategy for 
. 

this demonstration-project is the Ehvironmental Monitoring Program to be 

started during Phase 11. This program has as its objectives the continuing 

identification of all environmental health and safety impacts which might 

develop during the lifetime of the project. The program will: 

-- establish an environmental baseline; 

- monitor any changes in that data during plant construction 
and operation; 

-- monitor the transportation and fate of pollutants; and 
-- control equipment effectiveness in handling pollutants. 

This monitoring program is to continue through Phases 111 and IV of the 

project to provide a continuity of sensing and control over environmental 

health and safety prohlems which might arise. ' , 

In summary the Coalcon project can be said to have considered 

environmental and safety factors from the outset. The initial Request for 

Proposals for sites required detailed consideration of these criteria. 

After a site selection was made, then even more detailed field work was 

begun. As Phase I1 of the project gets under way, the environmental 

protection strategy with its monitoring.program design and implementation 

becomes vitally important, 'I'wo questicns can now be asked. 



What will the relationship be between the results of 

the environmental protection strategy adopted for 

this demonstration plant and that more generalized 

strategy which will be required for future full 

scale implementation of the technology? 

Where will the responsibility lie within the EHDA 

organization to analyze the lessons learned from 

this demonstration project and to extract general 

guide lines for the preparation of environmental 

impact statements for full scale applications of 

the technology? 

The next case to be considered suggests a resolution, if not a definitive 

answer, to these questions. 

111. The Imperial Valley Geothermal Demonstration Project 

The U.S.G.S. has designated six areas within the Imperial Valley 

of California as known geothermal resource azeas. ERDA's Division' of 

Geothermal &ergy and the San Diego Gas and Electric Companjr have negotis- 

ted an agreement to construct and operate a 10 MWe geothermal thermal loop 

experimental facility in the valley near Niland, California. This facility 

will utilize two production wells with a combined flow rate of 800,000 

lbs/hr. This. geothermal fluid. is expected to contain 17 percen't by weight 

of solids and J percent by weight of noncondensable gases (co*, H2S, etc.). 

Stein will be produced by flashing, then will be scrubbed to reduce 



impurities and finally passed through a heat exchanger to vaporize iso- 

butane. The isobutane will circulate in a'closed loop which will include 

an expansion valve to simulate a turbine. The isobutane will be condensed 

by cooling water with a heat sink provided by a spray pond. The residual 

brine and ste& condensate will be taken from the heat exchanger and re- 

' . injected into the earth. The noncondensable gases will be removed and 

vented into. the atmosphere, 1 

It is anticipated that if this 10 MWe facility is successful, 

then it will be followed by a 50 MWe demonstration plant at the same site. . 
This larger demonstratio11 plant might be operational by the end of 1981, 

while the smaller, 10 MWe facility is expected to begin operation in the . 

spring of 1976. 

,-Figure 3 indicates the original schedule proposed by the San 
1 

Diego Gas and Electric Company, As seen in Appendix B there have been 

some changes in the project, but the steps in development have remawed 

the same as shown, It is to be noted that the first studies of environ- 

mental impact were to begin in 1975 and in fact they did. 

In . the . spring of. 1975 ERDAIAFS appointed the Lawrence Livermore 

Laboratory to be 'the "lead laboratory1' for carrying out a long term 

project to acquire as complete an understanding of the environmental 

quality in the Imperial Valley as possible, before any major geothermal 

developments were made. Once $his environmental "baseline1' has been 

established the purpose of the project will.$e to insure that the develop- . *% 

ment of geothermal resources proceeds on an environmentally sound basis, 

This baseline project is described in detail in Appendix B. (c.f, 



Reference 2) 

The great concern for the environment of the Imperial Valley 

stems from the fact that it is one of the nation's most productive agri- 

cultural resources. In 1974 the gross value of agricultural production in 

the valley was in excess of 8550 million. Because the valley receives 

leas than 3 inches of natural rain fall a year, all of the crops depend 

upon irrigation water from the Colorado River. There is a constant battle 

against salt buildup in the soil and much of the cultivated land contains 

drain tile at a depth of several feet to permit over-irrigation so that 
t 

the salt can' be washed through the soil to prevent build-up. 

The geothermal test wells in the Niland area are surrounded by 

this prime agricdltural land in full production. Hence it is essential 

that the brines and gases given off by these wells not interfere with.the 

agricultural productivity, or contaminate the natural aquifers or irrigation 

drainage systems. Cooling systems must be carefu1:Ly designed so that 

significant aounts of salt and other chemicals, such as boron, are not 

carried over and released in cooling tower drift. Unless a volume of 

fluid equal to the amount withdrawn is reinjected into the ground, large 

area land subsidence might occur. Such subsidence could wreck the gravity 

flow irrigation and drainage systems. 

The project led by the Lawrence Livemilore Laboratory has a primary - 

goal to insure that large scale geothermal development proceeds in an 

environmentally sound manner, that major problem areas are anticipated, and 

that necessary feedback of information to those concerned with technology 



i n s t i t u t e d  i f  j u s t i f i ed .  The program has been designed with a high degree 

of f l e x i b i l i t y  so  t h a t  emphasis can be sh i f t ed  t o  focus on t h e  most impor- 

t a n t ,  unresolved i s sues  as they a i s e  during t he  course of t he  development 

of t he  geothermal resource. A major e f f o r t  w i l l  be made t o  coordinate and 

t o  t r a n s f e r  information t o  t he  many individuals  and organi.zations con- 

cerned with t h e  development. The extensive l i s t  of these  organizations i s  

. found at t he  end of Appendix B. A secondary goal  of t he  program w i l l  be to. 

accumu1at;e s u f f i c i e n t  d a t a  so t h a t  any problems associa ted with t he  

development of geothermal resources may be r ead i l y  dist ingpished from 

those due t o  o the r  causes. 

m e  IPlgerial Valley "Baseline" Pro jec t  i l l u s t r a t e s  one way i n  

which t h e  Assis tant  Administrator for.Ehvironment and Safety  can be in- 

volved i n  demonstration p ro j ec t s  of new energy technologies. I n  addi t ion 

t o  including environment as a p a r t  of t he  overa l l  demonstration yro jec t  

plan, as i n  t h e  case of t he  Coalcon Projec-t described above and as indi-  

cated in the  proposal  from San Diego G a s  and F l e c t r i c  f o r  geothermal develop- 

ment l a i d  out i n  Figure 3, a major p a r a l l e l  e f f o r t  on t he  R & D aspects  o f  

Eh\-ironmental Health and Safety  has now been launched. One of t he  most 

experienced i n t e rd i s c ip l i na ry  teams from an ERDA National Laboratory has 

been given lead r e s2ons ib i l i t y  t o  design and implement a long term study. 

A t  ERDA headquarters, a s t a f f  coordinator from Ehvironment and Safety  has 

been assigned t o  work d i r e c t l y  with t h e  Division of Geothermal Energy as a 

member of t he  management team. (c.f.  Appendix B, Orgarlizaliun char t ) .  

The pr inc ipa l  concern of Ehvironment and Safety  i s  t h a t  low- 

leve l ,  lonprange ,  environmental and hea l th  problems not be overlooked. 



In view of the Atomic Energy Commission's problems with contaminated ground 

water seepage from their' plants and the Department of Defense's troubles 

with leaking nerve gas, this concern is certainly justified. The overall 

mission of ERDA is to develop safe, clean, environmentally acceptable new 

energy technologies as soon as possible. Such a broad mission cannot be 

carried out by the technology development manqer alone, but will require 

active collaboration with Ehvironment and Safety from the start. ThTs is 

not meant to imply that every development project should or might have as 

cxtcnoive s propam as that of the Imperial Valley Ehvironmental Project 

described here. It does suggest that perhaps the Assistant Administrator 

for Ehvironment and Safety might have an explicitly assigped responsibi- 

lity for the determination of the environmental consequences of technology 

development and for the specification of the means of minimizing unaccepta3le 

consequ.ences. 

IV. Conclusion 

In the two cases of demonstration projects described above 

several common points emerge. First, the role of environmental and safety 

impacts has been a major consideration of the ERDA staff from the earliest. 

planning phases, right on into the operations monitoring phase. Second, 

when sites have been chosen with the aid of general criteria, then on-site 

.environmental baseline studies have been begun and long range plans laid 

out for that specific location. Third, there is a hi-gh level of awareness 

on the part of the EBDA staff of the important role environmental health 

and safety play in the project they manage from inception to implementation. 



Thus the initial concern expressed by members of the task force is not 

- justified on the basis of this investigation. . 

. . 
However, the course of the investigation has uncovered a clear 

policy issue for the management of ERDA to consider. Each demonstration 

praject represents an operating example of a future technology and each 

project presents a unique opportunity to learn from experience about the 

environmental consequences of that technology. At present there is no 

clear cut assignment of the responsibility and a-uthority within ERDA to 

d.etermine when a technology derelopment is environmentally acceptable. 

This responsibility together with that of drafting generalized guide 

lines for.environmenta1 impact statements relevant to newly developed, 

full-scale technologies should be assigned to Environment and Safety. 

Such an assi,ment is completely consistent with the role of Ehvironment 

and Safety in carrying out the overall ERDA mission. 
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I I. CLEAN BOILER FUEL DEMONSTRATION PLANT 

COALCON COMPANY 
NEW YORK, NEW YORK 
Contract No. E(49-18)-1736 
Total Funding : $237,222,300 

Under the sponsorship of ERDA, a demonstra- 
:ion plant for producing clean boiler fuels from 
ijgll-sulfur coal is to  be designed, constructed, 
111(1 operated by Coalcon Company, an affiliate 
)f Union Carbide and Chemical Construction 
'ompany. The plant must be fully integrated 
'I-om receipt of coal t o  delivery of a finished 
roduct ,  including cleanup of all waste streams 
~ n d  recovery of all potential by-products. Coal- 
.on is organizing financial support for the pro- 
;ram, in the form of a consortium providing 5 0  
jercent cost sharing, among private companies 
nd public agencies. 

The overall objective of this contract is t o  
design, construct, and operate this demolistration 
plant in order to  verify the commercial eco- 
nomics, tecl~nical scale-up potential, and physical 
and chemical feasibility of a process for pro- 
ducing clean boiler fuel in a conimercial-size, 
wliolly integrated plant. This demonstration plant 
is to convert 2,600 tons of high-sulfur coal a day 
t o  3,900 barrels of clean liquid fuel and 22 mil- 
lion cubic feet of high-Btu pipeline-quality gas 
per day. These products are to  be evaluated for 
conip'atibility with current power plant and boiler 
designs. 5 



DEMONSTRATION PLANT 
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Fiyure 1-1. CLEAN BWILEH FUEL PROGRAM SCHEDULE 

The effort is being conducted in four phases. 
Phase I, preliminary commercial plant process 
design anci engineering, involves ( 1 )  identification 
of characteristics and requirements for a plant for 
demonstrating, with minimum risk, the economic 
feasibility of future commercial plants (mini- 
mizing plant end-product costs is the major crite- 
rion) and (2) preparation of detailed process 
designs and a prelimina~y plant design for the 
demonstration plant. Phase 11 includes detailed 
demonslration plant design, engineering, and 
p la~ .~ni r~g  activities and  preparation 01' detailetl 
specifications, drawings, and a construction bid' 
package. l'hast: 111, det?lonstration plant construe- 
tion, includes site , preparation, equipment ply- 
chase, construction, field erection, and plant 
acceptance ant1 check-out. I11 Phase IV, the plant 
will be operated to  produce syntlletic products 
and to obtain dala for evaluating the potential of 
this proccss for full-scale commercial development 
and production. The schedule for this project is 
shown in Figure 1-1. 

I PR0CE.S DESCRIPTION 

The process selected by Coalcon for producing 
cl-ean boiler fuel in thc denlo~lstrn'tion plant is 
Un ion  Carbide's hydsoca:bonization process, 

6 which produces both liquid fuel and high-Btu 

pipeline-qua!ity substitute natural gas. In this pro- 
cess, shown schen~atically in Figure 1-2, coal is 
crushed, dried, and preheated to  650° F in a 
stream of hot flue gas. The llot coal is.separated 
from the flue gas by a cyclone separator and is 
admitted t o  the high-pressure processing system 
by means of lock hoppers. A hydrogen stream 
carries the coal into the hydrocarbonizatio~i re- 
actor where it mixes with additional hydrogen at 
an elevated temperature and pressure. Tlie hydro- 
gen is supplied by a char gasification systern. 
Hyclrocarbonization ,consists of a combination of 
coal devolatilization and hydrogenation of the 
variot!s 'ecrnstituents of tlitt i ~ k ~ t i l c  mottci. The 
partially converted coal remains as char. 

The remainder of the system includes purifica- 
tion and,  separation of the co~nponents  into 
various \useful or  waste fractions. Imniedialely 
after hydrocarbonization, the product gases are 
separated from the entrained char in a cyclone 
separator. Tlie. fractionator rclnoves tlie heavy oil 
and a lightcr oil fractiorl (mostly decar~c, tolucne, 
and. trimethyl benzenej; .ariin~oni;t is recovered 
fro111 the gas stream by a wash system and is sold 
.for fertilizer; hydrogen sulfitle, carbon dioxide, 
and trace .hydrocarbons are removed by an acid- 
gas renioval system. As a final step, tllc gas is 
passed. through a cryogenic syste~ii; a.  liq 11cl'it.d 
yetroleu~n gas typc fucl is removed from the gas 



stream as is a hydrogen-rich fraction fo r  recycling 
to the I~ytlrocarboniz;~tion reactor. T h e  remaining 
prutluct is synt.llesis gas, primarily carbon nion- 
oxide  and hydrogen, wllich is sent t o  a nietliana- 
tion reactor for enriclllnent t o  Iiigli-13tu pipeline- 
quali ty gas. 

HISTORY O F  THE PROJECT 

Work under  this contrac t  was initiated in Jan- 
uary 1975. Union Carbide's hytlrocarbonization 
proccss W;IS selcctcd ;IS thc  process to  be tlenion- 
strrlted. Two alternate tlesigns are being con- 
sidered: a high-pressure system and low-pressure 
system. The process design for the  higli-pressure 
system has been prepared and requires only 
minor ~nodifications before final evaluation. Cur- 
rent ef for ts  are concentrated o n  developing the  
preliminary design of  tlie low-pressure system. In 
addi t ion ,  Coalcon is evaluating various alternative 
process ~ i ~ b s p s t e r n s  for  the  commercial plant. 
Coalcon is working with tlre U.S. Army Corps o f  
Engineers t o  develop a list of  equipment  with 
long lead times for proci~renient  for  tlie demon-  
strat ion plant. 

Tes ts  in support  o f  this program are being.  

conducted at  facilities in Tonawanda,  New York;  
Soutll Cllarleston, West Virginia; 13uffi1lo ~ e s t i n g  
Laboratories in Buffalo, New York; atid in-house 
laboratories. Tlie Tonawantla minitest facility is 
directing its work townrcl confirtning kinetics ancl 
yieltl data for agglonlcrating higll-sulfur bitumi- 
lious coals (Pittsburgll seal11 No. 8, Illinois No. 6, 
and Kentucky No. 11). Tlie Sou th  Charleston 
facility is bcing used to  evaluate alternative 
methods  for deagglomerating high-sulfur bitunii- 
nous coals in tlie Iiydrocarbonization process. A t  
the 13111'lhlo Testing Laboratories, the  pllysical 
properties (viscosity; density, pour  point, heat  
capacity, etc.) of  the  liquid product  are being 
analyzed; ult imate analysis is being performed on  
coal, char, and liquid products;  and the  major 
goicps  (phenols, bases, acids, etc.) in the liquid 
product are being determined.  Tlie in-house labo- 
ratories are  performing proxilnate analysis.  of  
coal; determining tlie bulk and particle densities 
and size distributions of  coal and char;  calct~lating 
the simulated boiling point  d i s t r i b ~ ~ t i o n  of  prod- 
ucts using gas cllrolnatography data ;  determining 
the heating value o f  coal, char,  and liquid prod- 
ucts; analyzing gas products for major and minor 
components;  and analyzing liquid products  for 
major components.  Union Carbide's compute r  
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Figure 1-2. HYDROCARBONIZATION PROCESS SCHEMATIC 
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process sirnulation system, PROBE, is also being 
used t o  support this project. 

PROGRESS DURING APRILJUNE 1975 
i' 

Summary 

During the quarter, Coalcon continued the 
development of the preliminary design .and engi- 
neering of a com~iiercial plant. By the end of the 
quarter, preliniinary process flo\v slleets for 14 of 
21 process s e c t i ~ n s  -yzre  completetl. Work on  the 
process subsystems included definition of most of 
the coal .sections except the coal heating system; 
review of preliminary sketches of the hydro- 
carbonizat~on reactor; study of gas cooling and 
heavy hydrocarbon separation, with the deter- 
nunatioli that tlie product oil will be separated 
into two fractions; completion of schematics for 
all of the gas processing sections, including the 
selection of the Sulfinol system for acid..gns 
removal; and selection of the Texaco partial- 
oxidation process for  hydrogen production. 

Work at tlie minitest facility involved develop- 
ment of a prototype coal feeder and dryer. Pre- 
limifiary tests at tlie deagglomeration test facility 
were delayed. At the Buffalo and in-house labora- 
tories, instrunrents were checked ou t  and develop- 
mcnt of procedures was initiated. 

Otllcr technical support included computer 
processing, with emphasis placed on simulating 
tlie fractionator/decanter system, tlie cryogenic 
hydrogen purifier, arid the acid-gas removal 
system. In work relating t o  site selection, Penn- 
sylvania, Ohio, Indiana, West Virginia, Kentucky, 
and 1IIinc)is sub~ilit ted information on possible 
sites for the demonstration plant. Evaluation of 
these potential sites was 
min ing  long-lead-time 
tluoug!~out the quarter. 

initiated. Work on deter- 
items also continued 

Preliminary Commercial Plant 
Design and Engineering 

Devcloprnent of the preliminary design c;f 3 

commercial plant using a hydrocarbonization pro- 
cess continued througllout the quarter. By the 
end of the quartet, preliniinary process flow 
sheets for 14 of the 2 1 process sections were 
completed; the other  two sections were in the 
engineering arid drafting stages. Nine of 12 dnta 
packages for econo~nic  evaluation of process 

8 equipment alternatives were submitted for esti- 

mating; engineering for two of the remaining 
three was about 9 0  percent completed, and one 
was to  be submitted froni an outside source. 
Information is being collected and submitted for 
drafting of individual section layouts based on 
the process flow sheets and on the data estab- 
lished for tlie various pieces of equipment within 
each section. Piping and instriuiientation diagrams 

i 
will be developed concurrently from the preli~ni- 
nary process flow sheets. Work completed on the 
various s~~bsys t ems  is discussed below. 

Coal Preparation I 
By the end of the quarter, most of the coal 

processing sections had been completely defined, 
and revicw of the preliminary designs and drafts 
had been initiated. The only section not com- 
pleted was the coal,  he3ting system, whictl was in 
the final stages of engineering for the entrained- 
bed operation. Sketches of the' postconibustor 
syslerl~ fur piuducirlg oxyge~l-flee. flue gas wele 
submitted to  the engineering group for review. 
The process flow schemes have been completed 
for all of these systems. 

Coal Hydrocarbonization I 
The hydrocarbonization reactor operation and 

the unit operation called fluid coking, now com- 
monly used in refineries, were compared. Sjniilar 
characteristics included the transfer of the solid 
bed from one portion of the reactor to  another 
and the iiijection of raw material into the reacior. 
Pre1irnir1a1.y sketclies of the reactor, including the 
coal distribution system around the reactor, are 
being reviewed. 

Gas Coolil~g and Heavy Hydrocarbon Sepalation I 
A model for flash separation in towcr trays has 

been substituted in the computer program. In tlie 
meantime, manual calculal.ions, using the given 
overhead vapor compositions, have becn nladc to  
obtain probable product com!>osition. Bec.ause 
the product oil would have a flash point too low 
t o  be considered co~nlnercially acceptable, i t  will 
be separated into two fractions, one Ilavinl: a 
flash point of around 100" F and the otllcr bcing 
a gasoline fraction having a vapor presslire of  less 
than 1 atni. 

The results o f .  a study indicated that there 
werc considerable amounts of arnnloni;~ a ~ l d  
Iiytlrogcn s~llfide in the wntcr stream fro111 the 
decanter; thus, the water stream will Imve to be 



stripped of these two compounds. In addition, 
the gasoline fraction will have to  be treated for 
hydrogen sulfide content before it is stored for 
sale;, an investigation is l~nderway to  find a suit- 
able process for removing the hydrogen sulfide. 

Gas Processing 

Schematics were conipleted for all of the gas 
processing sections (ammonia recovery, acid-gas 
removal, hydrogen purification, and methana- 
tion), .and data packages for all of these were 
nearly completed. Sulfinol was selected as the 
acid-gas removal system for the commercial plant 
and work is proceeding on this basis. Estimates 
are being prepared to conduct an economic com- 
parison of tlirce alterni~tive acid-gas removal 
systems, although process considerations now 
indicate that Sulfinol will have lower operating 
costs. 

Char Burning and Steam Generation 

A flue gas balance is being made throughout 
the entire system to determine flue gas flow and 
temperature, availability of heat, etc., for use in 
differelit sections of the plant. The required size 
for tlie furnace must be determined to prepare a 
request for proposals. The arrangement and pro- 
tection of the heating coils that are required' t o  
preheat the hydrogen to the desired temperature 
have been under investigation. 

The overall steam balance based on the pro- 
posed process sections as they now exist was 
revised. This balance indicated that there may be 
a sliglit shortage of steam. T o  eliminate the short- 
age, extra raw coal will have t o  be burned. 

Sulfur Removal and ~ e c o v e r ~  

The designer of the Aqua Claus process studied 
the effect that tlle presence of hydrocarbons in 
the stream of carbon dioxide and hydrogen sul- 
fide will have on the operation of the plant. 
These hydrocarbons enter the stream from the 
acid-gas removal section. As of the end of the 
q u a r t e r ,  Coa l con  h a d  not received this 
information. 

Char Cooling 

The basic design of the clean boiler fuel plant 
requires that the cliar be cooled to  between 
200" F and 300" F, ground, and distrib:~ted 

according t o  demand to  the hydrogen plant ant1 
to  the steam generation section. The economic 
feasibility of an alternative design far cliar grind- 
ing in a wet process for djrect feeding t o  tlie 
Texaco gasifier in tlie hydrogen section will be 
detern~ined. 

Hydrogen Production 

The Koppers-Totzek and Winkler installations 
in Europe were visited t o  study alternative higli- 
pressure gasification processes,. Preliminary pro- 
cess flow diagrams were prepared for. the gasifica- 
tion processes and the subsequent gas purifica- 
tion, including the shift reactor vessels and the 
carbon dioxide and hydrogen sulfide removal 
units. 

Based on an economic evaluation of methods 
of hydrogen production, the Texaco partial 
oxidation 'process was selected for the commercial 
plant design. The ~ ~ t i l i t y  usage and steam balances 
for the remainder of tlle plant are being corrected 
based on this decision. 

Other Subsystems 

The steam balance is being updated for the 
final process configuration, taking into account 
all of the final changes. In addition, water and 
waste products are being defined and tlie prelimi- 
nary effluent list has been produced for consid- 
eration in proposing waste treatment facilities. 

Facility Support 

Minitest Facility 

A metering valve and the fluidized-bed coal 
feed system were desiined, and a full-scale proto- 
type was built .for the purpose of evaluation and 
calibration. The coal feeder can accommodate 
both lean-phase and dense-phase transport of coal 
into the reactor by ,means of a ncw vtilvr: (a 
commercial, 2-inch ball valve modified as a rotary 
feed valve). The coal is metered by varying the . 
frequency of valve actuation. The protolype will 
be used to  develop the teclinique for continu- 
ously feeding coal to  the plant at a constant and 
known rate, calibrate the coal de.livery ratc of the 
metering valve as a function of the valve rota- 
tional speed, and calibrate the fluidized-feed 
coal-output conditions against the fluidized-feed 
bed variables. 9 



The coal dryer was redesigned t o  allow botli 
coal drying and preoxidation in or:e unit con- 
sisting of a fluidized bed using nitrogen as a 
lieating mediurn. Tlle'coal will be preoxidized by 
injection of oxygen i n t o  tlic nitrogen stream. 
Final selection of the oxygen-injection system 
will be made during the test program. 

The pneumatic instrumenlation, a datalogger to 
facilitate arialysis of the data generated by the 
minitest facility, and other related equipment 
were specified and ordered. 

Deagglorneration Jest Facility 

Preliminary tests in this facility were delayed 
because of problems with the instrumentation 
and delays in the calibration of tlie system. 
Additional delays were encountered during shake- 
down tests. Tlie first carbonization runs are 
scheduled for July. 

Buffalo Jesting and In-House Laboratories 

All analytical equiplnent necessary for the tests 
being conducted at tlrese facilities was received. 
C1iecl:out of the instruments and dcyelopment of 
procedures and standards were initiated. 

Other Technical Support 

Computer Processing 

The fractionator/decanter system for processing 
the liquid-vzpor reactor product was Simi~lated 
with a computer nlodel using five equilibrium 
stages in the fractionator. Tlie five theoretical 
trays were not  sufficient t o  provide tlie sharp 
separation desired between the overllead and 
bottom products. I t  was decided to rnrsdify tlie 
fractionator design so that the phenolic materials 
are rejected in the bottom product. Elimination 
of phenol from tlie colutnn overhead prevents the 
problcm of treating dccariter wastewater and 
eliminates a fuel loss associateti with dissolved 
phenolics in tlie water. Furtlierrnore, an investi- 
gation. into fuel oil specifications showecl that tlic 
combined liquid fuel from the fracliollatos/ 
decanter does not meet tlie American Society for 
Testing Materials flash-point specificatiot~ for No. 
G f i~cl  oil. Consequently, it was decitlcd to protiirce 
two liquid fuels: a fraction equivalent t o  No. 
G fuel oil (fractionator bottom) and a I'iglitcr 
gasoline fraction (overliead product removed iron1 

10 tlle decanter). To  accomplish tliese objectives, a 

fractiotiator containing 20 st&es will be rcquircd; 
A conipitter ~iiodel for this new systcm was 
developed. 

The cryogenic liydrogerl purifier was sim:~lnted, 
but because of probletns with the dowlistsearn 
equipment, the purifier design lind to  be modi- 
fied. It was determined that commercially avail- 
able methanation catalysts could not tolerate the 
level of C2 and Ileavier hydrocarbons without 
adding large quantities of stcam to tlie metlianc/ 
syntl~esis gas feed. Therefore, it was dccided to 
redesign the purifier to  reject tlie C2 to C5 
Iiydrocarbons separately froin tlie melll:lnc/ 
synthesis gas stream. The process configurntion 
for this new design has been establislied, a com- 
puter process ~iioclel was developed, and sirnula- 
tion of the process was started. 

A single-reflux, cold-n~ethanol wash system was 
assembled and simulated on a computer. Sevc.ral 
eco~ion~ically attractive zlternatives were also 
modelod, i~lcluding ( I ) split reflux systenl, (2) 
split rcfli~x wit11 11it.rogcn stripping of  the carbon- 
dioxide-rich metlianol, arid ( 3 )  light-oil prewasli 
t o  reject C2 and higher hydrocarbons upstream of  
the methanol wasli. This latter arrar;gement sub- 
stantially reduces the metllano1 prewash require- 
ments and elin~inates C, and C j  fro111 tlie acid 
gas. 

Site Selection 

Site presentations were made to Coalcon by 
Pen~isylvania, Ohio, Indiaria, West Virginia, 
Kentucky, and Illinois. Since some states pre- 
sented information on nwre tliall o!ie site, tlic 
first step in evaluating and ranking the candidate 
sites will be to  determine tlie best candidate in 
each state. Criteria such as coal, water, transpor- 
tation, and erivll-orlnient will be- used to  ~ n a k c  t l ~ c  
decision. Only the best site in cacti state will be 
included in the in-depth evaluation by Co31~01i. 
In addition, since all states cl~osc lo rcsponcl to  
requircmcnts for a cotnmercial facility, all sites 
will be judged on their capacity t o  support. a 
commercial liquefaction plant. 

Procurernen t 

Tlie attempt to identify long-lead-Iirne itenis 
contiriucd. Ilowevcr, since the proccss dcsign is 
just beginning, and altcrn;~live proccss sttldics 
liavc not yct hcen co~nplcted, iclt.ntificatic/n of 
some long-lead-time iterns is being .delayed. 



Furthermore,  results f rom the  minitest facility Corps of Engineers and prepared an  abstract. In  
coultl cliange equipmelit specifications. In otller addition, a dctailcd list, by type  of equipment ,  o f  
work rclating to procurcnicnt,  Coalcon initiated projected equipment  delivery dates  was issued 

j tlle review of  the bid package prepared by the and will be  ~ l p d a t e d  every 2 months.  
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IMPERIAL VALLEY ENVIRONMENTAL PROJECT ' 

Biomedical and Environmental Research D i  vi s i  on 
Lawrence Li vermore Laboratory, University of California 

L i  vermore, California . 94550 

1.0 Introduction 

The Lawrence Livermore Laboratory has been appointed by the  I] .S. .Energy 
Research and Developmerit Administration t o  be the  "1 ead 1 aboratory" f o r  
carrying out  a long-term pro jec t  t o  acquire complete understanding .of the  
environmental qua l i ty  in the Imperial Valley of Ca l i fo rn ia  p r i o r  to any major 
developn!ents. The purpose of t h i s  project  i s  t o  ensure t h a t  the development 
of geothermal resources proceeds on an envi ronmental l y  sound bas is .  Con- 
sequen.tly, the Imperial Val ley Environniental Project  (IVP) i s  comni t t ed  t o  an 
intensive and,comprehensive study designed t o  e s t ab l i sh  an environmental 
baseline f o r  the  Imperial Val ley as  well as t o  develop an understanding of 
the environmental and other  e f f e c t s  associated with development of geothermal 
resources. 

The IVP i s  organized i n to  seven main study s ec t i ons ,  which when taken 
together cover a l l  the s igni ' f icant  issues and concerns. The sec t ions  a r e :  

1 .  Air Qua19'ty 

2.  Water Qua1 i'ty 

3 .  Ecosystem Qua l i t y  ( S o i l ,  P lants ,  Animals, e t c . )  
4. Subsidence and Induced Seismi ci  ty  

5. Health Effects  

6. Soci o -Economi cs 

7 .  Integrated Assessment 

A s trong t h ru s t  of the  p ro jec t  i s  t o  , in tegra te  the  output of the  various 
s tudies  i n to  a s i ng l e  overal l  assessment. This includ'es not only the  data 
obtained from the Lawrence Livermore Laboratory s tud ies  but  input from a11 
other i d e n t i f i a b j e  programs as we1 1 .  To t h i s  end, the Imperial Val ley  Environ- 
mental Project  i s  developing a data  base from information avai lable  through a 
number of previous and cur ren t  s tud i  es r e l a t i  ng t o  ' the long-term environmental 
assessnient of the Imperial Valley. The Lawrence Livermore Laboratory i s  work- 
ing. c lose ly  with a number of un ive r s i t i e s  and various f e d e r a l ,  s t a t e  and county 
agencies and other  groups t o  obta in  the needed information. These e f f o r t s  
are  i n  pa r t  funded by the  Imperial Valley Environmental P ro jec t .  Also, a  
great  deal of cooperation with various o ther  publ ic  groups has been achieved, 
and t h e i r  programs i n  some cases have been reoriented t o  a s s i s t  on prdblems 
spec i f i c  t o  the  development of geothermal resources i n  Imperial Val ley.  



2.0 A i r  Q u a l i t y  

One of  t h e  p o t e n t i a l  l y  i m p o r t a n t  impacts  of l a r g e - s c a l  e  deve l  opment o f  
geothermal resources  w i t h i n  t h e  Impe r i  a1 Val1 ey i s  deg rada t i on  o f  a i r  qua'l i ty. 
Nea r l y  a l l  geothermal development schemes w i l l  r e l e a s e  noncondensable 
gases t o  t h e  atmosphere. The p r i n c i p a l  c o n s t i t u e n t  o f  t h e  noncondensable 
f r a c t i o n  i s  C02, b u t  l e s s e r  amounts o f  H2S, H2, CH4, NH3 and N2  a r e  g e n e r a l l y  
p r e s e n t  as w e l l .  Some o f  these gases may undergo r e a c t i o n s  i n  t h e  atmosphere; 
t h e  most n o t a b l e  i s  t h e  conve rs i on  o f  H2S t o  SO2 w i t h  subsequent p o s s i b l e  
t r a n s f o r m a t i o n  t o  H2SO4. The o b j e c t i v e  o f  t h e  LLL a i r  q u a l i t y  program i s  
(1)  t o  nieasure t h e  c u r r e n t  l e v e l s  o f  s e l e c t e d  a i r  p o l l u t a n t s  a t  v a r i o u s  
l o c a t i o n s  w i t h i n  t h e  I m p e r i a l  Val l e y ,  ( 2 )  t o  c h a r a c t e r i z e  t h e  atmospher ic  
t r a n s p o r t  p r o p e r t i e s  on a  v a l  l e y -w i  de b a s i s  b y  measur ing s p e c i f i c  meteor01 o g i c a l  
parameters  a t  s e v e r a l  l o c a t i o n s ,  and ( 3 )  t o  e v a l u a t e  t h e  r a t e  o f  emiss ion  of 
s e l e c t e d  p o l  l u t a n t s  f r o m  geothermal o p e r a t i o n s  as  we1 1  a s  f rom o t h e r  sources 
( f e e d  l o t s ,  f e r t i l i z e r  p l a n t s ,  e t c . ) .  Use o f  these  da ta  i n  o u r  three-d in iens ion-  
a1 atmospher ic  t r a n s p o r t  models w i l l  p e r n i i t  us  t o  p r e d i c t  t h e  annual  average 
change i n  a i r  q u a l i t y  th roughou t  t h e  e n t i r e  v a l l e y  due t o  t h e  o p e r a t i o n  o f  
severa l  proposed geothermal  power p l  an t s  s i  t u a t e d  anywhere w i t h i n  t h e  v a l  l e y .  

To accompl i sh  these  o b j e c t i v e s  we p l a n  t o  i n s t a l l  si.x f i x e d - 1  o c a t i o n  
s t a t i o n s  t o  m o n i t o r  ambient  a i r  qua1 i t y .  They wi  11, measure t h e  concen t ra -  
t i o n s  o f  0 3 ,  H2S, SO2, S, and p a r t i c u l a t e s .  We a re  c u r r e n t l y  n e g o t i a t i n g  w i t h  
i n v e s t i g a t o r s  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  Dav is ,  t o  under take  t he  sampl i n g  
and ana lyses  o f  t h e  p a r t i c u l a t e s .  The p a r t i c u l a t e s  w i l l  be  s i z - e - f r a c t i  onated 
and e lementa l  ana lyses  w i l l  be per formed on each s i z e  f r a c t i o n .  Se lec ted  
p a r t i c u l a t e  samples w i l l  be ana lyzed  a l s o  f o r  chemical  compos i t i on  o f  t h e  
s u l f u r - c o n t a i n i n g  compounds, e i t h e r  b y  LLL o r  by a  l a b o r a t o r y  n o t  y e t  s e l e c t e d .  
The gas-sampl ing w i l l  be performed by  LLL w i t h  c o o p e r a t i o n  f rom t h e  S t a t e  A i r  
Resources Board, t h e  A i r  I n d u s t r i a l  Hygiene Labo ra to r y  (Be rke ley )  and t h e  
I m p e r i a l  County A i r  Pol l u t i o n  C o n t r o l  D i s t r i c t .  

The approx in ia te  l o c a t i o n s  o f  these  s i x  s t a t i o n s  a r e  shown i n  F i g .  1 .  
A l l  a r e  s i t u a t e d  w i t h i n  a  few k i l o n i e t e r s  o f  t h e  most l i k e l y  source p o i n t s  
and a r e  a l s o  f a i r l y  even l y  spaced th roughou t  t h e  e n t i r e  v a l l e y .  Two s t a t i o n s  
a r e  w i t h i n  t h e  S a l t o n  Sea KGRA ( ~ n o w n  Geothermal Resource   re as) t o  de f i ne  
t h e  f l ow  e n t e r i n g  or e x i t i n g  t h e  n o r t h  end o f  t h ~ 1  , v a l l e y .  Anot.hr?r t.wn 
s t a t i o n s  a r e  s i m i l a r l y  l o c a t e d  a t  t h e  sou th  end o f  t h e  v a l l e y  w i t h i n  t h e  
Heber and Eas t  Mesa KGRAs. The rema in i ng  two s t a t i o n s  a r e  i n  t h e  c e n t r a l  

p o r t i o n  o f  t h e  v a l l e y .  M e t e o r o l o g i c a l  measurements w i l l  b e  made u s i n g  10-m 
towers a t  f i v e  o f  t h e  s t a t i o n s .  A t  t h e  s i x t h ,  t h e  Heber s i t e ,  t he  San Diego 
Gas and E l e c t r i c  Company (SDG&E) w i l l  e r e c t - a  60 -m~me teo ro l og i ca l  tower  under 
E P R I  fund ing,  and an a c o u s t i c  r a d a r  w i l l  be i n s t a l l e d  f o r  t h e  d e t e r m i n a t i o n  o f  
m i x i n g  h e i g h t s .  U p p e r 4  eve1 wind and tempera tu re  measurements made on an 
i r r e g u l a r  b a s i s  a t  t h e  U. S. Naval Parachute T e s t  Range w i l l  a1 so be used as 
i n p u t  t o  o u r  a t lnospher ic  t r a n s p o r t  models. 

I n  a d d i t i o n  t o  t h e  f i x e d  s t a t i o n s ,  a  m o b i l e  f i e l d  l a b o r a t o r y  ' w i l l  be 
equipped w i  t h  a  comprehensive capabi  li ty f o r  measul-ements r e 1  a t i n g  t o  a i r  
q u a l i t y .  I t s  main purpose w i l l  be. t o  p r o v i d e  measurements a t  s p e c i f i c  . 
r e l e a s e  s i t e s  (source  te rms)  and t o  measure ambient a i r  q u a l i t y  i n  t h e  
immediate v i c i n i t y  o f  and dorvnwind o f  s p e c i f i c  sources.  I t  w 5 1 i  a l s o  have 
t h e  capabi  1  i ty  f o r  making n i e t e o r o l o g i c a l  measurements. 



Because o f  the  s t a r t u p  o f  t he  SDG&E Compan'y's Geothermal Tes t  F a c i l  i ty  
near N i l a n d  i n  t he  near f u t u r e ,  t h e  source-term measurements program i s  
t a k i n g  a l ead ing  r o l e  i n  the  e a r l y  phases of t h e  program. Measurements of 
H2S, NH,, C02, hydrocarbons, and v o l a t i l e  meta ls  such as Hg and As w i l l  be 
made on a coopera t ive  bas is  by  the  B a t t e l l e  Northwest Labora tor ies ,  LLL 
and o t h e r  groups. 

I n  o rde r  t o  develop a p r e d i c t i v e  c a p a b i l i t y  f o r  es t ima t ing  the  impact  
on a i r  qua1 i t y  o f  t he  development o f  a p a r t i c u l a r  geothermal resource region,  
i t  i s  necessary t o  r e s o r t  t o  modeling teohniques. Th i s  w i l l  be accompl i shed 
w i t h  the  use o f  LLL's  advanced three-dimensional f l o w  models. These models 
u t i l i z e  reg iona l  topography and measured wind i n f o r m a t i o n  t o  produce i n t e r -  
po la ted  and ex t rapo la ted  wind f i e l d s  on an Eu le r i an  g r i d  superimposed over 
the topography. The wind f i e l d s  a re  then ad jus ted  f o r  mass cons is tency  t o  
e l  im ina te  a r t i f i c i a l  convergences and divergences. These f l o w  f i e 1  ds are 
then used as i n p u t  t o  e i t h e r  t he  three-dimens iona'l advec t i  o n - d i f f u s i o n  
p a r t i c l e  i n  c e l l  code (ADPIC) o r  the  two-dimensional coupled t r a n s p o r t -  
k i n e t i c s  code (LIRAQ). 
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3.0 Water Quality 

The waterqual i ty  e f f o r t  of the IVP i s  intended to determine the base- 
l ine  levels  of water quality existing in the Imperial .Valley a t  the present 
time, especially in the v ic in i ty  of geothermal f i e l d s ,  and to  detect and, 
evaluate any impacts of geothermal development on the water in  the Valley and 
the adjacent Salton Sea. We are aware that  extensive programs concerned with 
water qua1 i  ty are being carried out by loca l ,  s t a t e ,  an,d federal agencies, and 
our program emphasi zes f u l l  cooperati on w i  t h  a1 1 ,such .programs, 

One of our major purposes i s  t o  develop infotmation to  allow detection 
of inadvertent leaks from geothermal we1 1s and f ac i l  i t i e s  i  nto the surface- 
water and groundwater systems of the vicini ty  of geot!lennal f i e lds .  To do 
t h i s ,  we must know the character is t ics  of both the geothermal f,luids and the 
existing water systems, especially t ransient  changes due t o  other causes such 
as leaching uf agricultural  lands. We intend to  develop a geothermal 
"fingerprint" -- character is t i  cs .of geothermal water tha t  would disclose i t s  
presence in the surface water and groundwater. O u r  .program will  include 
sampling for  th i s  "fingerprint" i n  addition to continuous moni tori  ng for  sudden 
increases in s a l t  content. Sampling and analysis wi l l .  not be confined to 
determi nation of the special characteris t i  cs to iden t i  fy geothermal f lu id  con- 
tarnination; we will do rather  extensive analysis fo r  mineral consti tuents in 
the surface water system. .We have begun our program w i t h  sampling in the 
Salton Sea geothermal f i e l d  area,  and will  expand i t  as  rapidly as possible 
t o  other areas of the Valley. 

A study of the hydrology of the Sal t o n  Sea i s  a par t  of our program. 
There i s  considerable anxiety about the potential fo r  increase in  s a l l n l t y  
in the Sea, b u t  very l i t t l e  data are  available about the conditions i n  the 
Sea. We intend to  make sa l in i ty  measurements in the Sea to enable us to 
understand the dis t r ibut ion of s a l i n i t y  both horizontally and ver t ica l ly  in 
the water body. The resu l t s  should be useful in evaluation of the existing 
s i tuat ion in the Sea, as well as any impacts which might occur as  a r e su l t  of 
geothermal development of the adjacent Imperi a1 Va 11 ey . 

Also included in our program i s  a systems analysis of the water system 
of the Sal ton Basin, including the possi bl e impacts of geothermal development. 
For example, ava i lab i l i ty  of cooling.water may be a pacing fac tor .  for  develop- 
ment, and we envisage construction of a computer model t o  evaluate various 
sources of water and systems of cooling. 



4.0 Ecosystem Quali ty  (Soi l ,  Plants,  Animals, e t c , )  

This subprogram has the objective of developing suf f ic ien t  information 
so tha t  the potential long-term ef fec ts  of geothermal development on the 
present ecosystems of Imperi a1 Val ley can be predicted, and avoided or 'renledi ed 
where necessary. The primary ecosystems of concern are  the agricultural lands, 
the Sal ton Sea, and the wi ld l i fe  refuges in the area.  

The ecological base1 ine s t u d i e , ~  arid a  few prelimi na.ry ecological effects  
studies in Imperial Valley were in i t i a t ed  in October '75 and by January '76 
had committed s i x  people in  the f f e ld  and one person in  chemical analytical 
supqort. 

Seven tasks are underway as of th i s  date. In waterfowl ecology, 100 ducks 
(4 spec ies) ,  20 geese ( 2  spec ies) ,  and ten other birds have been co'l lected 
from Salton Sea refuges In cooperation with U .  S .  Fish and Wildlife Service 
and California Department of Fish and Game. Tissue from these birds i s  being 
analyzed fo r  t race  elements, heavy metals, and pest ic ides ,  and the remainder 
preserved for  future .reference. Habi t a t s  of endangered hi rd spr=xier, are  h ~ i n g  
ma ped, and buffer zones will  be defined to minimize nois'e e f f e c t s ,  power-line 
co ! lis ion  mortali ty and power-pl ant obstructions ' o .  f l i g h t  paths, Samples 
of s o i l ,  plants ,  sediment, i r r iga t ion  water, r iver  w t e r ,  and Sal ton Sea 
water have been collected intensively near ac t ive  s i  t es  of geothermal devel opment 
(SDGE) and are being collected in addition to  mi 1 k and le t tuce to a  l e s se r  
degree regionally. Analyses fo r  t race elements and heavy metals are being 
conducted b u t  the majority of samples will be preserved fo r  future reference. 
Prel imi nary ecological e f fec ts  of geothermal gases on crops have been studied 
by controlled fumigat i~ns  of le t tuce  a t  the USDA-ARS Field Station a t  Brawley, 
where stornatal response and photosynthesis were examined fo r  a  few hours 
following i n i t i a l  exposure a t  d i f fe rent  concentrations. Factors control1 ing 
so i l  and plant uptake (and emission) of geothermal gases (H,S, C02, N H 4 )  a re  
beiilg investigated in mi cronieteorologi cal experiments. Studies of aquati c  
food chains have begun wi t h  collection and cul ture  of the. top and bottom 
trophic -level species.  The de t r i tus  -converting . " p i l e  worm" Neanthes, has been 
collected and cultured in the laboratory t o  establ ish potential  toxici ty .  
A 2000-gallon cul ture  f a c i l i t y  i s  being readied t o  cul ture  the predator f i s h  
corvina in water from the Salton Sea-, to study sens i t iv i ty  to-  sa l in i ty  and 
geothermal pol 1  utants.  

In the next s ix  months, additional programs will be in i t i a t ed .  Several 
small contracts will  he awarded fo r  specif ic  baseline and ef fec ts  study 
tasks.  These include s tudies  of brine movement and s a l i n i t y  in  s0.i 1 ,  water 
requirements of crops, agricul tural  t i l e d r a i n  pract ices ,  f i  sh populations, 
aquatic food-chain dynamics, noiselpower l ine  e f fec ts  on birds ,  desert  eco- 
systems a t  East Mesa, apiary pathology, chrGnic gas fumigation of crops, and 
ecology of nonmigratcry predatory birds.  



5.0 Subsidence and Induced S e i s m i c i t y  

The o b j e c t i v e  o f  t h i s  program e f f o r t  i s  t o  document t he  base1 i n e  1  eve ls  o f  
n a t u r a l l y  o c c u r r i n g  subsidence and se ismic  a c t i v i t y ,  and t o  i d e n t i f y  any s i m i l a r  
e f f c . c t s  which m i g h t  be caused b y  geothermal p roduc t i on .  We a r e  emphasizing f u l l  
coopera t ion  w i t h  o t h e r  agencies hav ing  s im i  l a r  goa ls  - 
Subsidence: The IVP i s  coope ra t i ng  i n  t h e  t e n t a t i v e l y  scl leduled resu rvey ing  
o f  t he  1 s t -  and 2nd.-order networks e x i s t i n g  i n  t he  Val l e y ' a s  t h e  r e s u l t  o f  the  
a c t i v i t i e s  o f  t h e  i n te ragency  I m p e r i a l  Val l e y  Subsidence De tec t i on  Commi t t e e .  
Twice s i n c e  1971, t h i s  group has sponsored surveys cove r i ng  t h e  e n t i r e  I m p e r i a l  
Val l e y ,  which have p rov ided  i n v a l u a b l e  d a t a  about  n a t u r a l l y  o c c u r r i n g  ground 
surface e l e v a t i o n  changes. 

We a r e  a l s o  sponsor ing d e t a i l e d  l o c a l  1 e v e l i n g . i n  t h e  Sa l t on  Sea a rea  i n  
advance o f  t h e  s t a r t u p  o f  t h e  Geothermal T e s t  F a c i l i t y  t o  be opera ted  b y  San 
Diego Gas & E l e c t r i c  and o the rs ,  and t h e  t e s t  f a c i l i t y  a t  the  S i n c l a i r  # 4  
w e l l ,  opera ted  by Southern C a l i f o r n i a  Edison and p a r t n e r s .  It i s  p lanned t o  
e x t e l ~ d  s i m i l a r  coverage t o  o t h e r  a c t i v e  geothermal areas i n  t h e  near f u t u r e .  

I t  i s  a l s o  planned t o  a s s i s t  w i t h  a d d i t i o n a l  h o r i z o n t a l  c o n t r o l  surveys i n  
the I m p e r i a l  V a l l e y ,  b o t h  l o c a l l y  nea r  geothermal a c t i v i t i e s  and on a  l a r g e  
scale,  t o  h e l p  i n  g a i n i n g  unders tand ing  o f  r e g i o n a l  changes. 

Other  p r o j e c t s  soon t o  be s t a r t e d  up i n c l u d e  i n s t a l l a t i o n  o f  a d d i t i o n a l  
subsidence-measurement equipment where u s e f u l  , and a  computer model i n g  p r o j e c t  
designed t o  p r e d i c t  t h e  e f f ec t s  of w i t hd rawa l s  and r e i n j e c t i o n  o f  geothermal f l u i d .  

Induced Sei smi c i  t y  : One subs i  dence-con t r o l  t echn i  que whi ch w i  11 be empl oyed 
i s  low-pressure r e i  n j ec t i - on  - o f  geothermal f l  u i  d. Whil e  Kany hundreds of  m i l  1  i o n s  
o f  g a l l o n s  o f  wa te r  have been r e i n j e c t e d  i n  o i l  f i e l d s  w i t h o u t  untoward e f f ec t s ,  
h igh-pressure i n j e c t i o n  i n  Colorado has caused induced s e i  smic a c t i v i t y .  Whi le  
low-pressure i n j e c t i o n  has n o t  been i m p l i c a t e d  i n  such a c t i v i t y ,  t h e  p o s s i b i l i t y  
cannot be d ismissed.  The I m p e r i a l  V a l l e y  has a  h i g h  l e v e l  o f  n a t u r a l l y - o c c u r r i n g  
se ismic a c t i v i t y .  It i s  t h e r e f o r e  i m p e r a t i v e  t o  have as much d a t a  as p o s s i b l e  
about such a c t i v i t y ,  so t h a t  when geothermal p r o d u c t i o n  beg ins  we w i l l  be  a b l e  
t o  d i s t i n g u i s h  between t h e  n a t u r a l l y  o c c u r r i n g  events  and. any which m i g h t  be 
induced by geothermal a c t i v i t y .  Recent l y  pub1 i s h e d  s t u d i e s  o f  t h e  1975 Brawl ey 
earthquake swarm have l o c a t e d  e p i c e n t e r s  o f  t h e  ear thquake and suggest t h a t  i t  
may ve ry  we1 1  be p o s s i b l e  t o  d i s t i n g u i s h  se ismic  a c t i v i t y  induced by  i n j e c t i o n  
f rom n a t u r a l l y  o c c u r r i n g  earthquakes. We t h e r e f o r e  w i sh  t o  i nc rease  seismograph 
coverage i n  t h e  areas near  geothermal p roduc t i on ,  p o t e n t i a l  and a c t u a l ,  t o  h e l p  
i n  t h i s  documentat ion. 

We a r e  p r e s e n t l y  c o n t r a c t i n g  w i t h  t he  U.  S. Geo log i ca l  Survey t o  i n s t a l l  
s i x  new seismographs i n  t h e  S a l t o n  Sea f i e l d  area, as a  p a r t  o f  t h e i r  s tudy  
network. Our p l ans  a r e  t o  extend such d e t a i l e d  coverage t o  o t h e r  p r o s p e c t i v e  
geothermal areas.  

I t  i s  a l s o  i m p o r t a n t  t o  de f ine  when any such manmade e f f e c t s  becclnie s i g n i f i -  
cant.  As a  p a r t  of  t h e  program, we p l a n  t o  make a  s tudy  o f  t h e  e f f e c t s  of 
subsidence and p o s s i b l e  induced s e i s m i c i t y  on  t h e  environment.  



6.0 Health Effects 

This program i s  s t i l l  in the planning stages.  The e f f o r t  will  be c1osel.y 
coordinated wi t h  the program on Integrated Assesswnt. 

7.0 Socio-Economi cs 

The long-term socio/economic study plan can be divided. into four sequential 
task categories : System Characterization, Model Development, Scenario 
Development, and System Impact Analysis. Each of these categories i s  com- 
posed of a number of individual interact ive tasks.  The following i s  only a 
summary sketch of the .major -components of each category. 

System Characterization: A major portion of t h i s  study element i s  a baseline 
stud.y of Imperial County. Primary source data will  be col lected from refined 
county business-pattern- tapes,  combined covered and uncovered employment 
s t a t i s t i c s ,  county personal income and earning tapes,  1970 cerlsus data with 
updates, county f i sca l  data ,  and OBERS projections. This portion of the 
study \trill also include coniparative analyses of a number of basic ecnnomir. 
and social indicators between Imperial County and  other Counties and agricul t -  
ural regions vri thin Cal iforni a. Finally, the character of the State energy 
system will  be analyzed with primary emphasis on e lec t r ica l  'energy and the 
potential role of geothermal energy within tha t  sys tern. 

Model Development: No formal social  o r  f i s ca l  model wi 11 be developed. The 
economic model used will be based on the I n p u t - O u t p u t  model being developed 
by E .  Lofting f o r  the NSF study. Our e f fo r t s  on the model wi 11 be directed 
toward refinement of the agricul tural  sectors and of the geothermal -agricul- 
ture interrelat ionships and interactions both internal and external t o  normal 
economic ac t iv i ty .  

Scenario Devel opnient : The scenari o i  s  a rehearsal of possi bl e consequences 
based on analyses of the available relevant information. The f i r s t  major 
portion of the scenario development will involve analysis of a number of other 
county-level areas which have been impacted by a major energy-rela ted develop- 
ment, and the colnpilation from tha t  analysis of a . l i s t  of, probable and improb- 
able impacts within Imperial County as a function of the r a t e  and level of 
geothermal development. This 1 i s t  will. primarily involve f i sca l  and social 
impacts and economic impacts which an Input-Output analysis cannot detect 
( i  .e .  price changes, major -p roduc t /p roduc t -subs t i  t u t i  ons, e tc .  ) .  The remainder , 

of the scenario development e f fo r t  will involve identi f i  cation of a1 ternative 
rates  and levels of geothermal production and associated employment, land 
conversion, population s h i f t s  , and di rect economic acti  vi ty; ident i f icat ion of . .. 
a range of water-managelnetit schemes f o r  the county as a whole;' ident i f icat ion 
of agricultural  crop, i r r iga t ion  substi t u t i  on trends which might be expected 
without any geothermal influence; and projected county growth patterns.  



Impact A n a l y s i s :  The impac t -ana l ys i s  p o r t i o n  o f  t h e  s tudy  w i l l  app l y  t h e  
developed scenar ios  i n t o  t h e  coun ty  economic model t o  d e t e c t  bo th  d i r e c t  and 
i n d i r e c t  impacts  of geothermal development on t h e  economy and upon employment 
p a t t e r n s ,  f i s c a l  demand-and-supply balances i n  t h e  p u b l i c  sec to r ,  and s o c i a l  
p a t t e r n s . .  The goa ls  o f  t h i s  s tudy  element a r e  f ou r f o l d :  

To i d e n t i f y  s e c t o r s  wh ich  w i l l  always be n e g a t i v e l y  impacted by 
g e o t h e r ~ l ~ a l  development, s e c t o r s  which w i l l  a1 ways be p o s i t i v e l y  
impacted, and t h e  r e 1  a t i v e  magnitude, impor tance and r e d i s t r i b u t i o n  
e f f e c t s  o f  each as a  f u n c t i o n  o f  each scenar io ,  

To i d e n t i f y  o t h e r  a f f e c t e d  s e c t o r s  as a  f u n c t i o n  o f  each scena r i o  
and t o  i d e n t i f y  t o o l s  a v a i l  ab le  t o  t h e  County t o  ensure o p t i m i z a -  
t i o n  o f  these impacts  w i t h i n  t h e  c o n s t r a i n t s  o f  t he  scenar io ,  

3 .  To i d e n t i f y  economic and d e s i r a b l e  m u l t i p l e - u s e  p o t e n t i a l s  f o r  
geothermal resources and energy (wa te r  desal  i n a t  i on ,  d r y i  ng opera- 
t i o n s ,  m ine ra l  recovery ,  e t c .  ) and t h e  t r a d e - o f f  s  between e l  e c t r i c a l  
energy and each a l t e r n a t j v e  use, 

4. To i d e n t i f y  t h e  p o t e n t i  a1 d i f f e rences  'between. how t h e  ' State- and 
. County v iew b o t h  t h e  optimum geothermal development' r a t e s  and 1  eve1 s 
and t h e  r e s u l t a n t  p roduc t  t o  t h e  County, 



8.0 Integrated Assessment 

The goal of the Integrated Assessment Program i s  to evaluate in a quantita- 
t ive  manner the impact upon man and the environment resulting from geothermal 
energy development i n  the Imperial Valley and t o  make t h i s  information available 
to  other agencies , l eg i s l a t ive  bodies, and p l  anni ng groups. 

I n i t i a l  l y ,  the Integrated Assessment Group will  accumulate data from e x i s t -  
ing sources on the s t a t e  of the Imperial Valley system, including available land 
and water resources, ai r and water qua l i  ty , ecosystem structure and stabi 1 i t y ,  1 

and data pertaining t o  the social , economic, demographic, and pol i t i c a l  struc- 
ture of the Imperial Val ley communities. A conlparable e f fo r t  i s  presently under 
way tha t  will ident i fy the potential geothermal energy requirements so that  several 
a1 ternative schenies for  geothermal energy can be developed. The base1 ine informa- 
t ion on Imperial Valley will be used when assessjng the impacts froni the various 
geothermal aevel opment scenari 0s. 

Another important function of the Integrated Assessment Program i s  t o  
determine which of several options for  ei ther. resource development or effluent- 
control s t ra teg ies  i s  preferab'l e f roni a cumulatl ve ecol oy.iLal , socioeconomic, 
and human health standpoint. 

The Integrated Assessment ,program will  serve as the focal point a n d  coordina- 
t ing group fo r  data collection and research e f fo r t s  among the primary survey 
programs (e.g.  Air Qua l i ty ,  Water Qua1 i t y ,  e tc .  ) .  I n i t i a l  assessments will be 
made during the current f i sca l  year to help characterize potential problems and to 
identify areas where fur ther  research e f fo r t s  and data col lection are  required 
fo r  improved evaluation and assessment. 

An important aspect of the Integrated Assessment e f f o r t  i s  t o  supply 
c r i t i c a l  informati on to  decision-makers in order to  assure development of energy 
a1 ternatives that  wi 11 have minimal unfavorable impact upon man and his environ- 
men t . 



The IVP i s  coordinat lng w i th  env i ronwnta l  and re la ted  pmgrans w l t h l n  a n u d e r  of organizations. This l i s t  represents 
the organlzatlons Involved to  date. 
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APPENDIX G 

LIST OF FEDERAL, 'STATE AND LOCAL APPROVALS, PERMITS AND LICENSES 

REQUIRED PRIOR TO CONSTRUCTION OF A POWER STATION I N  CALIFORNIA 

and/or  Agreements 

FEDERAL AGENCIES 

1. Nuclear Regulatory Commission 

A. Limited Work Authorization 
(Optional) 

Needed For :  

J 
'I 

! All nuclear facilities and/or  other  facilities 
to be constructed near a nuclear facility. 

I 

C. Operating License 

D. Appropriate Nuclear Mater ials  
Licenses i 

i 

2. Federal Aviation Administration 
I 
i 
I 
i .  

Notice of Intent to Construct and -1  Must file on all obstructions (stacks, units, 
Approval of an Obstacle and i t s  1 transmission lines,  meteoiological towers 
Marking pursuant to an  Airport / etc .  ) in excess  of 203 feet above ground 
Airway Analysis Study. '1 level o r  within specified distances from 

,I 

i an existing airfield.  

1 3. U. S.   ore st Service $1 
Special Use Pe rmi t  o r  Easement  1 All facilities and activities on o r  c ross ing  

U.S.  Fo res t  Service Land. 

4. Federal  Communication Comm . .I 
'1 
I 

License to Construct and Operate j Any facility with V H F  paging equipment, 
Electronic Transmitting Equipment i microwave radio to provide transmission 

line protection circui ts ,  load frequency 
j control with power system, other  
! operating and administrative telephone 
; services .  

,i 
. I  



~ ~ e n c ~ / A u t h o r i z a t i o n s  
and/or Agreements I : ~ e e d e d  For :  

I 

.! 5. Bureau of Land Management i .  

! 
A. Land Acquisition 

B. Special Land Use Pe rmi t s  

I 

/ A. All facili t ies a i d  activities on o r  

I cross ing  BLM land. 
! 

i B. 
Required to perform geotechnical 

I feasibility and foundation studies,  
I 

drilling programs,  and aggregate 
i 
I s m r c e  studies. 

C .  - Special Land Use Pe rmi t s  C .  Requ i r ed fo rwea the rmon i to r ings t a -  
tions, temporary roads, aggregate 

.I p i ts  and batch plants. 

D. Special Material  Sale 1 D. Required for obtaining aggregate and 'i 
c lay  lining mater ial  sources.  

i 
E. ' Easements  I E. Required for  transmission lines,  per -  

manent roads, cooling water l ines,  
1 and pumping station and construction 

i water lines. 
.! 

6. Bureau of Indian Affairs i 
1 

.I 

Agreements and Easements  1 All facilities and activities on o r  crossing 
1 Bureau of Indian Affairs land. 

.I 
7. National Pa rk  Service 

Land Use Pe rmi t  

8. Bureau of Reclamation 

Land Use P e r m i t  

4 
.\ All facili t ies and activities on o r  c ross ing  

/ National P a r k  Service lands (pumping 

, j stations,  t ransmission lines,  se rv ice  roads 
: and soi ls  and geological investigations) . 
'I 

! All facili t ies and activities on o r  c ross ing  
i 
.i Bureau of Reclamation land. 
i 

2 ; 
I 

9. Bureau Outdoor Recrea.tion 'I 

.I 

Land Use P e r m i t  
! 
i All facili t ies and activities on o r  c ross ing  

Bureau of Outdoor Recreation land. 
. ! 
I 

.i 
! 
i A-:2 

.! 
i 



Agency/Authorizations 
and'i'or Agreements 

[ 
, 10. Bur,:$au of Mines , 

I 

i 
Land Use P e r m i t  1 i 

I 
I -- 

I 11. Department of Labor Occupational I 

I . Safety and Health Admin. f 
I ! 
i . , 

OSHA Requi rements-Adherence, . , 

interpretation of and variances i 

(Regulations differ within individual i 
states .  F o r  California s ee  State 

i 
Item #8D.) 

I 

12. Armv Corns of E n ~ i n e e r ' s  

Permit .  to Construct in Navigable 
Waters  

13. Advisorv Council on Historic 
Preservat ion 

Protection and Preservat ion of 
Historic and Cultural Proper t ies  

A. Detailed Archaeolo~ica l  and 
Historical Li terature  and 
Field.  s tudies  

i 
I 
1 
I .B. Determination of No Historical ; 
.I 

Site Impact ! 
! 

C. Impacted Site Memorandum of 
Agreemen.t (Federal and State) 

D. Compliance with Memorandum 
of Agreement Mitigation 
Program 

I 

E PA 1 4 . .  - 

EPA Authority to Construct 

15. Review of RWQCB 

16. Secretary of. the Inter ior  and ! 

Colorado River Water  Contractors  1 

I Needed Fo r :  

All facilities and activit ies on o r  c ross ing  
Bureau of Mines land. 

Adherence required for all  facilities. Sub- 
ject to spot checks a t  any t ime  and inspec- 
tion and/or  review in ca se  of fatality o r  
complaint. 

Facili t ies with construction activit ies within 
navigable waters.  

Any project that requires  a Federal  permit ,  
l icense o r  grant  on propert ies  that a r e  l isted 
in o r  eligible for  nomination to the National 
Register of Historic Places  (National 
Register). 

Construction of new stationary. sou rces  

Review and concurrence on NPDES pro-  
ceedings 

Final approval of Water supply Contracts  



and/or Agreements 

STATE AGENCIES 1 
J 
! 

1. State Department of Public Fealth ! - i 

i 
A.  Contaminated ~ ~ u i p m e n t ' ~ i c e n s e  j 

B. Radioactive Material License 
( r a d i u m  226 sources) 

C. Approval to Construct 

D. Radiological Monitoring Pro- 
gram Approval 

.I 
2. California Water Resources Control .j 

Board i 
:I 

Certification of Compliance I 

3 .  , State Department cf Transportation 

A. Encroachment Permit 

B. Crossing Permit 

4 .  State Department of Parks and I 
Recreation ' f 

Encroachment Permit 

5. California Public Utilities 1 

Commission .I 
I 

I 
Certificate of Convenience and i .! 
necessity , 

! 

Needed For: 

All nuclear facilities 

All nuclear'facilities loading 

Facility with a i r  contaminant discharge to the 
atmosphere in those states where no local 
agency exists. 

All nuclear facilities 

Facilities that affect state water quality in-  
cluding ground water resources. Also re- 
view of NPDES and NRC Application proceed- 
ings 

A .  Facilities that require construction. 
maintenance o r  repairs on o r  across 
State highway (i .  e. . highway relocation, 
addition of signals, change i n  drainage. 
ctc. ) 

R .  'New transmission and communication 
l ir~e crossing. 

Facilities that require construction, mainte- 
nance o r  repairs  on o r  across Department of 
Parks and Recreation lands. 

All new generating and t r~nsmiss ion  facilities. 

4 



and/or A greaments Needed For: 

6. State Department of Fieh and Game 1 
i 

Administrative review of require- All facilities requiring filing with the Envi- 
ments and procedures having po- j ronmental Protection Agency. 
tential impact ! 

7. Colorado River Commission 

A. Land Use Rights 

B. Water Contract 

8. , State Department of Industrial Re- 
lations - Division of Industrial 
Safetv 

A. Permi t  to Operate Equipment 
A-1. Boilers 
A-2. P r e s s u r e  Vessels 

I 

A-3. Elevators 

B. Miscellaneous lndustrtal 
Safety Permi ts  

C. CAL-OSHA Permit  

D. CAL-OSHA Requirements 
(Adherence, Interpretation of 
and variances) 

9. California Energy Resources Con- i 
! servation and Development Com- , I 

mission 

All facilities that a r e  on o r  a c g s s  Colorado 
River Commission lands o r  extract water 
from the Colorado River which is  under the 
Commission's jurisdiction. 

A. All facilities with certain types of equip- 
& ment such a s  boilers, pressure vessels, 
B. etc. 

C. Construction of trenches o r  excavatbns 
5 feet o r  deeper where personnel have to 
descend. Construction o r  demolition of 
any bullding, structure, falsework o r  
scaffolding more than 3 s tor ies  -high o r  
the equivalent. 

D. Adherence required for all  facilities, 
subject to spot checks at any time and in- 
spection and o r  review in case of fatality 
o r  complaint. 

A. Notice of Intent i All power plant s i tes  and thermal generation 
I faci1itie.s with a capacity of 50 MW o r  more 

B. Site and Facility. Certification I and related transmission lines. 



~gency /~u thor iza t ions -  
and/or Agreements Needed For: 

10. statelcounty Pollution Control 
Financinrr 

Review 

11. American Society of Mechanical 
Engineers 

Some Pollution Control Facilities qualify for 
special tax treatment 

I 

Owners Certificate of Authoriza- i All nuclear facilities. Required prior to the 
tion (Renewable every 3 years) I ins tallation of nuclear components . (ASME 

1 

I Boiler & Pressure  Vessel Codes, Section 1II.) 
I 
1 

12. State Department of Motor Vehicles 1 

Registration of new vehicles & an- ! 
nual acquisition of license tabs :I  

1 
(Project vehicles assigned or  owned):: 

? 
I 

13. Air ~ e s o u r d e s  Board 1 
'i 
1 

14,. Regional Planning Organizations i 
I 

Comprehensive Planning Organiza- i 
tion, 'southern California Association I 

I 
of Governments (San Bernardino, j 
Riverside and' Imperial Counties) i 

i 
! ' 

LOCAL AGENCIES i 
-i 

1. Regional Water Quality Control ~ o a r d  
1 
i 

A ,  Industrial Waste Uisch'arges 1 

Permit (NP'DES) . 1 

All projects with vehicles assigned to o r  
owned by the project. (~ncludes registration, 
tracting, sales, trade-ins, etc.) . 

Review of regional decisions appealed 
, 

Consultations on a i r  and water quality and 
transportation planning 

A .  All ~ a l i f o r n i a  faci1iti.e~ with a waste 
water discharge requirement. 

B. Minor Discharge i B. All facilities with a discharge'of less 
. ! 
i than 50, 000 gallons/day 
1 
! 

2. County Air Pollution Control Dis- 1 
t r ict  I : 

i 

A.  Authority to Construct Facilities with equi,pment that can emit a i r  

B. Permit to Operate 
i pollutants to the atmosphere. 
I 



Agency/~uthorizat ions 
and/or Agreements Needed For:  

County Flood Control District 

A .  Permi t s  for Crossings.  

B. Easements  for Crossings 

C. Discharge Pe rmi t  

City o r  County ~ e ~ a r t m e n t  of 
Health - Sanitation District  

Sanitation Approval 

c 

City o r  County Department of Health 

Well Pe rmi t  ( co re  and exploratory 
dril l ing and cathodic protection 
wells) 

County Water Pollution Department 

Waste Discharge Rev.iew 

City o r  County Department of 
Building and Safety 

A .  Grading Permi t  

B. Miscellaneous Building P e r -  
mits  (foundations, , building, 

. tanks,  etc.  ) 

i 
i 

A. & B. All facil i t ies on o r  c ross ing  County 
1 

I 
Flood Control Distr ic t  land. 

I 
C.  All industrial waste discharges into 

i ; County Flood Control channels and/or 
! 
i s torm drains .  

Any construction involving sanitation facili- 
4 t i e s  
I 
! .I 
i 
! 

Required for new construction, . reconstruc- - .  

4 tion, ienovation, and destruction of all water  I 
j wells. Also required for all  exploratory 
1 dril1ir.g in a r e a s  of potable water wells. 
'i 
I , 
! 
'i 
/ Faci l i t ies  with minor  waste water discharges 
I i that could affect ground o r  surface ,water. , 

i 1970 Uniform Building Code, Chapter  3, Sec- 
.i tion 301 (a )  "Permits  Required. No person, ' 

/ f i rm,  o r  corporation shall  e rec t ,  construct,  
I enlarge, a l te r ,  repa i r ,  move, improve, re- 
.! move, convert ,  o r  demolish any building o r  
! s t ruc tu re  in the city, o r  cause the s a m e  to  be  
I 
! done, without f i r s t  obtaining a separate  build- 
! ing permit  for  each such building o r  s t ruc ture  

f rom the Building Office. " All a r e a s .  1 
i 

8. City o r  County - .I 
! 

A. Planning Commission 1 
i 

1. ~ o n i n g / ~ e n e r a l  Plan All P ro j ec t s  
Compliance i 

i 



and/or Agreements Needed For:  

! 
2.  Prel iminary Environmen- All Pro jec t s  i 

tal Assessment  Question- I , 
naire  i t 

3 .  Conditional Use Pe rmi t s ,  f All facilities and a r e a s  should be reviewed. 
Variances. Zone Changes, i 

i 
etc. i 

B. Board of Supervisors  o r  City 1 i 
Council j -- I 

Zone changes  and appeals from Zone changes and appeals f r o m  Planning 1 
the  Planning Commission deci- 1 Commission decisions I sions 

f 
C.  Court  Appeals 

AppealE: Prom the Board of 
Supervisors  o r  City Council 
decisions 

' 
Zur~t: cl~aiigse and appeals from Board of 1 Supervisors  or City Council decision ,I 

! ,  
! 

9. City o r  County F i r e  Department i i 
! 

F i r e  Protection Review and Approval Whenever a Building Pe rmi t  is  required. In 1 addition, the F i r e  Dept. reviews fuel s to rage  
1 and pipeline plans. 
! 

10. City o r  County Road Department i i 
A .  Overload Approvals .i A .  Faci l i t ies  requiring transportation of ex- 

,! cessive loads ove r  'city s t r ee t s  and/or 

1 county roads. 

B. Construction Pe rmi t  1 B. Faci l i t ies  requiring cons tn~ct ion  of new 
I 

, city s t r e e t s  and/or county roads.  

C. Excavation Pe rmi t  1 C. Faci l i t ies  requiring construction on and/ 
1 i o r  under city s t r e e t s  and/or county 
i 
' ! 

roads.  
! 
I 

11. City o r  County Agency j 
j 

Easement  Franchise  for Pipelines All facil i t ies where use  of dedicated R/W i s  
and Transmission Lines within o r  f invofved. 
adjacent to city s t r ee t s  and/or . 

county roads.  



and/or Agreements 

12. City o r  County Agency 

Position Statement required by 
PUC Cen. Orde r  131 

Needed For :  

All transmission lines in excess  of 200kv 




