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F u t u r e  Energy R e s o u r c e s *  

Wolf 1 1 a f e l e  

D u r i n g  t h e  l a s t  few y e a r s  t h e r e  have  been  a u i t e  a  number 

o f  s t u d i e s  on t h e  e n e r g y  p rob lem.  I n  r e s p e c t  t o  t h e  US I would 

l i k e  t o  m e n t i o n  h e r e  t h e  r e p o r t  o f  t h e  MIT p o l i c y  s t u d y  g r o u p  

[l], t h e  s t u d y  o f  t h e  F o r d  F o u n d a t i o n  [2], t h e  USAEC R e p o r t  

on t h e  N a t i o n ' s  Energy  F u t u r e  [ll], and  t h e  s t u d y  o f  t h e  

N a t i o n a l  Academy o f  E n g i n e e r i n p  [12]. The m a j o r  t h r u s t  o f  

t h e s e  s t u d i e s  i s  on t h e  n e a r  t e r m  a s p e c t  o f  t h e  e n e r g y  p r o b l e m ,  

which i n  f a c t  i s  f u e l  s u p p l y  o r i e n t e d .  With o n l y  a  few y e a r s '  

d e l a y  t h e  n e a r  t e r m  e n e r p y  p rob lem w i l l  b e  e q u a l l y  o r i e n t e d  

t o w a r d  t h e  p rob lem o f  c a p i t a l  I n v e s t m e n t s .  

The p u r p o s e  o f  t h i s  p a p e r  i s  t o  l o o k  i n t o  t h e  medium a n d  

l o n g  r a n g e  f u t u r e  o f  t h e  r e s o u r c e  p rob lem and  t h e  r e l a t e d  R & D  

q u e s t i o n s .  I n  o r d e r  t o  do t h i s  i t  w i l l  b e  h e l p f u l  t o  have  a  

q u i c k  l o o k  a t  t h e  f o s s i l  r e s o u r c e s .  T h i s  i s  a  b i g  p rob lem i n  

i t s e l f .  C a r e f u l  d i s t i n c t i o n s  be tween  u l t i m a t e  r e s o u r c e s ,  r e -  

c o v e r a b l e  r e s o u r c e s  and r e s e r v e s  h a v e  t o  b e  made. Members o f  t h e  

US G e o l o g i c a l  S u r v e y  s u c h  a s  V.E. McKelvey and  D . C .  Duncan [lo] 

o r  M . K .  H u b b e r t  [9] h a v e  t o  m e n t i o n e d  h e r e .  To h a v e  a n  

" I n v i t e d  p a p e r  s u b m i t t e d  t o  t h e  World Power C o n f e r e n c e ,  
D e t r o i t ,  S e p t e m b e r  1974 .  



o r d e r  o f  m a g n i t u d e  o r i e n t a t i o n  and  f o r  t h e  p u r p o s e  of  t h i s  

p r e s e n t a t i o n  I r e f e r  o n l y  t o  t h e  d a t a  o f  M.K.Hubbert. F i g u r e  

1 r e p o r t s  on h i s  d a t a  on a  w o r l d  b a s i s .  The r e s o u r c e s  were  

d i v i d e d  by t h e  1970  w o r l d  a n n u a l  c o n s u m p t i o n  r a t e  ( 1 / 4  & / y e a r ,  

1Q 5 ~ o ~ ~ B T u ) .  T h e r e  i s  much f o s s i l  f u e l ,  i f  t h e  t o t a l  amount ,  

a g g r e g a t e d  f o r  t h e  w o r l d  a s  a  whole ,  i s  b e i n g  c o n s i d e r e d .  The 

e v o l u t i o n  of t h e  w o r l d ' s  e n e r g y  demand i s  shown i n  F i g u r e  2 .  The 

g r o w t h  r a t e  o f  i n d u s t r i a l i z e d  n a t i o n s ,  t h e  deve lopment  o f  

d e v e l o p i n g  n a t i o n s  a n d ,  above  a l l ,  t h e  p o p u l a t i o n  g rowth  w i l l  

l e a d  t o  a n  i n c r e a s e  by a t  l e a s t  a  f a c t o r  o f  5 t o  1 2  i n  t h e  

medium d i s t a n t  f u t u r e .  F i g u r e  3 i n d i c a t e s  t h e  t i m e  p e r i o d s  f o r  

f o s s i l  e l lergy r e s o u r c e s  t o  l a s t  i f  t h i s  i n c r e a s e d  demand i s  

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

now l o o k  u n c o m f o r t a b l y  low. One h a s  t o  r e a l i z e  t h a t  on a  more 

r e g i o n a l  b a s i s  t h e  o u t l o o k  i s  much more g r i m .  T h i s  i s  t r u e  f o r  

Europe  [ 4 ]  and  e v e n  more s o  f o r  J a p a n .  F u r t h e r m o r e ,  t h e  m a j o r  

component o f  t h e  f o s s i l  r e s e r v e s  i s  c o a l  a n d ,  a s  h a s  become 

more a p p a r e n t  r e c e n t l y ,  s h a l e  o i l  a s  w e l l .  A l l  t h i s  s t r e s s e s  

t h e  need  f o r  f u r t h e r  d i s c o v e r i e s  o f  r e s e r v e s  and t h e  improve-  

ment o f  r e l a t e d  methods .  

N e v e r t h e l e ~ s ~ t h e r e  a p p e a r s  t o  b e  a n  o p t i o n  t o  go f o r  a n  

a l l  c o a l  o r  s h a l e  o i l  e n e r g y  economy i n  c e r t a i n  w e l l  endowed p a r t s  

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

F o r  t h e  w o r l d  a s  a  whole  i t  i s  i m p o r t a n t  t o  r e a l i z e  t h a t  

t h e r e  i s  more t h a n  one o p t i o n  f o r  t h e  p r a c t i c a l l y  u n l i m i t e d  s u p p l y  

o f  p r i m a r y  e n e r g y  i n  t h e  l o n ~  r u n .  I n  F i g u r e  4 t h e s e  o p t i o n s  a r e  

i d e n t i f i e d .  F i s s i o n  by b r e e d i n g  and  f u s i o n  by b r e e d i n g  (D-T 

r e a c t i o n )  h a v e  t h e  same o r d e r  o f  m a g n i t u d e  o f  f u e l  r e s e r v e s .  



C o n t r a r y  t o  a  w i d e s p r e a d  b e l i e f  f u s i o n  d o e s  n o t  h a v e  much v a s t e r  

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

The s u p p l y  o f  s o l a r  power i s  p r a c t i c a l l y  u n l i m i t e d  i n  

t e r m s  o f  r e s o u r c e s ,  w h i l e  t h e  s u p p l y  coming f rom h o t  r o c k s  i n  

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

I would l i k e  t o  make a  s t r o n g  p o i n t  by s a y i n g  t h a t  t h e  

c r i t e r i o n  f o r  making a  c h o i c e  be tween  t h e s e  o p t i o n s ,  o r  a  

c h o i c e  f o r  a  p r o p e r  c o m b i n a t i o n  o f  t h e s e  o p t i o n s ,  w i l l  t h e r e -  

f o r e  n o t  b e  r e s o u r c e  o r i e n t e d .  I n s t e a d ,  i t  w i l l  b e  t h e  con-  

s t r a i n t s  f o r  t h e  s a f e  h a n d l i n g  o f  l a r g e  amounts  o f  e n e r g y .  

I n  o t h e r  words  i t  w i l l  b e  t h e  s i d e  e f f e c t s  o f  t h e s e  o p t i o n s  

t h a t  w i l l  l e a d  t o  a n  a d e q u a t e  c h o i c e .  T h e r e  t h e  i n t e r -  

a c t i o n  o f  e n e r g y  w i t h  t h e  h y d r o s p h e r e  a n d  t h e  a t m o s p h e r e  h a s  

t o  b e  c o n s i d e r e d .  B e s i d e s  c o n v e r s i o n  l o s s e s ,  a l l  e n e r g y  

a f t e r  d e g r a d a t i o n  i s  g i v e n  a s  h e a t  t o  t h e  a t m o s p h e r e .  It i s  

i m p o r t a n t  t o  r e a l i z e  t h a t  i t  i s  a t  l e a s t  t o  a  g r e a t  e x t e n t  

t h e  m o i s t u r e  i n  t h e  a t m o s p h e r e  and  i t s  v a p o r i z a t i o n  t h a t  

f u n c t i o n s  a s  t h e  h e a t  s i n k .  Atmosphere  and  h y d r o s p h e r e  a r e  

t h e r e f o r e  i n  t h e  same p e r s p e c t i v e .  The c o o l i n g  w a t e r  r e q u i r e -  

men t s  f o r  w a s t e  h e a t  upon c o n v e r s i o n  a r e  a l r e a d y  a n  e v e r  

i n c r e a s i n g  c o n c e r n .  A S  t h e  w a t e r  i n  t h e  r u n  o f f s  comes f rom 

t h e  r a i n  a n a  r a i n f a l l  i s  a  d e n s i t y ,  t h i s  l e a d s  t o  n a t u r a l  

l i m i t s  f o r  t h e  d e n s i t i e s  o f  w a s t e  h e a t  dumping.  The i m p l i c a -  

t i o n s  o f  t h e  e n e r g y  b a l a n c e  f o r  t h e  a t m o s p h e r e  and t h e  h y d r o -  

s p h e r e  p r o b a b l y  e s t a b l i s h  a n  u p p e r  l i m i t  f o r  t h e  a d e q u a t e  

h a n d l i n g  o f  e n e r g y ,  o r  p o s s i b l y  b e t t e r ,  f o r  t h e  embedding o f  

t h e  f l o w  o f  e n e r g y  f rom i t s  o r i g i n  t h r o u g h  t h e  h y d r o s p h e r e  and  t h e  



atmosphere. A certain amount of pollution, radioactive or 

chemical, always goes along with this embedding of the flow 

of energy. It is mainly the ecosphere that is affected by 

embedding. So besides the hydro- and the atmosphere the eco- 

sphere also has to be mentioned in this context. However, the 

domain that should be called sociosphere must also be 

considered. Here, the problems of establishing standards, 

benefit/cost/risks ratios, public acceptance, risk evaluation 

and reliability control are focused on. It becomes painfully 

clear that the driving forces for technological developments 

are no longer engineering or economical considerations, but 

the very soft aspects I mentioned above. 

As already indicated, the problem of embedding the energy 

flow into the hydro-, the atmo-, the eco- and the sociosphere 

turns out to be the limiting constraint for making use of the 

otherwise unlimited resources of non-fossil primary energy. 

One should therefore consider the hydro-atmo-eco- and socio- 

sphere as a finite resource that will limit the production of 

energy. Much more must and can be said about it. In view of 

the very severe time limitations for this presentation I will 

refer only to recent publications in the July/August issue of 

the American Scientist [8] and the July issue of Minerva [TI. 

One concludes that the aspects of the energy problem 

change entirely. In the near term future it is the supply of 

fossil fuel that is operationally the constraint, in the long 

term future it will be the adequate embedding of the flow of 



energy that establishes the active constraints. It is obvious 

that the transition between these two aspects is extremely 

interesting and challenging for the analyst. Figure 5 there- 

fore identifies three time phases of the energy problem. 

In the remainder of my talk I will concentrate on the 

question of R&D priorities in view of the transition and 

asymptotic phases of the energy problem. 

Having put emphasis on the transition phase the most 

obvious question is that of timing. A sequence of systems 

analysis studies is under way at the International Institute 

for Applied Systems Analysis in Austria and elsewhere to 

identify possible strategies for such transitions. The first 

of these studies, completed recently, considers strate- 

gies for the transition from fossil to nuclear fuels r6] ; 

a study on the transition from fossil fuels to solar power 

is under way. Again, in view of the time limitations this 

is all I can mention here. 

Besides looking at the various causal relationships, it 

is also striking to view markets and societies from a more 

phenomenological point of view. Some time ago F.C. Fisher 

and R.H.Pry of General Electric, Schenectady presented a simple 

substitution model of technological changes [3]. The logistic 

curve that is shown in Figure 6 fits with astounding pre- 

cision empirical data for market penetration such as synthetic 

fiber, plastics, organic insecticides etc. They considered 

17 such examples altogether. In the energy group of the Inter- 

national Institute for Applied Systems Analysis, Marchetti 

applied this model to fuel substitutions in the US market 



d u r i n g  t h e  l a s t  c e n t u r y .  

F i g u r e  7 shows t h e  r e s u l t s .  The r a t i o  o f  p e n e t r a t e d  t o  

n o n - p e n e t r a t e d  marke t  s h a r e s  f o r  e a c h  p r i m a r y  f u e l  i s  p l o t t e d .  

U n t i l  1972  t h e  s t a t i s t i c a l  d a t a  f i t  t h e  c u r v e s  p e r f c ? c t l y ;  

beyond t h a t  d a t e  c u r v e s  a r e  e x t r a p o l a t e d  a s s u m i n g  t h a t  t h e s e  

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

was wood. It was s u b s t i t u t e d  by t h e  a d v e n t  o f  c o a l .  P l e a s e  

r e a l i z e  t h a t  t h e s e  c o n s i d e r a t i o n s  a r e  p h e n o m e n o l o g i c a l .  It  

may b e  i n t e r e s t i n g  t o  c o n s i d e r  t h e  c a u s a l  f o r c e s  f o r  t h i s  s u b -  

s t i t u t i o n .  One may t h i n k  o f  l i m i t e d  r e s o u r c e s  of  wood and t h e  

g r e a t e r  c o n v e n i e n c e  o f  c o a l  and  o t h e r s .  But t h i s  i s  n o t  ex-  

p l i c i t  i n  t h e  model .  I n  t h e  e a r l y  p a r t s .  o f  t h i s  c e n t u r y  o i l  

began  t o  p e n e t r a t e  t h e  marke t  a n d  t o  r e p l a c e  c o a l .  It h a s  

now r e a c h e d  i t s  maximum and i s  b e i n g  r e p l a c e d  by g a s .  I t  

s h o u l d  b e  n o t e d  t h a t  t h e  a n n u a l  r a t e s  o f  p e n e t r a t i o n  a r e  

much t h e  same f o r  t h e  a s c e n d i n g  and  t h e  d e s c e n d i n g  b r a n c h e s  

o f  t h e  p e n e t r a t i o n  c u r v e s ,  and  a l s o  v e r y  s i m i l a r  among t h e  

v a r i o u s  f u e l s .  It s t iou ld  f u r t h e r  b e  n o t e d  t h a t  c o a l  i s  r e p l a c e d  

i n  s p i t e  o f  i t s  l a r g e  r e s o u r c e s .  The c a u s e  f o r  t h i s  must b e  

s o u g h t  i n  t h e  c o n v e n i e n c e  o f  u s e s ,  t h a t  i s ,  t h e  f e a t u r e s  o f  

t h e  m a r k e t .  Gas w i l l  b e  r e p l a c e d  i f  a n o t h e r  f u e l  s t a r t s  t o  

p e n e t r a t e  t h e  m a r k e t .  

F i g u r e  8 now e x t e n d s  t h e  model by a l l o w i n g  f c r  t h e  a d -  

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

o f  t h e  r e p l a c e m e n t  o f  g a s .  I f  t h e r e  i s  o n l y  n u c l e a r  f i s s i o n ,  

i t  i s  t h i s  f u e l  t h a t  h a s  t o  t a k e  o v e r  t h e  m a r k e t  and i t s  con- 

s u m p t i o n  w i l l  a c c o r d i n g l y  i n c r e a s e .  



L e t  us  s t e p  back  f o r  a  m i n u t e .  I t  seems t h a t  t h e  view p r e -  

v a i l s  i n  many c i r c l e s  t h a t  t h e  p r i o r i t i e s  o f R & D  t h a t  f o c u s  

o n  t h e  medium and l o n g  r a n g e  a s p e c t s  o f  t h e  e n e r g y  p r o b l e m  

s h o u l d  c o n c e n t r a t e  o n  new r e s o u r c e s ,  s a y ,  s o l a r  o r  f u s i o n ,  and 

t h a t  t h i s  must  have  f i r s t  p r i o r i t y . 1  do n o t  t h i n k  s o .  A l s o ,  

t h e r e  i s  much c o n c e r n  a b o u t  w h e t h e r  t h e  i n d u s t r i a l i z e d  s o c i e t i e s  

s h a l l  g o  i n t o  t h e  l a r g e  s c a l e  deve lopment  o f  n u c l e a r  f i s s i o n  

power w h i l e  o t h e r  e n e r g y  s o u r c e s  a r e  i n  t h e  o f f i n p .  I f e e l  

t h a t  i n  e i t h e r  c a s e  t h e  p r o b l e m  o f  t i m i n g  and  p e n e t r a t i n g  mar- 

k e t s  i s  b e i n g  u n d e r e s t i m a t e d .  

L e t  u s  t h e r e f o r e  assume t h a t  by t h e  y e a r  2000 t h e  new 

f u e l  s o l f u s  w i l l  b e g i n  t o  p e n e t r a t e  t h e  m a r k e t ,  i . e .  i t  m e e t s  

1% o f  t h e  t o t a l  p r i m a r y  e n e r g y  demand. It  may b e  any  new 

i n g e n i o u s  k i n d  o f  f u e l .  A c t u a l l y ,  s o l f u s  r e f e r s  t o  e i t h e r  

s o l a r  o r  f u s i o n .  I n  F i g u r e  9 t h e  marke t  p e n e t r a t i o n  o f  s o l f u s  - - 

i s  t a k e n  i n t o  a c c o u n t ;  i t  e x p e l s  n u c l e a r .  F i g u r e  1 0  now 

s u m a r i z e s  t h e  e n e r g y  consumpt ion  f o r  t h e  v a r i o u s  f u e l s  t h a t  

we h a v e  c o n s i d e r e d  h e r e  i n  a b s o l u t e  t e r m s ,  u s i n g  t h e  Q u n i t  

and w i t h  t h e  v e r y  modest  t h o u g h  n o t  u n r e a l i s t i c  a s s u m p t i o n  o f  2% 

a n n u a l  i n c r e a s e  i n  e n e r g y  c o n s u m p t i o n .  The p o i n t  h e r e  i s  t h a t  

s o m e t h i n g  i n  t h e  o r d e r  o f  504 i s  h a n d l e d  i n  t h e  c a s e  o f  n u c l e a r  

f i s s i o n ,  e v e n  i n  t h e  c a s e  o f  t h e  a r r i v a l  o f  s o l f u s .  It  s h o u l d  

be  r e a l i z e d  t h a t  p r o c e s s i n g  50Q o f  n u c l e a r  e n e r g y  by f a r  e x -  

c e e d s  t h e  amount o f  e n e r g y  t h a t  i s  h a n d l e d  by t h e  o i l  i n d u s t r y  

i n  t h e  US. I would l i k e  t o  p o i n t  o u t  t h a t  t h e s e  a r e  e a r l y  r e -  

s u l t s ,  and a l s o  t h e  i n t e r p r e t a t i o n  o f  t h e  GE model r e q u i r e s  

more work.  One c a n  o f  c o u r s e  a l s o  p l a y  w i t h  t h e  f i g u r e s ,  b u t  

t h e  q u a l i t a t i v e  f e a t u r e s  r e m a i n .  



The a n a l y s i s  made a t  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  

S y s t e m s  A n a l y s i s  t o  i d e n t i f y  s t r a t e g i e s  f o r  t h e  t r a n s i t i o n  

f r o m  f o s s i l  t o  n u c l e a r  f u e l s  [6] a l s o  i d e n t i f i e s  t h e  i n c o m i n g  

o f  c o s t  b e n e f i t s  d u r i n g  t h e  f o r t h c o m i n g  d e c a d e s .  A t  a  1 0 %  

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

t h e  c o s t  b e n e f i t s  t o  b e  e x p e c t e d  a r e  i n  by 2020 o r  s o ,  wh ich  

comes b e f o r e  any  s i z e a b l e  m a r k e t  p e n e t r a t i o n  o f  s o l f u s  ( F i g . 1 1 ) .  

I would t h e r e f o r e  l i k e  t o  c o n c l u d e  t h a t  R & D  o n  s o l f u s  

i s  i n d e e d  a  r e q u i r e m e n t ,  b u t  c o n t r a r y  t o  a  w i d e s p r e a d  b e l i e f  

I d o  n o t  t h i n k  t h a t  i t  s h o u l d  h a v e  f i r s t  p r i o r i t y .  

T h e r e  i s  o n e  c a v e a t  however  a n d  t h a t  r e f e r s  t o  c o a l .  I n  

t e r m s  o f  a  p u r e  r e s o u r c e s  c o n s i d e r a t i o n  i n  c e r t a i n  p a r t s  o f  t h e  

w o r l d ,  a n  a l l - c o a l  s o c i e t y  i s  c o n c e p t u a l l y  p o s s i b l e  f o r  a  l o n g  

t i m e  t o  come. T h i s  i s  v e r y  much t h e  c a s e  f o r  t h e  U S  and t o  a  

much l e s s e r  e x t e n t  f o r  Germany a n d  a  few o t h e r  c o u n t r i e s ,  b u t  

i t  i s  n o t  c l e a r  w h e t h e r  t h i s  i s  f e a s i b l e  i n  t e r m s  o f  h a n d l i n g  

t h e s e  l a r g e  amoun t s  o f  c o a l ,  n o r  w h e t h e r  t h e  s o c i o - e c o n o m i c  

s t r u c t u r e s  a n d  thlus t h e  m a r k e t  c a n  b e  made t o  a c c e p t  t h i s .  

F u r t h e r m o r e ,  a s  we p r o g r e s s  i n t o  t h e  f u t u r e  we h a v e  t o  w a i t  

and  s e e  w h e t h e r  t h e  l a r g e  s c a l e  u s e s  o f  c o a l  i n  t h e  c o u n t r i e s  

w i t h  l a r g e  r e s o u r c e s  c a n  b e  i m p l e m e n t e d ,  when i n  t h e  m a j o r i t y  

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

L e t  me come t o  t h e  l a s t  p o i n t .  I d o  t h i n k  t h a t  a modern 

and  w i s e  d e p l o y m e n t  o f  t h e  l a r g e  e n e r g y  f a c i l i t i e s  t h a t  t h e  

R&D i s  meant  f o r ,  and t h a t  a r e  t o  b e  e x p e c t e d ,  s h o u l d  k e e p  

o p t i o n s  o p e n .  O p t i o n s  mean f u s i o n ,  s o l a r ,  ~ e o t h e r m a l  o r  e v e n  

s o u r c e s  t h a t  a r e  n o t  a n t i c i p a t e d  y e t .  T h i s  c a n ,  t o  a  l a r g e  

e x t e n t ,  b e  d o n e  i f  a  d e c o u p l i n g  o f  p r i m a r y  a n d  s e c o n d a r y  e n e r g y  



t a k e s  p l a c e  [ 4 ] .  F i g u r e  12  t r i e s  t o  i l l u s t r a t e  t h i s .  R e s i d e s  

e l e c t r i c i t y ,  a  s y n t h e t i c  h y d r o c a r b o n  s u c h  a s  n e t h a n e  o r  m e t h a n o l  

o r ,  e v e n  b e t t e r ,  h y d r o g e n  s h o u l d  be  t h e  i n t e r f a c e  be tween  e n e r g y  

c o n s u m p t i o n  and t h e  p r o v i s i o n  o f  e n e r g y .  L i q u i d s  and g a s e s  would 

a l l o w  f o r  c o m p a r a t i v e l y  e a s y  t r a n s p o r t a t i o n .  T h i s  would p e r m i t  

f o r  i n s t a n c e  t h e  a g g r e g a t i o n  o f  t h e  p r o d u c t i o n  o f  n u c l e a r  power 

i n  l a r g e  p r i m a r y  e n e r g y  p a r k s  and would t h e r e b y  e a s e  t h e  p a i n -  

f u l  p rob lem o f  s i t i n g  l a r g e  power f a c i l i t i e s .  More i m p o r t a n t ,  

t h e  i n f r a s t r u c t u r e  and t h e  l a n d  u s e s  o f  modern s o c i e t i e s  would 

r e m a i n  u n i n f l u e n c e d  by t h e  c h o i c e  o f  p r i m a r y  f u e l s .  No l o n g e r  

would p r i m a r y  e n e r g y  be p roduced  where  t h e  c o n s u m p t i o n  i s .  A 

s u p e r g r i d  o f  e l e c t r i c a l  and p i p e - l i n e s  would be  f e d  a t  a  few 

p o i n t s  o n l y .  If  a p p r o p r i a t e ,  i n  t h e  n o r e  d i s t a n t  f u t u r e  any 

k i n d  o f  p r i m a r y  e n e r g y ,  be  i t  n u c l e a r  o f  s o l f u s ,  c a n  be  made t o  

f e e d  t h e  s u p e r g r i d  w i t h o u t  d r a s t i c  a d j u s t m e n t  w i t h i n  t h e  i n f r a -  

s t r u c t u r e s  o f  modern s o c i e t i e s .  

I t  i s  t h e n  a l o n g  t h e s e  l i n e s  t h a t  R & D  o n  s o l f u s  i s  

r e q u i r e d .  I f  s o l a r  power i s  u s e d  on a  t r u l y  l a r g e  s c a l e  and 

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

becomes a  key component o f  a  modern s e c o n d a r y  e n e r g y  s y s t e m .  

Hydrogen may be a  v e r y  good a p p r o a c h  t o  t h a t .  E n e r ~ y  s t o r a g e  

by e l e c t r o l y t i c a l l y  p roduced  hydrogen  c o u l d  p e r h a p s  be  

g r a d u a l l y  u s e d  t o  r e p l a c e  pump s t o r a g e  and c o u l d  h e l p  t o  

i n t r o d u c e  a  hydrogen  economy i n  a  c a u t i o u s  f a s h i o n .  

A t t e n t i o n  s h o u l d  b e  drawn t o  t h e  f a c t  t h a t  up t o  now 

n u c l e a r  e n e r g y  h a s  been  more o r  l e s s  e x c l u s i v e l y  d e v e l o p e d  

f o r  e l e c t r i c i t y  a s  a s e c o n d a r y  f u e l .  S i n c e  F e b r u a r y  27 ,  1 9 7 4 ,  

t h e  AVR r e a c t o r  o f  S c h u l t e n  o f  t h e  N u c l e a r  R e s e a r c h  C e n t e r  o f  



J i l i c h  i n  Germany h a s  o p e r a t e d  a t  9 5 0 ' ~  o u t l e t  t e m p e r a t u r e .  

T h i s  a l l o w s ,  among o t h e r  a p p l i c a t i o n s ,  t h e  c o n s i d e r a t i o n  o f  

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

methane i n  t h e  p r e s e n c e  o f  w a t e r ,  f o l l o w e d  by t h e  t r a n s p o r t a t i o n  

o f  t h e s e  g a s e s  t o  a  c h e m i c a l  r e a c t o r  f o r  r e c o m b i n a t i o n ,  t h a t  is, 

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

h e a t  o v e r  medium d i s t a n c e s .  I am p a r t i c u l a r l y  r e f e r r i n g  t o  

t h e  EVA&ADAM scheme o f  methane s ~ l i t t i n g  t h a t  i s  now p u r s u e d  

a t  J i i l i c h .  

L e t  me come t o  t h e  c o n c l u s i o n .  P r i o r i t i e s  f o r  RhD t h a t  

c e n t e r  on t h e  n e a r  t e r m  p h a s e  o f  t h e  e n e r g y  p r o b l e m  h a v e  b e e n  

c o n s i d e r e d  e l s e w h e r e  i n  g r e a t  d e t a i l .  I c a n  e s p e c i a l l y  a g r e e  

w i t h  t h e  v iews  t h a t  h a v e  b e e n  e x p r e s s e d  i n  t h e  r e p o r t  o f  t h e  

U S  N a t i o n a l  Academy o f  E n g i n e e r i n p  ( s e e  F i g u r e  1 3 ) .  Views o n  

p r i o r i t i e s  f o r  R k D  t h a t  c e n t e r  on t h e  medium and l o n g  r a n g e  

a s p e c t s  o f  t h e  e n e r g y  p rob lem a r e  e i v e n  i n  F i c u r e  1 4 .  The 

d a t a  o f  F i p u r e  1 2  a r e  r i v e n  i n  p e r c e n t a p e s  w i t h  t h e  assump- 

t i o n  t h a t  t h e  Rh9 budge t  i n  q u e s t i o n  i s  i n  t h e  b i l l i o n  d o l l a r  

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

s o u r c e  o r i e n t e d  RSD s h o u l d  n o t  e x c e e d  t h e  40% l e v e l .  A m a j o r  

component o f  t h a t  s h o u l d  go i n t o  t h e  p rob lems  o f  a  r e s p o n s i b l e ,  

e c o l o ~ i c a l l y  c o n s i s t e n t  dep loyment  o f  a  l a r g e  commerc ia l  nuc- 

l e a r  f u e l  c y c l e .  R a d i o a c t i v e  w a s t e  d i s p o s a l  i s  o n l y  one a s p e c t  

t h e r e .  I would l i k e  t o  s u b m i t  t h e  p r o b l e m  o f  n u c l e a r  p a r k s  

u n d e r  t h i s  h e a d i n g .  The LMFRH s h o u l d  b e  s i m i l a r l y  s t r o n g  i n  

t h e  b u d g e t ,  a s  i t  i s  t o d a y  t h e  o n l y  t e c h n i c a l l y  f e a s i b l e  s o u r c e  

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

F u s i o n  and  s o l a r  must b e  i n ,  s o l a r  more t h a n  (D-T) f u s i o n  



f rom which  i t  d i f f e r s  d r a s t i c a l l y ,  as f u s i o n  a l s o  a p p e a r s  t o  

be  p l a g u e d  by t h e  p r o b l e m s  o f  n e u t r o n  a c t i v a t i o n  [5]. I f e e l  

t h a t  t h i s  i s  n o t  s u f f i c i e n t l y  known. 

The second  p o i n t  o f  e m p h a s i s  i s  t h a t  R & D  on modern 

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

t o  k e e p i n g  a l l  c o n c e p t u a l l y  f e a s i b l e  o p t i o n s  open  and t o  

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

would d e c o u p l e  t h e  p r o b l e m s  o f  l a n d  u s e ,  p o l l u t i o n ,  c o o l i n g  

water, i m p a c t  o n  t h e  c l i m a t e  a n d  o t h e r  s y s t e m  p r o b l e m s  f r o m  

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

and  t h e r e b y  a c o n c e n t r a t i o n  o f  t h e  p r o d u c t i o n  o f  p r i m a r y  

e n e r g y  a t  a few f e e d i n g  p o i n t s .  

S y n t h e t i c  h y d r o c a r b o n s  and hydrogen  mus t  b e  b r o u g h t  i n  t o  

complement e l e c t r i c i t y  as a s e c o n d a r y  f u e l ,  a n d  e n e r g y  t r a n s p o r t  

a t i o n  and  s t o r a g e  w i l l  a l l o w  f o r  t h e  d e c o u p l i n ~ .  

The t h i r d  p o i n t  o f  e m p h a s i s  i s  t h e  need  f o r  R & D  t h a t  

c e n t e r s  a r o u n d  t h e  s y s t e m  prob lems  o f  embedding t h e  f l o w  o f  

e n e r g y  i n t o  t h e  h y d r o s p h e r e ,  t h e  a t m o s p h e r e ,  t h e  e c o s p h e r e  

and  t h e  s o c i o s p h e r e  as  o u t l i n e d  a b o v e .  I n  o t h e r  words ,  R & D  

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

p rob lem.  The 5 %  i n  F i g u r e  1 2  d o e s  n o t  r e f l e c t  t h e  i m p o r t a n c e  

o f  t h i s  t y p e  o f  R & D .  I t  r a t h e r  r e f l e c t s  t h e  f a c t  t h a t  t a c k l i n g  

t h e s e  s o f t  a s p e c t s  c a n n o t  a b s o r b  v e r y  l a r g e  amounts  o f  money. 

R e c a l l  t h a t  t h e  100% r e f e r s  t o  a b u d g e t  i n  t h e  b i l l l o n  d o l l a r  

r a n g e .  S y s t e m s  a n a l y s i s  i s  o n e  l i n e  o f  R & D ,  b u t  p r o p e r  

m o n i t o r i n g  s y s t e m s ,  s o c i o l o ~ i c a l  s u r v e y s ,  e x p l o r a t o r y  v e n t u r e s  



f o r  t h e  h y d r o s p h e r e  and  p a r t i c i p a t i o n  i n  g l o b a l  e x e r c i s e s  s u c h  a s  

GARP 77 G l o b a l  Atmospher ic  R e s e a r c h  Program o f  1977 [13] 

s h o u l d  b e  e n v i s a g e d .  

I n  p r e s e n t i n g  t h e s e  t h r e e  p o i n t s  o f  emphas i s  i t  must b e  

made c l e a r  t h a t  t h e  p e r c e n t a g e  o f  t h e  v a r i o u s  s u b - s e c t i o n s  

s h o u l d  n o t  b e  t a k e n  t o o  l i t e r a l l y .  T h e s e  f i g u r e s  a r e  meant 

t o  i l l u s t r a t e  a  q u a l i t a t i v e  p i c t u r e ;  t h e y  a r e  n o t  t h e  r e s u l t  

o f  a  q u a n t i t a t i v e  a n a l y s i s .  

So l e t  m e  f i n i s h  by s a y i n g  t h a t  t h e  e n v i r o n m e n t  we a r e  

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

l i m i t i n g  r e s o u r c e .  And redeem in^ t h e  t i m e  t h a t  i s  l e f t  t o  

u s  p o i n t s  t o  t h e  o t h e r  r e s o u r c e .  
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FIGURE 2 ,  

WORLD ENERGY DEMAND 

(in ~ = 1 0 ' *  BTU) 

1970 US: 

WORLD: 0.2 5 
, 

REASONS FOR INCREASING ENERGY 
DEMAND : 

GROWTH RATE OF INDUSTRIALIZED 

COUNTRIES 

DEVELOPMENT OF DEVELOPING NATIONS 

POPULATION INCREASE 
4 

LOW: 8.10' PEOPLF x 5 KW/ CAPITA = 1.2 Q/year 

~ 1 ~ ~ : 1 2 . 1 0 ~  PEOPLE x 8 KW/CAPITA = 3 Q/year 

FACTOR OF INCREASE: BETWEEN 5 AND 12 
COMPARED TO 1970 
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FIGURE 11. 

CUMULATIVE DISCOUNTED BENEFITS 
of thermochemical water splitting by using 
high temperature nuclear process heat. 

(10 @lo discount rate ) 
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F IGURE 12. 

MODERN SECONDARY FUELS 

, SYNTHETIC HYDROCARBONJ 
MODERN USES O F  COAL 

NUCLEAR PROCESS HEAT 

ENDOTHERMAL CHEMICAL PROCES- 
SES, ENERGY TRANSPORTATION BY 
GASES (R. Schulten: ADAM a. EVA, methane splitting) 

ENERGY TRANSPORTATION 

HYDROG* j ELECTROLYSISJ THERMO- 
CHEMICAL WATER SPLITTING 

ENERGY STORAGE, ELECTROLYSIS 



FIGURE 13. 

R and D PRIORITIES 
for the near and medium near phase 

SEE REPORT OF THE US NATIONAL 
ACADEMY OF ENGINEERING 

AN ENGINEERING 



FIGURE 1 4 .  

R 8 D PRIORITIES 
for the medium 8 long range phase 
(R $D total funds in the few billion dollar range=lOW0) 

DEPLOYMENT OF AN ECOLOGICAL 

CONSISTENT NUCLEAR FUEL CYCLE 1 3 '10 
• L M F B R  1 5 '10 ' • FUSION 4% 

' SOLAR i 6 '10 
1 OTHERS 2 % 

'B) MODERN -- - - SECONDARY - . FUELS+ 55.L 
SYNTHETIC HYDROCARBONS, MODERN 

USES OF COAL OR OIL SHALES 1 0 % 
I HIGH TEMPERATURE NUCLEAR 
i 

PROCESS HEAT 12 % 
I 

ENERGY TRANSPORTATION 
1 10 OIt? 
I ENERGY STORAGE 10% / HYDROGEN, ELECTROLYSIS 1 3 '10 

!C) SYSTEMS ANALYSIS: 
I 

I ECO, HYDRO, ATMO, SOCIOSPHERE 

+with the assurr~ption not to opt for an all coal economy . 
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