
When will Hydrogen Come?

Marchetti, C.

IIASA Working Paper

WP-82-123

November 1982 



Marchetti C (1982). When will Hydrogen Come? IIASA Working Paper. IIASA, Laxenburg, Austria: WP­82­123 Copyright 
© 1982 by the author(s). http://pure.iiasa.ac.at/id/eprint/1893/ 

Working Papers on work of the International Institute for Applied Systems Analysis receive only limited review. Views or 

opinions expressed herein do not necessarily represent those of the Institute, its National Member Organizations, or other 
organizations supporting the work. All rights reserved. Permission to make digital or hard copies of all or part of this work 

for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial 
advantage. All copies must bear this notice and the full citation on the first page. For other purposes, to republish, to post on 
servers or to redistribute to lists, permission must be sought by contacting repository@iiasa.ac.at 

mailto:repository@iiasa.ac.at


NCT FOR QUOTATION 
WITHOUT PERMISSION 
OF THE AUTHOR 

WHEN WILL HYDROGEN COME? 

C. Marche t t i  

November 1 9  8 2 
WP-82-123 

Working Papers  are i n t e r i m  r e p o r t s  on work of  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  Applied Systems Ana lys i s  
and have r e c e i v e d  on ly  l i m i t e d  review. V i e w s  o r  
o p i n i o n s  exp re s sed  h e r e i n  do n o t  n e c e s s a r i l y  r ep re -  
s e n t  t h o s e  of  t h e  I n s t i t u t e  o r  of  i t s  Na t iona l  Member 
O r g a n i z a t i o n s .  

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS 
A-2361 Laxenburg, A u s t r i a  



WHEN WILL HYDROGEN COME? 

The ques t ion  expressed i n  t h e  t i t l e  s t a r t e d  puzz l ing  me 

s i n c e  t h e  beginning of  my involvement wi th  hydrogen a s  an energy 

v e c t o r  a t  t h e  end o f  t h e  s i x t i e s .  I t  was a c t u a l l y  t h e  d r i v i n g  

f o r c e  f o r  me t o  e n t e r  i n t o  t h e  s tudy of  t h e  dynamics of  innova- 

t i o n  p roces ses ,  and o f  systems a n a l y s i s  i n  gene ra l .  

My f i r s t  a t t empt  was based on a  c l a s s i c a l  microscopic  

a n a l y s i s  of t h e  process .  Assuming t h e  wind blazrsin t h e  r i g h t  

d i r e c t i o n ,  it w i l l  t a k e  some t ime t o  accomplish each of t h e  

s t e p s  from concept ion t o  s a l e s .  Es t imat ing  t h e s e  t e c h n i c a l  t imes  

and summing them up g i v e s  an e a r l i e s t  d a t e  f o r  t h e  implementation 

of t h e  idea .  The advantage of fol lowing t h i s  scheme is t h a t  it 

i s  very a n a l y t i c a l ,  wi th  a l l  components and hypotheses c l e a r l y  

v i s i b l e .  The d i sadvantage  i s  t h a t  p r a c t i c a l l y  it i s  a  guess-  

work c o n s t r u c t i o n ,  q u i t e  u s e f u l  f o r  v i s u a l i z i n g  t h e  t h i n g s  t o  

do and t h e i r  l o g i c a l  o r d e r ,  b u t  o f  l i t t l e  he lp  f o r  f o r e c a s t i n g  

a  s o l i d  d a t e .  

The f l u f f y  q u a l i t y  of t h e  ope ra t ion  l e d  me t o  exp lo re  t h e  

p o s s i b i l i t y  of  something harder  even i f  l e s s  e x p l i c i t ,  s o  t h a t  

t h e  mechanisms a r e  n o t  v i s i b l e .  An example of t h i s  procedure  

is  thermodynamics, a s  opposed t o  i t s  a n a l y t i c a l  c o u n t e r p a r t ,  



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

from t h e  e lementary  p roces se s .  

The approach was very  s u c c e s s f u l  when a p p l i e d  t o  t h e  

dynamics o f  energy ~ a r k e t s ,  a  work done under t h e  a u s p i c e s  of 

t h e  Volkswagen Foundation i n  t h e  middle s e v e n t i e s  [ I ] .  A system 

of two parameter  e q u a t i o n s  cou ld  d e s c r i b e  t h e  e v o l u t i o n  o f  t h e  

s t r u c t u r e  of  a l l  k ind  of  energy marke t s ,  f o r  p e r i o d s  c f  t ime 

up t o  one hundred y e a r s ,  and w i th  t h e  utmost p r e c i s i o n .  

The background h e u r i s t i c  d r i v e  was t h a t  complex systems 

depending on numerous v a r i a b l e s  t end  t o  evo lve  a long  mini-max 

t r a c k s ,  y i e l d i n g  some s o r t  o f  b e h a v i o r a l  laws.  I n  t h e  s ?ecFf i c  

ca se  it was assumed t h a t  t h e  market was a  f i g h t i n g  a r e n a ,  s o  

t h e  e q u a t i o n s  f o r  e c o l o g i c a l  compe t i t i on  were t e s t e d  f i r s t ,  

and a s  s a i d  b e f o r e ,  t h e y  worked remarkably w e l l .  

The ca se  o f  compe t i t i on  between pr imary ezergy  sou rce s  

is  r e p o r t e d  i n  t h e  we l l -pub l i c i zed  F ig .  1. Market s h a r e s  a r e  

t h e r e  p l o t t e d  v s  t ime f o r  t h e  b a s i c  primary e n e r g i e s ,  wood, 

o i l ,  g a s ,  and n u c l e a r .  The cu t -o f f  l e v e l  i s  1 %  market s h a r e ,  

and t h i s  i s  why h y d r a u l i c  o r  wind energy a r e  n o t  inc luded  i n  

t h i s  world ca se .  

Competi t ion can be s t u d i e d  a t  v a r i o u s  l e v e l s .  A s  F ig .  1 

r e p o r t s  t h e  p r i m a r i e s  f o r  t h e  world ,  F ig .  2 looks  a t  how d i f f e r -  

e n t  f u e l s  c o n t r i b u t e  t o  t h e  p roduc t ion  o f  e l e c t r i c a l  energy i n  

Wcstern Germany. Th i s  means t h e  a n a l y s i s  i n  f a c t  can be zoomed 

i n t o  s e c t o r i a l  compar tmenta l i za t ions  wi th  s t i l l  e x c e l l e n t  r e s u l t s .  

About t h r e e  hundred c a s e  h i s t o r i e s  were analyzed t h i s  way. 

Hydrogen is an i n t e r m e d i a t e  form o f  energy ,  an  energy v e c t o r ,  

and t h i s  methodology cou ld  h e l p  t o  f i n d  something about  i t s  



p e n e t r a t i o n .  The r a t e s ,  e . g . ,  c a n  be a s s e s s e d  by ana logy .  I n  

t h e  c a s e  o f  pr imary  e n e r g i e s  a t  wor ld  l e v e l ,  t h e y  have been 

c o n s i s t e n t l y  o f  1 0 0  y e a r s  f o r  wood, o i l ,  and g a s ,  and t h i s  makes 

t h e  b e s t  g u e s s  f o r  n u c l e a r .  These 100 y e a r s  i s  t h e  t i m e  t o  go 

from 1 %  t o  50% market  p e n e t r a t i o n ,  t a k e n  a s  a  measure f o r  t h e  

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

What w e  a r e  l o o k i n g  f o r ,  however, i s  when hydrogen w i l l  

s t a r t  p e n e t r a t i n g .  The weak s p o t  o f  t h e  above a n a l y s i s  i s  

p r e c i s e l y  t h e  f a c t  t h a t  p e n e t r a t i o n  must have s t a r t e d  i n  o r d e r  

. t o  f i t  t h e  e q u a t i o n s  and l e t  them go. Se w e  canno t  a p p l y  it  

s t r a i g h t .  

To f i n d  a  d e t o u r  t h a t  wouild b r i n g  u s  n e a r e r  t o  t h e  s o l u t i o n  

o f  t h e  p r o b l e n ~ ,  I used a n o t h e r  h e u r i s t i c  t r i c k  which u s u a l l y  

works: From t h e  hundreds  of  c a s e  h i s t o r i e s  o f  l a r g e  sys tems I 

analyzed it a p p e a r s  t h a t  t h e  more complex t h e  sys tem i s  t h e  less 

can a  component b e  d e t e r m i n a n t  o f  i t s  b e h a v i o r .  F a i r  enough. 

But go ing  one  &tep f u r t h e r ,  t h a t  t h e  behav io r  o f  t h e  components 

i s  s t r o n g l y  l i m i t e d  by t h e  boundary c o n d i t i o n s  t h a t  t h e  sys tem 

i t s e l f  imposes. T h i s  i s  a  t r i f l e  h a r d e r  t o  a c c e p t ,  e s p e c i a l l y  

i f  t h e  components a r e  peop le .  Even i n  a b s t r a c t  c o n f i g u r a t i o n s  

l i k e  consumers o r  d e c i s i o n  makers.  I n  o t h e r  words,  i d e n t i c a l  

s e e d s  can  produce v e r y  d i f f e r e n t  e f f e c t s  depending on t h e  ground 

t h a t  t h e y  f a l l  o n ,  a s  i s  e x e m p l i f i e d  i n  t h e  p a r a b l e .  T h i s  t y p e  o f  

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

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

seed  t o  f a l l  on f e r t i l e  ground,  and a s t r o n a u t i c s ,  f o r  t h e  r i g h t  

t i m e  t o  t a k e  o f f .  

The argument I used t o  f i n d  t h i s  o p p o r t u n i t y  window may 

appear  a t  f i r s t  s i g h t  a s  a  c u r i o u s  one .  W e  have t o  f i r s t  f i n d  

some s o r t  o f  c o m p e t i t i v e  p r o c e s s  a l r e a d y  e s t a b l i s h e d  s o  t h a t  w e  



c a n  f i t  it w i t h  o u r  e q u a t i o n s ,  which f i n a l l y  sets o r  i n d i c a t e s  

some c o n d i t i o n s  making o u r  hydrogen u s e f u l  o r  n e c e s s a r y .  The f a c t  

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

p r i n c i p l e ,  b u t  it must b e  i f  w e  want t o  t r y  t o  s o l v e  t h e  problem 

u s i n g  a n  homogenous p r o c e d u r e .  

I t  h a s  c u r s o r i l y  been  o b s e r v e d  t h a t  i n  t h e  c o u r s e  o f  t i m e  

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

r e a c h e r  i n  hydrogen.  A c t u a l l y ,  i n  wood t h e  mola r  r a t i o  H/C i s  

a b o u t  . I ,  i n  c o a l  a b o u t  1 ,  i n  o i l  a b o u t  2 ,  and i n  n a t u r a l  g a s  

a b o u t  4 .  

T h a t  wood h a s  so l i t t l e  hydrogen may seem s t r a n g e  a t  f i r s t  

s i g h t .  A c t u a l l y ,  a b o u t  7 0 %  o f  wood is  made o f  c e l l u l o s e ,  i . e .  

a  c a r b o h y d r a t e .  A s  t h e  name s a y s  i t  is  c a r b o n  p l u s  w a t e r ,  even 

i f  o n e  w r i t e s  i t  a s  H-C-OH. By h e a t i n g  wood w e  g e t  i n  f z c t  t h i s  

c h e m i c a l  w a t e r  o u t ,  and  p roduce  a  b l a c k  c h a r .  About 3 0 %  i s  

l i g n i n e ,  w i t h  complex c y c l i c  m o l e c u l e s  and  some r e a l  hydrogen  

i n t o  them. My o v e r a l l  . I  i s  o b v i o u s l y  v e r y  rounded t a k i n g  i n t o  

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

same s h o u l d  b e  s a i d  f o r  t h e  r a t i o  o f  one  which I c h o s e  f o r  c o a l .  

The s i t u a t i o n  i s  much more c l e a r  f o r  o i l  and  o b v i o u s l y  f o r  n a t u r a l  

g a s  which i s  an  a l r cos t  p u r e  p r o d u c t .  The f i r s t  q u a l i t a t i v e  ob- 

s e r v a t i o n  t h a t  t h e r e  i s  more and  more hydrogen  i n  o u r  f u e l  s t a r t s  

b e i n g  q u a n t i f i e d .  

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

ca rbon  c a n  b e  s e e n  a s  c o m p e t i t o r s  f i g h t i n g  f o r  a  n i c h e ,  i . e .  

t h e  f u e l  marke t .  Because t h e  H/C r a t i o  grows it means hydrogen 

i s  winn ing ;  l e t  u s  see where i t  i s  a iming .  



I made t h e  a n a l y s i s  f o r  t h e  world f i r s t ,  and t h e  r z s u l t  i s  

r e p o r t e d  i n  F i g . 3 .  T h i s  f i g u r e  i s  o b t a i n e d  by weighing t h e  

market  f r a c t i o n s  o f  t h e  f u e l s  w i t h  t h e  r e l a t i v e  H/C c o e f f i c i e n t s  

d e s c r i b e d  above,  i n  o r d e r  t o  g e t  t h e  mean v a l u e  o f  H/C a s  a  f u n c t i o n  

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

F ig .  1 and F ig .  2 .  

The p rocedure  i s  n o t  1 0 0 %  c l e a n ,  b u t  l e t  u s  look  a t  t h e  r e s u l t  

f i r s t ;  t h e r e  i s  always t i m e  t o  p o l i s h  and improve. The a l m o s t  p e r -  

f e c t  a l ignment  of  t h e  p o i n t s  shows t h a t  H/C e v o l v e s  l o g i s t i c a l l y  i n  

t i m e ,  i . e .  it f o l l o w s  t h e  i d e a l  c u r v e  f o r  a  one t o  one c o m p e t i t i o n .  

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

I n  one  t o  one c o m p e t i t i o n  t h e  winner  wins t o t a l l y ,  e l i m i n a t i n g  

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

I n  o u r  c a s e  no new c o m p e t i t i o r  i s  i n  s i g h t  and w e  s h o z l d  c o n c l u d e ,  

w i t h  a  l o g i c a l  l e a p ,  t h a t  hydrogen s h o u l d  f i n a l l y  become t h e  s o l e  

c a r r i e r  f o r  chemica l  ene rgy  i n  t h e  f u e l  system. The t i m i n g  o f  t h e  

p r o c e s s  s h o u l d  t h e n  be d e s c r i b e d  by t h e  c u r v e  o f  F i g .  3. 

I f  w e  assume t o  s t a y  i n  t h e  f o s s i l  f u e l  sys tem,  t h e n  a  d i f f i -  

c u l t y  a r i s e s ,  t h a t  t h e  maximum a l l o w a b l e  H/C r a t i o  i s  t h a t  

o f  t h e  hydrogen r i c h e s t  hydrocarbon:  methane. I n  o r d e r  t o  go 

beyond t h a t  one h a s  t o  i n t r o d u c e  hydrogen from an e x t e r n a l  

s o u r c e ,  i n e v i t a b l y  water. Because f o s s i l  f u e l s  w i t h  lo!.rer H/C 

r a t i o  a r e  t h e r e  t o  s t a y  f o r  a w h i l e ,  i f  i n  reduced amounts a s  

shown i n  F i g .  I ,  t h i s  exo-hydrogen may w e l l  be n e c e s s a r y  some 

t i m e  b e f o r e  t h e  H/C r a t i o  i n  t h e  h i s t z r i c a l  "demand" c u r v e  

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

A l l  t h e s e  c o n s i d e r a t i o n s  a r e  a g a i n  s y n t h e t i z e d  i n  F ig .  3  and 

t h e  rounded appraoch t o  l e v e l  £cur  a c t u a l l y  d e s c r i k e s  t h e  i n -  

f l u e n c e  o f  t h e  m i x  o f  pr imary  f u e l s  w i t h  v a r i o u s  H/C r a t i o s .  



The exo-hydrogen would t h e n  be  i n d i c a t e d  by t h e  gap  between 

t h e  p r o j e c t i o n  o f  t h e  h i s t o r i c a l  H/C l i n e ,  and t h e  one c o n s t r u c t e d  

by we igh t ing  and summing up t h e  c u r v e s  of F ig .  1 .  

The p o i n t  o f  i n t e r e s t  t o  u s  i s  when t h e  two c u r v e s  d e p a r t ,  

i n d i c a t i n g  t h e  s t a r t i n g  d a t e  of t h e  hydrogen e r a .  I t  must be 

c l e a r  t h a t  a t  t h e  beg inn ing  t h i s  hydrogen may w e l l  be used  in -  

s i d e  t h e  f o s s i l  f u e l  sys tem t o  improve t h e  H/C r a t i o ,  e . g . ,  v i a  

some k i n d  of  c o a l  l i q u e f a c t i o n ,  o r  o f  heavy o i l  r e s i d u e s  nobili tation 

b u t  t h i s  does  n o t  change t h e  s i t u a t i o n  c o n c e p t u a l l y .  Above t h e  

H/C r a t i o  o f  f o u r ,  however, hydrogen must appear  as such.  

I a m  p e r f e c t l y  aware t h a t  a l l  t h e  r e a s o n i n g  hangs on t h e  

assumpt ion  o f  b u s i n e s s  as u s u a l .  My c o n f i d e n c e  i n  t h a t  assump- 

t i o n  stems from t h e  a n a l y s i s  o f  hundreds o f  c a s e s  where t h e  

"system" showed a n  i n c r e d i b l e  p e r s e v e r a n c e  and doggedness t o  ho ld  

i t s  u s u a l  dynamic o f  change,  th rough  w a r s ,  d e p r e s s i o n s  and 

p e s t i l e n c e s .  

I f  t h e  r e a s o n i n g  h o l d s ,  t h e  exo-hydrogen shou ld  appear  i n  

s i z e a b l e  q u a n t i t i e s ,  a t  world l e v e l ,  a round t h e  y e a r  2 0 0 0 .  I t  

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

it c o u l d  be d e f i n e d  th rough  a c o r i p l e t e l y  d i f f e r e n t  l i n e  of 

r e a s o n i n g ,  s o n e t h i n g  I w i l l  a t t e m p t  i n  a  moment. 

The t y p e  of  a n a l y s i s  used  i n  F ig .  1 h a s  a n  i m p o r t a n t  weak- 

n e s s ,  as I s a i d ,  i n  t h a t  it can  p r e d i c t  t h e  dynamics of t h e  

b a t t l e  o n l y  a f t e r  it h a s  a l r e a d y  begun. I t  canno t  s a y  when a 

new c o m p e t i t o r  w i l l  come i n .  Because t h e  s u b j e c t s  I a m  a n a l y z i n g  

are f i n a l l y  r e d u c i b l e  t o  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  broad 

s e n s e ,  I looked i n t o  t h i s  more g e n e r a l  a r - t o  see i f  t h e s e  inno- 

v a t i o n s  have o r d e r  and r u l e s  s o  t h a t  something c o u l d  be p r e d i c t e d  

abou t  them. 



The s e a r c h  was ve ry  s u c c e s s f u l  and t h e  r e s u l t s  r e p o r t e d  i n  

[ 2 ] .  I n  a  n u t s h e l l  i n v e n t i o n s  and i n n o v a t i o n s  come i n  waves 

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

p o s s i b l e .  One such wave i s  r e p o r t e d  i n  F i g .  4 where t h e  l i n e  on 

t h e  l e f t  d e s c r i b e s  c u m u l a t i v e l y  t h e  i n v e n t i o n s  and  t h e  l i n e  on 

t h e  r i g h t  t h e  i n n o v a t i o n s ,  i . e .  t h e  s t a r t i n g  of new i n d u s t r i e s  

based on t h e  i n v e n t i o n s  l o c a t e d  i n  t h e  f i r s t  l i n e .  Both a r e  ex-  

p r e s s e d  a s  p e r c e n t a g e s  o f  t h e  t o t a l  number of  i t e m s .  T h i s  t o  

r e a d  t h e  c o o r d i n a t e s  c o r r e c t l y ,  which by t h e  way a r e  t h e  same 

a s  i n  Fig .  1 .  

Now one  might  e x p e c t  t h a t  due t o  t h e  c o m p l e x i t i e s  of l i f e  

an  i n v z n t i o n  l o c a t e d  somewhere i n  c u r v e  one would be r e a l i z e d  

anywhere on curve tm. The c u r i o u s  t h i n g  however i s  t h a t  b o t h  sets 

a r e  b a s i c a l l y  o r d e r e d ,  i . e . , w i t h  r e l a t i v e l y  few e x c e p t i o n s ,  t h e  

o r d e r  i n  t i m e  o f  t h e  i n n o v a t i o n s  f o l l o w s  t h a t  of  t h e  i n v e n t i o n s .  

Thus, i f  w e  a r e  a b l e  t o  l o c a t e  an i n v e n t i o n ,  t h e n  we c a n  g i v e  a 

p r e d i c t i o n  when t h e  c o r r e s p o n d i n g  i n n o v a t i o n  w i l l  appear  on t h e  

market .  

Loca t ing  an  i n v e n t i o n  means, by t h e  d e f i n i t i o n s  I used i n  

p a p e r  [ 2 1 ,  l o o k i n g  when a  s u c c e s s f u l  p r o t o t y p e  worked. Because 

n o t  a l l  s u c c e s s f u l  p r o t o t y p e s  end  i n  s u c c e s s f u l  i n n o v a t i o n s ,  

i . e .  new i n d u s t r i e s ;  t h e r e  is a n o t h e r  i f  i n  t h e  l o g i c .  L e t  u s  

look however where t h e  r e a s o n i n g  l e a d s  u s  t o -  

I f  t h e  hydrogen i s  produced w i t h o u t  u s i n g  f o s s i l  f u e l s ,  

and t h i s  comes from t h e  d e f i n i t i o n s  used  i n  t h e  a n a l y s i s ,  t h e n  

t h e  pr imary  s o u r c e  o f  ene rgy  c a n  o n l y  be n u c l e a r  o r  s o l a r ,  v i a  

h y d r a u l i c s .  Other  s o l a r  a p p l i c a t i o n s  have l i t t l e  chance  t o  

make any d e n t  i n  t h e  t i m e  r ange  w e  a r e  examining. T h i s  comes 

o u t  from t h e  i n t e r n a l  l o g i c  o f  my a n a l y s i s ,  and t h e  v e r y  long 



t i m e  c o n s t a n t s  f o r  t h e  p r o c e s s  of  i n t r o d u c i n g  a  new pr imary  energy 

s o u r c e ,  even i f  s u c c e s s f u l .  

Another  o p i n i o n  o f  mine i s  t h a t  thermochemical  p r o c e s s e s  

t o  s p l i t  wa te r  u s i n g  n u c l e a r  h e a t ,  t h e  pr imary  s o u r c e  number one 

because  i n  i t s  way up a s  shown i n  F ig .  1 ,  w i l l  win o v e r  e l e c t r o -  

l y s i s .  Then t h e  i n v e n t i o n  t o  look  f o r  i s  a  p r o t o t y p e  p l a n t  

s u c c e s s f u l l y  working. 

One such  p l a n t  c o u l d  be t h e  bench-sca le  Mark-13 r e a l i z e d  i n  

1980 a t  t h e  I s p r a  CCR Research  C e n t e r ,  o r ,  a s  I p r e f e r ,  t h e  

CRISTINA p i l o t  p l a n t  t o  be o p e r a t i o n a l  i n  1983-84. So, i f  t h e  

w e s s  i s  go ing  t o  be s u c c e s s f u l  t h e n  w e  c a n  draw a  h o r i z o n t a l  

l i n e  from t h e  1984 p o i n t  o f  l i n e  one i n  F i g .  5 and see when it 

c r o s s e s  l i n e  two. T h i s  s h o u l d  be  t h e  s t a r t i n g  d a t e  f o r  exo- 

hydrogen from thermochemical  w a t e r  s p l i t t i n g .  The d a t e  i s  

l o c a t e d  i n  t h e  second h a l f  o f  t h e  n i n e t i e s ,  which i s  p e r f e c t l y  

c o p s i s t e n t  w i t h  s i z e a b l e  amounts popping up a  few y e a r s  l a t e r .  

A n a l y s i s  a t  world l e v e l ,  however,  i s  s0mehc.w i n s e n s i t i v e  

t o  t h e  f i n e  p r i n t ,  fo,r obv ious  r s a s c n s .  When something new i s  

i n t r o d u c e d ,  it happens somewhere and i t s  s u r r o u n d i n g s  show t h z  

e a i - l i e s t  e f f e c t s .  I n  t h e  c a s e  o f  ene rgy  m a t t e r s ,  Western Germany 

a p p e a r s  t o  have t h e  s h o r t e s t  t i m e  c o n s t a n t s  and on t h e  o t h e r  hand,  

i t  i s  brooding t h e  High Temperature R e a c t o r ,  t h e  o n l y  s u i t a b l e  

h e a t  s o u r c e  t o  e n t e r  i n t o  t h e  thermochemical  game. 

Doing f o r  Western Germany t h e  same a n a l y s i s  a s  f o r  t h e  

wor ld  f o r  t h e  H/C e v o l u t i o n  i n  t i m e ,  w e  f i n d  a g a i n  a s t r a i g h t  

l i n e  w i t h  a  much s h o r t e r  t i m e  c o n s t a n t  o f  120 y e a r s ,  and t h e  

knee p o i n t i n g  t o  t h e  i n t r o d u c t i o n  o f  exo-hydrogen o c c u r r i n g  

a b o u t  t e n  y e a r s  e a r l i e r  t h a n  f o r  t h e  world.  The two thincjs a r e  

n o t  c o n t r a d i c t o r y  a s  Germany r e p r e s e n t s  o n l y  a s m a l l  f r a c t i o n  o f  



wor l?  energy  consumption and it might  w e l l  r e p r e s e n t  t h e  t o t a l  

s o u r c e  of  exo-hydrogen f o r  t h e  l a t e  n i n e t i e s .  Consequent ly  t h e  

d i f f e r e n t  b e h a v i o r  i s  j u s t  a  matter of  a m p l i f i c a t i o n .  

I f  exo-hydrogen from n u c l e a r  o r i g i n  s h o u l d  appear  i n  Germany 

a t  t h e  beg inn ing  o f  t h e  ' 9 0 s ,  t h e n  CRISTINA i s  a l i t t l e  t o o  l a t e .  

The Germans, however, are p u r s u i n g  a p r o j e c t  o f  water h a l f - s p l i t t i n g ,  

where t h e  hydrogen i s  l i b e r a t e d  b u t  t h e  oxygen i s  l e f t  i n  a bound 

s tate.  I t  h a s  t h e  a d v a n t a g e l o v e r  t h e  f u l l  s p l i t ,  of u s i n g  more 

f a m i l i a r  t e c h n o l o g i e s  and hav ing  a  much h i g h e r  t h e r m a l  e f f i c i e n c y .  

I t  has  t h e  d i s a d v a n t a g e  o f  u s i n g  a s y n e r g e t i c  chemica l ,  methane, 

i n  an  open c y c l e .  Consequen t ly ,  t h e  amount of hydrogen produced i s  

l i m i t e d  by t h e  a v a i l a b i l i t y  o f  methane f o r  r e fo rming .  

T h i s  i s  o f  no real  consequence a t  t h e  b e g i n n i n g  If on2 

d e c i d e s  e . g .  t o  i n t r o d u c e  methanol  i n  t h e  g a s o l i n e  poo l  t o  r e d u c e  

o i l  dependency and  s t a r t  runn ing  cars on n u c l e a r  ene rgy  p l u s  methane. 

Now it happens t h a t  t h e  p i l o t  p l a n t ,  t h e  " i n v e n t i o n "  a c c o r d i n g  

t o  my d e f i n i t i o n ,  w a s  b u i l t  i n  t h e  German c e n t e r  o f  J f i l i c h  around 

1970 under  t h e  nickname of  EVA. Drawing t h e  h o r i z o n t a l  l i n e  w e  

f i n d  t h e  c o r r e s p o n d i n g  " i n n o v a t i o n "  around 1995, which f i t s  w e l l  

t h e  o t h e r  d a t e s ,  y e a r  more, y e a r  less. 

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

f i n a l  p r o o f ,  b u t  it i s  h i g h l y  c o n s o l i n g .  The o n l y  s u s p i c i o u s  

t h i n g  i s  t h a t  i n  my 1973 p a p e r  [ 31 , u s i n g  o n l y  dreamy g u e s s e s ,  I 

had p r e d i c t e d  under  t h e  syrnbdism of an  energy  i s l a n d  t h e  d a t e  o f  

1991. 
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