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Research Menioranda are interim reports on research being conducted 
by the International Institute for Applied Systems Analysis, and as such 
receive only limited scientific review. Views or opinlons contained 
herein do not necessarily represent those of the Institute or of the 
National Member Organizations supporting the Instttutc. 





PREFACE 

On May 3, 1977, the Advisory Committee of IIASA's Energy 
Systems Program (ENP) met in Salzburg, Austria, to discuss in 
detail the activities of the ENP. In preparation of this meet- 
ing, a report describing the progress of the ENP was submitted 
to t h ~  Advisory Committee. The present Research Memorandum is 
a revlscd edition of this report, published in order to provide 
a loxnial docume~~t for both IIASA and its related organizations, 
i n  particular the National Member Organizations, giving a ge- 
neral overview of the present status of the ENP. 





ABSTRACT 

I n  t h i s  paper t h e  va r ious  p resen t  a c t i v i t i e s  o f  t h e  Energy 
Systems Program (ENP) and t h e  r e s u l t s  ob ta ined  s o  f a r  are des- 
c r i bed  i n  a summarizing r e p o r t .  I n  t h e  f i r s t  p a r t  t h e  reader  
i s  in t roduced t o  t h e  genera l  t i m e  s c a l e ,  t h e  genera l  aims and 
concepts ,  and t h e  p resen t  s t a t u s  of t h e  ENP. Furthermore, t h e  
i n t e r r e l a t i o n s  and i n t e r a c t i o n s  between t h e  i n d i v i d u a l  t a s k s  
a r e  po in ted ou t .  I n  t h e  second p a r t ,  s e v e r a l  c o n t r i b u t i o n s  
desc r ibe  i n  more d e t a i l  s p e c i f i c  a c t i v i t i  s. The fo l lowing 
t o p i c s  have been covered as examples of  b r  ork  done w i th in  t h e  ENP: 

o The energy demand models MUSE and MEDEE; 

o The p o t e n t i a l  o f  c o a l  f o r  primary and secondary energy;  

o Regional a p p l i c a t i o n s  of s o l a r  techno log ies ;  

o Large-scale energy product ion and t h e  c l ima te ;  

o Heal th e f f e c t s  of energy use; 

o A model f o r  market pene t ra t i on  mechanisms; 

o Risk assessment;  and 

o The computer izat ion of t h e  ENP's modeling e f f o r t .  



This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modell ing 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nater  Research Centre  
(U.K. ) Conference on "River  P o l l u t i o n  Cont ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
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THE PROGRAM AND ITS GOALS 
(W. Hafe le)  

The major g o a l  of  t h e  Energy Systems Program s i n c e  t h e  
l a s t  Advisory Committee Fleeting i n  January  3976 has  been,  and 
s t i l l  i s ,  t o  implement t h e  concept  developed i n  t h e  f i r s t  phase 
(1973 t o  1975) o f  t h e  program. Th i s  concept  was summarized i n  
t h e  "Second S t a t u s  Report  of  t h e  IIASA P r o j e c t  on Energy Systems 
1975", IIASA Research Repor t ,  RR-76-1. The six  t a s k s  de f i ned  
and t h e i r  i n t e r r e l a t i o n s  a r e  a s  fo l lows :  

o Eva lua t ing  t h e  a v a i l a b l e  Energy Resources;  

o I d e n t i f y i n g  t h e  p o t e n t i a l  Energy Demand; 

o Studying t e c h n o l o g i e s  t h a t  a r e  capab le  o f  p rov id i ng  
v i r t u a l l y  un l im i t ed  amounts o f  energy,  t h e  Energy Op- 
t i o n s  ; 

o Cons ider ing C o n s t r a i n t s  i n  Large-sca le  Energy Systems 
which might  on a g l o b a l  l e v e l  i n f l u e n c e  s t r a t e g i e s  f o r  
implementing and u s i n g  t h e  above techno log ies ;  and 

o Formulat ing E n e ~ g y  S t r a t e g i e s  i n  t i m e  and i n  space--En- 
ergy Deployment. 

F igu re  1 summarizes t h i s  concept  and p o i n t s  o u t  t h e  i n t e r a c t i o n s  
between t h e  above t a s k s .  

F igu re  1 :  The Approach t o  Energy Systems 



RESOURCES 

The Task "Energy Resources " ,  under  t h e  l e a d e r s h i p  o f  
M .  Grenon, i s  w e l l  und-er way. I n  J u l y  1976--,as p a r t  o f  a se- 
r ies  o f  a n n u a l  m e e t i n g s  on energy  resources* - -a  h i g h l y  s u c c e s s -  
f u l  c o n f e r e n c z  on n a t u r a l  hyd roca rbons  w a s  h e l d  j o i n t l y  w i t h  
t h e  Un i ted  N a t i o n s  I n s t i t u t e  f o r  T r a i n i n g  and Research ,  N e w  
York. T h i s  mee t ing  b r o u g h t  t o g e t h e r  s e v e r a l  t o p  e x p e r t s  f rom 
E a s t  and West, as well as f rom consuming and p roduc ing  coun- 
t r ies.  The p a r t i c i p a n t s  p r e s e n t e d  and f o r  t h e  f i r s t  t i m e  poo led  
d a t a  on conven- t ior ia l  and n o n c o n v e i ~ ~ t i o n a l  hyd roca rbons .  The 
n e x t  ccr- i ferencc, on new t e c h n o l o g i e s  f o r  t h e  f u t u r e  c o a l  s u p p l y ,  
w i l l  b=. orgarr ized t o g e t h e r  w i t h  t h e  S o v i e t  Cniu~ni t tee f o r  Sys- 
t e m s  Ana!.ys"s and l le ld  f rom Moven~ber 28 t o  Becemher 2 ,  1977 i n  
N o v o s i ~ . ~ i ~ ~ ~ r ,  USSR. 

T h e  second a c t i v i t y  pu rsued  a t  p r e s e n t  i s  t h e  f o r m a l i z a -  
t i o n  o~ th..? WEL,MM (Water ,  Energy,  Land, Materials and Manpower) 
approach.  H. ~ a p i l l o n n e  is designTng compu te r i zed  d a t a  b a s e s  
on WELWl c h a r a c t e r l s . t i c s  and on t h e  a v a i l a b i l i t y  o f  o i l ,  c o a l ,  
g a s ,  a r d  Eranj.um r e s o u r c e s .  Both d a t a  b a s e s  are u s e d  i n  t h e  
d e s i g n  oi' a Resources  Model by I. Zimin, which i.s c a p a b l e  o f  
assess i -nq  ths I-ong--term r e g i o n a l  management o f  r e s o u r c e s .  T h i s  
model i.s ;-.t-I i inpor- tant  p a r t  o f  t h e  more g e n e r a l  modeling- e f f o r t  
o f  r e g i c n a l  e n e r g y  s t r a t e g i e s  d e s c r i b e d  below. 

DEMAND 

Si-n: :. Jarillc?~ y 1 9 . 1 6 ,  t h i s  t a s k  h a s  r e c e i v e d  c o n s i d e r a b l e  
a t t e n t i o n .  A;: a pi lrc eco l l omc t r i ca l  app roach  c o u l d  b e  m l s -  
l e a d i n g ,  i n  vietw of t h e  t i m e  h o r i z o n  o f  a p p r o x i m a t e l y  15 t o  
50 y e a r s ,  enpht:?:is h a s  been pu.t on t h e  d e s i g n  o f  e n e r g y  de- 
mand r i l c d ~ l  s based on l i f e - s t y l e  s c e n a r i o  p a r a m e t e r s ,  e . g .  t h e  
ave rage  uiskance t r a v e l ] - e d ,  etc.  Those models  u s e  GNP i n v e s t -  
ment and conslunpt ion rates as f u r t h e r  i n p u t .  The a i m  i s  t o  
have t r a ~ l : ? p a r e n t  and r e ] - a t i v e l y  s i ~ n p l e  models  p r o v i d i n g  long-  
t e r r a  d i  saggreq-a ted  energy  denland d a t a .  J.  -M. Beau jean ,  J. -P. 
C h a r p e n t i e r ,  B. L a p i l l o n n e  and T. M i i l l e r  are a t  p r e s e n t  i m -  
p l c n e n t i n g  compu te r i zed  v e r s i o n s  o f  MEDEE ( ~ o d 6 l e  d ' G v o l u t i o n  
d e  l a  de.~,a! ide ti ' & n & r g i e )  and MUSE ( ~ o d e l i n ~ - u s e £  u l  ~ n e r ~ ~  D e -  
mand).  Mi,:: '? has-been deve loped  a s  a f i r s t  s t e p  ~ h i &  w i l l  per -  
m i t  t h e  xsc  r 3 f  t h e  mode l ing  c h a i n ,  w h i l e  a w a i t i n g  t h e  a d a p t a -  
t i o n  3f  PIEPEE: which w i l l  t h e n  p r o v i d e  benchmark cases f o r  t h e  
c a l i b r z t j - o n  o f  MUSE. 

I n  t h j s  a c t i v i t y  w e  a r e  c l o s e l y  c o l l a b o r a t i n g  w i t h  W. 
F o e l l ' s  gri-:irp cn r e g i o n a l  env i ronmer l ta l  e n e r g y  sys tems  a t  
IIASA and  hereby w i t h  t h e  U n i v e r s i t y  o f  Wisconsin and i n  p a r -  
t i c u l a r  w i t h  t h e  " 1 n s t i . t u t  Economique e t  J u r i d i q u e  d e  1 ' ~ n e r -  
g i e "  o f  t h e  U n i v e r s i t y  of Grenob le ,  F r a n c e .  

* 
The proceed ings  o f  t h e  f i r s t  IIASA Energy Resources  Con- 

f e r e n c e ,  May 19'95, CP-76-4, w e r e  p u b l i s h e d  i n  Oc tober  1976. 



Bes ides  t h e  model ing e f f o r t ,  w e  a r e  a t t e m p t i n g  t o  i n t e r -  
p r e t  enerqy  demand i n  t e r m s  o f  t h e  negen t ropy  concep t .  T h i s  
concep t  seems t o  be a fundamenta l  f e a t u r e  o f  energy  sys tems:  
t h e  s a l i e n t  p o i n t  i s  n o t  c o n s e r v a t i o n  o f  ene rgy  b u t  t h e  e f -  
f i c i e n t  u t i l i z a t i o n  o f  negen t ropy .  Here, c e r t a i n l y ,  is  a 
theme f o r  f u t u r e  b a s i c  r e s e a r c h  a f t e r  t h e  t e r m i n a t i o n  o f  t h e  
c u r r e n t  phase o f  t h e  Energy Program. 

OPTIONS 

The s t u d y  o f  t h e  i n d i v i d u a l  t e c h n o l o g i c a l  o p t i o n s  capab le  
o f  meet ing  an  energy  demand on t h e  t e r a w a t t  l e v e l  h a s  p rog ressed  
v e r y  f a r  under  t h e  c o o r d i n a t i o n  o f  W. S a s s i n .  By t h e  end o f  
1977 a n  e v a l u a t i o n  of  t h e  p o t e n t i a l  o f  c o a l  a s  an  o p t i o n  f o r  t h e  
t r a n s i t i o n  p e r i o d ,  c a r r i e d  o u t  i n  c o l l a b o r a t i o n  w i t h  i n s t i t u -  
t i o n s  i n  t h e  U K ,  [:he USSR, Po land,  t h e  USA, and t h e  FRG, w i l l  
be  comple ted .  S i m i l a r l y ,  t h e  subs tance  f o r  judg ing  t h e  s o l a r  
o p t i o n  a t  b o t h  t h e  l o c a l  and g l o b a l  l e v e l s - - s t u d i e s  l e d  by 
C .  B e l l  and J. Weingar t ,  r e s p e c t i v e l y - - i s  a lmos t  ready .  How- 
e v e r ,  a s y n t h e s i z i n g  pape r  summarizing t h e  s o l a r  o p t i o n  a s  a  
whole is  s t i l l  r e q u i r e d .  

The n u c l e a r  o p t i o n  reached  i t s  peak i n  1976 w i t h  t h e  com- 
p l e t i o n  o f  t h e  comparison between f i s s i o n  and f u s i o n  b r e e d e r s ,  
a  t a s k  f o r c e  i n  which i n s t i t u t i o n s  from t h e  USSR, t h e  USA and 
t h e  FRG have pa rk i c j - pa ted .  A comprehensive r e p o r t  i s  a t  pre -  
s e n t  a v a i l a b l e  i n  a d r a f t  v e r s i o n ;  P r e v i o u s l y ,  two o t h e r  ve r y  
impo r t an t  a s p e c t s  o f  t h e  n u c l e a r  o p t i o n  have been s t u d i e d :  
f i r s t ,  t h e  i m p l i c a t i o n  o f  t h e  l a r g e - s c a l e  f u e l  c y c l e  d e s c r i b e d  
i n  a paper  by R. Aven.hau.s, W. Hzfele and P. McGrath, "Consi-  
d e r a t i o n s  on the La rqe -sca le  rkp1oylnen.L o f  t h e  Nuc lea r  F u e l  
Cyc le " ,  October  1 9 7 5 ,  RR-75 -36 ,  and second,  t h e  " A p p l i c a t i o n s  
o f  Nuc lea r  Power Other Than fo r  E l e c t r i c i t y  Gene ra t i on " ,  a  pa- 
p e r  by W. Ha fe l e  and W e  S a s s i n ,  November 1975,  RR-75-40. A t  
p r e s e n t  w e  are l ook i ng  f o r  s e n i o r  a s s i s t a n c e  i n  t h e  f i e l d  s o  
t h a t  a f i na l .  assessmen t ,  t a k i n g  i n t o  accoun t  r e c e n t  t u r b u l e n t  
deve lopments ,  c a n  be made. 

CONSTRAINTS 

With t h e  h e l p  o f  s e v e r a l  i n s . t i t u t i o n s ,  i n  p a r t i c u l a r  t h e  
Meteoro logica l .  O f f i c e  i n  B r a c k n e l l ,  U K ,  t h e  N a t i o n a l  C e n t e r  o f  
Atmospher ic  Research ,  Bou lde r ,  C o l . ,  USA, and t h e  Nuc lea r  R e -  
s e a r c h  Cen te r  o f  K a r l s r u h e ,  FRG, it has  been p o s s i b l e  t o  r un  
s e v e r a l  exper imen ts  on t h e  c l i m a t o l o g i c a l  e f f e c t s  o f  was te  h e a t .  
J. W i l l i a m s  and G .  Kromer a r e  a l r e a d y  f a r  advanced i n  t h e  a s -  
sessment  o f  t h i s  problem. A t  t h e  same t i m e  t h e y  have p r o q r e s s e d  
w e l l  i n  t h e  s t u d y  o f  t h e  impact  o f  C 0 2  emiss ion  on t h e  c l i m a t e ;  
t h e  r e c o g n i t i o n  t h a t  t h i s  problem i s  impo r t an t  has  been growing 
r a p i d l y  i n  r e c e n t  t i m e s .  By 1978 a t  t h e  l a t e s t ,  w e  e x p e c t  t h a t  
an  assessment  w i t h i n  t h e  scope o f  o u r  o r i g i n a l  i n t e n t i o n s  o f  
c e r t a i n  c l i m a t o l o g i c a l  impac ts  o f  t h e  l a r g e - s c a l e  u s e  o f  energy  
w i l l  be p o s s i b l e .  



V.  P e t e r k a  hris deve loped  a  s e l f - c o n s i s t e n t  ~ n a t h e m a t i c a l  
mod21 e x p l a i n i n g  marke t  p e n e t r a t i o n  p a t t e r n s .  The model  i s  
based  on fundamen ta l  economic assumpt ions  and i n  p a r t i c u l a r  on 
t h e  h y p o t h e s i s  t h a t  i h e  g rowth  o f  a  new i n d u s t r y  ( o r  t h e  sec- 
t o r  o f  a n  i n d u s t r y )  is r e g u l a t e d  by i t s  c a p i t a l  f l o w .  T h i s  
model is  now a b l e  Lo e x p l a i n  t h e  marke t  f e a k u r e s  phenomenologi-  
call:? o b s e r v e d  by C . Fiar cl let 'ci  . 

r l -  ;ne j o i n t  I:.Ph3r:!::'.i:i.ASI~ r : l s : k  group,  l e d  by B. Otway, h a s  CODJ- 

p l e t e d  i t s  f i r s k  Ic>v(?:i af i n v e s - t i g a t i o n .  R isk  e ~ a l u a t i o i ?  and 
r i s k  e s t i m a t i o r l  ,.ire now uj?cfic~-ul:.ood t o  seine d e g r e e .  Work o n  t h e  
q u a n t i t a t i v e  ev;.alraai:icjl-i 02 a.t.tit.iades i s  c u r r e n t l y  under  way: 
i n  p a r t i c u l a . r ,  tile F ' ishhc in  a t t i t u d e  f o r i x i t i o n  model  w i l l  be 
t e s t e d  by a p p l y i n g  it t o  nuclear' e n e r g y .  F i n a l l y ,  w e  are 
a t t e m p t i n g  t o  S.ncl.~:.Cle r?e'ci:sion t h e o r e t i c a l  e l e m e n t s  i n  o u r  r i s k  
s t u d - i e s .  

P a r t  o f  t h e  wor l ;  cia ~- . i .sks o f  l a r g e - - s . c a l e  t e c h n o l o g i e s  h a s  
i n v o l v e d  more q u a l i t a t i v e  assessmer i ts  o f  t h e  r i s k  g e n e r a t e d  by 
CO? - e m i s s i o n .  A papex k)y F.  Niehaus  h a s  beer1 co lup le ted on t h i s  
s u b j e c t .  T h i s  i s  al..so v e r y  inuch i n  l i n e  w i t h  o u r  e f f o r t s  under -  
t a k e n  t o  e s t a b l i s h  prc~cc?dl.i;es :€crx= s t a n d a r d  s e t t i n g .  A t  p r e s e n t  
t h e  work o f  N iehaus  i s  te i .ny.  fo:l..l.o~,\:ed up by a s t u d y  o f  t h e  
r e g u l a t o r y  p rob lems o f  o i l  s p i l l s  a s  f a c e d  by t h e  UK and Norway 
i n  t h e  Nor th  S e a ,  wh4.ch j,s under - takcn  i n  c o l l a b o r a . t i o n  w i t h  t h e  
Management and Techriology Area of IIASA. 

F i n a l l y ,  L . A .  Sayan and A.A.  A f i f i  have  a l m o s t  comple ted  a  
s t ~ d y  on  h e a l t h  ef- i 'ects on e n e r g y  u s e .  H e r e ,  c o n t r a r y  t o  most  
r e s e a r c h  i n  t h i s  f i e l d ,  :lot t h e  detri.xuenta.1 b u t  t h e  b e n e f i c i a l  
e f f e c t s  :.rere c o n s i d e r e d .  

STRATEGIES 

Very much a tLen t i o r1  h3s  been g i v e n  d u r i n g  t h e  p a s t  y e a r  t o  
sn e f f o r t  Lo model the t r d n s i t i o n  1)hase. I ndeed ,  t h i s  work h a s  
t o  be seen a s  an  n t t c i i ~ p i  t,o y u a ~ l t i f y  o u r  q u a l i t a t i v e  f i n d i n g s .  

The approach  chosen  i s  t o  devel-op a set  o f  models  t h a t  c a n  
be  o p e r a t e d  b o t h  inc l i v idua l1 .y  o r  in cnn: junc t ion  w i t h  e a c h  o t h e r .  
The d r i v e r  o f  t h e  wl-lole cha.i.n is  s e v e r a l  macro- economic models  
f o r  w c r i d  r e g i o n s ,  e . g .  t h e  U S  and Western  Europe,  which have  
been c o n c e i v e d  by M .  Norman and H.H .  Rogner .  F o r  t h e  less de- 
v e l o p e d  c o u n t r i e s ,  t h e  UNCTAD model f rom t h e  U n i t e d  N a t i o n s ,  
N e w  York, w i l l  b e  a d a p t e d  f o r  o u r  u s e  by J. and K. P a r i k h .  The 
p u r p o s e  o f  t h e s e  mode ls ,  which a r e  k e p t  a s  s i m p l e  and t r a n s p a -  
r e n t  a s  possi.bl..e, i s  t o  p roduce  a  c o n s i s t e n t  set o f  e s t i m a t e s  
f o r  t h e  main e l e m e n t s  o f  a g g r e g a t e d  demand and s u p p l y  under  d i f -  
f e r e n t  assu inp t i ons  abou-t  t h e  exogenous s c e n a r i o  v a r i a b l e s .  The 
o u t p u t  i s  t h e n  f u r t h e r  d i s a g g r e g a t e d  by t h e  e n e r g y  demand models  
MUSE and MEDEE (see DEMAND). Once t h e  demands f o r  t h e  d i f f e r e n t  
end  u s e s  have  been deter in i .ned,  t h e y  a r e  u s e d  a s  i n p u t  f o r  
MESSAGE (Model o f  Energy Supp ly  Systems And t h e i r  G e n e r a l  En- 
v i r o n m e n t a l  1mpact.s) . ~117s mod.ei, l a r g e i y  a n  e x t e n d e d  v e r s i o n  



of t h e  Hafele/Manne L inear  Programming Model, op t im i zes  energy  
supp ly  f o r  a  g i ven  set of  c o n s t r a i n t s .  I t  has  been developed 
by M. Agnew, L.  S c h r a t t e n h o l z e r  and A. Voss. Its o u t p u t  i s  an  
op t ima l  t e c h n o l o g i c a l  s t r a t e g y  determined through c a p a c i t y  re- 
qui rements  which s e r v e  a s  i n p u t  f o r  " Impact " ,  an investment  
model. Th i s  model, which i s  based on a  model o f  t h e  S i b e r i a n  
Power I n s t i t u t e  o f  t h e  S i b e r i a n  Branch of t h e  Academy of  Sc i -  
ences of  t h e  USSR, has  been des igned by Y. Kononov. It com- 
p u t e s  t h e  pr imary ,  secondary and t e r t i a r y  investment  r e q u i r e -  
ments f o r  t h e  g i ven  s t r a t e g y .  A t  p r e s e n t  work i s  going on f o r  
c r e a t i n g  an i n t e r f a c e  w i t h  t h e  macro-economic models s o  t h a t  
t h e  f e a s i b i l i t y  o f  t h e  investment  s t r a t e g y  can be checked. 

S t r a t e g i e s  w i l l  t h u s  be determined f o r  f o u r  t o  s i x  world 
r eg ions .  I n  o r d e r  t o  check t h e  g l o b a l  c o m p a t i b i l i t y  o f  t h e s e  
s t r a t e g i e s  i n  terms of  exchanges o f  energy ,  r e s o u r c e s ,  l a b o r  
and c a p i t a l  t r a n s f e r s ,  t h e  r e g i o n s  w i l l  have t o  be coup led t o -  
g e t h e r .  For t h i s  purpose a  f i r s t  v e r s i o n  o f  a  gaming model 
has  been set  up by A.  Makarov and A.S. Makarova of  t h e  S i b e r i a n  
Power I n s t i t u t e .  A s  i n p u t ,  t h i s  model, which d e s c r i b e s  t h e  
compet i t i on  among t h e  r e g i o n s  f o r  t h e  above commodit ies,  re- 
q u i r e s  shadow p r i c e s  f o r  p o t e n t i a l  b e n e f i t s  o r  c o s t s  o f  pro-  
v i d i n g  o i l  and pexhaps c o a l  f o r  each reg ion .  0. H e l m e r ' s  a r -  
r i v a l  a t  IIASA w i l l  c e r t a i n l y  be o f  g r e a t  a s s i s t a n c e  i n  making 
t h i s  model o p e r a t i o n a l .  However, a s  a  f a l l b a c k  p o s i t i o n ,  t h e  
r e g i o n s  cou ld  a l s o  be coup led by a  handwr i t ten  s c e n a r i o .  

A t  p r e s e n t ,  t h e  d e s i g n  of  a l l  models i s  moving r a p i d l y  
towards f i n a l i z a t i o n .  A l ready,  some models a r e  o p e r a t i o n a l  
and f i r s t  tes t  c a s e s  a r e  be ing run:  t h e  compute r i za t ion  i s  
supe rv i sed  and coo rd ina ted  by W. Orchard-Hays. We s t r o n g l y  
hope t h a t  t h e  model ing e f f o r t  w i l l  y i e l d  s i g n i f i c a n t  r e s u l t s  
by t h e  end of  1977. 

Our r e s i l i e n c e  s t u d i e s  have a l s o  been f u r t h e r  pursued.  A t  
p r e s e n t ,  H.R.  G r h ,  M.  Bre i t enecke r  and C.  Riede l  a r e  app l y i ng  
t h i s  concept  t o  a  macro-economic model. A f i r s t  v e r s i o n  has  
been conce ived;  however, making it o p e r a t i o n a l  w i l l  r e q u i r e  
f u r t h e r  ex tended work. 

DETAILED REPORTS ON SOPlE ACTIVITIES 

Task: Resources 

Development o f  t h e  WELMM Approach (M .  Grenon) 

The b a s i c  r e p o r t  d e s c r i b i n g  t h e  WELMM approach was pub- 
l i s h e d  a t  t h e  end of  1976 and has  g e n e r a l l y  been w e l l  r ece i ved .  

WELMM i s  now nea r i ng  t h e  o p e r a t i o n a l  phase,  where it w i l l  
be  used t o  compare v a r i o u s  energy  s t r a t e g i e s  and/or  o p t i o n s .  

The c o n t e n t  o f  t h e  Resources Data Base, which was t h e  l e a s t  
w e l l  d e f i n e d ,  has  been c l a r i f i e d  and a  c a s e  s tudy  has been made 
f o r  t h e  o i l  s h a l e  r e s o u r c e s ,  showing e x p l i c i t l y  t h e  impor tan t  



W E L M M  REQUIREMENTS FOR C O A L  T R A N S P O R T A T I O N  O V E R  1000 KM 
- 

( 2 3  x l o 6  (tons per year) 

Table 1: Example of Comparison of Two Energy Facilities 

Water 

. 

Energy 

Land 

Manpower 

Coal Slurry 

24.6 

24.6 

940.7 
-- 

(2350) 

-- 
32.2 

2.17 

243,000 

34,000 

Intake 6 3 10 m 
consumption 

Electricity 106kwh 

Fuel 9 10 kcal 

(Total) 109kcal 

Exclusive 
Temporary km 2 

Non-Excl. 

Man-year 

Coal Unit Train 

-- 

-- 
1697 

(1697) 

-- 
39 

2502 

795,000 

-- 
CONSTRUCTION Steel (1000 

tons) 
MATERIALS Concrete 



WELMM parameters to retain in the file. With this model, data 
bases will be expanded for coal and oil resources. 

Some files have been filled for basic materials such as 
stainless steel and cement. 

A number of files have been filled for various facilities 
for coal, oil and nuclear. An example comparing two energy fa- 
cilities is shown in Table 1 .  A very detailed WELMM analysis 
has been performed for the nuclear energy chain, using various 
documents (Bechtel, Hittman, Stanford, Oak Ridge, E~F) .  This 
brought to light one of the difficulties involved in this work, 
i.e. to obtain and to select valuable data which are both co- 
herent and referenced. This exercise shows the importance of 
cross-checking published data with direct information, as we are 
actively in process of doing in France, for instance, with va- 
rious energy organizations (the coordination of this task has 
progressed well with EdFr CEA, IFP, CFP, Elf-Aquitaine, CNRS, 
IEJE, GdF, etc.). 

Particular attention has been devoted to the WELMM facility 
files for nuclear and solar energy to allow a detailed compari- 
son of these two very different energy options (which also ap- 
pear more and more as the two main competitors during the tran- 
sition period). A difficulty is created by the lack of reliable 
data for solar facilities. The WELMM analysis has been per- 
formed in detail on particular materials (a very crucial point) 
going upstream, i.e. up to the level of the mining operation 
(see Table 2). To begin with, we used the cutting grades given 
by Earl Cook; a metal by metal verification has shown the vali- 
dity of this approach. The first results were very interesting 
and have illustrated the importance (for mining activities) of 
some minor metal components, such as molybdenum, a basic com- 
ponent of steel. 

An exploration effort has been made towards computerization 
of the data but is still a bit premature to try to decide its 
final form now. 

Finally, a detailed WELMM analysis has been launched for 
North Sea Oil. A questionnaire has been prepared and discussed 
with various oil experts. The next step is to send it to the 
various operators in the North Sea. Following this, a similar 
approach will be developed to "WELMM compare" the various tech- 
nologies for enhanced oil recovery. 



ROUGH UPSTREAM MATERIALS ANALYSIS FOR A 1000 MW (e) REACTOR 

MATERIAL TOTAL ESTIMATED QUANTITY CUT-OFF GRADE 

(metric tons) (PP~)  

CONVERSION 

TO ORE 

ALUMINIUM 

CHROMIUM 

COPPER 

I RON 

LEAD 

MANGANESE 

MOLYBDENUM 

NICKEL 

SILVER 

TIN 

ZINC 

SUBTOTAL 36,989 

CEMENT 30,133 

AGGREGATE (COARSE) 90,361 

AGGREGATE (FINE) 54,855 

SUBTOTAL 166,349 

Table 2: Example of Material Analysis of an Energy Facility 



Resources Model (I .  Zimin) 

The g o a l s  o f  t h e  c u r r e n t  resource  modeling e f f o r t s  of t h e  
Energy Program a r e  a s  fo l lows:  

- Assessment of n a t u r a l  resources  e v o l u t i o n  and of t h e  
requ i rements  f o r  long-term resource  development s t r a t e -  
g i e s  a t  t h e  r e g i o n a l  l e v e l ;  and 

- Ana lys is  o f  t h e  economic impacts o f  t h e s e  s t r a t e g i e s  
( c a p i t a l  and manpower). 

The development o f  t h e  resou rces  model has  f o u r  main o b j e c t i v e s :  

( 1 )  Modeling t h e  evo lu t i on  o f  a  g iven  resou rce  from i t s  
resource-base s t a t u s  t o  i ts a c t u a l  p roduc t ion ;  t h i s  
i nc ludes :  t h e  i d e n t i f i c a t i o n  and e s t i m a t i o n  o f  in -  
vestment s t e p s  necessary  f o r  t h e  implementat ion o f  
a l t e r n a t i v e  development s t r a t e g i e s ;  

( 2 )  Explor ing p o s s i b l e  a p p l i c a t i o n s  of a  u n i f i e d  ana ly-  
t i c a l  methodology f o r  t h e  t r ea tmen t  of v a r i o u s  re- 
sources ;  

( 3 )  Linking t o g e t h e r  v a r i o u s  n a t u r a l  r esou rces ,  both  
s t a t i c a l l y  a t  t h e  "geo log ica l "  l e v e l  and dynamical ly  
a t  t h e  e x p l o r a t i o n  and product ion l e v e l s ;  and 

( 4 )  Linking t h e  resou rces  model t o  t h e  energy supply  model 
through f u n c t i o n a l  r e l a t i o n s  between resou rce  a v a i l -  
a b i l i t y  and cor responding c o s t s  (a t y p i c a l  example f o r  
such a  cost -supply  r e l a t i o n  is shown i n  F igu re  2 ) .  

TRILL ION 
CU FT 

F igu re  2 :  Resource Data Base: US Natura l  Gas, Subregion: PAD1 
D i s t r i c t  



In the resource modeling activities we are following an 
explicit approach. The resources considered by the WELMM ana- 
lysis are first modeled separately, and then combined for.ana- 
lysis at the "extraction" level. The motivation for this is de- 
rived from the WELMM approach; .the decomposition of resources 
into various categories and their explicit (physical) considera- 
tion encourages greater accuracy in estimating limits of the 
physical system. 

In turn, such representation of resource components pro- 
vides a basis for the analysis of different economic conditions 
(defined externally by the energy supply and economic models of 
the general scheme). 

At present, a first resource data base management system 
has been developed. For this, an interactive data management 
system, DATAMAT, which is part of the SESAME mathematical pro- 
gramming system, is being used (see TASK STRATEGIES). 

I SPECULATIVE RESOURCE 1 

4 INVESTIGATION 

EXPLORATION 
ACTIVITIES 

Figure 3: Resources Model: General Structure 



This data base includes data for crude oil, natural gas, 
coal, uranium, thorium, and geothermal resources and reserves 
in the USA as well as for the associated extraction costs (pri- 
ces). The data for oil (including gas) and coal are given for 
six and seven US subregions, respectively. 

The second main result of the modeling activities is a con- 
ceptual general dynamic resources model describing various re- 
source categories as well as alternative exploration and ex- 
traction technologies. 

Evaluation of long-term resource development strategies 
via the model is accomplished by integrating submodels describ- 
ing : 

- Resource endowment; 
- Potential technologies; and 
- Economics (Figures 3 and 4). 

Each of the submodels can be decomposed practically to any 
desired degree, depending on the particular objectives of the 
resources analysis: 

- Short, medium, and long-term consideration; 

- Decomposition of resource characteristics (various types 
of deposits, energy or metal content, depths of cover, 
thickness of seams, resource quality, etc.); 

- Scale of technologies, their implementation over time 
and their evolution due to scientific progress; 

- Economic activities: exploration, development, mining, 
infrastructure, etc.; and 

- Environment, geological disturbance, pollution. 

In conclusion it must be emphasized that this modeling is 
an iterative process. The model's structure and its components 
will have to be modified according to its data requirements and 
to the existence and availability of these data. The model, in 
its final version, will then be expanded to several world re- 
gions. 



F i g u r e  4 :  Resources Model: D e t a i l e d  WELMM I n t e r a c t i o n s  A f t e r  E x t r a c t i o n  o f  an Energy 
Resource 



Task: Demand 

The Energy Demand llodels MUSE and MEDEE (B. Lapillonne) 

The Energy Demand group is now developing two non-econome- 
tric foreca.sting models which simulate the long-term evolution 
of energy demand. These models are both driven by macro-eco- 
nomic variables generated by macro-economic models (GNP, value 
added by economic sectors, private consumption, etc.), which 
will give a general economic consistency to the forecastings. 
In addition, the evolution of some qualitative variables will 
be specified exogenously by means of assumptions (scenarios). 

The first model, MUSE, has been developed recently by 
J.-M. Beaujean, J.-P. Charpentier and T. Muller to relate in a 
very simple and transparent way normative life-style scenarios 
to the energy demand development. The simplicity of the model 
is perfectly suited for its use in less developed countries, 
where the lack of data is a constraint to the use of more dis- 
aggregated models. This simplicity should also limit the work 
on data collection when the model is applied to world regions 
in a further step of the overall modeling effort of the Energy 
Program. MUSE considers four sectors: household and service, 
industry, transportation and agriculture. The household ener- 
gy demand is split into three parts: room heating, hot water 
(including cooking), specific use of electricity (1ighting.and 
electrical appliances). This demand is derived from the fol- 
lowing variables which can be either determined endogenously 
in the model or specified by life-style scenarios: 

Ah = O - 
ext 'int difference between outdoor anu indoor 

temperature; 

Hoheat = number of heating hours; 

M2CAPL = number of square meters per capita in class L of 
revenue ; 

Power = power delivery; 

Hoelec = number of hours for electricity purposes; 

DWCAPL = demand for water per capita day; and 

SWWL = share of warm water. 

The other sectors are modeled in a simpler way; the 
energy demand for industry is calculated for two industrial 
groups, heavy and light, and is derived from their respective 
value added. As to the transportation sector, goods and pas- 
senger transportation will be differentiated; the energy demand 
will be derived from the traffic carried by each mode of trans- 
portation. The energy demand for agriculture is calculated from 
an equation relating energy demand to the GNP, the population, 
and total arable land. 

The model is now computerized and running for Algeria and 
the USA with preliminary data. 



The second model, MEDEE, i s  much more s o p h i s t i c a t e d .  I t  
h a s  i n i t i a l l y  been developed t o  f o r e c a s t  energy  demand i n  France 
by t h e  y e a r  2 0 0 0 .  I t  i s  iiow s i m p l i f i e d  s o  a s  t o  be extended 
e a s i l y  t o  o t h e r  c o u n t r i e s .  A 5 i r s t  v e r s i o n  adapted t o  i n d u s t r i -  
a l i z e d  c o u n t r i e s  i s  be ing  developed and computer ized by 
B. Lap i l l onne  and M .  Mul ler :  t h e  model shou ld  be runn ing ve ry  
soon f o r  t h e  FRG and t h e  USA. Another v e r s i o n  cou ld  a f t e r w a r d s  
be env isaged which woul-c! talre inore e x p l i c i t l y  i n t o  account  t h e  
p e c u l i a r i t i e s  o f  th? less developed c o u n t r i e s .  The MEDEE model 
has  been des igned  w i t h  t h z  f o l l ow ing  o b j e c t i v e s :  

- To t a k e  e x p l i c i t l y  i n t o  account  t h e  s a t u r a t i o n  o f  cer- 
t a i n  energy  needs a s  a coun t r y  o r  a  r eg ion  i s  becoming 
h i g h l y  developed (passenger  t r a n s p o r t a t i o n  f o r  i n s t a n c e )  
by d e t a i l e d  model ing; 

- To s imu la te  th rough pol- icy s c e n a r i o s  a l t e r n a t i v e  p o l i -  
cies of  a  n a t i o n a l  government i n  t h e  f i e l d s  o f  hous ing,  
human s e t t l e m e n t ,  energy  c o n s e r v a t i o n ,  urban t r a n s p o r t a -  
t i o n ,  i n d u s k r i a l  deve loprnen~,  r e c y c l i n g ,  etc . ;  and 

- To d e i i m i t  ;he potential i i larket f o r  new energy  s o u r c e s ,  
such a s  s o l a r  energy ,  d i s t r i c t  h e a t ,  e l e c t r i c i t y  f o r  
h e a t i n g  purposes ,  waste  h e a t ,  etc . ,  by f o r e c a s t i n g  ex- 
p l i c i t l y  t h e  energy  demand f o r  each  o f  t h e s e  markets .  

I n  o t h e r  words, MZDEE i s  dss igned  so a s  t o  model i n  a  d e t a i l e d  
way a l l  t h e  componeats o f  an economy which cou ld  d r a m a t i c a l l y  
charege on a  long--term Ldsis ancl whose change cou ld  s i g n i f i c a n t ] - y  
czffect t h e  t o t a l  energy  demand, 

MEDEE i s  made up of f o u r  suh~nodels ,  which a r e  a g a i n  d i v i ded  
i n t o  modules. For  i n n t a n c e ,  i >le t r a n s p o r t a t i o n  submodel d j  s t i n -  
gu i shes  t h e  f o l l ow inq  modules: i n t e r c i t y  passenger  t r a n s p o r -  
t a t i o n ,  i n t r a c i t y  t r n n s p o r k a t i o n ,  f r e i g h t  t r a n s p o r t a t i o n ,  o t h e r  
t r a n s p o r t a t i o n  ( i n t e r n a t i o n a l  t r a n s p o r t a t i o n ,  schoo l  buses ,  
m i l i t a r y  use ,  etc ,  j . The hcuseho ld  and s e r v i c e  subrr~odei con- 
s i d e r s  t h e  Eoilowing modules: rgace  h e a t i n g  and h o t  wa te r ,  
cool ing, ,  and m isce l l aneous  household app l i ances .  The space  
hea t i ng  module d i s t i n g u i s h e s ,  or1 t h e  one hand newly b u i l t  homes 
and a l r e a d y  e x i s t i n g  homes, and on t h e  o t h e r  hand s i n g l e  houses 
and  apartment.^, a s  t h e  i n s u l a t i o n  s t a n d a r d s  o f  t h e  d i f f e r e n t  
t y p e s  o f  dwe l l i ngs  and t h e  deg ree  o f  p e n e t r a t i o n  o f  new energy  
sou rces  d i f f e r  w ide ly .  The i c d u s t r i a l  submodel d i s t i n g u i s h e s  
f i v e  s e c t o r s  f o r  less developed c o u n t r i e s  and twe lve  f o r  i n -  
d u s t r i a l i z e d  c o u n t r i e s .  For each s e c t o r  t h e  energy  demand i s  
s p l i t  i n t o  d i f f e r e n t  p r o c e s s e s  (s team,  k i l n  u s e ,  space  h e a t  and 
h o t  wa te r ,  and f e e d s t o c k s )  s o  a s  t o  b e t t e r  d e l i m i t  t h e  p o s s i b l e  
p e n e t r a t i o n  o f  t h e  i n d u s t r i a l  market  by e l e c t r i c i t y ,  s o l a r  and 
d i s t r i c t  h e a t .  For  each m x k e t ,  a c o e f f i c i e n t  o f  r e d u c t i o n  o f  
t h e  energy  use  p e r  u n i t  o f  v a l u e  added i s  s p e c i f i e d ,  s o  a s  t o  
t a k e  i n t o  account  t h e  energy  sav ing  ove r  t i m e ;  t h e  same co- 
e f f i c i e n t  i s  used f o r  a l l  i n d u s t r i a l  s e c t o r s .  For  i n d u s t r i -  
a l i z e d  c o u n t r i e s  t h e  a g r i c u l t u r a l  demand i s  de r i ved  ve ry  s imply 
from t h e  v a l u e  added f o r  t h i s  s e c t o r ;  f o r  less developed coun- 
t r i es  t h e  l e v e l  o f  i r r i g a t i o n  and t h e  number o f  t r a c t o r s  a r e  



used to derive the agricultural energy demand. 

For each module the energy demand is driven by the real 
factors which determine its level--the energy demand determi- 
nants. The choice of the determinants is not arbitrary and is 
the result of a comprehensive system analysis of the mechanisms 
of evolution of the energy demand of a country. 

The inputs of the model are macro-economic variables, and 
scenario components that essentially characterize some aspects 
of the policy of the decision-makers. All these scenarios are 
organized in a hierarchy in order to avoid the combination of 
inconsistent assumptions--hierarchical scenarios. 

MEDEE will be used in the near future for the FRG and the 
USA for two reference scenarios: an "unconstrained scenario" 
where no drastic government intervention will be assumed, i.e. 
an extrapolation of past trends, and a scenario reflecting po- 
litical decisions contrasting with the past. 

Parallel to this modeling effort, a group has been created 
to couple these energy demand models to the input-output model 
of I. Zimin. This group gathers all the persons involved in 
MEDEE and MUSE as well as Y. Kononov, C. Doblin, T. Uratani, 
and A. Holzl from the Resources and Environment Area. The major 
methodological problem will be to express qualitative scenarios 
in terms of structural change in the final consumption vector 
of an economy--this input-output model is driven by the con- 
sumpt ion. 

Task: Options 

The Potential of Coal for Primary and Secondary Energy Use (W. Sassin) 

The objective of the Coal Task Force, a nonformal coopera- 
tion between the Energy Program and several national coal insti- 
tutions, is to outline a global coal option, to estimate its 
potential and specify the requirements for its implementation. 
It is intended to produce a final report towards the end of 1977 
that will provide a basis for comparing coal and other primary 
options such as nuclear or solar energy. 

Despite the large resource figures which are given for coal, 
it is clear now that c o a l  unlike nuclear and solar energy is 
to be considered as a pr imary  ene rgy  o p t i o n  o n l y  f o r  a  t r a n s i t i o n  
p e r i o d .  

Two simple considerations support this statement, which is 
fundamental for the specific analysis carried out by the Coal 
Task Force. G.B. Fettweis, in a careful analysis, estimates 
that less than 1.1 1012t of coal will ultimately turn out to 
be recoverable. This amount would support a maximum energy sup- 
ply of 7 TW around 2050 (Figure 5). Present world energy con- 
sumption totals 7.6 TW and possibly will rise to some 20 TW up 
to more than 60 TW within the next five or six decades (Figure 6). 



FUNCTIONAL RELATIONSHIP: M.K. HUBBERT 

' O t = - -  Q, = 4.3.- 1012 MAPPED RESOURCES I 

1800 1900 2000 : 2100 2 200 2300 
2050 

0, CUMULATED COAL CONSUMPTION ( t ) 

F i g u r e  5: Coal  P roduc t i on  and Reserves 

-.- - 3 kW/ cap 
(BUSINESS AS USUAL) 

2 kW/cap 

1 

2ooo YEAR 
2050 

1975 
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Even i f  r a d i c a l l y  new mining techn iques  would a l l o w  t h e  amounts 
o f  u l t i m a t e l y  r ecove rab le  c o a l  t o  doub le  o r  t r i p l e ,  t h e  c o n t r o l  
o f  t h e  C02 l e v e l  i n  t h e  atmosphere r e s u l t i n g  from a b a s i c a l l y  
f o s s i l  g l o b a l  energy  system poses major problems. Massive u s e s  
o f  c o a l  on a g l o b a l  s c a l e  i n t r o d u c e ,  accord ing  t o  p r e s e n t  know- 
ledge ,  a s e r i o u s  cl imatic r i s k  w i t h i n  t h e  t i m e  hor i zon  of  t h e  
nex t  50 yea rs .  

S t i l l  t h e r e  a r e  good reasons  t o  ana lyze  c o a l  a t  t h e  l e v e l  
of  a g l o b a l  o p t i o n .  I n  t h e  s h o r t  run ,  c o a l  and n u c l e a r  energy  
are t h e  on l y  commercia l ly  v i a b l e  sou rces  which a l l ow  t h e  t r a n -  
s i t i o n  p rocess  away from m ine ra l  o i l  and n a t u r a l  g a s  t o  s ta r t .  
Moreover, where a c c e s s i b l e  by open c a s t  min ing,  c o a l  i s  t h e  
cheapes t  pr imary energy  sou rce  a t  p r e s e n t .  I n  t h e  long run  
t h e  new "un l im i t ed  o p t i o n s " ,  n u c l e a r  and s o l a r ,  do  n o t  p rov ide  
e a s i l y  u t i l i z a b l e  energy  c a r r i e r s .  T h e i r  deployment r e q u i r e s  a 
m a t e r i a l  t h a t  can  s t o r e  energy.  The hydrogen-atom and t h e  car- 
bon-atom a r e  t h e  two most prominent c a n d i d a t e s  f o r  t h i s  pur- 
pose.  Coal  d e p o s i t s  would proyride f o r  exanp le  t h e  chemica l  
f eeds tock  f o r  producing methanol ,  a  prime c a n d i d a t e  t o  r e p l a c e  
l i q u i d  hydrocarbons,  which are c u r r e n t l y  d e r i v e d  from c rude  o i l .  

By c a r r y i n g  o u t  two case s t u d i e s  f o r  t h e  UK and t h e  FRG, 
t h e  Coal Task Force has  concen t ra ted  d u r i n g  t h e  l a s t  y e a r  on 
t h e  problems o f  a c o a l  r e v i v a l .  The t i m e  ho r i zons  w e r e  2020 
and 2000, r e s p e c t i v e l y .  S t a r t i n g  from t h e  f i n a l  consumer 's  
end,  p o s s i b l e  channe ls  f o r  new c o a l  p roduc ts  w e r e  i n v e s t i g a t e d  
(F igu re  7 ) .  I t  t u r n e d  o u t  t h a t  t h e  p o t e n t i a l  t o  u t i l i z e  c o a l ,  
which has  t o  be conver ted  i n t o  e i t h e r  e l e c t r i c i t y ,  s y n t h e t i c  
n a t u r a l  g a s ,  o r  p rocess  steam f o r  i n d u s t r i a l  pu rposes ,  w i l l  rise 
s i g n i f i c a n t l y  w i t h  t h e  commerc ia l i za t ion  of  convers ion  techno lo-  
g i e s  be ing  developed now. These t echno log ies  cou ld  e n t e r  t h e  
market around 1990. The economic p o t e n t i a l  of t h e  channe ls  i n  
F igu re  7 i s  s o  l a r g e ,  t h a t  t h e  real l i m i t a t i o n  f o r  a s i g n i f i c a n t  
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2000 
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F igu re  7: Channels f o r  N e w  Coal (FRG) 



c o a l  r e v i v a l  must be seen on t h e  supply s i d e .  F igu re  8 i l l u s -  
t r a t e s  t h e  es t ima ted  c o a l  consumption up t o  2000 f o r  a s p e c i f i c  
s c e n a r i o  f o r  t h e  UK. The p o t e n t i a l  of  f u t u r e  c o a l  mining and 
t r a n s p o r t a t i o n  t echno log ies  w i l l  be analyzed i n  connec t ion  w i t h  
two a d d i t i o n a l  c a s e  s t u d i e s ,  one f o r  t h e  USA and ano the r  f o r  t h e  
USSR. Both s t u d i e s  a r e  under p r e p a r a t i o n  now and shou ld  y i e l d  
t h e  necessary  i n fo rma t i on  t o  o u t l i n e  t h e  supp ly  problems wi th-  
i n  a long-term g l o b a l  c o a l  op t i on .  

OPEN " 

EMENT 

EXISTING TECHNOLOGY 

EXISTING ACCESS 

FLEXIBIL ITY OF  FLUID 
BED TECHNOLOGY 

F igu re  8: UK Coal  Supply: Scena r i o  1 

Regional  App l i ca t i ons  of S o l a r  Technolog ies  (C.R.  B e l l )  

The s tudy  o f  s o l a r  energy convers ion  p o t e n t i a l  c a r r i e d  o u t  
a t  IIASA i s  a n  i n t e g r a l  p a r t  o f  t h e  comparison o f  t e c h n o l o g i c a l  
op t i ons .  The s o l a r  o p t i o n  is  viewed a s  an  e lement o f  t h e  ener -  
gy supp ly  e v a l u a t i o n ,  which must be conducted a t  r e g i o n a l  l e v e l s  
b e f o r e  a r e a l i s t i c  s y n t h e s i s  o f  t h e  f u t u r e  energy supp ly  and 
demand o p t i o n s  can be made. I n  t h e  a r e a  of s o l a r  energy conver-  
s i o n ,  t h e  l a r g e - s c a l e  implementat ion p o t e n t i a l  has  been viewed 
i n  t h e  so la r - t he rma l ,  so la r - t he rma l  electr ic ,  and p h o t o v o l t a i c  
convers ion  a l t e r n a t i v e s .  

The i n i t i a l  r e g i o n a l  s tudy  o f  t h e  s o l a r  o p t i o n s  (1975 t o  
1976) c e n t e r e d  on t h e  "Aus t r i an  Case Study" by N .  Weyss, i n  



which th.e l o w  tcn~pers.i: i lre concepts f o r  w a t e r  and s p a c e  h e a t i n g ,  
a s  wel.1 as t h e  big:! te,-ri];)e?:,?.ture c o n c c p t s  f o r  g e n e r a t i n g  e l e c t r i -  
city, w e r s  consi.:2ereci. :It w a s  e s t a b l i s h e d  t h a t  w i t h  t h e  c u r r e n t  
p r i . c e s  fo-r hea'i.i.xjg iy  o i  1;. <?nd qas, t h e  a m o r t i z a t i o n  t i m e  f o r  l o w ,  
tempcra'lruzc scj.!a;: s y  sterns i s  n o t  e c o r ~ o m i c a l l y  a t t r a c t i v e  f o r  in-. 
d i v i d u a l  ho~ne ownexs. Su?:i?r-i.si.ngl.y, g e o g r a p h i c  a r e a s  w e r e  lo- 
ca.tec? i n  A t ~ s - t r  l.a: wl-le.?-e t h e  long-  term p o t e n t i a l  f o r  h i g h  tern- 
p e r a t u r e  , so!.?.r-t l>~ . t r ; i la1 .  e l e c t r - l c  c o n v e r s i o n  (~STECI) appears .  
f e a s i b l e ,  i f  .t- t ~ r -  S ~ S L ~ L T I  cost  ijf f u t u r e  g e n e r a t  i o n  s o l a r  hard-  
ware ca17 be be1.o~; $ 1100/ki<(e) peak f o r  h y b r i d  i n s t a l l a t i o n .  
I n  conrsectioi; wii:Fi th3:: .Favc?.~able network o f  h y d r o e l e c t r i c  p l a n t s  . . 
i n  k v s t . r i a ,  st:lc:!h nossin; ? ri-ti.es d e s e r v e  f u t u r e  i n v e s t i g a t i o n .  
The prefe;:reZ. E;'!'iSC c:or!capL i s  t h e  receiver tower  w i t h  a f i e l d  o f  
h e l i o c t a t s  !fi l i l-r:~rs) wr?ic:Il cor.c:entra.te d i r e c t  s o l a r  i r r a d i a t i o n  
and pi:oduce .. ; r? i - l  ~ Z ; E ~ C - ~ C ? Y  y t:cinpera'cures f o r  s team p r o d u c t i o n .  
. I ~ .  .. : 4 f r ,  A u s t r i a  o f f e r s  t h e  s o l u t i o n  t o  

, ,  , - ,  t11c c~ t .h~ :z~~ . -~ . : . : c ;  I . . ?  . I : L , ~ . ! : ~ . ~ ~ . ~ I -  ;,!~<-~l.>l~ei\-i o? energy s t o r a g e .  D e c r e a s i n g  
?vai l .ab i . I  :;ti. inc?re~:; . i . :~cj  t o t a l  c o s t  o f  f o s s i l  f u e l s  i n  t h e  
f ui;ure are c::ic)e-:zed I:o pr.o-:i.cie a lT1zmre f a v g r a b l e  b a s i s  f o r  de- 
velopneni: S-i:?. 3.!-ec;! D s  of t"l eo l .a r  t echnoLog ies  and t h e i r  pe-- 

. - nt?t~:a+:.i.or! oil ::13:? F a ; i s . i - . ~ l t - ~ r !  !:1arket, 

T h e  ~ 1 i . : i - ~ ? f i ; - . .  .iecj:!.cria.l st .udy of s o l a r  t e c h n o l o g i e s  ( 1 9 7 6  t o  
1 9 7 7 )  ha:; hec-:.I z p p ! . i ~ d .  t~?  t h e  FRG by C .  R e l l ,  F.  JZger  and 

r e -  i ii?;.!i.kc I::!IE 1.11str iaz e a s e ,  a s u b s t a n t i a l  
llydroe:I.ec:.;.:s-j.(: ~ ~ : t . . \ ; f i i . . l *  2::i)c:': ~:oi: e~is i : . .  and t h u s  t h e  dependence 
or?. oi :_ j.,tlp;7ri:s .I E. s!ibi;th.:lti.a l. . The low t e n ~ p e r a t ~ l r e  c o n c e p t s  
fox: w'ai:.er and :;par!.;? l-~ez.:-.S l l c j  a r e  vjewcd a s  a n  a t t r a c t i v e  method . .. 
f o r  :;aving heai:i!-\g o!-.l.. T h e  range  of e n e r g y  consumpt ion f o r  
fal-rrily I ~ G I J : ; ~ ~  ( I  G O  to 1 7 0  ~ i : ~  1. iv ing area )  o f  e x i s t i n g  d e s i g n s  
i s  from 1 5  MWh (4:) /ye;:r t o  abou.t 35 MWkl ( t ) / y e a r .  Those t h a t  a r e  
no-L conneccec; Co drist:.rict heating sys tems u s e  from 35Q0 l i te rs  
t o  GOO0 j._i.ters of hheatinq 9i.l. pe r  y e a r  ( o f  w l ~ i c h  5-30% i s  f o r  
heat inc;  trat.e:r) .. 'Ti-:c.oret.i~c;~1l.y, a s i g n i f i c a n t  p e r c e n t a g e  o f  t h e  
h e a t i n g  o i l  . 11? .%bv  the year 2000) c o u l d  be s a v e d  by l a r g e -  
scale appli.ca.:zior!. cf solar sys tems ,  because  even f o r  t h e  a v e r a g e  
of  1060 k ~ l l  (t) / In2  per year a.nd a b o u t  1500 s u n s h i n e  h o u r s  p e r  y e a r  
i n  the F R G ,  7 .0  rn2 of we l l -des igned  and manu fac tu red  f l a t  p l a t e  
co l lec -Lor  1na.y save 38 -t.o 6 0  I . i t e r s  o f  h e a t i n g  o i l  p e r  y e a r .  
Design an6 economic c o n s i d e r a t i o n s  t e n d  t o  l i m i t  t h e  c o l l e c t o r  
a r e a  for  spat? :?nd wate r  h e a t i n g  t o  abou t  30 t o  40 m2 p e r  f a m i l y  
house , wh.: ,L....I .--I- sh~1.1.bd y i e l d  50 t o  60% r e d u c t i o n  of h e a t i n g  o i l  
demand for such  ho;-.~se s .  T h i s  i s  e q u i v a l e n t  ( f o r  t h e  e s t i m a t e d  
range  of d e s i g n s )  ro : 7 5 0  t o  3600 l i t e rs  of h e a t i n g  o i l / y e a r  or  
( a t  c u r r e n t  p r i c e s  o f  .{..he o i l ) ,  about: $ 240 t o  490/year .  How- 
e v e r ,  tfle so la r  s y s k e ~ n s  for suctl d e s i g n s  r a n g e  from $ 5000 t o  
$ 9000 p e r  u n i t ,  which means t h a t  w i t h  d o u b l i n g  o f  h e a t i n g  o i l  
p r i c e s  i n  t h e  f u t u r e  and  nG i n c r e a s e  o f  t h e  s o l a r  sys tem p r i c e s ,  
such t e c h n o l o g i e s  nlay prove  reason.ah1.y a t t r a c t i v e .  The d i v e r -  
s i o n  of c a p i t a l ,  m a t e r i a l - s  ar,d manpower f o r  l a r g e - s c a l e  imple-  
m e n t a t i o n  o f  the  l c w  t e m p e r a t u r e  c o n c e p t s  would be n e v e r t h e l e s s  
s u b s t a n t i a l .  Collect.cr a r e a  re u i r e ~ n e n t s  f o r  s p a c e  and w a t e r  
h e a t i n g  a v e r a q e  a b o u t  0.33 m2/rri9 o f  l i v i n g  a r e a  i n  a  house o f  
120 rn2 o r  smaller, and a b o u t  0 .43  m2/m2 o f  l i v i n g  area f o r  l a r g e  
houses  (up  t o  180 r r 2 ) ,  if 50 - to 60% o f  heatr ing o i l  consumpt ion 



should be sa ed. This means a collector production capacity of x over 10 . 10 m2 near 1985 to reach the stipulated impact on 
heating oil demand, or for some years nearly 8 . 109 m2/year 
business before saturation of the theoretically available mar- 
ket. The manpower requirements would reach about 120 thousand 
before the saturation. That such large-scale implementation 
would require incentives beyond currently available means is 
obvious. Such measures are studied at IIASA in cooperation with 
the "Institut fur Systemtechnik und Innovationsforschung (ISI)" 
in Karlsruhe, FRG. Modifications of restricting building con- 
struction codes, standardization of (solar) hardware quality, 
formulation of "solar rights", and various financial and tax in- 
centives are among the key considerations. Still, like in the 
Austrian case study, the economic constraints of solar options 
will diminish when the prices of heating oil reach at least twice 
that of the current level. 

The high temperature (STEC) concepts for the FRG are less 
favorable than for Austria, unless a suitable energy storage 
concept is developed. In the ?.istant future, shovld the develop- 
ment of low-cost photovoltaic arrays prove feasible, a more 
competitive concept may emerge in connection with hydrogen 
generation. This would provide the needed enrrgy storage me- 
dium, as well as synthetic fuel relatively compatible with the 
environment. 

Realizing that long-term projections based on the first 
generation concepts of a relatively new solar technology are 
at best speculative, the IIASA Solar Group is conducting para- 
metric studies aimed at delineation of near optimum solar al- 
ternatives. Such may be in the field of prefabricated houses 
for the low temperature concepts, and further optimization of 
subsystems for the high temperature STEC concepts. The receht 
funding commitments toward solar energy conversion in many coun- 
tries are creating such a high rate of change in development 
aspects, that significant breakthroughs must be among the con- 
siderations for solar options. It may take a decade before the 
practical limits of solar technology and their economic con- 
straints can be fully recognized. 

Task: Constraints 

Large-Scale Energy Production and Climate (J. Williams) 

There are three main ways in which energy systems can 
influence climate; by the addition of waste heat, by the addi- 
tion of gases and particles to the atmosphere, and by changes 
in the characteristics of the earth's surface. 

The impact of waste heat release on climate has been 
studied in a series of experiments using the numerical model of 
the atmospheric circulation developed at the Meteorological Of- 
fice (U.K.). The first two experiments considered the effect 
of two energy parks, each adding 1.5 1014 W to the atmosphere, 



i n  one exper iment  t h e  energy parks  were l o c a t e d  i n  p o s i t i o n s  
A and C a s  i n d i c a t e d  i n  F igure  9 ,  i n  t h e  second exper iment  t h e  
parks  w e r e  l o c a t e d  i n  p o s i t i o n s  B and C .  A t h i r d  exper iment  
has  cons idered  one park ,  i n  l o c a t i o n  A ,  p u t t i n g  1 .5  1014 W i n -  
t o  t h e  atmosphere.  I n  a f o u r t h  exper iment  t h e  pa rks  were aga in  
i n  l o c a t i o n s  A and C bu t  t h e  energy i n p u t  was on l y  0.75 1014 W 
a t  each park .  I n  each  of t h e s e  exper iments  t h e  h e a t  i s  added 
a s  s e n s i b l e  h e a t  a t  f ou r  g r i d  p o i n t s  which r e p r e s e n t  an energy 
park .  

F igure  9: Loca t ions  of  t h e  Three Energy Parks  

The r e s u l t s  of  c a s e s  of t h e  model w i th  energy pa rks  have 
been compared w i t h  c o n t r o l  c a s e s  of t h e  model, t h a t  i s ,  c a s e s  
w i th  no added p e r t u r b a t i o n .  A pz t r t i cu la r  concern has  been t o  
i n v e s t i g a t e  how much of  t h e  d i f f e r e n c e  between an energy park  
c a s e  and a c o n t r o l  case  i s  a r e s u l t  o f  t h e  a d d i t i o n  of  waste  
h e a t  and how much i s  a r e s u l t  of  t h e  n a t u r a l  model v a r i a b i l i t y ,  
i .e .  t o  determine s igna l - - to -no ise  r a t i o s .  To summarize t h e  
r e s u l t s  of  t h e  above fou r  energy park  exper iments  w e  can  say  
t h a t  s i g n i f i c a n t  changes i n  meteoro log ica l  v a r i a b l e s  ( s u r f a c e  
p r e s s u r e ,  tempera tu re ,  p r e c i p i t a t i o n ,  f o r  example) a r e  found i n  
each case .  Of major importance i s  t h e  r e s u l t  t h a t  t h e  a d d i t i o n  
o f  h e a t  i n  very  smal l  a r e a s  n o t  on ly  in f luenced  t h e  l o c a l  atmos- 
phere bu t  a l s o  had impacts  e lsewhere i n  t h e  no r the rn  hemisphere.  
Secondly,  w e  f i n d  t h a t  t h e  changes i n  t h e  s imula ted a tmospher ic  
c i r c u l a t i o n  a r e  d i f f e r e n t  when t h e  i n p u t  o f  h e a t  i s  changed i n  
e i t h e r  amount o r  l o c a t i o n ;  t h i s  i s  a good i n d i c a t o r  o f  t h e  non- 
l i n e a r i t y  of t h e  c l i m a t e  system. Fu r the r  exper iments  w i l l  s tudy  
t h e  e f f e c t  of  changing t h e  method of  i n t r o d u c t i o n  of  waste  h e a t  
and t h e  i n f l u e n c e  of  a megalopo l is .  

The problem o f  t h e  a d d i t i o n  o f  C02 t o  t h e  atmosphere through 
t h e  burn ing o f  f o s s i l  f u e l s  and t h e  i n f l u e n c e  of  i n c r e a s i n g  C02 
on c l i m a t e ,  has  p r i m a r i l y  been examined s o  f a r  i n  t e r m s  of  a 
rev iew of l i t e r a t u r e  and p a r t i c i p a t i o n  i n  two i n t e r n a t i o n a l  work- 
shops on t h e  t o p i c  (WMO workshop on C02 i n  December 1976, and 
SCOPE workshop on carbon i n  March 1977) .  W e  a r e  now us ing  a l l  



available information to improve the Niehaus model of the carbon 
cycle (IIASA RM-76-35) to study the implications for the atmos- 
pheric C02 content and climate of various energy scenarios. 

In December 1976, a small workshop was held to discuss the 
possible impact of large-scale solar energy conversion on 
climate. The possible technologies of solar energy conversion 
were identified, their physical characteristics and the clima- 
tological implications of these were discussed, in particular 
the impacts of changes in albedo, surface roughness, surface 
hydrology andareal temperature were outlined on the basis of 
model experiments and analysis of analog situations. Recommen- 
dations from the workshop on data requirements and on the use 
of models in studying the impact on meso- and macro-scale cli- 
mate will be followed up in future studies. 

Health Effects of Energy Use (L.A. Sagan) 

Studies have been carried out in which economic develop- 
ment, as measured by energy consumption, has been related to 
mortality. Data from 150 countries, including more than 99 per- 
cent of the world's population, were analyzed in both cross- 
sectional and longitudinal ways. 

(1) Energy consumption per capita is highly correlated 
with literacy, GNP, and certain nutritional and medical vari- 
ables, and can be used as a "proxy" for economic development 
of these variables. Literacy was the most highly related vari- 
able to both infant mortality and longevity from birth. 

(2) The strong relationship among these economic vari- 
ables has not changed since 1900. For example, the relation- 
ship between energy consumption and literacy has remained un- 
changed for the past 75 years. There are differences of 30 
years in longevity between least developed and most developed 
countries. 

(3) In addition to the effect of economic development, 
the data demonstrates a secular trend in which longevity has 
steadily increased independently of economic development. In 
the decades from 1940 through 1960, life expectancy increased 
by nine years at all levels of development. This trend appears to 
be decreasing, i.e. in the past decade, only 1.5 years have been 
added to life expectancy. There is no evidence within our data 
that this effect is related to improved nutrition or medical 
care. 

(4) From the use of the relationship between energy con- 
sumption, literacy, longevity and the secular effect noted 
above, an equation has been developed with which longevity can 
be predicted with a high degree of confidence. 

Figures 10 and 1 1  summarize some of these results. 
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A Model for the Market Penetration Mechanisms (V. Peterka) 

C. Marchetti has in the past initiated at IIASA the study 
of the very regular, secular trends which rule the penetration 
of markets by new technologies. His approach was to a great 
extent an empirical one. 

The aim of the present work was primarily to explain the 
existing empirical models and rules, which appear to fit the 
theoretical data, and to quantitatively define the conditions 
under which they apply. This required the explicit formulation 
of the main characteristics of a new technology which determine 
the speed of the substitution process and of a general law des- 
cribing multivariate substitution processes, i.e. with any num- 
ber .of competitors: present empirical models--with the ex- 
ception of Marchetti's rule "first in - first outw--consider 
only two competing technologies. 

Algorithms and computer programs both for forecasting the 
future course of substitution processes and for estimating model 
parameters from historical data for already existing technolo- 
gies have been set up. For new technologies entering the market, 
where no historical data are available, formulas have been de- 
vised which allow computation of model parameters through an 
economic assessment (total production cost, investments, growth 
rate factor). 

Finally, in order to be able to describe and evaluate the 
accuracy of forecasts and parameter estimates, a probabilistic 
model of the substitution process has been designed. 

The model has been applied to the substitution process of 
primary energy technologies on a global level as well as for 
forecasting the potential market shares of new technologies 
(e.g. nuclear, solar) on the basis of objective and quantita- 
tively well defined data. It also has been verified through a 
comparison with historical data on wood, coal, oil and natural 
gas. 

The model, in its final form, describes the substitution 
process from a macro-economic point of view. It uses a system 
of stochastic differential equations which have been derived 
from long-term balances of capital flows. The main assumptions 
on which the model is based are: 

- Competing commodities fulfill the same or similar needs 
and are substitutable; and 

- In the long term, a particular technology has to live 
and grow on its own account; it is assumed that the mean 
value of the external capital flow is zero. 

Figure 12 shows a typical output of the model. The esti- 
mation of the relative cost of electricity from nuclear energy 
versus the cost of electricity from oil has been taken from 
H. Michaelis' "Status der Wettbewerbsfxhigkeit der Kernenergie", 



Reaktortagung 1976, Dusseldorf, FRG, 1976. According to this 
source, the investment costs for nuclear electricity are 
1500 DM/kW and 720 DM/kW for oil. The total production costs 
are 0.043 DM/kWh and 0.064 DM/kWh, respectively. 
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Figure 12: Global Primary Energy Substitution Process 

Risk Assessment ( H .  Otwavj 

General Framework. During the past year, the work of the 
Joint IAEA/IIASA Research Project has become more precisely 
structured. The problem of technological risk assessment is 
conceived as one of balancing complex technical data with the 
corresponding social values in public planning and decision 
processes. Risk assessment is divided into three sub-topics: 
risk estimation, risk evaluation and risk management. 

Risk estimation is the identification and quantification 
of the risks associated with technological systems. Risk evalu- 
ation is the measurement of social values and their reconcilia- 
tion with risk estimates through the use of formal decision me- 
thodologies. The risk estimation and evaluation analyses can 
provide an ordered list of the options under consideration; 
therefore, risk management, in reality a function carried out 
at a higher political level than risk evaluation, considers the 
evaluated options in the light of the historical and political 



r e a l i t i e s  which sur round t h e  d e c i s i o n  t o  be  t aken .  The r e s u l t  
i s  a cho i ce  among t h e  a l t e r n a t i i v e s  o f f e r e d  o r  recommendations 
f o r  m o d i f i c a t i o n s  t o  sys tems t o  h e l p  f a c i l i t a t e  t h e i r  i n t e g r a -  
t i o n .  F i gu re  13 shows, i n  a schemat ic  way, how t h e s e  sub-to- 
p i c s  f i t  t o g e t h e r .  T h i s  f i g u r e  summarizes a more d e t a i l e d  f i -  
g u r e  developed by t h e  group [1 ,2 ]  th rough a p rocess  o f  i n t e r -  
d i s c i p l i n a r y  compromise. 

UNPLAPINED FORMATION 

UNPLANNED 

-- 

-Cost-Efiectiveness 

Modifications 

RISK MANAGEMENT 

F igu re  13: A T h e o r e t i c a l  Framework f o r  R isk  Assessment S t u d i e s  



The c o n t i n u i n g  i n t e r e s t  i n  r i s k  a s s e s s m e n t  r e s e a r c h  h a s  
been demons t ra ted  s i n c e  t h e  l a s t  ~ d v i s o r y  Committee mee t ing  
i n  t h a t  f i v e  a d d i t i o n a l  governments have seconded s c i e n t i s t s  
t o  work w i t h  t h e  J o i n t  P r o j e c t  on a c o s t - f r e e  b a s i s .  

R i s k  E s t i m a t i o n ,  R isk  e s t i m a t i o n  i s  t h e  i d e n t i f i c a t i o n  and 
q u a n t i f i c a . t i o n  of  t h e  r i s k s  posed by t h e  t e c h n o l o g i c a l  sys tem un- 
d e r  c o n s i d e r a t i o n .  A s  t h e  me thodo log ies  f o r  q u a n t i f i c a t i o n  o f  
r i s k s  o f  pla-nned o p e r a t i o n  and unplanned e v e n t s  a r e  q u i t e  w e l l  un- 
d e r s t o o d ,  r e s e a r c h  i n  t h i s  a r e a  c o n c e n t r a t e d  on a p p l i c a t i o n  t o  
s p e c i a l  problems.  

Data on r a d i o a c t i v e  r e l e a s e s  f o r  a c c i d e n t s  i n  underground 
s i t e  n u c l e a r  power p l a n t s  were used t o  d e t e r m i n e  t h e  c o s t - e f -  
f e c t i v e n e s s  o f  addi . t icrna1 i s o l a t i o n  d e v i c e s  w i t h  r e g a r d  t o  t h e  
p r e l i m i n a r y  $ 1000/man-rem s t a n d a r d  v a l u e .  A s i m i l a r  a n a l y s i s  
was per formed f o r  t h e  c o s t - e f f e c t i v e n e s s  o f  remote n u c l e a r  po- 
wer p l a n t  s i t i n g  [ 3 ] .  

A computer  program f o r  r i s k  accountance  c a l c u l a t i o n s  was 
deve loped .  T h i s  proyram u s e s  t h e  i n p u t / o u t p u t  t a b l e  o f  a n  eco-  
nomy and s t a t i s t i c a l  d a t a  on a c c i d e n t s  t o  e s t i m a t e  t h e  d i r e c t  
and i n d i r e c t  r i s k  i n v o l v e d  i n  t h e  p r o d u c t i o n  of  goods and ser- 
v i c e s .  A C 0 2  model deve loped  e a r l i e r  i s  b e i n g  m o d i f i e d  and 
used  t o  a n a l y z e  t h e  i n f l . uence  o f  f o s s i l  f u e l  consumpt ion on t h e  
C02--burden t o  t h e  a tmosphere  f o r  v a r i o u s  energy  s t r a t e g i e s  [ 4 ] .  

A s t u d y  has  been s t a r t e d  which t r i es  t o  compare t h e  r i s k s  
i n v o l v e d  i n  f o s s i l  and n u c l e a r  power p r o d u c t i o n .  C r o s s - s e c t i o n a l  
a n a l y s i s  u s i n g  epi.dernj.ologica1 d a t z  c o v e r i n g  s p e c i f i c  t i m e  pe- 
r i o d s  i n  d i f f e r e n t  c o u n t r i e s  w i l l  be 6 t i l . i z e d .  Dat.a collec- 
t i o n  h a s  j u s t  b e g u n .  

R isk  E v a l u a t i o n ,  T h i s  was d e f i n e d  above a s  t h e  measurement -.--- 
o f  s o c i a l  v a l u e s  and t1iei.r  r e c o n c i l i a t i o n  w i t h  t e c h n i c a l  d a t a  
t h r o u g h  dec is ion-mak ing  p-ocesses .  T h i s  i s  e s s e n t i a l l y  t h e  i n -  
t e g r a t i o n  o f  t e c h n i c a l  and s o c i e t a l  data; I t  i m p l i c i t l y  i n c l u d e s  
t h e  c o n c e p t  o f t e n  c a l l e d  " a c c e p t a b i l i t y " .  

Measures o f  - S o c i a l  -- V a l u e :  - - - - Methodo log ies .  U t i  l i t y - b a s e d  
methods have been used  p r i m a r i l y  f o r  a s s e s s i n q  t h e  dec is ion-ma- 
k e r s '  ( o r  e x p e r t s ' )  e x p e c t a t i o n - o f  " s o c i a l  u t i l - i t y "  a s  a func-  
t i o n  o f  t .echn ica1 v a r i a b l e s .  A l though some o f  t h e s e  methodolo- 
g i e s  c o u l d ,  i n  p r i n c i p l e ,  be  ex tended  t o  make u t i l i t y  measure- 
ments  on a p u b l i c  s u r v e y  b a s i s ,  t h e  t e c h n o l o g y  f o r  so d o i n g  d o e s  
n o t  e x i s t  a t  p r e s e n t .  

Another  way t o  approach t h i s  h a s  been t o  p u t  r i s k s  i n t o  
" p e r s p e c t i v e "  by comparing t h e o r e t i c a l  e s t i m a t e s  f o r  t h e  "pew" 
r i s k  w i t h  s t a t i s t i c a l  da ta  on o t h e r  r i s k s  e x i s t i n g  i n  s o c i e t y .  
These  compar isons  a r e  u s e f u l  f o r  s e e i n g  i f  a  p r o j e c t e d  new r i s k  
m igh t  be t o o  h i g h  from a n  e t h i c a l  s t a n d p o i f i t ;  however t h e y  a r e  
mean ing less  a s  a measure o f  s o c i a l  v a l u e ,  o r  f o r  p r e d i c t i n g  what 
w i l l  be a c c e p t a b l e .  A c c e p t a b i l i t y  o f  r i s k s  i s  c h a r a c t e r i z e d  
by a number o f  v a r i a b l e s  b e s i d e s  t h e  s t a t i s t i c a l  e x p e c t a t i o n  o f  



risk. That is, each risk situation is different; comparing one 
risk to another is like comparing apples and oranges--in a psy- 
chological sense they are not at all comparable. We have come 
to the conclusion that the analysis of statistical data just 
cannot lead to practical rules for predicting the acceptability 
of risks nor can one learn much about the determinants of risk 
perception. 

A t t i t u d e s  a s  a  Measure o f  V a l u e .  Attitude may be simply 
defined as an evaluative judgement that one likes or dislikes 
some object or concept, that it is good or bad, that one feels 
favorable or unfavorable toward it. Attitudes are a good 
measure of the societal values held with respect to some object 
or concept because attitude creates a predisposition to behave 
in a consistent manner toward the object in question. In other 
words, attitude predisposes an individual to engage in a s e t  of 
behaviors which, taken together, are consistent with the atti- 
tude. So attitude is a measure of the general behavior that an 
individual will display toward the object, but is not necessari- 
ly related to any specific behavior. Beliefs, attitudes and 
behaviors are distinct variables, with different determinants, 
but with stable and systematic relations among them; the rela- 
tionships among them are shown in the attitude formation model 
of Figure 14, which was developed by Martin Fishbein and his 
colleagues. 

BELIEFS ABOUT 
OBJECT X 

INFLUENCE 

,---- FEEDBACK 

INTENTIONS WITH 
RESPECT TO 

Figure 34: A Model of Attitude Formation (pfter Fishbein) 

BEHAVlOUIiS WITH 
RESPECT TO 

How A t t i t u d e s  a r e  Formed. Beliefs are the building blocks 
of attitudes. A belief is a person's subjective probability 
judgement that an object is characterized by a certain attribute. 
People form a number of beliefs about an object on the basis of 
direct personal observations, information received from outside 
sources or through inferential processes. Each of these beliefs 

OBJECT X OBJECT X I 



simply links the object with some attribute in the person's mind. 
Each belief is weighted by the evaluation of the attribute in 
the attitude formation process. The way in which beliefs and 
their evaluations combine to forin attitude may be written mathe- 
matically as: 

where 

A. 
= the attitude toward object "0"; 

bi = the beliefs which link the object to specific at- 
tributes; 

e = the evaluations of these attributes; and i 
n = the nmher  of salient. beliefs (usually only five to 

ten in number) . 
The belief component (the bi of the equation) represents 

knowledge or opinions about the attitude object while the evalu- 
ative component (the ei) is a measure of affect or feeling. 
(The public opinion poll usual-ly only measures the belief com- 
ponent of attitude. Unlike attitude, belisfs alone may be com- 
pletely unrelat~c3 to hehczvior.) The Fisbbein Model allows not 
only the identification of the factors important in attitude 
formation, but also the respective contributions of opinion and 
feslings to each factor. Further, by aggregating the responses 
of individuals we cz-n exanine the response of any social groups 
and thus find out which factors differentiate between groups. 

Attitudes Toward NucZear  Power.  In collaboration with 
Fishbein [5] we did a pilot study of attitudes toward nuclear 
power to see if the model could be used in this area of appli- 
cation. The subjects were a group of people affiliated with 
a university energy-research illstitute in the USA. Many of them 
had degrees in science or engineering. The attitude results ob- 
tained from the model correlated highly with separate, indepen- 
dent measurements of the same attitude (using the semantic dif- 
ferential technique), which indicated the validity of the ap- 
plication. For the total sample, the results confirmed what we 
expected--that the most important attributes in determining at- 
titudes toward nuclear power were factors concerning risks, i.e. 
nuclear wastes, possible destructive misuse of the technology 
and catastrophic accidents. 

We then formed two sub-groups from the total sample. The 
one-third most favorable towards nuclear power were called the 
"pro" group and the one-third most negative the "con" group. 
A comparative analysis of these two groups can help understand 
which factors tend to differentiate between groups pro and con. 
These results are summarized in Figure 15. The first column of 
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Figure 15: Cognitive Stucture Underlying Attitudes Toward Nuclear Power 



t h i s  f i g u r e  shows t h e  c o n t r i b u t i o n  of  each  a t t r i b u t e  t o  t h e  a t -  
t i t u d e  s c o r e s  o f  t h e  two g roups .  For  example,  it may be  seen  
t h a t  t h e  pe r ce i ved  r e l a t i o n s h i p  between n u c l e a r  power and " b i g  
government o r  b u s i n e s s "  c o n t r i b u t e s  p o s i t i v e l y  t o  t h e  a t t i t u d e  
o f  t h e  p ro  group b u t  n e g a t i v e l y  t o  t h e  a t t i t u d e  o f  t h e  con group.  
The reason  f o r  t h i s  d i f f e r e n c e  may be  unders tood  by l ook i ng  a t  
columns 2 and 3 .  They show, r e s p e c t i v e l y ,  t h e  s e p a r a t e  c o n t r i -  
b u t i o n s  o f  b e l i z f s  (opi .ni .on) and e v a l i l a t i o n s  ( f e e l i n g )  t o  a t t i -  
t ude .  H e r e  w e  see t h a t  bo th  groups s t r o n g l y  b e l i e v e  t h a t  nu- 
c l e a r  power i s  " i n  t h e  hands o f  b i g  government o r  b u s i n e s s " .  
However, t h e  p r o  g roup  f e e l s  t h a t  t h i s  i s  a good t h i n g ,  b u t  t h e  
con group va lued  j . t  n e g a t i v e l y .  

There  w e r e  additional i t e m s  f o r  which d i f f e r e n c e s  between 
p r o  and con g roups  were: ~ L a t i s t i c a l l y  s i g n i f i c a n t .  These i t e m s  
w e r e  a l l  related t.0 t h e  b e n e f i t s  o f  n u c l e a r  power; t h e y  w e r e :  
p r o v i d i n g  good eeonomi.~: v a l u e  ; enhanc ing  t h e  " q u a l i t y  o f  l i f e "  ; 
and p rov i d i ng  b e n e f i t s  which a r e  e s s e n t i a l  t o  s o c i e t y .  Again,  
l ook i ng  a t  colulnns 2 and 3 o f  F i gu re  15 ,  w e  can  see what accoun t s  
f o r  t h e s e  d i f f e r e n c e s ,  I n  a l l  t h r e e  c a s e s ,  bo th  g roups  eva lu -  
a t e d  t h e  a t - t r i b u t e s  p o s i . t i v e l y ,  a l t hough  t h e  con g roup  e v a l u a t e d  
t h e  "enhancing of t h e  q u a l i t y  o f  l i f e "  s i g n i f i c a n t l y  less pos i -  
t i v e ,  t h u s  slkowing doub t  abou t  t h e  need t o  f u r t h e r  i n c r e a s e  s t a n -  
d a r d s  o f  l i .v i r lg ,  Iiowever, f o r  a l l  t h e s e  b e n e f i t  i t e m s  t h e  be- 
l i e f s ,  o r   opinion.^, were t h e  major  f a c t o r  c o n t r i b u t i n g  t o  d i f -  
f e r e n c e s ;  t h e  p ro  group s t r o n g l y  b e l i e v e d  t h a t  n u c l e a r  power 
cou ld  p rov i de  t h e s e  b e n e f i t s  w h i l e  t h e  con group was u n c e r t a i n  
t o  somewhat negat.i.ve ,. 

There  were no si.cj-n-ificarit d i f f e r e n c e s  between t h e  g roups  
r e g a r d i n g  t h e  r i s k s  o f  r iuc leas  power,  Both g roups  b e l i e v e d  t h a t  
n u c l e a r  power w:~.s c h a r a c t e r i z e d  by t h e  r i s k  a t t r i b u t e s .  The con 
g roup  d i d  f e e l  s i g n i f i c a n t l y  more n e g a t i v e  abou t  some r i s k  a t -  
t r i b u t e s  t h a n  d i d  t h e  p r o  group;  however, t h e s e  d i f f e r e n c e s  i n  
f e e l i n g s  abou t  r i s k  i t e m s  w e r e  n o t  l a r g e  enough t o  c r e a t e  s i g -  
n i f i c a n t  d i f f e r e n c e s  i n  a t t i t u d e .  

The i n t e n t  of t h i s  s t u d y  was t o  tes t  t h e  v a l i d i t y  o f  t h e  
methodology i n  t h i s  a r e a  o f  a p p l i c a t i o n .  One shou ld  n o t  assume 
t h a t  t h e  r e s u l t s  o b t a i n e d  wj..th t h i s  sma l l  and homogeneous sample 
cou ld  be  a p p l i e d  - to  any o t h e r  group.  F7e a r e  now i n  t h e  p r o c e s s  
o f  app l y i ng  t h i s  model. t o  a  r e p r e s e n t a t i v e  p o p u l a t i o n  sample by 
u s i n g  a  q u e s t i o n n a i r e  w i t h  39 a t t r i b u t e s  i n s t e a d  o f  t h e  1 2  used 
i n  t h i s  p i l o t  s t u d y .  

Decision--Making. The f i n a l ,  i n t e g r a t i v e  s t e p  i n  r i s k  eva lu -  
a t i o n  i s  an  o r d e r i n q  of  t h e  a l t e r n a t i v e s  be i ng  c o n s i d e r e d .  The 
l i m i t a t i o n s  of t h e  dec is ion-maker  i n  h a n d l i n g - t h e  l a r g e  q u a n t i -  
t ies  o f  p r o b a b i l i s t i c  d a t a  i nvo lved  i n  many p u b l i c  d e c i s i o n s  
s u g g e s t  t h e  use  o f  fo rma l  d e c i s i o n  methodo log ies  t o  a i d  i n  t h i s  
p r o c e s s .  Methods a v a i l a b l e  i n c l u d e  m u l t i - a t t r i b u t e  d e c i s i o n  
a n a l y s i s ,  c o s t - b e n e f i t  a n a l y s i s ,  and c o s t - e f f e c t i v e n e s s  a n a l y s i s .  
These methodo log ies  a r e ,  i n  f a c t ,  c l o s e l y  r e l a t e d :  c o s t - b e n e f i t  
a n a l y s i s  may be d e r i v e d  from m u l t i - o b j e c t i v e  a n a l y s i s ;  c o s t - e f -  
f e c t i v e n e s s  i s  a s p e c i a l  c a s e  of c o s t - b e n e f i t  a n a l y s i s .  



Cost-benefit analysis has been a popular method for making 
public policy decisions; it requires that all attributes of the 
decisions be expressed in common units--usually monetary. A 
.problem arises, however, if there is no observable market price 
for the attributes in question, such as is the case for most en- 
vironmental concerns including the risks to the public's health 
and safety. The interest in assigning values to human life 
arises from the wish to evaluate changes in mortality risk for 
use with the cost-benefit methodology. We have reviewed the me- 
thods used [6,7] and concluded that a rigorous determination of 
life values is not possible because all methods are either de- 
pendent only upon income or are difficult to estimate. It was 
recommended that a value, such as $ 3,000,OQO per life, be chosen 
for use in cost-benefit analysis and this value be weighted by 
three factors representing the personal status of those exposed; 
third-party interest in life-saving; and psychological factors 
such as those discussed earlier (degree of consent and control, 
ect.) [8]. 

An alternative procedure to placing a monetary value on 
each of the impacts or attributes of the decision consequence 
is to evaluate them in terms of "utility". In the terminology 
of multi-attribute decision analysis the problem of valuing 
each of the decision consequences in terms of utility is re- 
ferred to as assessing a multi-attribute utility function over 
the n attributes. The basic idea of multi-attribute utility 
measurement is to elicit the value of each attribute in terms 
of the decision-maker's preference, one attribute at a time, 
and then to aggregate them by using a suitable aggregation rule 
and weighting procedure. 

Probably the most widely used, and certainly the simplest 
aggregatior? rule and weighting procedure, is the SMART (Simple 
Multi-Attribute Scaling Technique) procedure developed by Ward 
Edwards, which involves taking a weighted linear average. This 
can be written: 

where 

w = the normalized importance weight of j value; i th 
u = the utility of ith alternative on the jth dimension; 

iJ and 

Ui = the aggregate utility of the ith alternative. 

There has been virtually no experience in using public 
attitudes i.e.,, indicators of overall social response, as a 
formal input in such methodologies. We have done a demonstra- 
tion experiment, in collaboration with Edwards [9], in which 
public attitudes were used as a value measure in the SMART 



techn ique.  I n  t h i s  exper iment  a  group of  decis ion-makers was 
g iven  t e c h n i c a l  d e s c r i p t i o n s  of s i x  n u c l e a r  waste  d i s p o s a l  s i tes 
a s  w e l l  a s  p u b l i c  a t t i t u d e s  toward t h e s e  sites. Pre l im inary  
r e s u l t s  i n d i c a t e d  t h a t  t h e  decision-making group was w i l l i n g ,  
and a b l e ,  t o  use  a t t i t u d e  measurement in fo rmat ion  i n  t h e  dec i -  
s i o n  p rocess  and t h a t  p u b l i c  a t t i t u d e s  were an impor tan t  fac -  
t o r  i n  t h e  d e c i s i o n s  taken  by t h e  group. 

Risk Management. Looking aga in  a t  F igu re  13 ,  t h e  s e c t i o n  
c a l l e d  Risk Management r e f e r s  t o  t h e  a c t i o n s  one might t a k e ,  
g iven t h e  in fo rmat ion  of  t h e  t e c h n i c a l  system, i t s  r i s k s ,  and 
t h e  cor responding s o c i a l  a t t i t u d e s .  The p o s s i b i l i t i e s  t o  re- 
so l ve  c o n f l i c t s  l i e  b a s i c a l l y  i n  changing t h e  t e c h n o l o g i c a l  sys-  
t e m ,  t h e  s o c i a l  system o r  t h e  d e c i s i o n  p rocess .  

Techn.oZogy Change. One obvious advantage of r i s k  es t ima-  
t i o n  s t u d i e s  i s  t h a t  of  i d e n t i f y i n g  r i s k s  t h a t  might be t o o  h igh  
and p inpo in t i ng  t h e  opt imal  way t o  change t h e  techno logy i n  o r -  
d e r  t o  reduce them. Our work i n  a t t i t u d e  format ion s u g g e s t s ,  
however, t h a t  a t t i t u d e s  would no t  o f t e n  be ve ry  s e n s i t i v e  t o  
changes i n  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  technology.  That  
is ,  changing t h e  d e s c r i p t i o n  of  t h e  technology ( e . g . ,  under- 
ground s i t i n g )  i s  a change i n  on ly  one in fo rmat ion  i n p u t  and 
would no t  n e c e s s a r i l y  be expected t o  r e s u l t  i n  an e q u a l l y  l a r g e  
change i n  p u b l i c  a t t i t u d e s .  

S o c i a l  S y s t e m  Change. A survey of  t h e  s o c i a l  psychology 
l i t e r a t u r e  on a t t i t u d e  change sugges ts  t h a t  t h e r e  is no qu i ck  
and easy  way t o  change p e o p l e ' s  a t t i t u d e s .  Research has f a i l e d  
t o  show any ev idence of  c o n s i s t e n t  and c o n t r o l l e d  a t t i t u d e  
change. The r e g u l a r i t y  w i t h  which peop le  conduct  t h e i r  d a i l y  
l i v e s  and t h e  p e r s i s t e n c e  o f  customs,  myths, i d e a l s  and mores 
demonst ra tes  t h e  b a s i c  s t a b i l i t y  o f  a t t i t u d e s  and t h e i r  tenZen- 
cy  t o  evo lve r a t h e r  t han  t o  change a b r u p t l y .  Accord ing ly ,  e t h i -  
c a l  q u e s t i o n s  a r i s e ,  a t t i t u d e  change does n o t  seem t o  be a  pro- 
d u c t i v e  a r e a  f o r  r i s k  management a c t i v i t i e s .  

Decis ion-Making.  An a r e a  i n  which ou r  rese 
app l i ed  i s  i n  improving t h e  d e c i s i o n  p rocess  and 
hrozden p a r t i c i p a t i o n  i n  d e c i s i o n s  a f f e c t i n g  t h e  

a r c h  might 
i n  he lp i n  
p u b l i c .  

Th i s  does  n o t  mean t h a t  w e  t h i n k  t h e  d e c i s i o n  p rocess  can 
be "mechanized". W e  do t h i n k  it would be p o s s i b l e  f o r  t h e  de- 
cis ion-making group t o  e v a l u a t e  t h e  a l t e r n a t i v e s  by usin.9 a  de- 
c i s i o n  model, and t hen ,  by an  i t e r a t i v e  procedure,  make t h e  
model r e s u l t s  and t h e i r  i n t u i t i v e  d e c i s i o n  ag ree .  T h i s  would 
p rov ide  a  record  o f  what v a r i a b l e s  were used i n  reach ing  a  de- 
c i s i o n ,  what we igh ts  t hey  were g iven 'and, most impor tan t ,  what 
v a l u e s  w e r e  ass igned  t o  them. T h i s  in fo rmat ion  cou ld  p rov ide  
a  s t a r t i n g  p o i n t  f o r  i n c r e a s i n g  t h e  t ransparency  of  t h e  dec i -  
s i o n  p rocess .  The wish f o r  more p a r t i c i p a t i o n  i n  p u b l i c  de- 
c i s i o n  p rocesses  i s  one o f  t h e  impor tant  under l y ing  i s s u e s  i n  
t h e  oppos i t i on  t o  techno logy.  

Concluding Remarks. Although r i s k  assessment  i s  s t i l l  i n  
a  r e s e a r c h  s t a g e ,  w e  f e e l  t h a t  t h e  va lue  of  t h e  p o t e n t i a l  



results has been shown. At present the major contribution of 
such studies is a better understanding of the technical and so- 
cial systems being investigated and the acquisition of insights 
-into their interactions. Methodologies for risk estimation and 
evaluation have been identified, developed, and their feasi- 
bility demonstrated through application. Future work will con- 
centrate on the operational application of these methodologies 
and the development of risk management strategies. 

Task: Stratesies 

Computerization of the Energy Systems Program's Modeling Effort 

(W. Orchard-Hays) 

The entire set of regional and global models, which the 
energy program's modeling group is creating, consists of di- 
verse parts which are being formulated specifically for this 
effort. The set of models cannot properly be considered as 
forming one grand supermodel; on the contrary, they are rather 
loosely coupled by intent. Neither are they a collection of 
existing models--though based in varying degree on prior work 
at IIASA and many other centers--but rather a coordinated set 
that are subject to continuing refinement and adjustment to 
meet the overall goals of the project. For example, there has 
been a conscious--even determi.ned--effort to avoid over-ela- 
borate detail in areas which appear to be only incidental to 
the main study. On occasion, however, it is found necessary to 
develop more detail than anticipated in order to assure con- 
sistency and meaningful results. Consequently, a considerable 
degree of convenient flexibility is required in the computa- 
tional schema. 

Two other elements of diversity arise from the following 
circumstances. First, prior modeling work from which we are 
building, in part, has been done on a variety of computing sys- 
tems and in a variety of styles. Second, the theoretical ap- 
proaches differ markedly among the various component models and 
their forerunners. Thus a macro-economic model based on eco- 
nometric concepts and fitting of time series differs in basic 
assumptions and techniques from a linear programming (LP) model. 
Hence it is necessary to be able to accomodate, operationally, 
both a variety of programming styles and convenient mechanisms 
for interfacing them and testing the sensitivity of the models 
to the interfacing techniques. 

The central model of the set is a linear programming model 
and several other components are either LP models or have LP 
alternates. Thus a powerful LP system, with interactive cap- 
ability, is one prime requisite. Of the non-LP components, 
only two have heavy computing requirements. The remaining com- 
ponents are much more characterized by data manipulation and 
this is likewise a strong requirement for the LP models and at 
least one of the others. In order to achieve the flexibility 
required, for instance, it is not sufficient to simply solve an 



LP model with variations in a few parameters, although this is 
certainly one important usage. It must be possible to regenerate 
the model with structural changes on demand. Indeed, in many 
cases, generation of a model is a more complicated and costly 
task than obtaining a solution. 

Another requirement is the ability to generate reports of 
various kinds which include both source data and computational 
results, as well as simply informational and record-keeping logs 
relative to the modeling work itself. 

It is clear, therefore, that not only a fairly powerful 
computer with extensive and highly organized auxiliary storage 
is necessary, but also a hierarchy of software levels which can 
be readily coordinated and flexibly controlled. The nature of 
the modeling effort itself, vis-2-vis computing, is much more 
akin to software system development than to massive calculations 
such as are required in engineering work or nuclear st~dies. 

Finally, the ability to operate the computing facility re- 
motely is highly desirable since IIASA does not have sufficiently 
powerful in-house facilities. Furthermore, operation from NMOS 
is to be exptected and immediate transferral of such a system is 
a practical impossibility except under the most special circum- 
stances. 

Fortunately, a comprehensive computing system meeting es- 
sentially all these requirements is available. The required 
hardware and basic software is an IBM 370 with virtual central 
storage--namely, models 145, 155-11, 158 or 168--operating under 
the VM/CMS system. Such a configuration is already widely used 
in the US and is now available in various centers in Europe. 
Three of four exist in Vienna although, for the most part, these 
are in private commercial establishments for in-house use. The 
IBM Center in Vienna has a 155-11 as a test facility which 
operates under VM/CMS during the main part of work days. IIASA 
has used this facility since mid-January 1977 for preliminary 
development. Unfortunately, neither the operational style (it 
is not a part of a regular service facility) nor the telecom- 
munications setup are fully satisfactory. Although these defi- 
ciencies could probably be corrected without much difficulty, 
IIASA is preparing to utilize a much larger VM/CMS facility in 
Pisa, Italy via a leased line and under very favorable usage 
rates. This facility is operated by CNUCE which is a part of 
IIASA's Italian NMO. It is operated entirely as a service and 
research facility for scientific and educational institutions. 

The VM/CMS system was designed and intended for interactive 
use via telecommunication links. Furthermore, it already includes 
an extensive array of basic data file facilities, a sophisti- 
cated context editor, various programming language processors, 
and so forth. Beyond this IBM-provided software, however, a 
number of powerful application systems have been developed un- 
der the VM/CMS umbrella. Of particular interest here, a com- 
prehensive mathematical programming system (MPS) was developed 



at the National Bureau of Economic Research, Inc. between 1972  
and 1975.  This system, known as SESAME, was developed with 
public funds to make available to the noncommercial scientific 
community an MPS comparable in power and scope to the commer- 
cial systems, such as IBMs, MPSs, CDCs APEX, and privately de- 
veloped systems such as MP-I11 (by Management Science Systems, 
Inc.) and UMPIRE (by SCICON, Ltd.). Additionally, however, 
SESAME was to operate interactively (rather than in batch mode 
as most other MPSs) and include simplified control mechanisms 
suitable to its mode of operation. The major part of SESAME, 
as an MPS, was completed in the winter of 1974-5  and has been 
operating reliably since then. It was installed at the Pisa 
center in. Spring 1 9 7 5  and also at a facility near Brussels. 

The chief developer of SESAME was FTm. Orchard-Hays who 
has designed and often implemented a large proportion of exist- 
ing MPSs beginning with early LP "codes" at the RAND Corpora- 
tion. Based on experience with earlier systems, he undertook 
to add to SESAME a comprehensive data management subsystem 
specifically oriented to mathematical programming work but 
with considerable capability of a more general sort. This 
addition is known as DATAMAT (and is similar to the DATAFORM 
extension t~ MPS-I11 which has been used in other energy stu- 
dies). DATAMAT was substantially completed by Spring 1975  when 
Orchard-Hays left to join IIASA, but little further work on 
this subsystem was done until January of this year. Since 
then, he has extensively enhanced and tested DATAMAT at the IBM 
Vienna facility and it is now being used as the main mechanism 
for generating LP models in the energy program as well as for 
various other data manipulation tasks. Elaborate report-genera- 
tion features have just been checkes out and are now ready for 
productive work. 

The file handling features of VM/CMS are inherent.1~ flex- 
ible and convenient and permit coordination of data and results 
within the context of different modeling methodologies. No one 
application system or package will meet all our requirements, 
but under this comprehensive computing system--really system 
of systems--all necessary tasks should be feasible and with a 
large measure of convenience and flexibility. 
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