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PREFACE 

This review is the fourth in the IIASA series of publications reviewing 
energy models. This work is related to  the project, Comparison of Energy 
Options: A Methodological Study, carried out jointly by the United Nations 
Environment Programme and IIASA. The series has been set up t o  aid the 
student of the energy problem in his literature search for a tool applicable 
t o  his set of problems and to  avoid duplication of efforts. 

The present review contains only 14 models. There is a tendency toward 
modification and actualization of existing models, and research institutions 
are, understandably, reluctant to  provide them in incomplete form. A list 
of the institutions and individuals contacted is appended to  this report. 

We hope that this review will stimulate contacts and collaboration between 
specialists. For a continuation of this series readers are invited to provide the 
editors with abstracts of their energy models. 

Jean-Pierre Charpentier, A Review of Energy Models: No. 1 -May 1974, 
Revised September 1976, RR-74-10, International Institute for Ap- 
plied Systems Analysis, Laxenburg, Austria, 1976. 

Jean-Pierre Charpentier, A Review of Energy Models : No. 2-.luly 1975, 
RR-75-35, International Institute for Applied Systems Analysis, 
Laxenburg, Austria, 1975. 

Jean-Michel Beaujean and Jean-Pierre Charpentier, eds., A Revie w of Energy 
Models: No. 3-December 1976, Special Issue on Soviet Models, 
RR-76-18, International Institute for Applied Systems Analysis, 
Laxenburg, Austria, 1976. 





SUMMARY 

Fourteen new models are presented in this review; their classification is 
shown in the table below. Of type A there are four models; of types C, E, 
and F, three each; of type B, one model and none of class D. 

The preceding three reviews of energy models have clearly shown that 
there are few energy models linking energy systems to  the overall economy 
and even fewer models combining demand and supply consistently. In the 
present review there are three models of these types: the Swedish model 
developed by Carl Bergstrom et al.; Coal 1 by R. Naill; and the model of the 
refining industry in Belgium by Franz Jomaux. 

Models' Classification 

Areas of Application National 

A 

4 

C 

3 

E 

3 

Energy System 
(energy is the 
main problem) 

International 

B 

1 

D 

0 

F 

3 

One kind 
of fuel 

Several 
kinds of 
fuel 

Linkage between energy and 
general economy 





L i s t  o f  Models 

*Numbers r e f e r  t o  a b s t r a c t s  of  t h e  models s to red  on t h e  IIASA computer. 

-vii- 

Class 

A 

B 

F 

E 

A 

C 

E 

C 

F 

E 

T i t l e  and Author 

Study of  t h e  Optimal S t ruc tu re  o f  t h e  Belgium 
r e f i n i n g  indus t ry  
Franz Jomaux, ~ a c u l t 6  Un i ve rs i t a i r e  Cathol ique 
de Mons 

Optimal Sa les  Pol icy  f o r  Canadian Natural  Gas 
Ross C. Richards,  Energy Models Div., Nat ional  
Energy Board 

A Simulat ion Model f o r  Study o f  t h e  Dynamic 
Behavior of  Crude O i l  Product ion i n  Middle 
Eas t  O i l  Export ing Countr ies 
Teruyasu Murakami, Nomura Research I n s t i t u t e  

"Mexicow--National Energy Model 
J. Lar t igue G . ,  Univers i ty  of  Mexico 

Mining Indus t ry  Model IRC-004 
J. W .  Brinck , IRC-Brinck I n t e r n a t i o n a l  
Resources Consul tants  B.V .  

A Planning Model of  New Zealand's Energy 
Indus t ry  
B.R. Smith, P.D. Lucas and B.A.  Murtagh, 
V i c to r i a  Univers i ty  and Min is t ry  of  Energy 
Resources 

An Energy Forecast ing Model f o r  Sweden 
Lars Bergman, Clas ~ e r g s t r o m ,  and Anders 
B jork lund, Economic Research I n s t i t u t e ,  
Stockholm School of  Economics 

Energy System Planning Mini-Model 
I. Kavrak, ~ 0 8 a z i c i  Univers i ty  

Demand f o r  Energy Forecast ing Model 
G.  Kouris,  Univers i ty  of  Surrey 

Model f o r  Est imat ing P r i ce  Inc reases  Due t o  
Higher Costs  o f  Petroleum and Other Imports 
E.W. Henry and S. S c o t t ,  Quar ter ly  Economic 
Commentary 

Country 

Belgium 

Canada 

Japan 

Mexico 

Netherlands 

New Zealand 

Sweden 

Turkey 

UK 

UK 

No. * 

B401 

CDN401 

5401 

M401 

N401 

NZ401 

S401 

T401 

GB401 

GB402 



Class 

A 

A 

C 

F 

T i t l e  and Author 

A Regional L inear Programming Approach t o  t h e  
United S t a t e s  Energy System 
P.J .  Nagarvala, G.C. F e r r e l l  and L.A. Olver,  
Bechtel  Corp. 

COAL 1: A Model of t h e  United S t a t e s  Energy 
System 
Roger N a i l l ,  Thayer School o f  Engineering, 
Dartmouth College 

The Energy Supply Planning Model 
M. Carasso and J . M .  Gallagher,  e t  a l . ,  
Bechtel  Corp. 

Evaluat ion of Power S t a t i o n  I n s t a l l a t i o n  
P o l i c i e s  
F. Cont i ,  G. Grazian i  and C. ~ a n a n t o n i ,  
Commission of  t h e  European Communities 

Country 

USA 

USA 

USA 

EC 

No. 

USA401 

USA402 

USA403 

XX401 



MODELS CLASS A 





The Model A reglonal linear programming approach to the Unlted States energy system. (USA401) 

P.J. Nagarvala, G.C. Ferrell*, and L.A. Olver, Bechtel Corporation, San Francisco, 
California, 1974. 

Subject and The model is concerned vith optimal regional flovs and the utilization of different 
Goal energy forms, with an emphasis on coal and clean coal energy. The model permits 

interfuel substitutability, and includes a vide range of existing and developing 
technologies. It develops a methodology for the planning and analysis of complete 
energy systems from mining and extraction through energy conversion and transporta- 
tion, environmental considerations, and energy demand. 

System The model deals vith a regional US energy system that currently emphasizes the coal 
Description and coal-based energy sectors. The model constructs and analyzes optimal systems 

of energy utilization based on regional descriptions, energy supplies, transporta- 
tion netvorks, regional characteristics and availabilities o f  energy conversion 
facilities. environmental control techniques, and energy demands. The model is 
data driven and capable of  creating and analyzing a vide variety of energy system 
descriptions. 

Time Single time period. Model runs may be made for each time period of interest. The 
model has been applied for the years 1980 and 1985. 

Area 
Space Flexible. The US, or  any chosen subregion included in the model boundary, may be 

disaggregated as desired. The model has been applied to  the US for a five- and a 
sixteen-region breakdown. 

Modeling This is an optimization model that uses linear p r o g r m i n g  and extensions. The 
Techniques model creates and/or manages the LP matrices and suhmatrices, using input data and 

logical information tables. It calculates feasible and optimal primal/dual solu- 
tions, and generates a hierarchy of  output reports. The technique has user inter- 
active capability and flexible interface capacity. 

Input Data The user specifies regions, year, supply and demand categories, transportation op- 
Operational tions, energy conversion technologies, maximum interfuel substitution levels, 

technical and economic logical structures, and the optimization objective. 

Physical The folloving are required by region: coal reserves; mining capacity by coal price 
and coal category; availability and price of danwstic and imported natural gas and 
crude; import and export o f  coal and electric pover; demand by energy form--electric, 
rav coal, gas, crude, and refined products. When regional data are unavailable, 
algorithms are developed to  disaggregate US level information as necessary. 

Technical The required data are the economics, physical capacities. and efficiencies of 
energy technologies, including coal transportation (rail, unit train, vaterborne 
carrier, and slurry pipeline); oil and gas pipelines; electric tranamission; fossil- 
fuel stem-electr ic p e r  plants (coal, oil, and gas); hydroelectric, nuclear, and 
other electric pover generating facilities; coal synthetic facilities (gaslfication, 
liquefaction. solid); fluidized bed combustion; advanced fossil fuel systems. 

Resources and Energy resources including manpover, materials, and capital are not nov, but may be, 
Environment incorporated as accounting or constraining rovs in the model structure. Water and 

capital resources have been investigated. Environmental residual emissions may be 
accounted for or constrained. SO, emss ions  have been investigated and constrained. 

Economic The ob3ective function, which may be other than economic. includes the average 
single-time period cost of fuel supplies, and the cost o f  maintaining or construct- 
ing energy conversion facilities. Facilities scheduled t o  be in existence and 
additional facilities required by the model are differentiated. 

- 

Output'Data A hierarchy of  output reports shoving input and output data for the optimal energy 
Operasional system for each year, region. and energy/economic sector. 

Physical The optimal configuration of energy technologies to  meet demands from available 
supplies subject to  resource and environmental criteria. 

Resources m d  Energy-related resources (e.g., vater, capital, etc.). Environmental emissions 
Environment (e.9.. SO,). 

Economic Economic input data and marginal costs for all constrained activities (e.g., coal 
mining capacity, SO, emissions, regulations. 

Observations The model may be used to  determine regional implications of national energy sce- 
narios. It contains b detailed coal resource and coal-energy technology data base. 
Energy supply and demand is disaqgregated by region. Non-coal systems are managed 
exogenously at present. Interfuel substitutability is included, but no direct 
provisions are made for price/demand elasticities. (These may be analyzed itera- 
tively.) Work is proceeding to  expand the model to include endogenously all energy 
sectors, incorporating their resource and environmental implications. The model 
provides a methodology that may be used to assess the regional impact of varlous 
national energy scenarios and, by highlighting bottlenecks, may serve as a gulde 
to RLD policymakers. 

'Initial project leader; nov associated vith the University of Callfornia, Berkeley. 



NETHERLANDS 

The Model Mining i n d u s t r y  model IRC-004. (N401) 

J . W .  Br inck,  IRC-Brinck I n t e r n a t i o n a l  Resources Consu l tan ts  B.V., P.O. 
Box 471, Alkmaar 1700, Nether lands,  1975/1976. 

Sub jec t  and Valuat ion of  m inera l  p r o s p e c t s ,  d e p o s i t s ,  d i s t r i c t s ,  and p rov inces  i n  
Goal p a r t i c u l a r ;  and e s t i m a t i o n  and comparison of  t h e  m inera l  p o t e n t i a l  

( i n f e r r e d  resources )  o f  c o u n t r i e s ,  c o n t i n e n t s ,  and t h e  wor ld ,  i n  g e n e r a l .  

System The e s t i m a t i o n  of m inera l  resources  is  based on t h e  assumption o f  a  log-  
Desc r ip t i on  b inomia l  f requency d i s t r i b u t i o n  of element concen t ra t ions  i n  t h e  geo log ic  

environment.  Th is  d i s t r i b u t i o n  c r e a t e s  a p r o b a b i l i t y  f i e l d  f o r  m inera l  
d e p o s i t s  o f  d i f f e r e n t  s i ze -g rade  s p e c i f i c a t i o n s ,  which determines t h e  
r a r i t y  o f  such d e p o s i t s  and t h u s  t h e i r  average e x p l o r a t i o n  c o s t s .  The i r  
s i z e  and grade determine t h e  average requ i red  c a p i t a l  invesunent  and 
e x p l o i t a t i o n  c o s t s  a s  we l l  a s  t h e  optimum produc t ion  c a p a c i t y  t o  be 
i n s t a l l e d  f o r  a  g iven minimum r a t e  of r e t u r n  on i n v e s t e d  c a p i t a l .  The 
assumption t h a t  t h e  frequency d i s t r i b u t i o n  of  t h e  concen t ra t ions  w i l l  
l o g i s t i c a l l y  approach a t h e o r e t i c a l  o r  p r a c t i c a l  c o n c e n t r a t i o n  b a r r i e r ,  
a s  proposed by DE WIJS (19751, can be t e s t e d  and eva1ua:ed. 

Time A l l  economic e s t i m a t e s  a r e  made on t h e  b a s i s  of c u r r e n t  technology and 
h i s t o r i c a l  c o s t - p r i c e  r e l a t i o n s  f o r  t h e  moment t h a t  a  f u l l y  equipped 
d e p o s i t  should e n t e r  i n t o  p roduc t ion .  

Area 
Space Unspeci f ied.  Local and r e g i o n a l  cond i t i ons  a r e  compared wi th  g l o b a l  

c o n d i t i o n s  ( i n d i v i d u a l  d e p o s i t s  and g l o b a l  r e s o u r c e s ) .  

Modeling The p r o b a b i l i t y  f i e l d  of g l o b a l  resources  of  a  m inera l  commodity i s  c a l -  
Techniques c u l a t e d  from minera l  d e p o s i t s  i n  d i f f e r e n t  p r i c e  c a t e g o r i e s  ( r e s e r v e s ,  

marg ina l  and submarginal r e s o u r c e s ) .  I n d i v i d u a l  p r o s p e c t s ,  t h e  r e s u l t s  
o f  geochemical surveys o r  e s t i m a t e s  of a  n a t i o n a l  p o t e n t i a l ,  a r e  com- 
pared w i th  t h e i r  g l o b a l  e q u i v a l e n t s .  

Inpu t  Data The d a t a  requi rements a r e  emp i r i ca l  e s t i m a t e s  o r  measurements o f  demon- 
s t r a t e d  r e s e r v e  and o t h e r  minera l  concen t ra t ion  pa ramete rs ,  and c o s t  of 
e x p l o r a t i o n  and p roduc t ion  a s  a func t ion  of  s i ze -g rade  s p e c i f i c a t i o n s  
f o r  m inera l  d e p o s i t s .  The s tandard  economic parameters  have been 
checked a g a i n s t  product ion s t a t i s t i c s  of over  500 major and minor mines 
i n  t h e  Western wor ld ,  producing a wide v a r i e t y  o f  m inera l  commodities. 
O p t i o n a l l y ,  t h e s e  parameters  can be v a r i e d  t o  comply w i th  s p e c i a l  condi -  
t i o n s  f o r  i n d i v i d u a l  d e p o s i t s  o r  p r o s p e c t s .  

o u t p u t  Data The d a t a  requi rements a r e  a s  fo l l ows :  g l o b a l  o r  l o c a l  p r o b a b i l i s t i c  
d i s t r i b u t i o n  of  m inera l  concen t ra t ions  of  d i f f e r e n t  s i ze -g rade  s p e c i f i -  
c a t i o n s  and r e l a t e d  p roduc t ion  c o s t s  with r e s p e c t  t o  a  s t a t i s t i c a l l y  
determined t a r g e t  p r i c e ;  e s t i m a t e s  o f  i n f e r r e d  r e s e r v e s  and resources  
f o r  a  g i ven  g e o l o g i c a l  environment;  f a v o r a b l l i t y  index f o r  deposits, 
e x p l o r a t i o n  t a r g e t s ,  o r  t e r r i t o r i e s  a s  compared w i th  t h e i r  g l o b a l  equ i -  
v a l e n t s .  

Observat ions The model i s  t h e  b a s i c  u n i t  o f  a  so f tware  package, be ing developed by 
IRC, t h a t  w i l l  be used f o r  t h e  d i r e c t i o n  and i n t e r p r e t a t i o n  o f  m inera l  
e x p l o r a t i o n  a c t i v i t i e s .  The computer programs and descriptions can be  
made a v a i l a b l e  on a l e a s e  b a s i s  i n  t h e  Honeywell-Bull Time Shar ing  Sys- 
tem; on s p e c i a l  r e q u e s t ,  they  can be adapted t o  o t h e r  computer systems.  



USA 

The Model COAL 1: A model of  t h e  United S t a t e s  energy system. (USA402) 

Roger IJai l l , ,  Thayer School of  Engineer ing,  Dartmouth Col lege,  
Hanover, New Hampshire. 

Subject  and COAL 1 i s  a dynamic model of t h e  US energy supply and demand system. 
Goal COAL 1 i s  a po l i cy  model designed t o  he lp  revea l  t h e  soundest po l i cy  

combinations f o r  i nsu r ing  smooth t r a n s i t i o n ,  wi th minimum dependence 
on fo re ign  o i l  and g a s ,  from f i n i t e  domestic f u e l  sources  ( c o a l ,  nuc lea r ,  
o i l ,  and gas )  t o  u l t ima te  sources  ( f us ion ,  and s o l a r ) .  

System The model reproduces t h e  s t r u c t u r e  and behavior of t h e  US energy system, 
Descr ipt ion conceptual ized a s  four  g ross  i n t e r a c t i n g  s e c t o r s :  o i l  and gas ,  e lec -  

t r i c i t y ,  c o a l ,  and demand. The model conta ins  an app rop r ia te  s t r u c t u r e  
t o  rep resen t  domestic f u e l  resource dep le t i on ,  i n t e r f u e l  competi t ion and 
s u b s t i t u t a b i l i t y ,  environmental e f f e c t s  of nuc lear  and coa l  development, 
compet i t ion f o r  a v a i l a b l e  energy c a p i t a l ,  changes i n  coa l  i ndus t r y  labor  
supp ly ,  government regu la t i on  of a l t e r n a t i v e  development op t i ons ,  and 
t h e  r o l e  of energy imports.  

The fo l lowing s t r a t e g i e s  f o r  energy se l f - su f f i c i ency  a r e  examined: 
bus iness  a s  usua l ;  acce le ra ted  nuc lear  development; expansion of t h e  
coa l  i n d u s t r y ;  more rap id  techno log ica l  advances such a s  t h e  implementa- 
t i o n  of r e t r o f i t t e d  s tock  scrubbers ,  and syn the t i cs  development; changes 
i n  environmental and worker-safety s tandards ;  cap i ta l - s t imu la t i on  and 
c a p i t a l - a l l o c a t i o n  b i a s e s ;  and reduced growth i n  energy demand. 

Time 1970-2010. 
Area 

Space USA a s  a  whole. 

Modeling COAL 1 i s  an i n t e g r a t i o n  feedback model of t h e  system dynamics v a r i e t y  
Techniques developed by Jay  W .  For res te r  a t  t he  Massachusetts I n s t i t u t e  of Technology 

( see  Industrial Dynamics, M . I . T .  P r e s s ,  1961) .  The model c o n s i s t s  of a  
s e t  of equat ions  expressed i n  t h e  l e v e l - r a t e  format of t h e  DYNAMO simula- 
t l o n  language. Nearly a l l  input  v a r i a b l e s  a r e  endogenous t o  t h e  o v e r a l l  
model boundary, wi th t h e  exception of f o re ign  energy p r i c e s  and domestlc 
energy demand. 

S e n s i t i v i t y  ana lyses  and po l i cy  eva lua t i ons  a r e  normally undertaken 
through s imple changes i n  parameter va lues  o r  i n  t h e  t a b u l a r l y  expressed 
va lues  of  many model r e l a t i o n s h i p s .  

Severa l  re fe rence  runs r e p l i c a t i n g  the  h i s t o r i c a l  behavior  of  t h e  whole 
US energy system, a s  we l l  a s  i nd i v idua l  s e c t o r s ,  have been completed. 
A v a r i e t y  of s e n s i t i v i t y  and po l i cy  runs have a l s o  been conducted. 

Input  Data Where a v a i l a b l e ,  COAL 1 employs c ross -sec t i on ,  t ime-se r ies ,  and o t h e r  
s t a t i s t i c a l  evidence t o  formulate parameters,  t a b u l a r  r e l a t i o n s h i p s ,  and 
s t r u c t u r a l  assumptions. Known r e l a t i o n s h i p s  f o r  which hard d a t a  a r e  
unava i lab le  have been formulated by rep resen ta t i on  of  "best-guess" e s t i -  
mates i n  t a b u l a r  form. "Best-guess" es t ima tes  have been based on desc r l p -  
t i v e  informat ion obta ined from expe r t  opin ion and from publ ished sources .  

Output Data The model p r i n t s  bo th  tabu la r  and graph ic  ou tput  i n  response t o  a  run 
command. The two forms of ou tpu t ,  a v a i l a b l e  f o r  both phys ica l  and 
f i n a n c i a l  v a r i a b l e s ,  a r e  recorded a t  p rev ious ly  des ignated i n t e r v a l s  of 
t ime throughout a  g iven run.  

Observat ions The model behavior  t o  d a t e  suggests  t h a t  no supply s t r a t e g y  can prevent  
e i t h e r  massive dependence on fo re ign  imports o r  s e r l o u s  supply s h o r t f a l l s  
be fore  t h e  year  2000, un less  t h e  growth r a t e  of domestic energy demand 
drops s i g n i f i c a n t l y .  Moreover, coa l  is pre fe rab le  t o  nuc lear  power a s  
an i n te r im  t r a n s i t i o n a l  f u e l  through t h e  year 2010. 



BELGIUM 

The Model Study of the optimal structure of the Belgium refining industry. (B401) 

Franz Jomaux, Facult6 Universitaire Catholique de Mons, 151, 
chaussge de Binche, 7000 Mons. 

Subject and The model studies the optimal structure of the refining industry in 
Goal Belgium with a view to determining an optimum long-term investment program, 

including the spatial repartition of equipment. 

Modeling Linear programming. The objective function is to minimize the total cost 
Techniques of transporting principal refined products to the place of consumption; 

total cost includes purchasing cost of crude, transport cost of crude 
by pipeline, refining cost, and transport cost of finished products. 

The constraints are: regional demands, technical refining constraints, 
the crude supplying structure, and quality standards for refined 
products. 

The variables are divided into primal: capacities of units to be set 
up in the various refining centers (strategical variables), and working 
rules of the various refining centers and distribution plan of refined 
products (tactical variables); and dual: marginal costs of finished 
products in the refining centers and in the consumption areas, and 
marginal costs connected with other constraints of the model. 

Objectives The study is the subject of a thesis outlined as follows: introduction 
and problem definition; description of the reflning industry in Belgium; 
model of the refining industry (the model is of a single refinery wlth 
a spatial submodel including several refineries and their junctions 
with consumption points of a given area and a multiperiod submodel to 
tackle the seasonal demand variations); solution of the models on com- 
puter (matrix generation and LP code utilization); application of the 
spatial and multiperiod models to the Belgian situation of 1971; fore- 
cast of the optimal structure of the refining industry in Belgium for 
1980 and 1985; and conclusions. 



MODELS CLASS B 





CANADA 

The Model Optimal s a l e s  po l i cy  f o r  Canadian n a t u r a l  gas .  (CDN401) 

Ross C. Richards, Energy Models Div is ion,  Nat ional  Energy Board, 
Ottawa 

Sub jec t  and To maximize d iscounted p r o f i t  s u b j e c t  t o  Canadian requi rements ,  US 
Goal c o n t r a c t  demands, expor t  s u r p l u s  c a l c u l a t i o n  requi rements ,  and p i p e l i n e  

c a p a c i t y  and/or d e l i v e r a b i l i t y  c o n s t r a i n t s .  

System The model d e s c r i b e s  a  l i n e a r  p rograming  a l l o c a t i o n  scheme from s i x  
Descr ip t ion supply a r e a s  t o  t h r e e  markets maximizing d iscounted p r o f i t .  

Time For each y e a r ,  1972-2000. 
Area 

Space For Canada and t h e  USA. 

Modeling L inear  p r o g r m i n g .  The model i s  s e t  up t o  handle m u l t i p l e  t ime 
Techniques per iods ,  us ing e i t h e r  year l y  o r  mu l t i year l y  d a t a .  Var ia t ions  i n  t h e  

s u r p l u s  c a l c u l a t i o n  a r e  handled e a s i l y  through t h e  matr ix  genera to r .  

Input  Data -Cost of  n a t u r a l  gas from each of t h e  supply reg ions ;  
-Se l l i ng  p r i c e  of n a t u r a l  gas  i n  each of  t h e  demand reg ions ;  
-Discount f a c t o r  t o  be used i n  each per iod ;  
-Canadian demand t h a t  must be s a t i s f i e d ;  
-US demand t h a t  must be s a t i s f i e d ;  
-Capaci ty and/or p i p e l i n e  c o n s t r a i n t s  from each of t h e  supply a r e a s ;  
-Natura l  g a s  reserves  i n  each of  t h e  supply a r e a s ;  
-Form of p r o t e c t i o n  formula t h a t  w i l l  be used t o  c a l c u l a t e  an 
expor tab le  s u r p l u s .  

Output Data -Run number, d a t a  source ,  p r o t e c t i o n  formula used,  d a t e  of run; 
-Sa les i n  each per iod ;  
-P ipe l ine  p o t e n t i a l  and capac i t y  throughputs ;  
-Reserves a v a i l a b l e ,  p r o t e c t i o n  needed, and s u r p l u s  a v a i l a b l e  f o r  
each per iod ;  

-Cost,  p r i c e ,  p r o f i t  and d iscounted p r o f i t  f o r  each per iod  i n  each 
demand reg ion;  

-Both t o t a l  p r o f i t s  and u n i t  p r o f i t s  f o r  each source f o r  each demand 
reg ion ,  both  d iscounted and undiscounted; 

-Tota l  optimum p r o f i t .  

Observat ions A s i m i l a r  model a l s o  e x i s t s  f o r  c rude o i l .  The main f e a t u r e  of  t h e  
model i s  t h e  handl ing of t h e  s u r p l u s  c a l c u l a t i o n  us ing va r ious  formulae. 
The model i nc ludes  a  matr ix  genera to r ,  an o u t  of co re  s o l u t i o n  technique 
and a  r e p o r t  genera to r  which produces readable  r e s u l t s  e a s i l y .  





MODELS CLASS C 





TURKEY 

The Model Energy s y s t e m  p l a n n i n g  min l -model .  (T401) 

I .  Kav rak ,  The Energy Group, ~ o r j a z l c l  U n l v e r s l t y ,  I s t a n b u l ,  Turkey 

S u b j e c t  and  The g o a l  o f  t h e  model 1s t h e  p l a n n l n g  o f  t h e  e n e r g y  s e c t o r .  The op t l rna l  
Goal I n v e s t m e n t  p o l l c y  1s determined, w l t h  t h e  objective o f  maxlmlz lng o v e r -  

a l l  e n e r g y  u t l l l z a t l o n  e f f l c l e n c y ,  o r  mln l rn lz lng c o s t .  

System The s y s t e m  describes a  network  o f  e n e r g y  c o n v e r t e r s  g rouped  I n t o  t h r e e  
D e s c r l p t  l o n  c l a s s e s :  p r l m a r y ,  ~ n t e r m e d l a t e ,  and f l n a l  conversions. Energy f l o w s  

f rom s o u r c e s ,  t h r o u g h  c o n v e r t e r s ,  t o  t h e  demand nodes .  The variables 
( -140)  a r e  t h e  e n e r g y  f l o w s  I n  t h e  ne twork ,  and  t h e  a g g r e g a t e d  c a p a c l t l e s  
o f  a l l  production and d l s t r l b u t l o n  p l a n t s  a t  e a c h  t l m e  p e r l o d .  

Time A t i m e  h o r i z o n  o f  1 5  y e a r s ,  w i t h  i n t e r v a l s  o f  t h r e e  y e a r s .  
Area 

Space  The e n e r g y  economy o f  Turkey.  

Model ing L i n e a r  programming model.  The m o d e l ' s  dynamic c h a r a c t e r  is i n c o r p o r a t e d  
T e c h n i q u e s  by l i n k i n g  e a c h  t i m e  i n t e r v a l  t o  p r e c e e d i n g  o n e s  t h r o u g h  d e c l s l o n  v a r l -  

a b l e s .  The rows (-200) a r e :  e n e r g y  f l o w  b a l a n c e s ;  and demand, c a p a c l t y ,  
c a p a c i t y  c o n s i s t e n c y ,  r e s e r v e ,  b u d g e t ,  and  f o r e i g n  f u n d s  c o n s t r a i n t s .  
The o b j e c t i v e  f u n c t i o n ( s 1  c a n  be  any one  o r  a  comb ina t ion  o f  t h e  f o l l o w -  
i n g :  minimum c o s t ,  minimum p r i m a r y  e n e r g y ,  and /o r  maximum u t i l l z e d  
e n e r g y .  

- - 

I n p u t  Data The model p a r a m e t e r s  a r e  a s  f o l l o w s :  
- C o e f f i c i e n t s  o f  e n e r g y  c o n v e r s i o n  f o r  a l l  t r a n s f o r m a t i o n s  o f  e n e r g y  

f rom o n e  form i n t o  a n o t h e r ,  a s  w e l l  a s  t h o s e  f o r  t r a n s p o r t  and d l s t r l b u -  
t i o n ;  

-Loca l  and  f o r e i g n  components o f  t h e  u n i t  i n v e s t m e n t  c o s t s  o f  a l l  e n e r g y  
c o n v e r t e r s ;  

- P r i c e s  o f  a l l  f u e l s ;  
- R e s e r v e s  o f  i n d i g e n o u s  e n e r g y  s o u r c e s ;  
- C a p a c i t i e s  o f  e x i s t i n g  p l a n t s .  

C o n s t r a i n t  c o e f f i c i e n t s  f o r  demand, b u d g e t ,  and t e c h n o l o g y  a r e  a l s o  
s u p p l i e d  t o  t h e  model.  

Ou tpu t  Da ta  The o u t p u t  d a t a  c o r r e s p o n d i n g  t o  t h e  v a r i a b l e s  d e f i n e d  above a r e  a s  
f  01 l ows  : 
-Amount and  t y p e  o f  p r i m a r y  e n e r g y  s u p p l l e d  t o  a l l  p l a n t s  and s e c t o r s  

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

t i m e  i n t e r v a l ;  
-Amount o f  e n e r g y  u t i l i z e d  by e a c h  demand s e c t o r  a t  e a c h  t i m e  ~ n t e r v a l ;  
-Amount o f  l o c a l  and f o r e i g n  f u n d s  s p e n t  a t  e a c h  t i m e  i n t e r v a l ;  
-New c a p a c i t y  added a t  e a c h  t i m e  i n t e r v a l .  

O b s e r v a t i o n s  The model h a s  been  a p p l i e d  t o  Turkey f o r  t h e  p e r i o d  1960-1975 I n  o r d e r  
t o  check  t h e  m o d e l ' s  v a l i d i t y ,  and good r e s u l t s  have  been  obtained. 
R e s u l t s  f o r  t h e  p e r i o d  1976-1991 have a l s o  been s e c u r e d .  A much l a r g e r  
model o f  a b o u t  t e n  t i m e s  t h e  s i z e ,  and a  m o d i f i e d  mathematical s t r u c t u r e  
a r e  b e i n g  d e v e l o p e d .  



USA 

The Model The energy supply planning model. (USA403) 

M. Carasso and J.M. Gallagher, et dl., Bechtel Corporation, San 
Francisco, California, 1975. 

Subject and The model determines the time series requirements for specific physical 
Goal and societal resources (capital, manpower, materials, and equipment) 

associated with the construction and operation of energy-related facill- 
ties needed to implement exogenously specified US national or regional 
energy programs in the 1976-1995 time frame. 

System A national energy model of the USA, with a highly disaggregated descrip- 
Description tion of the energy supply system composed of 66 energy supply facilities 

and 25 energy transportation facilities required to recover, convert, 
process, transport and distribute fuels (10) for direct utilization by 
consumers. Each facility type is a building block or "nominal facility", 
with an associated extensive data base on physical and societal resources 
required to construct and operate. The model focuses on the impact on 
these physical and societal resources data, both at the national and 
regional levels, of the various combinations of technologies required to 
implement future candidate energy programs. 

Time From 1973 to 1995 for fuels and facilities; from 1974 to 1985 for capital, 
manpower, materials, and equipment resources; annual time periods. 

Area 
Space National (USA) with fourteen regions, three of which are offshore supply 

regions. Eleven inland regions map directly into a nine-region U.S. 
Census Bureau breakdown. Expansion into global scope possible. 

Modeling A simulation model based on engineering estimates of physical relation- 
Techniques ships. Special emphasis was placed on developing a rather transparent 

planning model that proceeds from user-specified assumptions for major 
variables through a series of easily understood submodels to produce 
capital, manpower, materials, and equipment resource requirement results. 
User access to major decision points within each submodel is deliberately 
emphasized so that the model results represent information derived from 
simulation of policy decisions rather than a decisionmaking capability 
provided by the model. The model proceeds from an exogenous time-phased 
energy mix to calculated annual schedules of energy supply facilities 
required to come on-line. Based on user specifications, it locates the 
facilities in one of fourteen supply regions, allocates fuel derived 
from the facilities to the demand of the eleven land regions, and calcu- 
lates transportation facilities required to accomplish this distribution. 
Finally, it calculates the annual requirements of capital, manpower, 
material, and equipment for each supply and transportation facility from 
initial commitment to plant startup and for operation throughout its 
economic life, for each fourteen regions and the country as a whole. 

Input Data User inputs control the major decision variables of the model; default 
User Speci- values exist to supplement user inputs. These inputs are as follows: 
fied Data future energy mix, typically for the years 1977, 1980, 1985, and 1990; 

retirement rates for existing facilities; energy facility location co- 
efficients; regional fuel demand coefficients; regional fuel balancing 
rules; and interregional transportation facility modal split coefficients. 

Physical An extensive construction and operation data base has been developed by 
Model Data Bechtel Corporation on capital, manpower, materials, and equipment require- 

ments for 91 energy-related facilities. For capital, there are 23 cate- 
gories of data (two digit Bureau of Economic Analysis accounts); for 



I n p u t  Data 
P h y s i c a l  
Model Data 
( con t i nued  

manpower, 27 c a t e g o r i e s  o f  e n g i n e e r s ,  c r a f t s m e n ,  and o t h e r s ;  and f o r  
m a t e r i a l s  and equ ipment ,  27 c a t e g o r i e s  o f  ma jor  i t e m s  t h a t  may s i g n i f -  
i c a n t l y  i n h i b i t  ene rgy  c o n s t r u c t i o n  programs. I n  a d d i t i o n ,  s i m i l a r  b u t  

) l e s s  d e t a i l e d  c a t e g o r i e s  of  o p e r a t i o n s  d a t a  a r e  i n c l u d e d .  However, t h e  
o p e r a t i o n s  d a t a  a r e  n e i t h e r  de,s igned t o  be  nor  a r e  t h e y  s u f f i c i e n t  t o  
e s t a b l i s h  f u l l  o p e r a t i n g  c o s t s .  Another c a t e g o r y  o f  d a t a  i nc luded  i n  
t h e  model i s  ene rgy  system d a t a ,  e . g . ,  f a c i l i t y  d e f i n i t i o n s  ( c a p a c i t y ,  
h e a t  r a t e s ,  t h e r m a l  e f f i c i e n c i e s ,  e t c . ) ;  t r a n s p o r t a t i o n  sys tem d a t a  
( h a u l  l e n g t h s ,  number of  t r i p s / y e a r ) ;  and i n t e r r e g i o n a l  d i s t a n c e .  

E c o l o g i c a l  P r o v i s i o n  h a s  been made f o r  i n c l u d i n g  annua l  r e q u i r e m e n t s  f o r  l a n d ,  
Model Data w a t e r ,  a i r ,  and wa te r  p o l l u t a n t s  f o r  t h e  9 1  e n e r g y - r e l a t e d  f a c i l i t i e s .  

However, t h e  e c o l o g i c a l  d a t a  have n o t  y e t  been i n c o r p o r a t e d  i n t o  t h e  
mode 1. 

Outpu t  Data  The d a t a  requ i remen ts  a r e  a s  f o l l o w s :  
P h y s i c a l  -Annual s c h e d u l e s  o f  r e q u i r e d  s t a r t u p  s c h e d u l e s  f o r  9 1  e n e r g y - r e l a t e d  

f a c i l i t i e s ,  n a t i o n a l l y  and i n  1 4  r e g i o n s ,  f o r  t h e  p e r i o d  1976-1995 
( a l s o  commitment s c h e d u l e s  n a t i o n a l l y ) ;  

-Flows o v e r  t ime  t h a t  b a l a n c e  r e g i o n a l  s u p p l i e s  and demands o f  f u e l s ;  
-Schedu les  o f  c a p i t a l ,  manpower, m a t e r i a l s ,  and equipment: a n n u a l l y  f o r  

1976-1985, f o r  c o n s t r u c t i o n  and o p e r a t i o n ,  f o r  each  of  t h e  9 1  f a c i l i t i e s  
(and f o r  whole s y s t e m ) ,  and f o r  each  o f  14  r e g i o n s  (and f o r  whole coun- 
t r y )  f o r  1976-1985. 

E c o l o g i c a l  When t h e  d a t a  a r e  i n c o r p o r a t e d ,  t h e y  can p r o v i d e  t h e  a n n u a l  volumes o f  
l and  and w a t e r  r equ i remen ts  and e f f l u e n t  e m i s s i o n s .  , 

Observa t i ons  The model c o u p l e s  development and o r g a n i z a t i o n  o f  an e x t e n s i v e  c u r r e n t  
i n d u s t r i a l  d a t a  b a s e  i n t o  a  framework t h a t  g i v e s  t h e  po l i cymaker  f l e x i -  
b i l i t y  t o  t e s t  t h e  s e n s i t i v i t y  o f  n a t i o n a l  o r  r e g i o n a l  t o t a l  r e s o u r c e  
r e q u i r e m e n t s  t o  b road changes i n  ene rgy  p o l i c y  v a r i a b l e s .  The model 
w i l l  h e l p  t o  s t u d y  t h e  f e a s i b i l i t y  o f  v a r i o u s  ene rgy  p o l i c i e s ,  t h e i r  
i m p l i c a t i o n s ,  and t h e i r  d e s i r a b i l i t y .  The model i s  be ing  used i n  p o l i c y  
a p p l i c a t i o n s ,  and it i s  under c o n t i n u i n g  m o d i f i c a t i o n  and development.  
A d d i t i o n a l  a r e a s  b e i n g  c o n s i d e r e d  a r e  e x t e n s i o n  t o  a  l onge r - range  t ime  
h o r i z o n ,  d i s a g g r e g a t i o n  o f  t h e  r e g i o n a l  p l a n n i n g  c a p a b i l i t y  t o  t h e  s t a t e  
l e v e l ,  and e x t e n s i o n  o f  t h e  s p a t i a l  bounda r i es  t o  a  g l o b a l  model. 





MODELS CLASS E 





The Model Model f o r  e s t i m a t i n g  p r i c e  i n c r e a s e s  due t o  h i g h e r  c o s t s  o f  
pe t ro leum and o t h e r  impo r t s .  (GB402) 

E.W. Henry and S. S c o t t  

S u b j e c t  and The model c a l c u l a t e s  t h e  e f f e c t  on s e c t o r a l  p r i c e s  o f  a r i s e  i n  t h e  
Goal p r i c e  o f  impor ted  f u e l s ,  e s p e c i a l l y  o i l ,  g i ven  c e r t a i n  assumpt ions .  

System The model c o v e r s  33 s e c t o r s  o f  t h e  economy i n  an  i n p u t - o u t p u t  
D e s c r i p t i o n  framework . 

Time A s t a t i c  model t h a t  c a l c u l a t e s  t h e  e f f e c t s  o f  f u e l  p r i c e  r i s e s  i n  
1973/74.  

Area 
Space I r e l a n d .  

Modeling I n p u t - o u t p u t  p r i c e  model. 
Techn iques  

I n p u t  Data The 33 s e c t o r  1968 i n p u t - o u t p u t  t a b l e  f o r  I r e l a n d  was d i s a g g r e g a t e d  
t o  g i v e  more d e t a i l ,  namely an  " o i l  r e f i n i n g "  s e c t o r  was c o n s t r u c t e d ,  
t r a n s p o r t  was d i s a g g r e g a t e d  i n t o  f i v e  t y p e s  o f  t r a n s p o r t ,  and impo r t s  
were broken down t o  g i v e  d e t a i l s  o f  d i f f e r e n t  f u e l  impo r t s .  

Output  Data F o r  any l e v e l  o f  p r i c e  r i s e  o f  impor ted  f u e l ,  s e c t o r a l  p r i c e s  and 
t h e  new c o s t s  o f  f i n a l  demands ( e . g . ,  t h e  new c o s t  o f  l i v i n g )  a r e  
g i v e n .  

Obse rva t i on  The model can o n l y  accoun t  f o r  r i s e s  i n  p r i c e  r e s u l t i n g  from r i s e s  
i n  c o s t s ,  and canno t  t a k e  i n t o  c o n s i d e r a t i o n  demand-pull  t y p e  p r i c e  
r i s e s .  

*A d e s c r i p t i o n  o f  t h e  model appea red  i n  t h e  &uarterly Economic Comentary (March 1974 ) .  
p u b l i s h e d  by t h e  Economic and S o c i a l  Research  I n s t i t u t e ,  Dub l i n ,  I r e l a n d .  



NEW ZEALAND 

The Model A p l a n n i n g  model o f  N e w  Z e a l a n d ' s  e n e r g y  i n d u s t r y .  (NZ401) 

B.R. Smi th ,  P.D. Lucas ,  B.A. Murtagh,  itt to ria U n i v e r s i t y  and 
M i n i s t r y  o f  Energy Resources ,  We l l i ng ton .  

S u b j e c t  and The model ing o b j e c t i v e  is  t o  f o r m u l a t e  p r o p o s a l s  f o r  s a t i s f y i n g  t h e  
Goal c o u n t r y ' s  f o r e c a s t  e n e r g y  demands, s u b j e c t  t o  v a r i o u s  t e c h n i c a l  and 

e n v i r o n m e n t a l  c o n s t r a i n t s .  These p r o p o s a l s  s p e c i f y  t h e  o p t i m a l  f u e l  
mix,  c a p a c i t i e s  o f  t h e  p r o c e s s  p l a n t s  and g e n e r a t i n g  s t a t i o n s  i n  t h e  
sys tem a s  w e l l  a s  t h e  e n e r g y  r e s o u r c e s  r e q u i r e d .  The o p t i m a l i t y  cr i te-  
r i o n  is  u s u a l l y  t h a t  o f  l e a s t  c o s t ,  b u t  t h i s  can  be  a l t e r e d .  The model 
i s  t o  b e  used by t h e  government e n e r g y  p l a n n i n g  agency ( t h e  M i n i s t r y  
o f  Energy R e s o u r c e s ) .  

System The model d e s c r i b e s  t h e  a n n u a l  o p e r a t i o n  o f  t h e  c o u n t r y ' s  e n e r g y  system 
D e s c r i p t i o n  f o r  v a r i o u s  t a r g e t  y e a r s .  I t  c o n s i d e r s  a  wide r a n g e  o f  e n e r g y  s o u r c e s ,  

e n e r g y  c o n v e r s i o n  p r o c e s s e s ,  and u t i l i z i n g  d e v i c e s .  Energy demand is  
d i s a g g r e g a t e d  i n t o  e l e v e n  consumer c a t e g o r i e s  f o r  e a c h  o f  two demand 
r e g i o n s .  The i n f r a s t r u c t u r e  o f  t h e  e n e r g y  sys tem i s  t a k e n  i n t o  a c c o u n t  
a s  a r e  t h e  v a r i o u s  d i s t r i b u t i o n  ne tworks  a v a i l a b l e  t o  t h e  e n e r g y  i n d u s t r y .  

Time S t a t i c  model f o r  a  p a r t i c u l a r  t a r g e t  y e a r .  (To d a t e  t h e  model h a s  been 
a p p l i e d  t o  1985,  1990,  and 2000. )  

Area 
Space  N e w  Zealand a s  a  whole.  

Model ing O p t i m i z a t i o n  model u s i n g  l i n e a r  programming and,  less f r e q u e n t l y ,  non- 
Techniques l i n e a r  programming. The e n e r g y  sys tem i s  r e p r e s e n t e d  by s e c t o r a l  sub- 

models ,  some o f  which can b e  implemented s e p a r a t e l y .  The f o l l o w i n g  
submodels  a r e  s p e c i f i e d :  e l e c t r i c i t y  c o n v e r s i o n ;  o i l  r e f i n e r y ;  n a t u r a l  
g a s  r e f i n e r y ;  c o a l  submodel;  and d i s t r i b u t i o n .  These submodels ,  i n t e -  
g r a t e d  w i t h  a  demand s t r u c t u r e ,  make up t h e  LP model o f  t h e  e n e r g y  s y s -  
tem. The LP f o r m u l a t i o n  c o n s i s t s  o f  380 rows and 885 v a r i a b l e s .  Use i s  
made o f  a  m a t r i x  g e n e r a t o r / r e p o r t  w r i t e r  l anguage  t o  f a c i l i t a t e  model 
c o n s t r u c t i o n  and  t h e  p r e s e n t a t i o n  o f  r e s u l t s .  

I n p u t  Data  For  any g i v e n  t a r g e t  y e a r  t h e  i n p u t  c o n s i s t s  o f  a p p r o x i m a t e l y  3000 d a t a  
e l e m e n t s ;  many o f  t h e s e  a r e  f i x e d  f o r  e a c h  y e a r .  The ma jo r  p a r a m e t e r s  
a r e  : 
-bounds on e n e r g y  r e s o u r c e  a v a i l a b i l i t i e s ;  
-bounds on c a p a c i t i e s  o f  u n i t s  i n  t h e  c o n v e r s i o n  p r o c e s s e s ;  
- l e v e l s  o f  end-use  consumer demand f o r  e a c h  o f  t h e  c a t e g o r i e s  

c o n s i d e r e d ;  
- t h e  i n f r a s t r u c t u r e  o f  t h e  e n e r g y  sys tem;  
- c o e f f i c i e n t s  o f  c o n v e r s i o n  and d i s t r i b u t i o n  l o s s e s ;  
- c o s t s  o f  e n e r g y  r e s o u r c e s ;  
-amor t i zed  c a p i t a l  c o s t s  and ma in tenance  c o s t s  o f  b o t h  p r o c e s s i n g  

u n i t s  and u t i l i z i n g  d e v i c e s .  

G e n e r a l l y  it i s  o n l y  f o r  t h e  f i r s t  f o u r  c l a s s e s  o f  p a r a m e t e r s  t h a t  d a t a  
v a l u e s  change from y e a r  t o  y e a r .  

- 

Outpu t  Data  -Leve ls  o f  e a c h  e n e r g y  r e s o u r c e  used ;  
-The o p e r a t i o n  o f  t h e  c o n v e r s i o n  and d i s t r i b u t i o n  p r o c e s s e s  i n  t h e  
e n e r g y  s y s t e m ;  

-Opt imal c a p a c i t i e s  o f  t h e  p r o c e s s  u n i t s  and u t i l i z i n g  d e v i c e s ;  
-The q u a n t i t y  o f  e a c h  t y p e  o f  f u e l  s u p p l i e d  t o  b o t h  end-use and 

i n t e r m e d i a t e  demands. 

O b s e r v a t i o n s  R e a c t i o n s  t o  t h e  model s u g g e s t  t h a t  i t  embodies s u f f i c i e n t  d e t a i l ,  and 
s t i l l  r e t a i n s  enough c o n c e p t u a l  s i m p l i c i t y  f o r  t h e  e n e r g y  p l a n n e r s  t o  
be  c o n f i d e n t  o f  u s i n g  i t s  r e s u l t s .  



MEXICO 

The Model "Mexicow--national energy model. (M401) 

J. Lartigue G., University of Mexico, Cd. Universitaria, Mexico, 
D.F., 1976. 

Subject and The model forecasts both the energy supply and demand up to the 
Goal year 2000, and the probable structure of a hydrogen-economy-based 

generation. 

System The model is concerned with the following: 
Description -The energy sector of Mexico, including national reserves; 

-The most probable development of the energy demand and its influence 
on the fertilizer industry; 

-The probable structure of the energy production, based on a hydrogen- 
economy, including nuclear and other new sources. 

Time 1974-2000. 
Area 

Space Mexico. 

Modeling -Analysis of the energy sector in 1974; 
Techniques -Statistical analysis of the development of population, gross 

national product, and energy consumption in order to forecast 
future energy demand; 

-Calculation of the energy content of national reserves; 
-Future model divided into natural resources, processes, products, 

and end uses illustrating qualitatively the relationship between them. 

Observations Since the model is not quantitative, costs of energy are not explicitly 
considered. 



SWEDEN 

The Model An energy fo recas t ing  model f o r  Sweden. (S401) 

Lars Bergman, Clas ~ e r g s t r o m ,  Anders ~ j g r k l u n d ,  Economic Research I n s t i t u t e  a t  the  
Stockholm School ,of Economics. The National Swedlsh I ndus t r i a l  Board uses t he  model 
i n  connection wi th the  long-term energy projections and ana l ys i s .  Clas ~ e r g s t r o m ,  
Mats f i i jeberg, and Georg Saros a t  t he  Energy Divislon a re  respons ib le  f o r  t he  
implementation and development of the  model. 

Subject  and The model i nves t i ga tes  how the  a l l oca t i on  o f  energy resources i n  t he  Swedish econ- 
Goal omy is l i k e l y  t o  develop under var ious  assumptions about primary energy p r i ces .  

techno log ica l  change, and ove ra l l  economic and energy po l lcy .  

System The model has t he  fo l lou ing  p rope r t i es :  
Descr ipt ion -The model so lu t i on  i s  based on e x p l i c i t  assumptions about p r i c e s  of d i f f e r e n t  

k inds of primary energy,  t he  a v a i l a b i l i t y  of technology, and t he  choice of 
s t r a tegy  f o r  implementing long-term po l icy  goa l s .  

-The t ime hor izon of  t he  pred ic t ions  is  semi long term, t h a t  1s. a time per iod  
long enough f o r  var ious  subs t i t u t i on  processes t o  t ake  p lace,  but sho r t  enough 
t h a t  no fundamental change i n  t he  energy t ransformat ion technoloqy could occur.  

-A cons i s ten t  t reatment of cu r ren t  product ion,  t h a t  i s ,  i n  every model so lu t i on  
t he re  should be a balance between the  supply and the  demand f o r  each commodity 
group. 

-A cons i s ten t  t reatment of  investment,  t h a t  i s ,  i n  every model so lu t ion  t he re  should 
be a balance between gross  savings and g ross  investments,  wi th consideration glven 
t o  both t he  demand and t he  capaci ty c rea t i ng  aspects  of  investment. 

-A proper t reatment of p r i c e s ,  t h a t  i s ,  t he  r o l e  of p r l c e s  I n  the  choice of technol-  
ogy and i n  t he  composit ion of f i n a l  demand should be recognized. 

Thus, t he  model a l lows f o r  ample subs t i t u t i on  of d i f f e r e n t  k inds  of primary energy 
i n  the  product ion of secondary energy; between energy and o the r  input  f a c t o r s  i n  
house heat ing;  and between more o r  l e s s  energy consuming f i n a l  commodities. In 
add i t i on ,  t he  model es t imates  t h e  amount of severa l  po l l u tan t s  produced by the  
energy sec to r .  

Time A s t a t i c  model solved f o r  a number of yea rs ,  wi th a f i ve-year  i n t e r v a l  between each 
year ,  up t o  the  year 2 0 0 0 .  

Area 
Space Sweden a s  a whole. 

Wodeling Within a genera l  equ i l ib r ium framework a number of submodels have been l lnked t o  a 
Techniques l i n e a r  a c t i v i t y  model based upon input-output  da ta .  These submodels a r e  e i t h e r  

econometric o r  programming models and u t i l i z e  both observed and engineer ing da ta .  
These submodels a r e  a s  fo l lows: 
a )  The supply model f o r  electricity and hot  water i s  a l i n e a r  p rograming model i n  

which the  present  value of  the  t o t a l  cos t s  of meeting exogenously determined 
demands a r e  minimized. The model u t i l i z e s  engineer ing da ta .  

b )  The supply model f o r  r e f i ned  o i l  products is a l so  a l i n e a r  programming model 
u t i l i z i n g  engineer ing da ta .  The c r i t e r i o n  t o  be minimized i s  the  same a s  i n  
the  e l e c t r i c i t y  and hot  water supply model. 

c )  The nonenergy commodity supply model is a mul t iper iod  l i n e a r  a c t i v i t y  model 
based upon input-output  s t a t i s t i c s .  

d )  The r e s i d e n t i a l  heat ing  model is  srmi la r  t o  models a )  and b ) .  
e )  The household consumption demand model 1s a so-ca l led  complete system o f  

simultaneous demand equat ions ,  based upon observed da ta  and est imated by means 
of econometric methods. 

The f i gu re  below shows t h e  general  s t r u c t u r e  o f  the  model. 
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MEXICO 

The Model "Mexico"--national energy model. (M401) 

J. Lartigue G., University of Mexico, Cd. Universitaria, Mexico, 
D.F., 1976. 

Subject and The model forecasts both the energy supply and demand up to the 
Goal year 2000, and the probable structure of a hydrogen-economy-based 

generation. 

System The model is concerned with the following: 
Description -The energy sector of Mexico, including national reserves; 

-The most probable development of the energy demand and its influence 
on the fertilizer industry; 

-The probable structure of the energy production, based on a hydrogen- 
economy, including nuclear and other new sources. 

Time 1974-2000. 
Area 

Space Mexico. 

Modeling -Analysis of the energy sector in 1974; 
Techniques -Statistical analysis of the development of population, gross 

national product, and energy consumption in order to forecast 
future energy demand; 

-Calculation of the energy content of national reserves; 
-Future model divided into natural resources, processes, products, 
and end uses illustrating qualitatively the relationship between them. 

Observations Since the model is not quantitative, costs of energy are not explicitly 
considered. 



SWEDEN 

The Uodel An energy f o recas t i ng  model f o r  Sweden. (S401) 

Lars Bergman, C las  ~ e r g s t r o m ,  Anders ~ j o r k l u n d ,  Economic Research Institute a t  t h e  
Stockholm School o f  Economlcs. The Rat iona l  Swedish I n d u s t r i a l  Board uses t he  model 
i n  connect ion wi<h t he  long-term energy p ro j ec t i ons  and a n a l y s i s .  C las  ~ e r g s t r o m ,  
Mats ~ u j e b e r g ,  and Georg Saros a t  t he  Energy Div is ion a r e  responsible f o r  t h e  
implementation and development of t he  model. 

Sub jec t  and The model i n v e s t i g a t e s  how t he  a l l oca t i on  of energy resources  i n  t he  Swedish econ- 
Goal omy is l i k e l y  t o  develop under var ious  assumptions about  primary energy p r i c e s ,  

techno log ica l  change, and ove ra l l  economic and energy po l i c y .  

System The w d e l  has t h e  fo l lowing p rope r t i es :  
Descr ipt ion -The model so l u t i on  is  based on e x p l i c i t  assumptions about p r i c e s  of d i f f e r e n t  

k inds  of primary energy,  t h e  a v a i l a b i l i t y  of technology,  and t h e  choice of 
s t r a t e g y  f o r  implementing long-term po l i cy  goa l s .  

-The t ime hor izon o f  t h e  p red i c t i ons  i s  semi long term, t h a t  i s ,  a t ime per iod  
long enough f o r  var ious  s u b s t i t u t i o n  p rocesses  t o  t ake  p l ace ,  but  s h o r t  enough 
t h a t  no fundamental change i n  t h e  energy t rans format ion  technology could occur .  

-A cons i s t en t  t rea tment  of cu r ren t  product ion,  t h a t  i s ,  i n  every  model so l u t i on  
t h e r e  should be a balance between the  supply and the  demand f o r  each cammodlty 
group. 

-A cons i s t en t  t rea tment  of investment,  t h a t  i s ,  i n  every  model so l u t i on  t h e r e  should 
be a balance between g ross  sav ings  and g ross  inves tments ,  wi th cons idera t ion  given 
t o  both t h e  demand and t h e  capac i ty  c rea t i ng  aspec t s  of investment.  

-A proper t rea tment  of p r l c e s ,  t h a t  i s ,  t h e  r o l e  of p r i c e s  i n  t h e  choice o f  technol-  
ogy and i n  t h e  composit ion of f i n a l  demand should be recognized.  

Thus, t h e  aude l  a l lows f o r  ample s u b s t i t u t i o n  of d i f f e r e n t  k inds  of primary energy 
i n  t he  product ion o f  secondary energy; between energy and o the r  inpu t  i a c t o r s  i n  
house heat ing ;  and between more o r  l e s s  energy consuming f i n a l  conmodi t ies.  I n  
add i t i on ,  t h e  model es t ima tes  t h e  amount o f  seve ra l  p o l l u t a n t s  produced by t h e  
energy s e c t o r .  

- - 

Time A s t a t i c  model solved f o r  a number of yea rs ,  w i th  a f i ve -year  i n t e r v a l  between each 
year ,  up t o  t he  year  2000. 

Fuea 
Space Sweden a s  a whole. 

W e l i n g  Within a genera l  equ i l ib r ium framework a number of submodels have been l inked t o  a 
Techniques l i n e a r  a c t i v i t y  model based upon inpu t -ou tpu t  d a t a .  These submodels a r e  e i t h e r  

econometric o r  programming models and u t i l i z e  both observed and engineer ing d a t a .  
These submodels a r e  a s  fo l lows:  
a )  The supply model f o r  electricity and ho t  water  i s  a l i n e a r  p r o q r m i n q  model i n  

which t h e  present  value of t he  t o t a l  c o s t s  of meeting exogenously de te rmned  
demands a r e  minimized. The model u t i l i z e s  eng ineer ing  da ta .  

b )  The supply model f o r  r e f i ned  o i l  products is  a l s o  a l i n e a r  programming model 
u t i l i z i n g  eng ineer ing  d a t a .  The c r i t e r i o n  t o  be minimized i s  t he  same a s  i n  
t h e  e l e c t r i c i t y  and hot  water  supply model. 

c l  The nonenergy commodity supply model i s  a mul t iper iod  l i n e a r  a c t i v i t y  model 
based upon inpu t -ou tpu t  s t a t i s t i c s .  

d )  The r e s i d e n t i a l  hea t ing  model is s im i l a r  t o  models a )  and b l .  
e l  The household consumption demand model is  a so-ca l led  complete system of 

s imul taneous demand equat ions ,  based upon observed da ta  and es t imated  by means 
of econometr ic  methods. 

The f i gu re  below shows t he  genera l  s t r u c t u r e  of t he  model. 

SUPPLY OF PRIMARY I DEMAND FOR PRIMARY 
ENERGY ENERGY ----- ------ + ------------ 

I SUPPLY OF SECONDARY ; DEMAND FOR SECONDARY 
1 ENERGY I ENERGY 

HYDRO WWER 

SUPPLY HOUSE 
SUPPLYOF OF REY. HOLD 
NONENERGY DENTIAL " CON. 
COMMODITIES HEATING SUMP- 

SERVICES TlON 

T--- -  7------ 



I n p u t  Data The d e s c r i p t i o n  o f  power s t a t i o n s ,  r e f i n e r i e s ,  and house-hea t ing  sys tems  is  based 
P h y s i c a l  upon e n g i n e e r i n g  d a t a ;  r e v i s e d  o f f i c i a l  i n p u t - o u t p u t  d a t a  a r e  u t l l i z e d  f o r  t h e  r e s t  

o f  t h e  model.  

E c o l o g i c a l  Emiss ions  o f  d i f f e r e n t  k i n d s  o f  p o l l u t a n t s  from power s t a t i o n s  and r e f i n e r i e s  a r e  
s p e c i f i e d  a s  l i n e a r  f u n c t i o n s  o f  t h e  a c t i v i t y  l e v e l  i n  t h e  p r o c e s s e s  i n  q u e s t i o n .  

Economi c  I n  t h e  g e n e r a l  s o l u t i o n  a l l  p r i c e s  ( e x c e p t  t h o s e  o f  ene rgy  r e s o u r c e s )  a r e  endogenous 
To c l o s e  t h e  system. d i f f e r e n t  assumed p r i c e  p a t h s  f o r  p r imary  e n e r g y ,  c a p i t a l ,  and 
l a b o r  a r e  used. 

Output  Data The model f o r e c a s t s  Sweden's f u t u r e  u s e  o f  ene rgy  r e s o u r c e s  s u b j e c t  t o  p r i c e s  of 
P h y s i c a l  ene rgy  r e s o u r c e s ,  t h e  energy  p o l i c y ,  and t e c h n o l o g i c a l  change i n  t h e  energy  supp ly  

s e c t o r .  

Economic The model f o r e c a s t s  a  p a t h  o f  ene rgy  p r i c e s  i n  a  s t a t e  o f  e q u i l i b r i u m .  

O b s e r v a t i o n s  The househo ld  consumpt ion model has  been e s t i m a t e d  w i t h  t e n  commodi t ies .  W i th in  t h e  
l i m i t e d  framework o f  t h i e  submodel we have s t u d i e d  t h e  s e n s i t i v i t y  o f  a l l o c a t i o n  o f  
p r i v a t e  e x p e n d i t u r e  t o  chang ing  energy  p r i c e s .  The l i n e a r  p r o g r a m i n g  submodels a ,  
b ,  c, and d have been used t o  a n a l y z e  r e s o u r c e  a l l o c a t i o n  prob lems w i t h i n  each  o f  
t h e s e  s e c t o r s .  
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JAPAN 

- - 

The Model A simulation model for a study of the dynamic behavior of crude oil 
production in Middle East oil exporting countries. (5401) 

Teruyasu Murakami, Nomura Research Institute, Japan, 1973. 

Subject and The modeling objective is to study the behavior of crude oil produc- 
Goal tion of diddle East oil exporting countries and to identify the effects 

of the alternative long-term economic and energy policies of consuming 
countries. 

System The model covers the international flow of oil and money between oil 
Description exporting countries and oil consuming countries. For the oil exporting 

countries, the following factors are considered: crude oil production, 
energy prices,, government oil revenues, government budget, economic and 
social development investments, industrial development, infrastructure 
development, economic growth, population, petrodollars. For the oil 
consuming countries, the following factors are considered: economic 
growth, energy demand, conventional sources of energy, new sources of 
energy development, crude oil demand and supply gap, and oil balance of 
payment. The level of crude oil production influences the economic and 
energy policymaking in oil producing countries. 

Time 1965-1985. 
Area 

Space Iran, Saudi Arabia, Kuwait and other Middle East oil producing countries, 
and Japan, the USA, and the European countries of the Organisation of 
Economic Cooperation and Development (OECD). 

Modeling A dynamic system simulation model using DYNAMO 11. For the "hard" part 
Techniques of the system, regression equations based on relatively reliable statis- 

tical data are used. The "soft" part includes information compiled from 
reports of economists, engineers, government officials based on research 
and interviews in some OPEC countries and in Japan. 

Input Data Input data include annual growth rate of GDP in each consuming countries; 
growth rate of the export price index of industrial commodities in OECD 
countries; energy supply from tar sand, shale oil, gasificated coal, 
liquid natural gas, methanol, nuclear energy; average capital output 
ratio; government participation ratio to oil industries of oil exporting 
countries. 

Output Data Output data include crude oil production; government oil revenue; govern- 
ment expenditure by recurrent, development and military budget; oil 
exports; non-oil exports; producers' goods imports; consumers' goods 
imports; GDP of Iran, Saudi Arabia and Kuwait; energy supply by various 
energy sources; oil imports; accumulation of deficit of current and basic 
account with oil exporting countries; crude oil demand supply gap of con- 
suming countries. 

Observations Since the model has only three country submodels of Middle East oil 
exporting countries, there is a need to increase the number of country 
submodels. Reliable statistics of oil exporting countries have not been 
utilized in the development of the models. More disaggregation of each 
country submodel is expected. 



EUROPEAN COMMUNITY 

The Model Evaluation of power station installation pollcles. (XX401) 

F. Conti, G. Grazlanl, C. Zanantoni, Commlsslon of the European Communlties-JRC- 
Ispra (Varese) , Italy. 

Subject and The model describes the consequences of alternative power statlon lnstallatlon 
Goal pollcles whlch satisfy a given electrical energy demand and load duration curve. 

The installed power of the varlous power plant types is obtalned as a function 
of tune. Fuel consumption and services are calculated as are Investment and 
running costs. 

System The model deals with the evolution in tlme of the electrical power system. In 
Description particular attention is focused on the mix of power plants that satisfies the 

given electrical energy and load demand. The yearly electric energy demand over 
the period considered is given as input. The load diagram of the demand is also 
given: its shape can change during the period under investigation, both because 
of a change in the consumption spectrum and because of the development of some 
types of energy storage: a maximum of five load diagrams are foreseen correspond- 
ing to five time intervals. The plants are subdivided according to a number of 
age groups (a maximum of ten) affected by different maximum utilization. Age groups 
are grouped in sets on which the allocation procedure of the stations in the load 
diagram is based. The first group sets refer to the running-in period, when the 
stations are not able to work at their maximum numerical utilization. The inter- 
mediate group sets refer to the equilibrium period and usually cover the largest 
fraction of the plant life. The last group-sets are relative to the running-out 
period of the plant life, when the station's availability decreases. The energy 
produced by each plant type is given as an input explicitly or calculated on the 
basis of the constraints imposed to the system. The two main constraints are the 
generating capacity aouoling time, accounting for the difficulties of the industry 
in coping with a rapid increase of production; and the availability of artificial 
fissile material such as Plutonium or Uranium-233 produced by other nuclear stations. 

Time 30 to 55 years 
Area 

Space The European Community as a whole. 

Modeling This is a simulation model programmed for the IBM 370/165 computer in Fortran 
Techniques language (TOTEM computer program). In a certain year N the program, using the 

input data and the results of calculation of the previous year, proceeds as follows: 
-It allocates "unavoidable" plants in the load diagram. The area corresponding 

to these plants is subtracted from the load diagram. As a result, the load 
diagram shape for the competitive plants is modified. 

-It allocates the existing competitive plants into the modified load diagram. Due 
to the age-factor history, the maximum energy produced by the existlng plants 
changes every time-step. The allocation procedure has to be repeated each year. 
The allocation procedure is carried out starting from the peak toward the dlagram 
base. This is possible by assuming that any new plant works at base-load durlng 
the first year of its life. Once this step is completed, a check on the fuel 
requirements is performed. 

-Determination of new plant installation needs. If necessary, new plants are 
installed according to the energy needs. At the end of plant installation, the 
following steps are performed: calculation of the value of the reserve, and 
calculation of the energy required by the pumping stations. Once the calculation 
of the whole period under investigation has been completed, the energies and 
power capacities of all plant types are known for every year. Fuel demands and 
productions, relative to inventories and energy production, and the costs can 
thus be determined. 

Input Data For each type of power station the physical and economical characteristics are 
given, e.g., fuel consumption, fuel inventory, plant cost, fuel fabrication and 
reprocessing costs, and such delays as mine enrichment, plant fabrication, plant 
storage, core residence, cooling, reprocessing. The cost of fuel can be constant 
or can vary with time. 

Output Data The code can perform many calculations, based on the basic evaluation concerning the 
number of power stations existing per year, type and age-group and their utilization 
hours it calculates. For each year can calculate the consumptlon of various types 
of fuel, the fuel inventory due to new installations, and running costs, and capltal 
investments. The expenditures can be actualized, the discount rate being one of the 
input data. Taking into account the various delays, the code evaluates the ore re- 
quirements, the separative work and consequently the enrichment plant capacity 
required, the capltal investments as a function of tune, etc. 

Observations The model takes no account of location problems of plants and consumptlon centers 
and of related transmission and distribution problems. A separate model has been 
developed for this purpose whlch can be used In parallel with TOTEM (SITUS computer 
program) . 



The Model Demand f o r  ene rgy  f o r e c a s t i n g  model. (GB401) 

G .  K o u r i s ,  U n i v e r s i t y  o f  S u r r e y ,  G u i l d f o r d ,  S u r r e y ,  England,  1975.  
- - - - -- 

S u b j e c t  and The aim o f  t h e  s t u d y  is  t o  b u i l d  an  a g g r e g a t e  ene rgy  demand model on 
Goal economic a p r i o r i  c r i t e r i a .  The inadequacies o f  s m a l l  samples  and t i m e  

s e r i e s  d a t a  a r e  overcome by c o n s i d e r i n g  t h e  EC a s  one c o u n t r y  w i t h  a 
number o f  g e o g r a p h i c a l l y  d i f f e r e n t  p r o v i n c e s  (member c o u n t r i e s ) .  T h i s  
assumpt ion  y i e l d s  more r e a l i s t i c  e s t i m a t e s  o f  t h e  major  d e t e r m i n a n t s  
o f  ene rgy  demand. These,  i n  t u r n ,  a r e  used f o r  f o r e c a s t i n g  t h e  energy  
r e q u i r e m e n t s  o f  t h e  e n t i r e  EC a r e a  i n  t h e  y e a r  1980. 

System The consumpt ion o f  p r imary  f u e l s  i n  e i g h t  Common Market  c o u n t r i e s  is  
D e s c r i p t i o n  poo led  i n  o r d e r  t o  o b t a i n  one s e t  o f  homogeneous demand e l a s t i c i t i e s .  

The main s h o r t  r u n  d e t e r m i n a n t s  o f  ene rgy  demand a r e :  income, p r i c e ,  
and tempera tu re .  S i n c e  t h e  model is  a p p l i e d  on a poo led  sample i t s  
t ime  s p e c i f i c a t i o n  a p p l i e s  t o  t h e  i n t e r m e d i a t e  r u n .  A d e t a i l e d  sub- 
d i v i s i o n  o f  t h i s  sample r e v e a l s  a number o f  s t r u c t u r a l  p rob lems which 
make t h e  s t a b i l i t y  o f  t h e  model o v e r  t ime  a f u n c t i o n  o f  t h e s e  problems. 

Time Economet r ic  e s t i m a t e s  f o r  t h e  p e r i o d  1955-1970. T e s t  o f  t h e  p r e d i c t i v e  
power o f  t h e  model up  t o  1974 and f o r e c a s t s  up t o  1980.  

Area 
Space I t a l y .  Ne the r l ands ,  Denmark, F rance ,  FRG, Belgium/Luxembourg, UK. 

Modeling Economet r ic  t e c h n i q u e s .  The main e q u a t i o n  o f  t h e  model i s  f i r s t l y  
Techn iques  t e s t e d  on t ime  s e r i e s  d a t a  f o r  e a c h  EC c o u n t r y  and s e c o n d l y ,  a c o v a r i -  

ance t r a n s f o r m a t i o n  o f  it is  a p p l i e d  on a poo led  t i m e  s e r i e s - - c r o s s  
s e c t i o n s  sample.  The p o s s i b l e  f eedbacks  from ene rgy  t o  GDP a r e  i n v e s t i -  
g a t e d  t h rough  a two e q u a t i o n  model where t h e  ene rgy  f u n c t i o n  is  supp le -  
mented by a p r o d u c t i o n  f u n c t i o n  o f  t h e  Cobb-Douglas t y p e .  T h i s  formula-  
t i o n  i s  e s t i m a t e d  v i a  a two s t a g e  l e a s t  s q u a r e s  t e c h n i q u e .  A l l  e q u a t i o n s  
a r e  l i n e a r i z e d  by a doub le  l o g a r i t h m i c  t r a n s f o r m a t i o n .  

I n p u t  Data Time s e r i e s  o f  q u a n t i t i e s  ( i n  m e t r i c  t o n s  o f  c o a l  e q u i v a l e n t s ) ,  incomes 
(GDP), r e l a t i v e  f u e l  p r i c e s ,  ave rage  y e a r l y  t e m p e r a t u r e s ,  and number o f  
employees I n  employment, f o r  each  EC c o u n t r y  o v e r  t h e  p e r i o d  1955-1974. 

Output  Data Income, p r l c e ,  and tempera tu re  e l a s t i c i t i e s  f o r  e a c h  c o u n t r y  and f o r  
EC i n  t o t a l .  T e s t  o f  t h e  s t a b i l i t y  o f  t h e  ene rgy  f u n c t i o n  f o r  t h e  
" c r i s i s  p e r i o d "  1971-1974 and f o r e c a s t  o f  t h e  1980 EC ene rgy  r e q u i r e -  
ments.  





Appendix 

Institutions and Individuals Contacted 

AUSTRIA 

Bundeskammer der gewerblichen 
Wirtschaft 

Biberstrasse 10 
1010 Vienna 

Dr. Josef Richter 
Dr. Werner Teufelsbauer 

bsterreichisches Institut fib 
Wirtschaftsforschung 

Arsenal 
Postfach 91 
1103 Vienna 

Dr. H. Kramer 
Dr. Karl Musil 

Technische ~ochschule Wien 
Karlsplatz 13 
1030 Vienna 

Prof. L. Bauer 
Dr. Tintner, Institut fiir 

bkonometrie 

Rechts- und staatswissenschaftliche 
Fakultzt der ~niversitst Wien 

~niversit$tsstrasse 7 
1010 Vienna 

Prof. Dr. G. Bruckmann 

bsterreichische ~lektrizitstwirt- 
schaft-AG 

Am Hof 6A 
1010 Vienna 

Mr. K. Fessl 

osterreichische Studiengesellschaft 
fiir Atomenergie Ges.m.b.H. 

Lenaugasse 10 
1082 Vienna 

Prof. Hans ~riimm 

Steweag 
~eonhardgiirtel 10 
8010 Graz 

Mr. R. Lehner 

OEWAG-~erbundgesellschaft 
Am Hof 6A 
1010 Vienna 

Dipl. Ing. Pober 

Schweizer Botschaft 
Prinz-Eugenstr. 7 
1030 Vienna 

Dr. V. Sohenk 

Bundesministerium fiir Wissenschaft 
und Forschung 

~ghrin~erstr. 28 
1090 Vienna 

Ministerialrat Dr. W. Franck 

M. ltattach6 Scientifique przs 
ltAmbassade de France 

Palais Lobkowitz 
Lobkowitz Platz 
1010 Vienna 

ARGENTINA 

CPC Latin America 
Cerrito 866 
Buenos Aires 

Dr. Andre van Dam, Director of 
Planning 

Fundacion Bariloche 
Casilla de Correo 138 
San Carlos de Bariloche 
Prov. de Rio Negro 

Dr. Amilcar Herrera 

BELGIUM 

European Institute for Advanced Studies 
in Management 

20, Place Stephanie 
1050 Brussels 

Mr. Gram ~dsbgcker 



Bureau de P lan  
47-49, Av. d e s  A r t s  
1040 B r u s s e l s  

M r .  M. d e  F a l l e u r  

~ n i v e r s i t g  L i b r e  d e  B r u x e l l e s  
Terhuspsesteenweg 166 
1170 B r u s s e l s  

P r o f .  H. Glesjer 

Union d e s  E x p l o i t a t i o n s  E l e c t r i q u e s  
e n  Be lg ique  

4 ,  ~ a l g r i e  Ravensta in  
1000 B r u s s e l s  

M r .  R. Groszmann, D i r e c t o r  

Cab ine t  du  M i n i s t r e  d e s  A f f a i r e s  
Economiques 

23,  Square  d e  ~ e g u s  
1040 B r u s s e l s  

D r .  J . P .  Hansen 

F a c u l t 6  d e s  S c i e n c e s  Economiques 
e t  S o c i a l e s  

8, Rampart d e  l a  ~ i z r g e  
5000 Namur 

M r .  M. Jaumot te  

A d m i n i s t r a t i o n  de  1 ' E n e r g i e  
~ i n i s t z r e  d e s  A f f a i r e s  Economiques 
49-51, Avenue d e  ~ r z v e s  
1040 B r u s s e l s  

M r .  P. Markey 

S.C.I.E.N.C.E. 
177,  Avenue Lou ise  
1050 B r u s s e l s  

M r .  Manfred S i e b k e r ,  Managing 
D i r e c t o r  

~ 6 p a r t e m e n t  d8Economie ~ p p l i q u g e  
(DULBEA) 

~ n i v e r s i t g  L i b r e  d e  B r u x e l l e s  
50,  Av.  F.D. Rooseve l t  
1050 B r u s s e l s  

P ro f .  J. Waelbroeck 

BULGARIA 

Energoproek t  
b u l .  Anton Ivanov N. 56 
S o f i a  

M r .  Kamenov 
M r .  Luben Petkov 

The N a t i o n a l  Cen te r  f o r  Cyberne t i cs  
and Computer Techn iques 

8 ,  S l a v j a n s k a  S t r e e t  
S o f i a  

Eng. Vanio Mitov 

C e n t r e  S c i e n t i f i q u e  d e  P l a n i f i c a t i o n  
d e s  ~ o d s l e s  ~ a t h g m a t i q u e s  e t  d e s  
~ r g v i s i o n s  du  ~ g v e l o p p e m e n t  S o c i a l  
e t  Economique 

58,  r u e  A lab ine  
S o f i a  

M r .  I .V .  P e i t c h e v  

corni t6 d ' E t a t  d e  P l a n i f i c a t i o n  
I n s t i t u t  S c i e n t i f i q u e  d e  P l a n i f i c a -  

t i o n  Economique e t  d e  Recherche 
7  Noemvri I 
S o f i a  

I n s t i t u t  Economique 
~ c a d g m i e  d e s  S c i e n c e s  d e  B u l g a r i e  
u l .  Axakov N. 3 
S o f i a  

I n s t i t u t  S c i e n t i f i q u e  
I n s t i t u t  du  Commerce ~ x t g r i e u r  
S o f i a  

CANADA 

Department  o f  Energy, Mines and 
Resources  

299 C a r l i n g  Ave. 
Ot tawa,  O n t a r i o  K 1 A  OE4 

D r .  R.P. Charbonn ie r ,  Ch ie f  
Energy Research and Development 

D r .  F.W. Gorbet  
D r .  I . A .  S t e w a r t  
M r .  C.E. Zwicker ,  Economic 

S t u d i e s  D i v i s i o n  

Economic Counc i l  o f  Canada 
P.O. Box 527 
Ot tawa,  O n t a r i o  K1P 5V6 

M r .  John Dawson, D i r e c t o r  
M r .  M.C. McCracken 

M i n i s t r y  o f  S t a t e  f o r  S c i e n c e  and 
Technology 

Ot tawa,  O n t a r i o  
M r .  J.T.  B rad ley  
M r .  H. F lynn ,  P o l i c y  Adv isor  



M i n i s t r y  o f  S t a t e  f o r  Sc ience  
and Technology 

Techno log ica l  F o r e c a s t i n g  and 
Technology Assessment D i v i s i o n  

O t t a w a ,  O n t a r i o  
D r .  J . R .  Whitehead, S p e c i a l  

Adv isor ,  O f f i c e  o f  t h e  
S e c r e t a r y  

D r .  A.R. Demirdache, D i r e c t o r  

Na t iona l  Energy Board 
473 A l b e r t  S t r e e t  
Ot tawa,  O n t a r i o  K 1 A  OG1 

M r .  M.A. Crowe, Chairman 
M r .  G.T. McLoughlin 
M r .  R.C. R icha rds ,  I n d u s t r i a l  

Models D i v i s i o n  
M r .  E.R. S t o i a n ,  O p e r a t i o n s  

Research Branch 
M r .  J . M .  Tredden ick ,  Ch ie f  

Econometr ics D i v i s i o n  

Department o f  Economics 
U n i v e r s i t y  o f  B r i t i s h  Columbia 
2075 Westbrook P l a c e  
Vancouver, B .C . 

D r .  P a u l  G. Brad ley  
P r o f .  John H e l l i w e l l  

O f f i c e  d e  P l a n i f i c a t i o n  e t  d e  
~ 6 v e l o p p e m e n t  du  ~ u g b e c  

~ n i v e r s i t g  d e  Sherbrooke 
Sherbrooke J I K  2RI 

M r .  P a u l  L.H. Camirand 

F a c u l t 6  d e s  S c i e n c e s  d e  l a  Ges t ion  
~ n i v e r s i t 6  d 'Ot tawa 
Ottawa,  O n t a r i o  K 1 N  6N5 

P r o f .  J . G .  Debanne 

P lann ing  Branch 
T reasury  Board S e c r e t a r i a t  
160 E l g i n  S t r e e t  
Ot tawa,  O n t a r i o  K15 OR5 

D r .  A.R .  Dobel l  

U n i v e r s i t y  o f  Ca lgary  
Ca lga ry ,  A l b e r t a  

M r .  R. Hamilton 

Dean o f  Eng ineer ing  Sc ience 
U n i v e r s i t y  o f  Western O n t a r i o  
Richmond S t r e e t  North 
London 72, O n t a r i o  

P r o f .  A .  I . Johnson 

McGill U n i v e r s i t y  
Mont rea l ,  Quebec 

M r .  J . D . Khazzoom 

P o l i c y  P lann ing and Eva lua t ion  
D i r e c t o r a t e  

Environment Canada 
Ottawa,  O n t a r i o  K1A OH3 

M r .  McCauley 

Sc ience  Procurement 
Department o f  Supply and S e r v i c e  
Ottawa,  K 1 A  OS5 

D r .  P e t e r  Meyboom, D i r e c t o r  
Genera l  

F u e l s  Research Cen t re  
c / o  555 Booth S t r e e t  
Ot tawa,  O n t a r i o  K1A OG1 

M r .  D.S. Montgomery 

In te rgovernmen ta l  Committee on Urban 
and Reg iona l  Research 

36 We l les ley  S t r e e t  West 
Toronto ,  O n t a r i o  M4Y 1 G 1  

M r .  Marc Morin, Execu t i ve  D i r e c t o r  

S c i e n c e  Counc i l  o f  Canada 
Ottawa,  O n t a r i o  

M r .  J. Mul l i n ,  Deputy Execu t i ve  
D i r e c t o r  

Economic Counc i l  o f  Canada 
P.O. Box 527 
Ottawa,  K1P 5V6 

M r .  ~ n d r 6  Raynauld 

Geo log ica l  Survey o f  Canada 
Edmonton, A l b e r t a  

D r .  K . J .  Roy 

U n i v e r s i t y  o f  A lbe r ta  
Edmonton, A l b e r t a  

D r .  J .T .  Ryan 
Atomic Energy C o n t r o l  Board 
107 Sparks  S t r e e t  
Ot tawa,  O n t a r i o  K1P 5S9 

M r .  D.G. Hurs t  



Dept. o f  P o l i t i c a l  Economy 
Un ive rs i t y  o f  Toronto 
Toronto,  On ta r i o  

Pro f .  Leonard Waverman 

A i r  P o l l u t i o n  Con t ro l  D i r e c t o r a t e  
Environment Canada 
Ottawa, On ta r i o  K I A  OH3 

M r .  S .O.  Winthrop, D i r ec to r  
General  

L e g i s l a t i v e  L ib ra ry  
L e g i s l a t i v e  Bldg. 
P.O. Box 6000 
Freder i c ton  N.B. E3B 5H1 

CYPRUS 

The Planning Bureau 
Nicos ia  

M r .  I. Ar i s t i dou  

CZECHOSLOVAKIA 

I n s t i t u t e  o f  Fue l  and Power 
Federa l  M in is t r y  f o r  Techn ica l  

Development 
S lezska  9 
Prague 2 

M r .  V. Bruha 
M r .  D. Vaverka, Vice D i r ec to r  

Power Research I n s t i t u t e  
Partyzanska 7a 
Prague 7 

M r .  Milos Drahny, Csc. 
M r .  Imr ich  Lencz, Csc. 

Econometric Laboratory  
Czechoslovak Academy of  Sc iences  
Po l i t i c kych  veznu 7 
Prague 1 

M r .  Jir i  Bouska 

Energy Economy Sec t ion  
Energy Research I n s t i t u t e  
Nahrou de 19 
Prague 10 

M r .  Bohuslav Cabicar  

Most Branch 
Research I n s t i t u t e  f o r  Fue l  and 

Energy Economics 
Most 

M r .  E. Goldberger 

Research I n s t i t u t e  o f  Mining, 
Economics and Energy 

V lad is lavova 4 
Prague 1 

M r .  V. Kraus 

Energy Development Department 
Fede ra l  M in i s t r y  o f  Fue l  and Energy 
Stepanska 28 
Prague 1 

M r .  M .  Marval,  Head 

Research I n s t i t u t e  o f  S t a t i s t i c s  
and Accounting 

Sokolovska 
Prague 

M r .  J a r o s l a v  Podzimek 

Computing Research Center  
Dubravska c e s t o  
B r a t i s l a v a  

M r .  D. S t r a t i 1  

Committee f o r  IIASA o f  t h e  Czechoslovak 
S o c i a l i s t  Republ ic  

S lezska  9 ,  Vinohrady 
Prague 2 

D r .  T ibor  Vazko 

DENMARK 

The N ie l s  Bohr I n s t i t u t e  
Blegdamsve j 17 
2800 Copenhagen 

M r .  Sven ~ j h r n h o l m  

Det gkonomiske Rad 
~ h r r e  Voldgade 68 
1358 Copenhagen 

M r .  P e t e r  E r l i n g  Nie lsen 

Danmarks S t a t i s t i k  
Input-Output Dept. 
Se j rhgade 11 
2100 Copenhagen 

M r .  Bent Thage 



I n s t i t u t e  o f  Economics 
U n i v e r s i t y  o f  A4rhus 
NDR Ringgade 
U n i v e r s i t e t s p a r k e n  
8000 A4rhus 

M r .  J . E .  Yndgaard 

EGYPT 

Dept.  o f  N a t u r a l  Resources  
A f r i c a n  I n s t i t u t e  
C a i r o  U n i v e r s i t y  
C a i r o  

D r .  Samir  I .  Ghabbour 

FEDERAL REPUBLIC OF GERMANY 

I n s t i t u t  f u r  E l e k t r i s c h e  Anlagen 
und E n e r g i e w i r t s c h a f t  

Techn i sche  Hochschule Aachen 
5 1  Aachen 

M r .  R. B i e s e l t  
P r o f .  Mandel 
M r .  Gerd Modemann 
M r .  P a u l  Winzke 

Ke rn fo rschungsan lage  ~ u l i c h  
517 ~ u l i c h  1 

M r .  D. E l s i n g h o r s t  
M r .  W .  Meier 
M r .  S. Rath-Nagel 
M r .  A. Voss 

Kern forschungszent rum K a r l s r u h e  
P o s t f a c h  3645 
75 K a r l s r u h e  1 

M r .  G. F r i e d e  
M r .  D i e t e r  S e l l i n s c h e g g  

I n s t i t u t  f u r  angewandte System- 
fo rschung  und Prognose 

Hochschule Hannover 
Haus #39 
5000 Hannover 

D r .  Hartmut  B o s s e l  

Zentrum B e r l i n  f u r  Zukunf ts -  
f o r schung  e . V .  

G i e s e b r e c h t s t r a s s e  1 5  
1 B e r l i n  1 2  

P r o f .  W .  Dreger  

Max-P lanck-Gese l lschaf t  z u r  
Er fo rschung d e r  Lebensbedingungen 
d e r  Wissenschaftlichtechnischen 
Welt 

R iemerschmids t rasse  7 
813 S t a r n b e r g  

P r o f .  C a r l  F r i e d r i c h  
F r h r .  von Weizsaecker  

Deutsches  I n s t i t u t  f u r  W i r t s c h a f t s -  
f  o rschung 

~ E n i g i n - ~ u i s e s t r a s s e  5 
1 B e r l i n  33 

M r .  M .  L ieb rucks  

I n s t i t u t  f u r  S t a d t -  und Reg iona l -  
p lanung 

Techn ische  ~ n i v e r s i t a t  B e r l i n  
S t r a s s e  d e s  1 7 .  J u n e  135  
1 B e r l i n  12  

D r .  Helmut Maier  

L e h r s t u h l  A f u r  Mechanik 
Techn ische  Hochschule 
Rodabruchs t r .  
Hannover 3 

P r o f .  E. P e s t e l  

B r i t i s h  Pe t ro leum 
P o s t f  ach  1030 
2 Hamburg 

D r .  K.  Repenning 

F o r s c h u n g s s t e l l e  fGr  E n e r g i e w i r t s c h a f t  
AIU ~ l i i t e n a n g e r  71  
8 ~ u n c h e n  5 0  

P r o f .  H.  ~ c h s f e r  

E n e r g i e w i r t s c h a f t l i c h e s  I n s t i t u t  
~ n i v e r s i t i i t  ~ 6 l n  
Alber t -Magnus-Platz  
5 ~ 8 l n  41  

P r o f .  H.K. S c h n e i d e r  

I n s t i t u t  f c r  S ied lungs -  und Wohnung- 
wesen d e r  ~ n i v e r s i t s t  Mcns ter  

Am S t a d t g r a b e n  9 
44 Miinster 

P r o f .  R. Thoss  

R.W.E. 
K r u p p s t r a s s e  5 
43  Essen 

D i p l .  I ng .  H.  ~ r 8 s c h e r  



Energy Ana lys i s  and P r o j e c t i o n s  
Bundesminister ium f u r  W i r t s c h a f t  
V i l lemomblers t r .  76 
53 Bonn 

M i n i s t e r i a l r a t  He in r i ch  Quante 

FINLAND 

S t a t i s t i c a l  O f f i c e  
Neste Oy, Kaivokatu 1 0 A  
H e l s i n k i  10 

M r .  K.O. Huuskonen, Head 

Imat ran Voima 0sakeyh t i8  
B.P. 138 
H e l s i n k i  10 

Pro f .  Antero  Jahko la  

Study Group f o r  Economic Research 
on Energy 

Bank o f  F i n l a n d  
~ a m e e n k a t u  2  A2 
Turku 50 

M r .  M.A. Jaakonaho 

Economic P lann ing Cen t re  
E r o t t a j a  1 5  A 
H e l s i n k i  1 3  

M r .  Erkk i  Laate  

Research I n s t i t u t e  o f  t h e  F i n n i s h  
Economy 

Kalevankatu 3B 
H e l s i n k i  10 

M r .  Kaar lo  Larno, Managing 
D i r e c t o r  

I n d u s t r i a l  Department 
Energy P o l i c y  Branch 
M i n i s t r y  o f  Trade and I n d u s t r y  
A leksan te r inka tu  10 
H e l s i n k i  17 

M r .  I . H .  Lavan ius ,  Ch ie f  I n s p e c t o r  

IBM F i n l a n d  
H e l s i n k i  

M r .  Tor Nyman 

Economic Department 
M i n i s t r y  o f  F inance 
Fab ian inka tu  8  
H e l s i n k i  1 3  

M r .  Lars-Er ik  g l l e r  

Techn ica l  U n i v e r s i t y  
H e l s i n k i  

M r .  Seppo S a l o  

FRANCE 

~ 6 1 6 ~ a t i o n  ~ g n 6 r a l e  6 1 ' E n e r g i e  
35, r u e  Saint-Dominique 
75007 P a r i s  

M .  Y .  G i r a r d ,  ~ h a r g 6  de  Mission 
M.  Renon 

I n s t i t u t  Economique e t  J u r i d i q u e  de 
1 ' Energ ie  

~ n i v e r s i t g  d e  Grenoble - I .R.E.P. 
Domaine U n i v e r s i t a i r e  de  S t .  Mar t in  

d ' ~ Z r e s  
B.P. 47 - Cent re  d e  t r i  
38040 Grenoble Cedex 

M .  J. Girod 
M .  J . M .  Mart in 
M .  Ramain 

I n s t i t u t  Na t iona l  d e s  Sc iences  e t  
Techniques ~ u c l g a i r e s  

9 1  Gi f -sur -Yvet te  
M .  E .  Bauer 
P r o f .  Fourgeaud 
P r o f .  V i l l e  

~ l e c t r i c i t g  de  France 
2 ,  r u e  Louis Murat 
75008 P a r i s  

M.  Marcel Boi teux 
M .  Bernard ,  S e r v i c e  d e s  Etudes 

Economiques ~ g n g r a l e s  
M .  Bre ton ,  S e r v i c e  d e s  Etudes 

Economiques ~ g n g r a l e s  
M.  Gouni,  Chef S e r v i c e  d e s  Etudes 

Economiques ~ g n g r a l e s  
M. Rober t  J a n i n ,  Chef Ad jo in t  

S e r v i c e  d e  l a  Product ion  Thermique 
M. Lacos te ,  Cab ine t  du ~ r g s i d e n t  

D i r e c t e u r  d n g r a l  
M. Louis  Pu iseux,  S e r v i c e  d e s  

Etudes d  'Economiques d n g r a l e s  

Eco le  Na t iona le  ~ u p g r i e u r e  d e s  Mines 
P a r i s  

M.  M.  A l l a i s  



Eco le  Po ly techn ique  
7 ,  Bd. F l a n d r i n  
75016 P a r i s  

M. Jacques  A t t a l i  

B. I .P.E.  
122,  av.  C h a r l e s  d e  G a u l l e  
92 N e u i l l y  

M r .  Aujac 

CEPREMAP 
140,  r u e  du C h e v a l e r e t  
75013 P a r i s  

M. ~essiGre 

D i r e c t i o n  d e  l a  p r g v i s i o n  
~ i n i s t s r e  d e s  Economies e t  d e s  

F inances  
9 ,  r u e  C r o i x  d e s  P e t i t s  Champs 
75001 P a r i s  

M r .  D. B l a i n ,  ~ h a r g g  d e  Miss ion  

C.F.P. 
5 ,  r u e  Miche l  Ange 
75016 P a r i s  

M .  Chevet  

I .F .P . ,  Dept.  Economie 
1, av .  d e  Bo is  ~ r 6 a u  
92502 R u e i l  Malmaison 

M. C. Debackere 

D i r e c t e u r  d e s  E tudes  Economiques 
e t  F i n a n c i z r e s  

Banque d e  P a r i s  e t  d e s  Pays-Bas 
3 ,  r u e  d l A n t i n  
75002 P a r i s  

M. J e a n  Den ize t  

Rappor teur  ~ g n 6 r a l  d e  l a  Commission 
d e  l l E n e r g i e  

18, r u e  d e  Mar t ignac  
75007 P a r i s  

M.  D e s t i v a l  

C.E.R.E.N. 
1, r u e  Caumart in  
75009 P a r i s  

M. D o u r i l l e  

u n i v e r s i t g  d e  Grenob le  
38040 Grenob le  Cedex 

M. F. F inon 

S EMA 
Market ing e t  ~ o d s l e s  d e  ~ 6 c i s i o n  
1 6  r u e  ~ a r b g s  
92128 Montrouge 

M. Godet 

I.N.S.A. 
20, av .  A l b e r t  E i n s t e i n  
69621 V i l l e r b a n n e  

M. Hamelin, D i r e c t e u r  d n g r a l  

S e r v i c e  d e  l a  S t a t i s t i q u e  
83,  Bd. d e  Montparnasse 
75006 P a r i s  

M.  Heber t  

I n s t i t u t  ~ g o d y n a m i q u e  
u n i v e r s i t g  d e  Bordeaux I11 
Avenue d e s  F a c u l t e s  
33405 T a l e n c e  

M. Humbert 

Charbonnages d e  F rance  
B.P. 396 08 
9 ,  av .  P e r c i e r  
75360 P a r i s  Cedex 

M. I p p o l i t o  

CNES 
129 ,  r u e  d e  l 1 u n i v e r s i t 6  
75007 P a r i s  

P r o f .  Lev i ,  ~ r g s i d e n t  

D i r e c t i o n  d e  l a  ~ r 6 v i s i o n  
6 ,  avenue d e  1 1 0 p 6 r a  
75001 P a r i s  

P r o f .  Edmond Mal invaud 

C e n t r e  d l E t u d e s  ~ u ~ g r i e u r e s  d lEconomie 
~ g t r o l i z r e  

I .F .P .  
B.P. 18 
92502 R u e i l  Malmaison 

M.  J. Masseron, D i r e c t e u r  

I n s t i t u t  P o l y t e c h n i q u e  
B.P. 1 5  - C e n t r e  d e  T r i  
38040 Grenob le  Cedex 

P r o f .  Nguyen Khac Nhan 

Departement d e s  Programmes 
Commissar ia t  > l l E n e r g i e  Atomique 
29-33, r u e  d e  l a  ~ 6 d 6 r a t i o n  
75015 P a r i s  

M.  P i e r r e ,  Chef 



E.L.F.-E.R.A.P. 
rue Nelaton 
75015 Paris 

M. Ploton 

Centre Universitaire Dauphine 
Place de Lattre de Tassigny 
75016 Paris 

Prof. Roy 

Agence pour 1'Economie de 1'Energie 
30, rue de Cambronne 
75015 Paris 

M. Syrota 

Departement des Programmes 
Commissariat 2 1 ' Energie Atomique 
29-33, rue de la ~gdgration 
75015 Paris 

M. L. Thiriet, char96 des Etudes 
Economiques dn6rales 

GERMAN DEMOCRATIC REPUBLIC 

Institut fur Energetik 
Torgauerstr. 114 
7024 Leipzig 

Mr. P. Hedrich 
Dr. Kahn 
Mr. K. Lindner 
Mrs. U. Reymann 

Academy of Sciences of the GDR 
Leipziger Strasse 
108 Berlin 

Prof. Hans Mottek 

Hochschule fir 6konomie Berlin 
Dunckerstrasse 8 
1157 Berlin-Karlshorst 

Prof. J. Rudolph 

Braunkohleindustrie 
Grossr~schen 

Brennstoffinstitut 
Freiberg/Saxon 

Energieversorgungsbetriebe 
Le ipzig 

Ogreb-Institut fKr Kraftwerke 
Cottbus 

Ogreb-Institut f 6r Kraftwerke 
Vetschau 

Staatliches Unternehmen der 
Elektroenergieversorgung 

Berlin 

GREECE 

Centre of Planning and Economic 
Research 

Hippokratous 22 
Athens 144 

Mr. C. Aronis 

Institute of Economic Research 
Hippokratous 22 
Athens 144 

The Director 

Entreprise Publique d'~lectricit6 
de Grzce 

4,  rue Aloupekis 
Athens 

Mr. C. Delis, Chef du Service 
de Planification Economique 

Entreprise Publique d'~lectricit6 
de Grzce 

4,  rue Aloupekis 
Athens 

Mr. A. Samaras 

Director of Planning Services 
Ministry of Coordination 
3 Amerikis Street 
Athens 

Econometric Laboratory 
Central Statistical Office 
Keleti Karoly u. 5-7 
Budapest I1 

Mr. M.L. Halabuk 
Ms. Katalin Hulyak 

~rdglarbeitungsindustrie 
Schwedt 



Nat iona l  Board f o r  Power and 
Fue l  Economy 

Marko u t c a  16  
1955 Budapest  

M r .  P. E rdos i  
M r .  G.  Goldvary 
M r .  P a t y i  Karoly  

Computer C e n t r e  o f  N a t i o n a l  
P lann ing  O f f i c e  

Amgol u .  27 
1149 Budapest  

M r .  G. Gekecs,  Department  Chief  

Systems Eng inee r ing  I n s t i t u t e  
INFILOR 

Budapest  
M r .  K. Kelemen 

I n s t i t u t e  o f  Economics 
Hungar ian Academy o f  S c i e n c e s  
Nado u t c a  7 
Budape s t  V 

P r o f .  J a n o s  Korna i  

D r .  F. ~ a b 6 r  
Labora to ry  f o r  I n f o r m a t i o n  P r o c e s s i n g  
Budapest ;  c u r r e n t l y  a t  IIASA 

Hungar ian E l e c t r i c i t y  Board 
I s k o l a  1 3  
1011 Budapest  

M r .  T. Z e t t n e r ,  Managing D i r e c t o r  

ICELAND 

N a t i o n a l  Energy A u t h o r i t y  
Laugavegur 116 
Reykjav ik  

M r .  Jakob  ~ j o r n s s o n ,  D i r e c t o r  
Genera l  

I N D I A  

I n d i a n  S t a t i s t i c s  I n s t i t u t e  
502 Yojana Bhavan 
P a r l i a m e n t  S t r e e t  
New D e l h i  

P r o f .  T.N. S r i n i v a s a n  

Economic and S o c i a l  Research  
I n s t i t u t e  

4 ,  B u r l i n g t o n  Road 
Dubl in  

M r .  E.W. Henry 
M r .  S.  S c o t t  

Department o f  F inance  
Economic Development Branch 
72-76 S t .  S t e p h e n ' s  Green 
Dubl in  2 

ISRAEL 

M i n i s t r y  o f  Development 
T e l  Aviv 

M r .  J. Vard i  

ITALY 

ENEL, U f f i c i o  S t u d i  e Rice rche  
v i a  G.B. M a r t i n i  7 
00100 Rome 

M r .  F. B o s e l l i  
P r o f .  L e a r n i n i  
P r o f .  V a l t o r t a  

ENEL 
v i a  V a l v o s s o r i  P e r o n i ,  77 
20133 Mi lan  

M r .  P.L. No fe r i  
M r .  L. P a r i s  
M r .  G i o r g i o  Quazza 

M r .  Omero Come l l i n i  
C/O CNEN-PRV 
v i a  Arcoveggia 56 
Bologna 

F a c o l t a  d i  S c i e n z e  P o l i t i c h e  
v i a  Zan-honi 1 
40135 Bologna 

M r .  Francesco  D e l  Monte 

FIAT 
Corso  Marconi 
10100 T o r i n o  

M r .  Dar io  Monti 



Ente Nazionale Idrocarbone 
00100 Rome 

M r .  V. P a r e t t i  

I s t i t u t o  d i  F i s i c a  Tecnica 
M i  1 ano 

Prof .  Mario S i l v e s t r i  

I s t i t u t o  S tud i  Programmazione 
Economi ca 

00100 Rome 
Dott. S i l l i t t i  

B ib l io teca  
ENEL 
Compartimento d i  Milano 
v i a  Carducci 1 
Milan 

JAPAN 

The I n s t i t u t e  of Energy Economics 
28 Mishikubo Sakuragawa-Cho 
Minato-Ku 
Tokyo 

M r .  Yukio Sekiya 
D r .  Mitsuo Takei ,  Manager 

Research Divis ion 

College of  Engineering 
Se i ke i  Univers i ty  
Kichi jo j i -K i ta  
Musashino-Ski 
Tokyo - 180 

Prof .  Takao Hoshi 

The Japan Atomic Power Co. 
Otemachi Bldg. No. 6 l-Chome 
Otemachi, Chiyoda-Ku 
Tokyo 

D r .  Ruykichi Imai 

Prof .  H. Katsunuma 
27 Shinanomachi 
Shinjuku-Ku 
Tokyo 

Cent ra l  Research Laboratory 
Mi tsubish i  E lec t ro  Corp. 
2-3 Morunouchi 
2-Chome Chiyoda-Ku 
Tokyo 

D r .  Fusao Mori, Chief Engineer 

Facul ty  of  Economics 
Univers i ty  of  Tokyo 
bunk yo-Ku 
Tokyo 

Prof .  Hirofumi Uzawa 

MALTA 

Department of  Applied Economics 
The Royal Univers i ty  o f  Malta 
Msida 

M r .  S. B u s u t t i l  

MEXICO 

P lan i f i cac ion  y Desarro l lo  
de Sistemas 

F lo renc ia  No. 39-102 
Mexico 6 ,  D.F. 

D r .  M.A. Cardenas 

Cia de Luz y Fuerza d e l  Centro 
Melchor Ocampo 171-407 
Mexico 17, D.F. 

H.  Jorge G.  Duran, Subjefe de 
Planeacion 

NETHERLANDS 

Erasmus Univers i ty  
Rotterdam 

M r .  J . A .  Hartag 
M r .  P.R. W e l l  

M r .  K. Bez 
Corne l i s  Dancker lss t r .  35 
Rotterdam 14 

M r .  J. Boon 
Lange Kleiweg 5 
Ri jswi jk  

I n t e r n a t i o n a l  Resources Consul tants  
B.V.  

Alkmaar 
M r .  J . B .  Brinck 

Analy t isch Chemisch Lab. 
Croeses t raa t  77A 
Utrecht  

D r .  W .  van Goo1 



C e n t r a a l  Bureau voo r  d e  S t a t i s t i e k  
428 P r i n s e s  B e a t r i x l a a n  
Voorburg 

M r .  G.  Goudswaard 

Econometr isch I n s t i t u t  
Cen t re  f o r  Development P lann ing  
Burg. Oudlaan 5 0  
Rot terdam 3016 

P r o f .  T. Kloek 

Techn ica l  U n i v e r s i t y  
I n s u l i n d e l a a n  2  
Eindhoven 

P r o f .  0. Rademaker 

Economisch en  S o c i a a l  I n s t i t u t  
V r i j e  U n i v e r s i t e i t  Amsterdam 
d e  Boe le laan  1105 
Amsterdam 

D r .  R. Rote 

C e n t r a a l  P lanbureau  
van Sto lweg 14 
's-Gravenhage 

M r .  Marcus J.  S t o f f e s  

Techn ische Hogeschool 
J u l i a n a l a a n  134 
D e l f t  

P r o f .  Timman 

P r o f .  J a n  T inbe rgen  
31 Hav ik laan 
The Hague 

N i j v e r h e i d s  O r g a n i s a t i e  T.N.O. 
J u l i a n a  van S t o l b e r g l a a n  148 
P o s t b u s  297 
The Hague 

P r o f .  J.J. Went 

Dept .  o f  Economics 
Mun ic ipa l  U n i v e r s i t y  o f  Amsterdam 
Amsterdam 

P r o f .  P. d e  Wolff 

I n s t i t u t  v o o r  A c t u a r i a a t  a n  
Econornetr ie d e r  U n i v e r s i t e i t  

Nieuwe A c h t e r g r a c h t  1 7 0  
Amsterdam 

NORWAY 

Plann ing  D i v i s i o n  
M i n i s t r y  o f  F inance  
Ake rsg t  42 
0s l o  

M r .  P e r  S c h r e i n e r  
M r .  Odd S o l b r a a ,  Deputy D i r e c t o r  

C e n t r a l  Bureau o f  S t a t i s t i c s  o f  
Norway 

Dronningens g a t e  16 
P.B. 8131 
Os lo  1 

M r .  Odd Aukrust  

U n i v e r s i t y  o f  Os lo  
I n s t i t u t e  o f  Economics 
Boc 1071 
B l i n d e r n ,  O s l o  3  

P r o f .  L. Johansen 

POLAND 

P lann ing  Commission 
P I .  3  Krzyzy 
Warsaw 

M r .  D. Deja ,  Ch ie f  o f  S e c t i o n  
Department  o f  F u e l  and Energy 

M r .  S .  H a t t ,  D i v i s i o n  f o r  Economic 
A n a l y s i s  

S c i e n t i f i c  C e n t r e  f o r  Energy Problems 
C e n t r a l  Mining I n s t i t u t e  (OEK) 
P1. Gwarkow 1 
Katowi ce 

M r .  2. F a l e c k i ,  D i r e c t o r  

Dept.  o f  Nuc lear  Power 
I n s t i t u t e  o f  Nuc lear  Research  
Swierk k .  Otwocka 
Warsaw 

M r .  W. Frankowski ,  Head 

I n s t i t u t e  f o r  P r o j e c t i n g  and B u i l d i n g  
o f  Mines 

Academy o f  Mining and M e t a l l u r g y  
Mick iewicza 30 
Krakow 

M r .  M. H a j d a s i n s k i  



I n s t i t u t e  o f  Appl ied C y b e r n e t i c s  
P o l i s h  Academy o f  S c i e n c e s  
Warsaw KRN 55 

M r .  J. Holub iec ,  Head o f  
Department 

The P o l i s h  Academy o f  S c i e n c e s  
c / o  Academia Pa lazza  d e l l e  Sc ienze  
2  V ico lo  Dor ia  
00187 Rome 

Pro f .  Je rzy  Ko lub iec  

P o l i s h  Academy o f  S c i e n c e s  
P a l a c e  o f  C u l t u r e  and S c i e n c e  
Warsaw 00 901 

Pro f .  Roman Kul ikowski  

I n s t y t u t  Energe tyk i  
Mysia 2 
Warsaw 00 496 

M r .  R. Nowakowski, Head o f  
Labora to ry  

I n s t y t u t  Planowania 
P l a c  Trzech Krzyzy 5  
Warsaw 15  

Pro f .  D r .  Krzuszto f  Po rw i t  

Le cornit6 d l E t a t  du P l a n  
Ca lea  V i c t o r i e i  152 
Buchares t  

M r .  J a n k o v i t c h  

I n s t i t u t  d e  Recherches d 1 E n e r g 6 t i q u e  
I n d u s t r i e l l e s  e t  d e  P r o j e t s  
d l O u t i l l a g e s  ~ n e r g g t i q u e s  

Buchares t  
M r .  M. Petcu  

Cen t re  d e  S t a t i s t i q u e  Mathematique 
d e  1 ' ~ c a d ; m i e  d e s  S c i e n c e s  

Ca lea  G r i v i t e i  21  
Buchares t  12 

M r .  M . I .  Sacu iu ,  ~ e c r g t a i r e  
S c i e n t i  f i q u e  

SOUTH AFRICA 

Paulhof  
M i n n a a r s t r a a t  
P r i v a a t e  bag X 213 
P r e t o r i a  0001 

M r .  P.W. S t a r k ,  S e c r e t a r y  f o r  
P lann ing  

PORTUGAL SPAIN 

Companhia Por tuguesa d e  E l e c t r i c i d a d e  I n s t i t u t  du ~ g v e l o p ~ e m e n t  Economique 
AV. I n f a n t e  S a n t o  15  Ant igua Un ivers idad d e  A l c a l a  d e  
L isbon I Henares 

M r .  R.J .  M i n o t t i  da  Cruz F i l i p e  Madrid 
M r .  A. L e i t e  G a r c i a  M r .  R. Vazquez Candame, ~ e c r g t a i r e  

F r e s i d e n c i a  d o  Conselho 
J u n t a  Nacional  d e  I n v e s t i g a c a o  

C i e n t i f i c a  e Tecno log ica  
L isbon 

M r .  J .M.  S a n t o s  Mota 

Comisar ia  d e l  P l a n  d e l  D e s a r r o l l o  
Economico y  S o c i a l  

C a s t e l l a n a  3 
Madrid 

M r .  Esp i  

I n t e r n a t i o n a l  Cen te r  f o r  Methodology Government Committee f o r  Energy 
f o r  F u t u r e  and Development S t u d i e s  F o r e c a s t i n g  

U n i v e r s i t y  o f  Buchares t  Munkbron 11, l t r ,  EPU 
Buchares t  8  11128 Stockholm 

D r .  M.H. Botez ,  D i r e c t o r  M r .  Mats  ~ g j e b e r g ,  The N a t i o n a l  
Swedish I n d u s t r i a l  Board 

M r .  E.S. Ben Salem, Chief 



The N a t i o n a l  I n s t i t u t e  o f  Economic 
Research  

Nybrokaien 1 3  
Stockholm 

M r .  K . H .  Aberg 

U n i v e r s i t y  o f  Gothenburg  
Vasaparken 
41125 Gothenburg  

M r .  ~ g r a n  Bergendah l  

S e c r e t a r i a t  f o r  Economic P l a n n i n g  
The Swedish M i n i s t r y  o f  F i n a n c e  
R i d d a r h u s t o r g e t  7-9, Fack 
10310 Stockholm 2 

M r .  B.O. K a r l s s o n  

C a b i n e t  O f f i c e  
D e l e g a t i o n  on Energy P o l i c y  Fack 
10310 Stockholm 

M .  Hans ~ o n n r o t h  

SWITZERLAND 

B a t t e l l e  Research  I n s t i t u t e  
7 ,  r o u t e  d e  D r i z e  
1227 Geneva 

P r o f .  E. F o n t e l a  
M r .  Claude M a s s e t i  

~ n i v e r s i t g  d e  F r i b o u r g  
1, r o u t e  du  J u r a  
1700 F r i b o u r g  

P r o f .  B i l l e t e r ,  I n s t i t u t  p o u r  
l l A u t o m a t i o n  e t  l a  Recherche 
O p e r a t i o n n e l l e  

I n s t i t u t  d e s  S c i e n c e s  Economiques 
e t  S o c i a l e s  

I n s t i t u t  d e  ~ a t h g m a t i q u e s  ~ p p l i q u e g s  
d e  1 ' E c o l e  P o l y t e c h n i q u e  F6dgra le  

33, avenue d e  Cours  
1000 Lausanne 

P r o f .  B lanc  

I n s t i t u t  f i r  angewandte W i r t s c h a f t s -  
f  o r schung  

4000 B a l e  
P r o f .  R. Bornbach 

I n s t i t u t  f u r  W i r t s c h a f t s f o r s c h u n g  an  
d e r  ETH 

u n i v e r s i t a t s s t r .  1 4  
8006 Z i r i c h  

P r o f .  B. F r i t s c h  

U n i v e r s i t y  o f  Z c r i c h  
~ & i s t r .  7 1  
8000 Z i r i c h  

P r o f .  S c h e l b e r t  

C e n t r e  d lEconomet r i e  
&cu l t ;  d e s  S c i e n c e s  Economiques 

e t  S o c i a l e s  
6 ,  r u e  d e  S a u s s u r e  
Geneva 

P r o f .  L. S o l a r i  

T u r k i s h  E l e c t r i c i t y  A u t h o r i t y  
TEK, Planlama v e  Koord inasyon D.  
Neca t i bey  Cad. 36 
Ankara 

M r .  M .O. Tarkan 

UNITED KINGDOM 

Department  o f  Energy 
Thames House, M i l l b a n k  
London SWlP 4QJ 

M r .  A .D . Johnson 
M r .  P . J .  J o n a s  

Department  o f  T rade  and I n d u s t r y  
Thames House, M i l l bank  
London SWlP 4QJ 

M r .  F.W. Hutber  

U n i v e r s i t y  o f  Cambridge 
Cambridge CB2 3RQ 

D r .  R. Eden, Cavend ish  L a b o r a t o r y  
Depar tment  o f  App l i ed  Economics 

U n i v e r s i t y  o f  Sussex  
Falmer 
B r i g h t o n ,  Sussex  BN1 9RF 

P r o f .  Freeman, S c i e n c e  P o l i c y  
Resea rch  U n i t  

D r .  G e o f f r e y  Heal  



U . K .  Atomic Energy Au thor i t y  
11 Char les  I1 S t r e e t  
London SW1 4PQ 

M r .  L .G . Brookes 

Northern I r e l a n d  J o i n t  E l e c t r i c i t y  - 
Author i t y  

12 ,  Manse Road 
Cas t le reagh ,  B e l f a s t  BT6 9RT 

M r .  D. Burnet  

B r i t i s h  Petro leum 
B r i t ann i c  House 
Moor Lane 
London EC2Y 9BU 

M r .  M . W .  Clegg 

Energy Group 
Queen Mary Col lege 
Mi le End Road 
London E l  4NS 

P ro f .  R . J .  Deam 

Reactor  Group 
U . K .  Atomic Energy Au thor i t y  
R i s l ey ,  Warr ington,  Lancs. 

M r .  C.E. I l i f f e  

C e n t r a l  E l e c t r i c i t y  Gene ra t i ng  
Board 

Sudbury House 
15  Newgate S t r e e t  
London EC1 

M r .  F.P. Jenk in  

Programmes Analys is  Un i t  
Ch i l t on ,  D idcot ,  Berks. O X 1 1  OHF 

D r .  Jones 

Department o f  Economics 
Un i ve r s i t y  o f  Sur rey  
Gu i ld fo rd ,  Sur rey  GU2 SXH 

Pro f .  G .  Kour is 

Department o f  Systems Sc ience 
C i t y  Un i ve r s i t y  
S t .  Johns Road 
London 

Prof .  P.D. McPherson . 

System Ana lys is  Research Un i t  
Department o f  t h e  Environment 
2 Marsham S t r e e t  
London SWlP 3EB 

M r .  P e t e r  Rober ts  

Energy Ana lys is  Uni t  
C . I . I .  Bu i ld ing  
100 Montrose S t r e e t  
Glasgow G4 OLZ 

D r .  M .  S l e s s e r  

Operat ion Research Soc ie t y  
Nevi11 House 
Waterloo S t r e e t  
Birmingham B2 5TX; c u r r e n t l y  a t  IIASA 

M r .  R.C.  Tomlinson 

UNITED STATES OF AMERICA 

E l e c t r i c  Power Research I n s t i t u t e  
3412 H i l l v iew Avenue 
Pa lo  A l to ,  C a l i f o r n i a  94304 

M r .  Frank A less i o  
D r .  R.T. Crow 
D r .  Sam H .  Schurr  
D r .  Chauncey S t a r r  

Harvard Un i ve r s i t y  
Cambridge, Massachuset ts  02138 

P ro f .  Robert  Dorfman, Dept. o f  
Economics 

Pro f .  Hendrik Houthakker, Dept. o f  
Economics 

P ro f .  Dale Jorgenson,  Dept. o f  
Economics 

P ro f .  Wassi ly  Leon t i e f ,  L i t t a u e r  
Center  

P ro f .  A.S. Manne, L i t t a u e r  Center  

I n s t i t u t e  f o r  Energy Ana lys is  
P.O. Box 117 
Oak Ridge, Tennessee 37830 

M r .  McPherson 
M r .  David R e i s t e r  
D r .  Ernes t  G.  S i l v e r  
M r .  Char les  E. Wh i t t l e  

Massachuset ts  I n s t i t u t e  o f  Technology 
Cambridge, Massachuset ts  02139 

Pro f .  Morr is  Adelman, Dept. o f  
Economics 

D r .  M.L. Baughman, Energy Ana lys is  
and P lann ing Group 

M r .  Robert  E. Brooks 
P ro f .  F rank l i n  F i s h e r ,  Dept. of 

Economics 
D r .  J . H .  Hollomon 
P ro f .  Gordon Kaufman, Sloan School 

o f  Management 



P r o f .  P.W. MacAvoy, S loan  School  
o f  Management 

P ro f .  Rober t  Solow, Dept.  o f  
Economics 

M. R. T r e i t e l ,  Cen te r  f o r  P o l i c y  
A l t e r n a t i v e s  

P ro f .  David Whi te,  Energy 
Labora to ry  

Rand Corpo ra t i on  
1700 Main S t r e e t  
San ta  Monica, C a l i f o r n i a  90406 

M r .  Kent P. Anderson 
M r .  Wi l l iam E. Mooz 

S t a n f o r d  U n i v e r s i t y  
S t a n f o r d ,  C a l i f o r n i a  94305 

P r o f .  Thomas J. Connol ly ,  
Dept. o f  Mechanical  
Eng ineer ing  

P ro f .  George B. Dantz ig ,  Dept.  
o f  Opera t i ons  Research 

P r o f .  D r .  B e r t  G .  Hickman, Dept.  
o f  Economics 

Thayer Schoo l  o f  Eng ineer ing  
Dartmouth Co l l ege  
Hanover, New Hampshire 03755 

P r o f .  D. Meadows 
D r .  R . J .  Rahn 

U n i v e r s i t y  o f  Pennsy lvan ia  
3718 Locust  S t r e e t  
P h i l a d e l p h i a ,  Pennsy lvan ia  19104 

M r .  F.G. Adams, Dept.  o f  
Economics 

P r o f .  Lawrence R.  K l e i n ,  Dept.  
o f  Economics 

Yale U n i v e r s i t y  
New Haven, Connec t i cu t  06520 

D r .  W.D. Nordhaus, Dept.  o f  
Economics 

D r .  Mar t in  Shub ik ,  Cowels Founda- 
t i o n  f o r  Research i n  Economics 

I n t e r n a t i o n a l  Research and Technology 
Corp. 

1225 Connec t i cu t  Ave. W 
Washington, D.C. 20036 

M r .  Rober t  Ayres 

Drexel  U n i v e r s i t y  
P h i l a d e l p h i a ,  Pennsy lvan ia  19104 

M r .  H .L .  Brown 

S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 

M r .  E.S. C a z a l e t  

C o r n e l l  U n i v e r s i t y  
I t h a c a ,  New York 

D r .  L .D .  Chapman 

Texas A & M U n i v e r s i t y  
Co l l ege  S t a t i o n ,  Texas 77843 

D r .  E a r l  Cook 

American Pet ro leum I n s t i t u t e  
1801 K S t r e e t  N.W. 
Washington, D.C. 20550 

M r .  E.A. Copp 

O f f i c e  o f  Energy P o l i c y  
Na t iona l  S c i e n c e  Foundat ion 
1800 G S t r e e t  N.W.  
Washington, D.C. 20550 

M r .  P.P. C r a i g  

Resources f o r  t h e  F u t u r e ,  I n c .  
1755 Massachuse t t s  Ave. N . W .  
Washington, D.C. 20336 

D r .  J. Darmstadter  

Rensse lae r  P o l y t e c h n i c  I n s t i t u t e  
Troy,  New York 12181 

D r .  J . G .  Ecker 

Dept.  o f  Economics 
North C a r o l i n a  S t a t e  U n i v e r s i t y  
Ra le igh ,  North C a r o l i n a  27607 

M r .  E. E r i ckson  

U n i v e r s i t y  o f  Wisconsin-Madison 
Madison, Wisconsin 

D r .  W .  Foe11 

C h a r l e s  R ive r  A s s o c i a t e s ,  I n c .  
16 Garden S t r e e t  
Cambridge, Massachuse t t s  02138 

M r .  Lau re l  Fr iedman 



IBM - Thomas J.  Watson Resea rch  Cen te r  
P.O. Box 218 
Yorktown H e i g h t s ,  New York 

D r .  Ralph Gomory 

Pennsy l van ia  S t a t e  U n i v e r s i t y  
U n i v e r s i t y  Pa rk ,  Pennsy l van ia  

M r .  D e V e r l e  P. Harris 

Dept.  o f  App l i ed  S c i e n c e  Eng inee r ing  
and Systems D i v i s i o n  

Brookhaven N a t i o n a l  L a b o r a t o r y  
Upton, Long I s l a n d ,  New York 11973 

D r .  K. Hoffman 

Department  o f  ~ c o n o m i c s  
U n i v e r s i t y  o f  Co lo rado 
Bou lde r ,  Co lo rado 80302 

D r .  C h a r l e s  W .  Howe 

Oak Ridge N a t i o n a l  L a b o r a t o r y  
Oak R idge,  Tennessee 37830 

D r .  R o b e r t  A. Herendeen 

Un i ted  S t a t e s  S e n a t e  
Washington,  D.C. 

M r .  M. King Hubber t  

Data Resources  
Lex ing ton ,  M a s s a c h u s e t t s  02173 

M r .  E.A. Hudson 

System and Energy Group 
TWR I n c .  
1 Space Pa rk  
Redondo Beach, C a l i f o r n i a  90278 

M r .  G e r a l d  W. Johnson 

Dept .  o f  Chemis t r y  
Kent  L a b o r a t o r y  
U n i v e r s i t y  o f  Chicago 
5727 S. ~ l l i s  Ave. 
Ch icago,  I l l i n o i s  60637 

Dr. Thomas Long 

Case Western Rese rve  u n i v e r s i t y  
C leve land ,  Ohio 

P ro f .  M. Mesarovic 

U n i v e r s i t y  o f  C a l i f o r n i a  
Be rke ley ,  C a l i f o r n i a  

M r .  Stephen Rosen tha l  

West inghouse E l e c t r i c  Co. 
P i t t s b u r g h ,  Pennsy l van ia  

M r .  P.F. Schweizer  

N a t i o n a l  Bureau o f  Economics 
575 Teech Square  
Cambridge, M a s s a c h u s e t t s  02139 

M r .  Jeremy S h a p i r o  

Dept .  o f  Psychology 
Carnegie-Mel lon U n i v e r s i t y  
P i t t s b u r g h ,  Pennsy l van ia  15213 

P r o f .  H e r b e r t  A. Simon 

C a l i f o r n i a  I n s t i t u t e  o f  Technology 
Pasadena ,  C a l i f o r n i a  91109 

P r o f .  Vernon L. Smi th  

Dept .  o f  Economics 
V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  
B lacksbu rg ,  V i r g i n i a  

M r .  R.M. Spann 

Data Resources  I n c .  
29 H a r t w e l l  Ave. 
Lex ing ton ,  M a s s a c h u s e t t s  02173 

M r .  P.K. V e r l e g e r ,  Jr. ,  S e n i o r  
Economist  

E x e c u t i v e  O f f i c e  o f  t h e  P r e s i d e n t  
New E x e c u t i v e  O f f i c e  B ldg .  
Washington,  D.C. 20503 

M r .  James A.  Walker 

Cowles Founda t i on  L i b r a r y  
30  H i l l h o u s e  Avenue 
New Haven, C o n n e c t i c u t  06520 

Dec i s ion  S c i e n c e s  Corp. 
Jenk in town,  Pennsy l van ia  

O f f i c e  o f  E n g i n e e r i n g  
U.S. Agency f o r  I n t .  Dev. 
Dept .  o f  S t a t e  
Washington,  D.C. 

M r .  John H. R i xse  



UNION OF SOVIET SOCIALIST REPUBLICS 

Academy of Sciences 
State Committee for USSR 
Council of Ministers for Science 

and Technology 
11 Gorky Street 
Moscow 

Dr. Ivanov 
Dr. Kichatov 
Dr. Nikolai Kourochkin 
Dr. Kuzovkin 
Dr. Minaev 
Acad. M. Styrikovich 

The Computing Centre 
State Planning Commission of the 

Ukrainian SSR 
Kiev, Ukrainian SSR 

Mr. S.A. Avramenko 

G.M. Krzhizhanovsky State Research 
Institute of Energetics 

Academy of Sciences of the USSR 
Leniuskij pr. 14 
Moscow 

Mrs. I.N. Bessonova 

Institute for Cybernetics 
Academy of Sciences of the Ukrainian 

SSR 
Kiev, Ukrainian SSR 

Prof. V. Gluskov 

Institute of Control Problems 
Profsojuznayo 81 
Moscow V 485 

Dr. Yuri F. Kichatov 

Scientific Research Institute of 
Economic and Economic-Mathematical 
Planning Methods 

Gosplan, BSSR 
1 Slavinskogo 
Minsk 23 

Dr. V. Medvedev 

Central Economic Mathematical Institute 
Dept. of Economics 
2nd Yaroslavskaya ul 3 
Moscow 

Dr. A.I. Mekibel 

Academy of Sciences 
40 Vavilov Street 
Moscow B-333 

Prof. N. Moiseev 

Institute Energosetiproject 
Moscow 

Dr. A.S. Nekrasov 

State Planning Committee of the 
Latvian SSR 

11 Gorky Street 
Moscow 

Dr. Raman, Chairman 

Institute of Economics 
Academy of Sciences of the 

Ukrainian SSR 
Kiev, Ukrainian SSR 

Prof. S. Yampolsky 

YUGOSLAVIA 

Economic Institute 
Kennedyer trg 7 
Zagreb 

Dr. R. Lang 
Dr. Drago Vojnic, Director 

Prof. S. Obradovic 
Svetog Nanma 14 
Belgrade 

Elektrotechnicki Fakultat Zagreb 
Trg Marsala Tita 14 
Zagreb 

Prof. Hrvoje Pozar 

Research Centre of the Faculty 
of Economics of the University 

~rg '~evduc i je  11 
Ljubljana 

Prof. V. Rupnik 

Director in Zeps 
Internacionale brigade No. 1 
Belgrade 

Mr. Simonovic 

Institute for Industrial Economics 
Trg Marsala Tita 16/11 
Belgrade 

Mr. Todorovic 



Institut de l'~lectricit6 
Zagreb 

Mr. B. Udovicic 

INTERNATIONAL AND REGIONAL ORGANIZA- 
TI ONS 

Commission of the European 
Communities 

Direction of Energy 
200, rue de la Loi 
1040 Brussels 

Mr. L. Corradini 
Mr. R. De Bauw 
Mr. Van Scheepen 

International Atomic Energy Agency 
Division of Nuclear Power 
~Srntner Ring 11 
1010 Vienna 

Mr. Rurik Krymm 
Mr. Polliart 
Mr. T.J. Roberts 

Organisation for Economic Cooperation 
and Development (OECD) 

2, rue And& Pascal 
75775 Paris Cedex 16 

Monsieur Laading, Chef, Division 
de llEnergie Direction de 
llIndustrie et de llEnergie 

Prof. K. Oshima , Director for 
Science, Technology and 
Industry 

M. Potier, Central Analysis and 
Evaluation Unit Environment 
Division 

Organization of the Petroleum Export- 
ing Countries (OPEC) 

Dr. Karl Lueger-Ring 10 
1010 Vienna 

Mr. Cherif Faidi 
Mr. Mahjoob A. Hassanain 
Mr. Dicky Darsono Soemiatno 

Research and Planning Division 
United Nations Economic and Social 

Commission for Asia and the Pacific 
( ESCAP) 

Sala Santitham 
Bangkok 2 

Mr. Ryokichi Hirono 
Dr. Marzouk, Deputy Director 

International Bank for Reconstruc- 
tion and Development (IBRD) 

1818 H Street N.W. 
Washington, D.C. 20433 

Prof. Hollis Chenery 

International Federation of Institutes 
for Advanced Study (IFIAS) 

The Nobel House 
P.O. Box 5344 
10246 Stockholm 

Mr. Per Lindblorn 

United Nations Economic Commission 
for Europe 

Palais des Nations 
1211 Geneva 10 

Mr. Brendow 
M. F.R. Brusick 
Mr. H.G. Dirickx 
Mr. C. Lopez-Polo 
Dr. R. Rubin, Direction ~engrale 

de la Recherche de la Science 
et de 1'Education 

United Nations Industrial Development 
Organization (UNIDO) 

P.O. Box 837 
1011 Vienna 

Dr. Y Cho 
Mr. Becker-Boost 

Mr. Helmut Neu, Head 
Direct Conversion Division 
EURATOM-CCR 
Ispra , Varese 



FELATED IIASA PURLICATIONS 

Ene rgy  Sys tems.  W. H i f e l e .  (RR-73-001) $3.00 
AS45. (MICFOFICHE O N L Y ) .  

A Review o f  Energy  Models:  No. 1 - May 1974. 
J , -P.  C h a r p e n t i e r ,  (RR-74-010) $4.60 AS80. 

An I n c e n t i v e - T a x  Model f o r  C p t i m i z a t i o n  o f  an In-  
s p e c t i o n  P l a n  f o r  Nuc lea r  P a t e r i a l s  S a f e g u a r d s .  
A. Suzuk i .  (RR-74-019) $3.00 AS45. (MICROFICHE 
O N L Y ) .  

A Review o f  Energy  Models: No. 2 - J u l y  1975.  
J.-P, C h a r p e n t i e r .  (RR-75-035) $5.60 AS1.00. 

T r a n s p o r t  and S t o r a g e  o f  Energy.  C.  M a r c h e t t i .  
(RR-75-038) $2.50 AS45. 

The Carbon  C y c l e  o f  t h e  Earth--P M a t e r i a l  P a l a n c e  
Approach.  R. Avenhaus , G. Har tmann. (RR-75-045) 
$1.5C AS30. 

An E x t e n s i o n  o f  t h e  Hafele-Manne Model f o r  Assess- 
i n g  S t r a t e g i e s  f o r  a  T r a n s i t i o n  f rom F o s s i l  Fue l  
t o  Nuc lea r  and S o l a r  A l t e r n a t i v e s .  A. Suzuk i .  
(RR-75-047) $3.00 AS45. (MICROFICHE O N L Y ) ,  

Mode l ing  of  t h e  I n f l u e n c e  o f  Energy  Deve lopment  on 
D i f f e r e n t  B r a n c h e s  o f  t h e  N a t i o n a l  Economy. Yu.D. 
Kononov. (RR-76-011) $3.00 AS45. MICROFICHE ON- 
LY.  

A Review o f  Energy  Models. No. 3 ( S p e c i a l  Issue on 
S o v i e t  Mode l s ) .  J , - M .  B e a u j e a n ,  J.-P. Charpen-  
t i e r ,  e d i t o r s .  (RR-76-018) $3.OC ~ S 4 5 .  ( V I C R O -  
FICHE O N L Y ) .  

S o f t w a r e  Package  f o r  Economic P o d e l l i n g .  M .  Mor- 
man. (FR-77-021) $5.40 AS95. 

Food and Ene rgy  C h o i c e s  f o r  I n d i a :  A Model f o r  
Ene rgy  P l a n n i n g  w i t h  Endogenous Gemand. K.S. 
P a r  i k h ,  T.N. Sr  i n i v a s a n .  (RR-77-024) $2.50 AS45. 



The Bra tsk - I l imsk  T e r r i t o r i a l  P r o d u c t i o n  Complex: 
A F i e l d  S tudy  Repor t .  H. Knop, A. S t r a s z a k ,  e d i -  
t o r s .  (RR-78-002) $14.00. AS195. 

A New Approach i n  Energy Demand. P a r t  I: Metho- 
do logy  and I l l u s t r a t i v e  Examples. J. -M. ~ e a u j e a n ,  
B. Chaix ,  J.-P. C h a r p e n t i e r ,  J. L e d o l t e r .  
(PP-77-004) $ 3 .  OG AS45. Y I C R O F I C H E  ONLY. 

P l e a s e  c i t e  p u b l i c a t i o n  number when making an ord-  
e r .  See i n s i d e  back cover  f o r  o r d e r  i n f o r m a t i o n .  


