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Preface 

This report is one of a series describing a multi- 
disciplinary multinational IIASA research study on Management 
of Energy/Environment Systems. The primary objective of the 
research is the development of quantitative tools for energy 
and environment policy design and analysis -- or, in a broad- 
er sense, the development of a coherent, realistic approach 
to energy/environment management. Particular attention is 
being devoted to the design and use of these tools at the 
regional level. The outputs of this research program include 
concepts, applied methodologies, and case studies. During 
1975, case studies were emphasized; they focused on three 
greatly differing regions, namely, the German Democratic 
Republic, the Rhcne-Alpes region in southern France, and the 
state of Wisconsin in the U.S.A. The IIASA research was con- 
ducted within a network of collaborating institutions,composed 
of the Institut fu; Energetik, Leipzig; the Institut Economique 
et Juridique de l1Energie, Grenoble; and the University of 
Wisconsin, Madison. 

This m.emorandum contains a set of papers which describe 
and link models and institutional structures in each of the 
three regions studied in 1975. The papers were prepared for 
a three-region workshop held at IIASA November 10-14, 1975. 
Although they will appear in a modified form in a forthcoming 
book on this topic, they are being distributed as an IIASA 
Memorandum because of the widespread interest in the topic. 

Other publications on the management of energy/environment 
systems are listed In the Appendix at the end of this report. 

Wesley K. Foell 
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A b s t r a c t  

T h i s  r e p o r t  i s  a  d e s c r i p t i o n  and c r o s s - r e g i o n a l  comparison 
of t h e  i n s t i t u t i o n a l  s t r u c t u r e s  and modeling methodo log ies  of  
t h e  t h r e e  r e g i o n s  p a r t i c i p a t i n g  i n  t h e  IIASA Research  Program 
on Management of  Regional  ~ n c r g y / E n v i r o n m e n t  Systems.  Descr ip-  
t i o n s  a r e  p r e s e n t e d  f o r  t h e  s t a t e  of Wisconsin (USA), t h e  
German Democrat ic  Repub l i c ,  and t h e  ~ h a n e - ~ l p e s  Region ( F r a n c e ) ,  
by s p e c i a l i s t s  and p o l i c y  makers from t h e  r e s p e c t i v e  r e g i o n s .  
These d e s c r i p t i o n s  demons t ra te  q u i t e  v i v i d l y  t h e  r e l a t i o n s h i p s  
between t h e  i n s t i t u t i o n a l  s t r u c t u r e  of a  r e g i o n  and i t s  u s e  
of models and p l a n n i n g  t o o l s .  





I. ENERGY/ENVIRONMENT MODELS AND THEIR RELATIONSHIP TO 

PLANNING IN WISCONSIN (USA) 

A. General Institutional Setting for Energy/En~ironmental 

Planning and Decision Making 

S. Born 
State Planning Office, Wisconsin 

C. Cicchetti 
Wisconsin Office of Emergency Energy Assistance 

R. Cudahy 
Wisconsin Public Service Commission 

Energy and environmental decision-making and planning in 

the United States is highly diffused; there is no single cen- 

tralized planning or decision-making body. Not only are Federal 

responsibilities widely distributed, but various areas of juris- 

diction are either the province of or shared with state and 

local governments. At the Federal level, power and responsi- 

bility for energy/environmental policy matters, as for other 

public policy areas, is "balanced" between the Executive and 

Legislative branches of government. The judicial branch serves 

as an interpreter and arbiter of the process. Although sub- 

stantial authority for energy and environmental matters rests 

with the traditional Executive branch Cabinet agencies -- the 
Departments of Interior, Commerce, and Agriculture -- in recent 
years more and more power has been placed within a number of 

relatively independent agencies and other governmental bodies. 

These independent offices include the Energy Research and 

Development Administration (ERDA); Federal Energy Administration 

(FEA); Environmental Protection Agency (EPA); Federal Power 

Commission (FPC); National Science Foundation (NSF); Nuclear 

Regulatory Commission (NRC); and the Tennesee Valley Authority 

TVA). This listing is a partial one; and simply illustrates 

that there are many institutional factors that affect energy 

decisions and administer energy-related programs at the 

Federal level. 



Wisconsin Institutions -- An Overview 
A few states in the United States have been able to con- 

solidate energy-rel~ted functions within a relatively few, or 

even a sinqle aqencv; example states include Connecticut, Cali- 

fornia, and Kentuckv. Yost states, however, have a rather dis- 

persed institutional Framework for energy/environmental planning 

and decision-making. Wisconsin is more-or-less typical. State 

executive aqencies are responsible for planning and administra- 

tion of state leqislated proqrams. However, many state author- 

ities and actions result from federally-mandated proqrams and 

requirements. In Wisconsin, emphasis has been placed on strong 

functional plannins by line aqencies, such as the Departments 

of Transportation and Natural Resources. To coordinate these 

functional planninq efforts and to ~rovide an independent policv 

analysis capability to the Fxecutive OFfice, a com~rehensive 

State Planning Office exists within the State Department of Ad.- 

ministration. This brief overview suqgests the complexity of 

these arrangements. (The full names of the following depart- 

meant and groups are listed at tHe back of this report). 

DOT-has the responsibility for all trans~ortation planninq, - 
and its proqrams and decisions have major enerqy consequences. 

At present, planninq and operatinq programs are largely seq- 

reqated bv mode. It has not been oraanizationally nor fiscallv 

possible to examine transportation decisions from a multi-modal 

viewpoint: nor to fully evaluate economic development or enerqy 

use "tradeoffs" associated with various modal choices. State 

legislation is now pendinq that would reorqanize DOT and its 

planning/decision-makinq Functions, into an integrated, gen- 

uinely multi-modal transportation department. 

DNR-is charqed with planning for and manaqement of the - 
state's air, water, recreational, and bioloqic resources. Its 

environmental protection planninq and management responsibilities 

exert great influence on a number of enerqy-related issues. The 

agency's air pollution control requlatory responsibility furnish- 

es an excellent example. 

For several years, even pre-dating passage of the Federal 

Clean Air Act in 1970, a national debate has been underway in 



the United States regardinq air pollution and the issue OF 

"non-degradation". The Supreme Court has upheld the position 

that state air quality plans must prevent significant deteri- 

oration of air quality. Much oF the controversy has centered 

about the impact OF such a policy on economic growth. States 

are charged with developinq the requisite air qualitv imple- 

mentation plans, and in ~isconsjn the Department OF Natural 

Resources (DNR) has primary responsibility. 

In May 1975 ,  tbree utilities submitted plans and specifi- 

cations for the construction of Columbia 11, a 527-meqawatt 

power plant to be built in south-central Wisconsin at a lqcation 

adjacent to its twin, Columbia I.  isc cons in's alr nollution 

control regulations required DNR to review these plans For air 

quality implications, DNR found that althouqh the proposed 

plant would not violate air qualitv standards and would meet 

federal emission requirements, it would cause siqnificant deq- 

radation o+ air quality that would in eCFect preclude additional 

growth. The data showed that Columbia I1 would utilize 9 7 %  of 

the remaining air resource for one sulfur dioxide standard and 

68% for another standard. DNR determined that this was a siq- 

nificant degradation of air qualitv and halt~d construction of 

the power plant in June. A hearing in the afFected area to 

assess the public attitude on permitting construction of the 

power plant was held in July. Over 1 ,000  people attended the 

hearing, but hearing testimony alony with other letters, re- 

solutions and petitions submitted to the DNR reflected an almost 

even split between supporters and opponents of construction. 

Since the assessment of public attitude was inconclusive, DNR 

decided that construction of Columbia I1 could not be prohibited 

Construction is proceedinq under requirements that are to keep 

Columbia 11's emissions at an absolute minimum. The Columbia I1 

incident not only demonstrates the development implications OF 

air quality regulations, but the intimate relationship between 

air quality and enerqy decisions and the powerful role of the 

state DNR in such matters. 

PSC-is a three member quasijudicial regulatory agency. - 
Each member is appointed by the Governor, and confirmed bv the 

State Senate, for 6-year terms. The Commission requlates the 



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

which  i n c l u d e s  b o t h  p r i v a t e l y - o w n e d  and m u n i c i p a l l y  owned 

e lec t r i c  u t i l i t i e s ,  n a t u r a l  q a s  d i s t r i b u t i o n  u t i l i t i e s ,  w a t e r  

and  combined wa te r - sewer  u t i l i t i e s .  Wi th  t h e  e x c e p t i o n  o f  

m a j o r  c o n s t r u c t i o n  p r o j e c t s ,  t h e  Commission d o e s  n o t  r e q u l a t e  

e l ec t r i c  c o o p e r a t i v e s .  A l so  u n d e r  Commission j u r i s d i c t i o n  a r e  

i n t r a s t a t e  common and  c o n t r a c t  motor  c a r r i e r s  and  r a i l r o a d  op- 

e r a t i o n s .  

The Commission h a s  t h e  r e s p o n s i b i l i t y  t o  set  u t i l i t v  r a t e s  

i n c l u d i n g  t h e  d e t e r m i n a t i o n  o f  a  u t i l i t y ' s  r e v e n u e  r e q u i r e m e n t  

and t h e  s t r u c t u r e  o f  r a t e s .  R e c e n t l y ,  t h e  Commission h a s  been  

implement ing  neak - load  p r i c i n g  a s  t h e  b a s i s  f o r  d e s i q n i n q  elec- 

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

b a s i s  o f  t h e  costs  c u s t o m e r s  i n c u r  by u s i n g  e l e c t r i c i t y  a t  t i m e s  

o f  peak  demands.  

Under a  r e c e n t l v  e n a c t e d  l a w ,  e lec t r i c  u t i l i t i e s  and  co-  

o p e r a t i v e s  e v e r y  two y e a r s  mus t  s u b m i t  t o  t h e  Commission 10-year  

advance  p l a n s  c o v e r i n g  m a i o r  c o n s t r u c t i o n  p r o i e c t s .  The Commis- 

s i o n  mus t  t h e n  a p p r o v e ,  modi fy  o r  d i s a p p r o v e  t h e  p l a n s .  E l e c -  

t r i c  u t i l i t i e s  and  c o o p e r a t i v e s  must  a l s o  r e c e i v e  Commission 

c e r t i F i c a t i o n  t o  c o n s t r u c t  s ~ e c i q i c  m a j o r  F a c i l i t i e s  i n c l u d e d  

w i t h i n  t h e  a d v a n c e  p l a n s ,  

I n  a d d i t i o n  t o  t h e s e  r e p o n s i b i l i t i e s ,  t h e  Commission must  

a p p r o v e  i s s u a n c e  o f  s e c u r i t i e s ,  c e r t i f y  d e p r e c i a t i o n  r a t e s  used  

by u t i l i t i e s ,  e s t a b l i s h  Uniform Sys tems  06 Accoun t s ,  a p p r o v e  

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

t i o n s  o f  u t i l i t i e s .  

DIHLR-has many p rog rams  w i t h  e n e r g y  i m p l i c a t i o n s .  None i s  

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

t h a n  t h e  ~ e p a r t m e n t ' s  r e s p o n s i b i l i t i e s  f o r  t h e  a d m i n i s t r a t i o n  

and e n f o r c e m e n t  o f  s t a t e  b u i l d i n g  c o d e s .  I n  J a n u a r y  1 9 7 5 ,  

DIHLR p romulga ted  b u i l d i n g  c o d e s  which ,  i n  a d d i t i o n  t o  t r a d i -  

t i o n a l  p u b l i c  h e a l t h ,  s a f e t y ,  a n 2  w e l f a r e  c o n s i d e r a t i o n s ,  i n -  

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

was b a s e s  o n  e x t e n s i v e  t e c h n i c a l  r e v i e w ,  which  i n v o l v e d  key  

U n i v e r s i t y  o f  Wiscons in  f a c u l t y ;  t h e  Wiscons in  Enerqy  Model had 

been  u s e d  i n  t h e  a n a l y s e s  r e l a t e d  t o  s e t t i n g  t o  s t a n d a r d .  I n  



J u n e  1975 ,  t h e s e  r u l e s  w e r e  " s i d e t r a c k e d "  bv a l e q i s l a t i v e  

committee, wh ich  w a s  u n d e r  a t t a c k  f rom h o u s i n g  i n d u s t r v  i n t e r -  

es t s  a n d  f rom masons ,  who c o n t e n d e d  t h a t  t h e  e n e r g y  c o n s e r v a t i o n  

s t a n d a r d  would c a u s e  them t o  l o s e  t h e i r  j o b s .  A t  t h i s  w r i t i n q ,  

a Commit tee  o n  Ene rqv  ~ o n s e r v a t i o n ,  fo rmed  by D I H L R ,  i s  t r y i n s  

t o  f i n d  a l t e r n a t i v e s  t o  t h e  c o n t r o v e r s i a l  e n e r q v  s t a n d a r d  ap-  

p r o v e d  i n  J a n u a r y  a n d  abandoned  i n  J u n e .  

OEEA-was c r e a t e d  t o  d e a l  w i t h  f u e l  h a r d s h i p s  wh ich  a r o s e  

d u r i n g  t h e  A r a b  o i l  embarqo i n  l a t e  1973 .  I t s  e x i s t e n c e  w a s  

c o n t i n u e d  by  t h e  s t a t e  l e q i s l a t u r e  a n d  t h e  G o v ~ r n o r  u n t i l  

J u l y  1 ,  1977.  The o f f i c e  i s  empowered bv f e d e r a l  r e q u l a t i o n s  

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

who a r e  u n a b l e  t o  m e e t  t h e i r  e n e r q v  n e e d s .  The f u e l s  d e l i v e r e d  

are  wi thd rawn  f rom t h e  s t a t e  s e t - a s i d e  Drogram, a  t h e o r e t i c a l  

i n v e n t o r y  o f  t h e  v a r i o u s  t y p e s  o f  p e t r o l e u m  f u e l s  h e l d  bv  t h o s e  * 
p r i v a t e  p e t r o l e u m  f i r m s  b r i n q i n g  f u e l s  i n t o  t h e  S t a t e .  The 

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

l a w ,  i n c l u d i n g  t h e  power t o  o b t a i n  i n f o r m a t i o n  on  u s e  a n d  i n -  

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

i n  p r e v e n t i n g  o r  a l l e v i a t i n g  s h o r t a q e s  wh ich  o c c u r  b e c a u s e  O F  

i m p e r f e c t i o n s  i n  t h e  m a r k e t  mechanism a s  c o n t r o l l e d  bv f e d e r a l  

r e g u l a t i o n s .  The e n e r q y  oFfice s e r v e s  a s  a d v i s o r  t o  t h e  S t a t e  

~ e g i s l a t u r e  a n d  t h e  Gove rno r  o n  e n e r q y  m a t t e r s  and  h a s  worked 

on d e v e l o p i n g  l e g i s l a t i o n  which  b e a r s  on e n e r q y  u s e  w i t h i n  t h e  

S t a t e .  The e n e r g y  o f f i c e  h a s  a l s o  r e a c t e d  t o  l e q i s l a t i o n  p r o -  

p o s e d  by  o t h e r s  w i t h i n  t h e  S t a t e  a n d  h a s  u s e d  e n e r q y  m o d e l i n g  

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

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

p l a c e ,  by  o t h e r  s t a t e  a n d  F e d e r a l  a g e n c i e s  a n d  s e e k s  t o  p r o t e c t  

t h e  i n t e r e s t  o f  t h e  c i t i z e n s  o f  t h e  S t a t e ,  a s  a f f e c t e d  by  t h e  

a c t i o n s  o f  t h e  o t h e r  a q e n c i e s .  The e n e r q y  o f f i c e  s e e k s  t o  min- 

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

upon t h e  b u s i n e s s e s ,  c i t i z e n s  a n d  w o r k e r s  w i t h i n  t h e  S t a t e .  

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

* 
The p r o d u c t s  a re  a l l o c a t e d  t o  t h e  s t a t e s  by t h e  F e d e r a l  E n e r q y  
A d m i n i s t r a t i o n  b a s e d  o n  h i s t o r i c a l  u s a q e  b e f o r e  t h e  A r a b  o i l  
embargo .    his w a s  d o n e  s o  a l l  s ta tes  would s h a r e  e q u a l l y  i n  
a n y  h a r d s h i p s .  



r e l e a s e s  and o t h e r  a t t e n t i o n  g e t t i n q  d e v i c e s ,  t o  g i v e  t h e  gen- 

e r a l  p u b l i c  and businessmen t h e  f a c t s  on t h e  enerqy  s i t u a t i o n  

and what t h e y  c a n  do t o  improve i t .  

UW-has t h e  t r i - p a r t i t e  e d u c a t i o n a l  m i s s i o n  o f  r e s e a r c h ,  - 
t e a c h i n g ,  and p u b l i c  s e r v i c e .  Although b e s t  known t o  workshop 

p a r t i c i p a n t s  f o r  Enerqv Systems modeling a c t i v i t i e s ,  U n i v e r s i t y  

energy r e s e a r c h e r s  a r e  invo lved  i n  a  wide r a n g e  of  s t u d i e s - -  

r ang ing  from b a s i c  s o l a r  enerqv r e s e a r c h  t o  t e c h n i q u e s  f o r  

moni to r ing  t h e  env i ronmenta l  impacts  of  power p l a n t  s i t i n g .  S tu -  

d e n t s  a r e  t r a i n e d  i n  i n t e r d i s c i p l i n a r y  approaches  f o r  d e a l i n g  wi th  

env i ronmenta l  and enerqy  problems s t a f f  key agency p o s i t i o n s  

w i t h i n  s t a t e  government; s t a t e  governmental  problems have f u r -  

n i shed  wor thwhi le  a p p l i e d  r e s e a r c h  a r e a s  f o r  manv s t u d e n t s .  

The U n i v e r s i t y  C o o p e r a t i v e  Ex tens ion  S e r v i c e  has  t a k e n  r e s e a r c h  

and d e m o n s t r a t i o n  r e s u l t s  and b rouqh t  t h e m  i n t o  t h e  p u b l i c  forum 

throuqh s e v e r a l  p u b l i c  i n f o r m a t i o n a l  e f f o r t s .  I n  s h o r t ,  t h e r e  

is a  c r i t i c a l  symbiosis between t h e  U n i v e r s i t y  sys tem and s t a t e  

government--a p a r t n e r s h i p  t h a t  e x t e n d s  back th rough  s e v e r a l  

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

r e a d i l y  t r a n s f e r r e d  t o  env i ronmenta l  and enerqy  c o n c e r n s ,  h a s  

been a p t l y  named " t h ~  Wisconsin i d e a . "  

DOA-functions a s  t h e  Governor ' s  agency w i t h i n  t h e  s t a t e  - 
bureaucracy .  The Department i s  charqed w i t h  p r e p a r a t i o n  of  t h e  

E x e c u t i v e  Budget,  which i n  r e c e n t  y e a r s  h a s  become a  major  p i e c e  

of  p o l i c y  l e g i s l a t i o n .  DOA a l s o  houses  t h e  s t a t e ' s  F e d e r a l /  

S t a t e  C o o r d i n a t i o n  O f f i c e  and t h e  Bureau of  F a c i l i t i e s  Manage- 

ment. The l a t t e r  o v e r s e e s  a l l  s t a t e  b u i l d i n g s ,  and can  i n i t i a t e  

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

s t a t e  f a c i l i t i e s .  The Department of  A d m i n i s t r a t i o n  a l s o  i n c l u d e s  

t h e  S t a t e  P l a n n i n g  O f f i c e ,  which i s  t h e  s t a t e ' s  comprehensive 

p l a n n i n g  agency.  T h i s  o f f i c e  i s  l a r g e l y  invo lved  w i t h  p h y s i c a l ,  

e n v i r o n m e n t a l ,  and economic p l a n n i n g .  

The S t a t e  P lann ing  O F f i c e ' s  programs a r e  d i v i d e d  i n t o  t h r e e  

broad a r e a s :  S t a t e  Development P o l i c y  P lann ing ;  Land U s e  P lan-  

n ing ;  and P lann ing  C o o r d i n a t i o n  (see F i g u r e  I ) .  I t  h a s  l e a d  

agency r e s p o n s i b i l i t i e s  i n  t h e  a r e a s  of  economic development 

p l a n n i n g  and c o o r d i n a t i o n ,  l a n d  u s e  p l a n n i n g ,  and c o a s t a l  zone 
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management, as well ss in the process-oriented "planning co- 

ordination" area. In meeting its comprehensive planning and 

coordination responsibilities, the State Planning Office Func- 

tions in several ways: (1) as a coordinator, liaison, or crit- 

ical reviewer in workinq with inter-aqency or interqovernmental 

groups or individual agencies; (2) as program developer and 

manaqer of new multi-functional, interqovernmental proqrams-- 

such as Coastal Zone Management Planninq or State Fconomic De- 

velopment Planning; (3) as a policy analysis and research unit; 

(4) as a public involvement/educational aqent; and (5) as a 

provider of ~xecutive Office services--including legislative 

development and review, special projects/analvsis, and limited 

budqet issue involvement. As noted in Figure I, many of the 

Planning OFFice proqram areas and functions relate closely to 

enerqy and environmental concerns. One activity warrants special 

mention; close work between the university's Enerqv Systems Re- 

search group and Planninq Office staff has led to an analysis 

of the costs of alternative phvsical development patterns, in 

terms of fiscal, land consumption, and enerqy costs. 

One other aspect of Wisconsin's institutional settinq as 

it pertains to enerqy and environment deserves special consid- 

eration. In 1972, Wisconsin passed the Wisconsin Environmental 

Policy Act, (WEPA). The Act, which is patterned after the 

National Environmental Policy Act of 1969 (NEPA), establishes 

a state policy to encourage harmony between human activity and 

the environment, promotes efforts to reduce damaqe to the en- 

vironment, and stimulates understandinq of important ecoloqical 

systems. The act mandates a thorough analysis of environmental 

impact before any major state action is authorized. Aqencies 

must consider alternative technologies and economic consequences 

of state-initiated projects: private actions requlated by state 

government are subject to the same procedures. The underlying 

premise of WEPA is that substantive policy decisions can be 

improved and a better balance will emerqe between environmental 

and economic objectives if a broad ranqe of environmental im- 

pacts, alternatives to the proposed action, and public comment 

are examined well before the final decisions are made. 



Although the envjronmental impact statements and other 

documents are not binding on state governmental decision-making, 

WEPA (and NEPA) have had a far-reachinq effect. Because of WEPA, 

environmental (including enerqy) considerations are now routine- 

ly a part of governmental decision-makinq, and the process is 

more accessible than ever before to citizens. Major enersv 

related decisions--construction of a Great Lakes oil shipment 

terminal, construction of electric qeneratinq facilities and 

transmission lines, regulatory action related to utility rate 

changes, railroad line abandonments--have been subject t? and 

delayed, modified, and even halted based on env~ronmental 

questions raised by the Wisconsin Environmental policv Act 

process. In fact, the environmental impact statement, and the 

associated review process, have become pervasive and extremelv 

useful planning tools in energy decision-makinq. 

Abbreviations Used in This Presentation 

DOT - Department of   ran sport at ion 

DNR - Department of Natural Resources 

PSC - Public Service Commission 

DIHLR - Department of Industrv, Labor and Human Relations 

OEEA - Office of Emergency Energy Assistance 

UW - University of  isc cons in-Madison 

DOA - Department of Administration 



B .  E n e r g y  Sy:;cern M o d e l i n g  A c t i v i t i e s  i n  W i s c o n s i n  - 

E n e r g y  S y s t e m  a n d  " o l i c y  R e s e a r c h  G r o u p  
U n i v e r s i t y  o f  W i s c o n s i n  

M a d i s o n ,  W i s c o n s i n  

E n e r g y  S y s t e m  m o d e l i n g  a c t i v i t y  i n   isc cons in i s  c o m p r i s e d  

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

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

demand,  a n d  e n v i r o n m e n t a l  i m p a c t .  The f r a q m e n t a t i o n  o f  t h e s e  

e f f o r t s  i s  e x t r e m e  w i t h  many o a r a l l e l  m o d e l i n g  a c t i v i t i e s  be -  

i n q  c a r r i e d  o n  s i m u l t a n e o u s l y .  

The c a u s a l i t y  f o r  t h e  n a t u r e  of b o t h  W i s c o n s i n ' s  e n e r q y  

s y s t e m  a n d  t h e  m o d e l i n g  a c t i v i t i e s  a s s o c i a t e d  w i t h  t h a t  s y s t e m  

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

p o l i t i c a l  s t r u c t u r e  o f  t h e  s t a t e  ( '  I * )  . W i s c o n s i n  i s  r i c h l y  

endowed w i t h  b o t h  n a t u r a l  a n d  human r e s o u r c e s .  I t  d o e s  n o t ,  

h o w e v e r ,  h a v e  a n y  s i g n i f i c a n t  e n d o q e n o u s  e n e r g y  r e s o u r c e s .  

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

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

i n  t h e  S t a t e ' s  economy. An i n t e n s i v e ,  b r o a d - b a s e d  i n d u s t r i a l  

sector h a s  d e v e l o p e d  i n  t h e  s o u t h e a s t e r n  p o r t i o n  of t h e  s t a t e  

a n d  i t  i s  h e r e  t h a t  t h e ' v a s t  m a j o r i t y  of t h e  s t a t e ' s  p o ~ u l a c e  

now r e s i d e .  

W i s c o n s i n ' s  e n e r q y  s y s t e m  e v o l v e d  i n  r e s p o n s e  t o  t h e  e n e r g y  

r e q u i r e m e n t s  q e n e r a t e d  by  t h i s  p a t t e r n  O F  e c o n o m i c  g r o w t h  a n d  

d e v e l o p m e n t .   his e v o l u t i o n  o c c u r r e d  l a r g e l y  t h r o u q h  t h e  i n -  

t e r a c t i o n  o f  s u p p l i e r s  a n d  c o n s u m e r s  i n  a  ~ r i v a t e  m a r k e t  s e t t i n q  

w i t h  v i r t u a l l y  n o  i n t e g r a t e d  p l a n n i n g  a n d  r e l a t i v e l y  l i m i t e d  

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

l i m i t e d  g o v e r n m e n t  ro le  i n   isc cons in's e n e r g y  s y s t e m  d e v e l o p -  

m e n t  s t e m s  f r o m  many f a c t o r s .  The v i r t u a l  l a c k  o f  e n e r q y  

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

p a r t i c u l a r l y  when c o u p l e d  w i t h  a  n a t i o n a l  p o l i c y  a i m e d  a t  

making  e n e r g y  r e a d i l y  a v a i l a b l e  i n  t h e  p r i v a t e  sector m a r k e t s  

a t  r e l a t i v e l y  low p r i c e s .  I n  s h o r t ,  t h e  e n e r q y  sector h a s  



historically been neither a major component of Wisconsin's 

gross state product nor a major constraint on the state's 

economic development. It has not, therefore, been an area of 

major concern to the state government. 

Because of the primary reliance on private sector develop- 

ment of the Wisconsin energy system, and the relatively limited 

government concern related to this sector, the resultant dis- 

aggregation in enerqy analysis and planninq makes it impossible 

to describe a unique well integrated energy modelinq system for 

the state. Instead, one finds a variety of parallel modelinq 

activities being carried on not only by the suppliers (and 

major consumers) of various energy resources in the private 

sector, but also, because of the recent realization of the 

importance of energy to the state's economic well beinq on 

the part of the state's political leaders, in numerous state 

aqencies. Because of this disagqregation, we have chosen in 

this report to outline the various modelinq approaches heinq 

used in both the private and public sectors and to describe 

the institutional mechanisms through which linkages occur. 

While energy modeling in Wisconsin encompasses the entire 

range of activities associated with analyzinq the state's 

enerqy system--from lonq-range forecastinq and ~lanninq t b  

operational management--most individual efforts are rather 

narrow in scope. That is, they focus on either a specific 

energy source, or on a particular enerqy policy problem. An 

exception to this generalization is the work of the Enerqy Sys- 

tems and Policy Research Group (ESPRG) at the University of 

Wisconsin. This multidisciplinary research-activity has resul- 

ted in the development of a computerized dynamic simulation 

model of Wisconsin's enerqy system. The WISconsin Regional - 
Enerqy Model (WISE) combines an engineering and economic app- 

roach to model the state's energy system within a multidimen- 
( 1  sional framework that describes enerqy demand, conversion , 

transport and uses explicitly accountinq for technoloqical, 

economic, and environmental interactions. It consists of 

a collection of submodels which combine in simple mathematical 

terms data and information about enerqy flows in Wisconsin to 



d e s c r i b e  o r  s i m u l a t e  t h e  e n e r g y  sys t em and  i t s  r e l a t i o n s h i p  

t o  o t h e r  c h a r a c t e r i s t i c s  o f  t h e  s t a t e ,  e . q .  demograph ic ,  eco -  

nomic,  and  e n v i r o n m e n t a l .  A s i m u l a t i o n  s t r u c t u r e  was c h o s e n  

f o r  s e v e r a l  r e a s o n s .  First ,  s i m u l a t i o n  i s  a  c o n v e n i e n t  method 

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

b e  employed i n  a  m u l t i d i s c i p l i n a r y  e f f o r t  o f  t h i s  t y p e .  Second,  

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

i n  b o t h  t h e  mode l ing  p r o c e s s  and  a p p l i c a t i o n  o f  t h e  model t o  

s y s t e m  a n a l y s i s .  For  example ,  it e n a b l e s  o n e  t o  modi fy  s e l e c t e d  

components  o f  t h e  s y ~ t e m  w i t h o u t  t h e  n e c e s s i t y  of r ework ing  t h e  

e n t i r e  model ,  and t o  f o c u s  a t t e n t i o n  on  s p e c i + i c  a r e a s  o f  t h e  

e n e r g y  s y s t e m  a s  w e l l  a s  on  t h e  s y s t e m  a s  a  whole .  F i n a l l y ,  

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

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

i s s u e s  and  a l t e r n a t i v e s .  T h a t  i s ,  s i m u l a t i o n  f a c i l i t a t e s  t h e  

a p p l i c a t i o n  o f  t h e  model t o  q u e s t i o n s  of  t h e  "what  i f "  t y p e .  

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

Model (which is  examined i n  d e t a i l  i n  o t h e r  ESPR? p u b l i c a -  

t i o n s )  ( 3 ) ,  w e  s h a l l  l i m i t  o u r  d i s c u s s i o n  o f  it i n  t h i s  p a p e r  t o  

a n  o v e r v i e w  o f  i t s  c a p a b i l i t i e s  and  u s e .  The WISE Model i s  

d e s i g n e d  p r i m a r i l y  f o r  i n t e r m e d i a t e  t o  l ong- range  p l a n n i n q  

a n a l y s i s .  The t y p i c a l  h o r i z o n  employed i s  t h e  y e a r  2000. 

Among o t h e r  a p p l i c a t i o n s ,  WISE h a s  been  u s e d  t o :  ( 1 )  f o r e c a s t  

e n e r g y  demands by e n e r g y  s o u r c e  and u s e r  c l a s s i f i c a t i o n ,  ( 2 )  

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

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

e v a l u a t e  t h e  f i n a n c i n g  r e q u i r e m e n t s ,  t o t a l  sys t em c o s t s ,  and  

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

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

r e q u i r e m e n t s ,  ( 3 )  examine  e n v i r o n m e n t a l  i m p a c t s  a s s o c i a t e d  w i t h  

a l t e r n a t i v e  f u t u r e  e n e r g y  u s e  p a t t e r n s ,  and ( 4 )  a n a l y z e  t h e  r o l e  

t h a t  c o n s e r v a t i o n  c a n  p l a y  i c  d e t e r m i n i n g  t h e  s t a t e ' s  e n e r g y  

f u t u r e .  From t h e s e  a p p l i c a t i o n s ,  it s h o u l d  b e  a p p a r e n t  t h a t  

t h e  WISE Model i s  c a p a b l e  o f  b o t h  f o r e c a s t i n g  e n e r g y / e n v i r o n -  

ment  f u t u r e s  f o r  t h e  s t a t e  and  a n a l y z i n g  t h e  i m p a c t s  o f  a l t e r -  

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

s e c t o r  a c t i v i t i e s  i n  t h e  e n e r q y  a r e a .  



It is important to note that the development and actual 

employment of the WISE Model rests almost exclusivelv with the 

ESPRG at the University of Wisconsin, a research team not form- 

ally or institutionallv linked to  isc cons in's enerqv system 

planninq and operational decision makinq. 1,ackinq a direct tie 

to the decision maklnq bodies in the State, the use of the WISE 

Model for in~ut into enerqv policv analysis has rested on its 

ability to provide timely and easily comprehended responses to 

important enerqv policy issues as they arise. This response 

capability has been desiqned into the WISE Model throuqh the 

use OF the simulation structure and an interactive control 

lanquaqe which provides users with convenient access to both 

the models and data svstems, and allows for intervention in 

simulated enerqy futures in order to test both the consequences 

of policy chanqes and the sensitivitv of these futures to var- 

ious assumptions employed in the analysis. It is further en- 

hanced bv the formal and inForma1 workinq relationships that 

have been established bv the ESPRC with several administrative 

and requlatory departments of the state of Wisconsin. The re- 

sult is that while the ESPRG cannot he considered to be amonq 

the enerqv system policv maki-nq bodies in Wisconsin, it does 

play an important role as a provider oG technical expertise in 

policy analysis and, as will become clear from the material 

which follows, it has had a siqnificant impact on the develop- 

ment of ananalytical approach to ~olicv analysis within several 

of the Wisconsin state agencies which do have major decision 

makinq responsibility in the enerav-environment areas. 

Let us turn now to a brieF look at other enerqy modelinq 

activities in the state. We will structure this survey on the 

basis of model types and use. 

Because of the virtual inseparability of enerqv use and 

economic activitv, virtually all modelinq activities incor~or- 

ate a qeneral economic forecast for the state. These forecasts 

are prepared in both the public and private sectors usinq a 

variety of methodologies, ranqinq from simple trend projections 

to complex econometric and input/out~ut models. Within the 

state agencies, independent forecasts are prepared by the 



Department of Induytrv and Labor and Human Relations, the 

Department of Revenue, and bv faculty at the University O F  

Wisconsin. Althouqh these forecasts are prepared for a variety 

of different uses and are not often reconciled, there is a hiqh 

correlation between the various proiections. This undnubtedly 

stems in larqe part from the fact that Wisconsin's economv is 

inextricably tied to the entire TJ.S. economy and all state fore- 

casts are inherently based on the same projections 06 national 

economic activity levels. 

Population size and characteristics provide another basic 

input into all enerov modeling activities. In Wisconsin this 

factor is modeled in detail bv the OFfice of the State Demo- 

grapher. This model is aqe, sex, and country specific and in- 

cludes considerations of miqration, fertility and mortality. 

Detailed population projections are provided out to the twentv- 

first century. Enerqy demand forecasts in Wisconsin (other than 

those prepared by the EXPRG) have tvpically been on a single 

energy source basis. Until very recentlv, virtually all of this 

work was done in the private sector and on a Firm bv firm basis. 

Thus, for example, individual electric utilities could be ex- 

pected to project demand by major user cateqories within their 

respective service areas. Tvpically these projections entailed 

extrapolation of historical trends adjusted for any major 

structural chanqe in user compostion which the utility was 

aware of (e.g. the planned expansion OF a major ind.ustria1 cus- 

tomer or the location of a major new industrial Facility in the 

firm's service area). Such projections were used a input for 

investment planninq and seldom extended beyond a five - seven 
year period. Ten year projections were very lonq run and went 

well beyond the relevant planninq period. These simple demand 

models served quite well over an extended period due to the 

regularitv which characterized the development and growth of 

not only electricity but also the entire enerqy system in Wis- 

consin until the beqinninq of this decade. 

As a result of the disruptions which have characterized the 

entire energy system since 1970, the electric utilities are 

no longer able to rely on the patterns of historical trends for 



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

l e n g t h e n i n g  o f  t h e  h o r i z o n  f o r  i n d i v i d u a l  f i r m s ,  

b r o u g h t  a b o u t  i n  p a r t  bv  t h e  l o n q e r  c o n s t r u c t i o n  p e r i o d  a s s o -  

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

more  a c t i v e  r o l e  i n  t h e  p l a n n i n q  p r o c e s s  t a k e n  by  q o v e r n m e n t  

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

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

c h a n g e  i n  demand f o r e c a s t i n g  r e q u i r e m e n t s  was b o t h  s u d d e n  a n d  

s u b s t a n t i a l ,  c a t c h i n g  many e l e c t r i c  u t i l i t i e s  q e n e r a l l y  un- 

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

f o r e c a s t i n g  m e t h o d o l o q i e s .  I t  l e d  t o  a  c o n t r a c t  be tween  t h e  

m a j o r  e l e c t r i c  u t i l i t i e s  i n  TfiTisconsin a n d  t h e  S t a n F o r d  R e s e a r c h  

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

a n a l y s i s  a n d  f o r e c a s t  o f  e n e r q y  demands  i n  W i s c o n s i n  t h r o u q h  

t h e  y e a r  2 0 0 0 .  ( 4 )  

The n a t u r e  o f  demand m o d e l i n g  i n  t h e  o t h e r  e n e r g y  i n d u s t r i e s  

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

u t i l i t i e s  a n d  s u p p l i e r s  O F  c o a l ,  f u e l  o i l ,  a n d  q a s o l i n e  h a v e  

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

a n d  i n c o m e q r o w t h ,  a n d  m a r k e t  p e n e t r a t i o n  t o  d e v e l o ~  p r o j e c t i o n s  

o f  f u t u r e  demand.  F o r  many cases t.he s t a t e  o f  W i s c o n s i n  i s  n o t  

t h e  r e l e v a n t  m a r k e t  a r e a  a n d ,  h e n c e ,  no   i is cons in" p r o j e c t i o n  

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

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

i n  a n a t i o n a l  o r  i n t e r n a t i o n a l  m a r k e t  a n d  f o r  whom t h e  W i s c o n s i n  

m a r k e t  i s  a n  e x t r e m e l y  s m a l l  componen t  p a r t ,  s o  s m a l l ,  i n  f a c t ,  

t h a t  it i s  o f t e n  t r e a t e d  a s  some f i x e d  p e r c e n t a q e  o f  t h e  n a t i o n -  

a l  m a r k e t - - u s u a l l y  a r o u n d  two p e r c e n t .  I n  t h e  c a s e  O F  t h o s e  

n a t u r a l  g a s  t r a n s m i s s i o n  a n d  d i s t r i b u t i o n  c o m p a n i e s  whose  p r i -  

mary m a r k e t  area i s  ? ? i s c o n s i n ,  t h e i r  l a c k , o f  d i r e c t  t i e s  t o  t h e  

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

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

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

i n g ,  a n d  h a s  l i m i t e d  d e v e l o p m e n t  i n  t h i s  a r e a .  

R e c e n t l y  t h e  S t a t e  h a s  moved i n t o  t h e  a r e n a  o f  e n e r g y  d e -  

mand f o r e c a s t i n g  o n  s e v e r a l  F r o n t s .  T h e s e  a c t i v i t i e s  b e g a n  w i t h  

t h e  P u b l i c  S e r v i c e  Commiss ion (PSC) a q q r e q a t i n g  t h e  f o r e c a s t s  



o f  i n d i v i d u a l  e l e ~ t r i c  u t i l i t i e s  t o  d e v e l o p  a  c l e a r e r  p i c t u r e  

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

sys t em i n  t h e  s t a t e .  They have  r e l i e d  t o  t h i s  p o i n t  on t h e  

p r o j e c t i o n s  p r o v i d e d  bv t h e  u t i l i t i e s  and  by t h e  ESPRG a t  t h e  
( 5 )  U n i v e r s i t y  , w h i l e  work inq  on t h e  deve lopment  o f  a n  " i n  

house"  c a p a b i l i t y  f o r  demand e s t i m a t i o n .  

The o t h e r  s t a t e  aqency  c u r r e n t l y  i n v o l v e d  i n  e n e r q y  demand 

a n a l y s i s  and  p r o j e c t i o n  i s  t h e  O f f i c e  o f  Emerqency Energy 

A s s i s t a n c e  ( O E E A ) .  T h i s  newly formed aqency  i s  c h a r g e d  w i t h  

r e s p o n s i b i l i t y  For  a s s i s t i n g  i n  t h e  a l l o c a t i o n  O F  e n e r g y  

r e s o u r c e s  when t h e  m a r k e t  becomes i n o p e r a t i v e  b e c a u s e  O F  a  

ma jo r  i m b a l a n c e  be tween  s u p p l y  and  demand ( i . e . ,  when p r i c e  

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

and  t o  a s s i s t  i n  t h e  deve lopment  o f  a n  e n e r q y  p o l i c y  f o r  t h e  

s t a t e .  The OEEA i s  i n v o l v e d  p r i m a r i l y  w i t h  s h o r t - t e r m  e n e r q v  

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

m e d i a t e  t o  l o n g - r a n q e  e n e r g y  f o r e c a s t i n q ,  r e l y i n g  i n s t e a d  on  

t h e  ESPRG work and  o t h e r  e x t e r n a l l y  q e n e r a t e d  p r o j e c t i o n s  i n  

t h o s e  i n s t a n c e s  where  r e q u i r e d .  I t  h a s ,  however ,  d e v e l o p e d  

a n  e x t e n s i v e  s e t  o f  c o m p u t e r i z e d  e n e r q y  consumpt ion  d a t a  b a s e s  

and  r e t r i e v a l  s o f t w a r e  For  a n a l y z i n g  t h a t  d a t a .  These  d a t a  

i n c l u d e  a  mon th ly  a l l o c a t i o n  o f  a l l  p e t r o l e u m  p r o j e c t s  coming 

i n t o  t h e  S t a t e ,  which  shows f o r  e v e r y  d i s t r i b u t o r  o f  p e t r o l e u m  

p r o d u c t s  where h e  o b t a i n s  h i s  s u p p l i e s  and  t o  whom t h e  p ro -  

d u c t s  a r e  s o l d .  These  d a t a  a r e  u s e d  to k e e p  t r a c k  o f  t h e  o r i g i n  

o f  W i s c o n s i n ' s  p e t r o l e u m  s u p p l i e s  and  t o  a n a l y z e  t h e  s h o r t  

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

c o l l e c t e d  f o r  b o t h  c o a l  a n d  n a t u r a l  q a s  f l o w s  i n  Wiscons in .  

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

a l t e r n a t i v e  f u e l  c a p a b i l i t i e s  i n c l u d i n g  s t o r a g e  and  s w i t c h i n q  

t i m e ,  and  d a i l y  u s e  r a t e s  h a s  been  p r e p a r e d  For a l l  i n t e r r u p t -  

a b l e  n a t u r a l  q a s  c u s t o m e r s  i n  t h e  S t a t e .  These  d a t a  a r e  b e i n g  

u s e d  by t h e  OEEA t o  a n a l y z e  t h e  i m p a c t s  o f  a  n a t u r a l  q a s  c u r -  

t a i l m e n t  and  t h e  a l t e r n a t i v e  a l l o c a t i o n  schemes t h a t  have  been  

p r o p o s e d  f o r  t h e  r e m a i n i n q  q a s ,  

I n v e s t m e n t  p l a n n i n q  a c t i v i t i e s  i n  Wiscons in  c l o s e l y  p a r -  

a l l e l  t h o s e  i n  t h e  demand a r e a .  The v a s t  m a j o r i t y  o f  s u c h  



e f f o r t s  a r e  c a r r i e d  o n  bv t h e  i n d i v i d u a l  F i rms  o p e r a t i n q  i n  t h e  

s t a t e .  A v a r i e t y  o f  c o r p o r a t e  p l a n n i n q  mode l s  a r e  u t i l i z e d  i n  

t h e s e  e f f o r t s .  These  models  t v p i c a l l y  p r o j e c t  t h e  t i m e  p a t t e r n  

o f  f i n a n c e  r e q u i r e m e n t s  b a s e d  o n  f o r e c a s t s  o f  F u t u r e  s y s t e m  

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

means o f  s a t i s f y i n q  t h o s e  n e e d s .  These  c o r p o r a t e  p l a n n i n q  

mode l s  a r e  u s u a l l y  d e t a i l e d  e n q i n e e r i n q / e c o n o m i c  mode l s  o f  

e i t h e r  a  s i m u l a t i o n  o r  m a t h e m a t i c a l  proqramminq n a t u r e .  Where 

a  l i n e a r  programming a p p r o a c h  i s  u s e d ,  c o n s t r a i n e d  c o s t  min- 

i m i z a t i o n  o v e r  t h e  p l a n n i n q  h o r i z o n  is  t h e  t y p i c a l  o b j e c t i v e .  

A l thouqh  t h e  e l e c t r i c i t y  g e n e r a t i n g  c a p a c i t y  submodel (GENCAP) 

i n  WISE i s  somewhat less d e t a i l e d  t h a n  mos t  c o r p o r a t e  p l a n n i n q  

mode l s ,  i t  i s  r e p r e s e n t a t i v e  o f  t h e  s i m u l a t i o n  s t r u c t u r e  em-  

p l o y e d .  

P r o b a b l y  t h e  o n l y  e n e r g y  f i r m s  where  c o r p o r a t e  p l a n n i n q  

models  e x p l i c i t l y  b r e a k  o u t  and model i n  d e t a i l  a  W i s c o n s i n  

component a r e  t h e  e lec t r ic  and n a t u r a l  g a s  u t i l i t i e s  s e r v i n g  

t h e  s t a t e .  Electr ic  u t i l i t i e s ,  f o r  example ,  u s e  e x t e n s i v e  mode l s  

t o  c o n v e r t  p r o j e c t e d  consumer demand i n t o  c a p a c i t y  r e a u i r e m e n t s  

u s i n g  l o a d  c u r v e  a n a l y s i s .  These  f o r e c a s t s  o f  c a p a c i t y  re- 

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

a l t e r n a t i v e  g e n e r a t i o n  and d i s t r i b u t i o n  s v s t e m s  and  f rom t h i s ,  

d e t a i l e d  p r o j e c t i o n s  o f  c a p i t a l  i n v e s t m e n t  and f i n a n c i n g  re- 

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

a  5-7 y e a r  p l a n n i n q  h o r i z o n  i n  t h e  p a s t  b u t  r e c e n t  e v e n t s  h a v e  

l e n g t h e n e d  t h i s  t o  10 -12  y e a r s .  

Al though  t h e  m a j o r  c o a l  and  p e t r o l e u m  s u p p l i e r s  a l l  u t i l i z e  

s u c h  c o r p o r a t e  p l a n n i n g  mode l s ,  i n  mos t  c a s e s  t h e  Wiscons in  

component i s  s m a l l  r e l a t i v e  t o  t h e i r  t o t a l  a c t i v i t i e s - - i n v o l v i n g  

p e r h a p s  no i n v e s t m e n t  where  s a l e s  a r e  c h a n n e l e d  t h r o u q h  i n d e -  

p e n d e n t  d i s t r i b u t o r s - - a n d ,  h e n c e ,  i s  e i t h e r  combined w i t h  s u r -  

r o u n d i n g  s t a t e s  f o r  a  r e q i o n a l  a n a l y s i s  o r  n o t  d i s a q q r e q a t e d  a t  

a l l  f rom t h e  n a t i o n a l  model .  I n  t h o s e  s i t u a t i o n s  where  a  W i s -  

c o n s i n  component i s  a n a l y z e d  it i n v a r i a b l y  r e l a t e s  t o  d i s t r i b u -  

t i o n  f a c i l i t i e s  which t v p i c a l l y  a r e  r e l a t i v e l y  l o w  c o s t  compo- 

n e n t s  w i t h  s h o r t  p l a n n i n q  h o r i z o n s  a n d ,  h e n c e ,  a r e  n o t  m a j o r  

components  i n  t h e  model .  



The o n l y  s t a t e  a q e n c y  t h a t  ca r r i e s  o n  a n v  i n v e s t m e n t  p l a n -  

n i n g  a n a l y s i s  i n  t h e  e n e r g y  s y s t e m  is  t h e  PSC a n d  t h e i r  e f f o r t  

i s  l i m i t e d  p r i m a r i l y  t o  t h e  e l e c t r i c i t v  i n d u s t r y .  The PSC a p -  

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

i n  w h i c h  s v s t e m  c o s t i n q  is  t h e  p r i m a r y  o b j e c t i v e .  The Tnodel  

s t r u c t u r e  i s  s i m i l a r  t o  GENCA13 b u t  w i t h  more  d e t a i l  c o n c e r n i n q  

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

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

t e r n a t i v e  r a t e  s t r u c ;  , res.  T h i s  e f F o r t  h a s  b e e n  d o n e  o n  a  com- 

p a n y  by  company b a s l s  a n d  o n l y  r e c e n t l y  h a s  work bequn  o n  a 

s y s t e m  w i d e  e f f o r t  p a t t e r n e d  a f t e r  t h e  work o f  t h e  ESPRG. 

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

i n  W i s c o n s i n  r e l a t e s  t o  e n v i r o n m e n t a l  i m p a c t .  H e r e  t h e  e f f o r t  

i s  more  c o m p l e t e l y  i n t e q r 3 t e d  i n t o  s t a t e  p l a n n i n g  a c t i v i t i e s  

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

a l  e n v i r o n m e n t a l  s t a n d a r d s .  I n  t h i s  e f f o r t  t h e  D e p a r t m e n t  o f  

N a t u r a l  R e s o u r c e s  (UNR) h a s  r e s p o n s i b i l i t v  f o r  b o t h  d e v e l o p i n q  

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

e m i s s i o n s  i n  t h e  s t a t e .  I n  t h i s  e f f o r t ,  t h e y  a r e  w o r k i n g  c l o s e -  

l v  w i t h  s e v e r a l  o t h e r  s t a t e  a q e n c i e s  a s  w e l l  a s  d e v e l o ~ i n q  t h e i r  

own m o d e l s  f o r  some s p e c i f i c  a n a l y s i s .  They a r e  f o r  e x a m p l e  

w o r k i n g  c l o s e l y  w i t h  t h e  DSC i n  t h e  d e v e l o p m e n t  o f  i m p a c t  s ta te -  

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

m i s s i o n  s y s t e m s .  H e r e  t h e  m e t h o d o l o g y  i s  s i m i l a r  t o  t h a t  employ-  

e d  i n  t h e  ESPRG E n v i r o n m e n t a l  I m p a c t  Model b u t  w i t h  q r e a t e r  

e m p h a s i s  o n  i t s  s p e c i f i c  r e l a t i o n s h i p s .  S i m i l a r  work i s  b e i n g  

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

l i c e n s i n g  f o r  new p l a n t s .  

The DNR i s  a l s o  w o r k i n q  o n  b r o a d e r  m o d e l s  o f  a i r  a n d  w a t e r  

q u a l i t y .  One o f  t h e s e  e f f o r t s  i n v o l v e s  DNR m o n i t o r i n g  o f  

p r i m a r y  f u e l  u s e  by e a c h  o f  t h e  m a j o r  e n e r a y  u s i n q  f a c i l i t i e s  

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

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

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

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

m e n t s  f o r  t h e  f a c i l i t i e s .  

The a b o v e  m e t h o d o l o g y  i s  a l s o  b e l n q  employed  f o r  l o n q - r a n q e  



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

W i s c o n s i n ,  t h e  m o s t  h e a v i l y  i n d u s t r i a l i z e d  a n d  p o p u l a t e d  sec- 
( 6  t i o n  o f  t h e  s t a t e  . Here a n  economic  p l a n n i n q  mode l  p r o -  

v i d e s  s p e c i f i c  i n d u s t r i a l  a n d  t r a n s p o r t a t i o n  e n e r q v  u s e  Dro- 

j e c t i o n s  t h r o u q h  t h e  v e a r  2000 .  T h e s e  f u e l  u s e  f i q u r e s  a r e  

c o n v e r t e d  t o  e m i s s i o n s  f a c t o r s  w h i c h  a r e  t h e n  combined w i t h  

p r o j e c t i o n s  of a r e a  s o u r c e s  o f  p o l l u t i o n  ( e . q .  r e s i d e n t i a l  

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

q u a l i t y .  A s c e n a r i o  q e n e r a t i n q  c a p a b i l i t y  a l l o w s  t h e  impact 

o f  a l t e r n a t i v e  d e v e l o p m e n t  p l a n s  a n d  p o l l u t i o n  a b a t e m e n t  s t a n d -  

a r d s  t o  be a n a l y z e d .  

To  s u m m a r i z e ,  e n e r q y / e n v i r o n m e n t a l  p l a n n i n q  i n  b l i s c o n s i n  

i s  h i g h l y  f r a q m e n t e d  a n d ,  h e n c e ,  t h e r e  i s  r e l a t i v e l y  l i t t l e  

c e n t r a l i z e d  e f fo r t  i n  t h i s  a r e a .  Even i n  t h e  c a s e  o f  t h e  e n e r a y  

u t i l i t i e s  ( i . e . ,  e l ec t r i c  and  n a t u r a l  q a s  d i s t i b u t o r s )  w h e r e  

t h e  s t a t e  h a s  l o n q  p l a y e d  a  major ro l e  i n  r e q u l a t i n q  a c t i v i t i e s ,  

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

h a v e  h i s t o r i c a l l y  d o n e  v i r t u a l l y  a l l  O F  t h e  p l a n n i n q .  R e c e n t l y  

t h e  PSC a n d  D N R  h a v e  t a k e n  a  more a c t i v e  ro l e  i n  t h e s e  p l a n n i n g  

a c t i v i t i e s  d u e  p r i m a r i l y  t o  ( 1 )  m a n d a t e s  l a i d  down i n  b o t h  Fed-  

e r a l  a n d  S t a t e  e n v i r o n m e n t a l  p r o t e c t i o n  l e q l s l a t i o n  ( 7 )  ( 8 1 ,  ( 2 )  

c o n c e r n s  a b o u t  t h e  r i s k s  i n h e r e n t  i n  n u c l e a r  q e n e r a t i o n  o f  

e l e c t r i c i t v ,  a n d  ( 3 )  major s t r u c t u r a l  c h a n q e s  i n  t h e  e n e r d y  

supp ly /demand  r e l a t i o n s h i p  which  i n d i c a t e  a  l o n q - t e r m  s u p p l v  

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

t e r n s  a r e  f o r t h c o m i n q .  O t h e r  s t a t e  a q e n c i e s  ( p a r t i c u l a r l v  t h e  

O f f i c e  o f  Emergency E n e r q v  A s s i s t a n c e  a n d  t h e  D e u a r t m e n t  o f  P l a n -  

n i n g )  a r e  a l s o  movinq r a p i d l y  t o  d e v e l o p  t h e  d a t a  s y s t e m s  a n d  

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

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

a r e  b e i n q  a s s i s t e d  by t h e  work of t h e  ESPRG and o t h e r  r e s e a r c h  

g r o u p s  a t  t h e  1 J n i v e r s i t y  of W i s c o n s i n .  



( l ) ~ h e  S t a t e  o f  Wisconsin Blue Book 1973, Wisconsin L e g i s l a t i v e  
Reference  Bureau,  Madison, 1973. 

( 2 ) ~ i e t z ,  M.M.  and F o e l l ,  W . K . ,  1974 Survey of  Energy U s e  
i n  K i s c o n s i n ,  Energy Systems and P o l i c y  Research d e p o r t  
No. 3 ,  U n i v e r s i t y  of  Wisconsin-Madison, October 1974. 

( 3 ) ~  d e t a i l e d  su rvey  of  t h e  s t r u c t u r e  and use  of  t h e  WIbE 
model and a  comprehensive l i s t  of p u b l i c a t i o n s  d e s c r i b i n g  
it a r e  c o n t a i n e d  i n  The K S c o n s i n  Regional  Energy dode l :  
A Systems Approach t o  Regional  Energy k n a l y s i s ,  W.K. 
F o e l l ,  J . K .  M i t c h e l l ,  and J .L .  Pappas,  U n i v e r s i t y  o f  
Wisconsin-!4adison, I n s t i t u t e  f o r  Environmental  S t u d i e s ,  
Report  56 ,  September 1975. 

( 4 ,  S t a n f o r d  Research I n s t i t u t e  Energy Study f o r  t h e  Wisconsin 
U t i l i t i e s .  

( 5 ) ~ u e h r i n g ,  I4.A.. F o e l l ,  W . K . ,  Hun te r ,  P.H., Gacobson D . A . ,  
K i s h l i n e ,  P.D., Pappas,  J . L . ,  Shaver ,  D . B . ,  A l t e r n a t i v e  
F u t u r e  E l e c t r i c i t y  Genera t ion  Requirements f o r  t h e  S t a t e  
of  Wiscons in ,  Energy Systems and P o l i c y  Research Repor t ,  
No. 4 . ,  U n i v e r s i t y  o f  Wisconsin-Madison, October 1974. 

( 6 )  Regional A i r  Q u a l i t y  ivlaintenance P lann ing  Program Prospec-  
t u s ,  S o u t h e a s t e r n  Wisconsin Regional  Planning Commission, 
Waukesha, Wisconsin ,  1974. 

( 7 ) ~ a t i o n a l  Environment P o l i c y  Act o f  1969,  P u b l i c  Law 91  - 190,  
42 U.S.C. 4331. 

( 8 ) ~ i s c o n s i n  Environmental  P o l i c y  Ac t ,  Chapter  274 o f  t h e  Law 
of  1971 f o r  t h e  S t a t e  o f  Wisconsin,  1971 Assembly B i l l  875, 
A p r i l  28,  1972. 



11. ENERGY/ENVIRONMENT MODELS AND THEIR RELATIONSIIIP TO 

PLANNING IN THE GDR 

Planning of the Energy Industry in the GDR 

P. Hedrich 

D. Ufer 

Institut fur Energetik 
Leipzig 

The socialist production conditions prevailing in the 

GDR create both the possibility and the necessity for plan- 

ning of the entire social system. This applies to all spheres 

of the national economy, including the energy industry. The 

energy industry influences all areas of social life and com- 

prises extraction, conversion, transportation, and use of 

energy sources. 

1) Administrative Structure 

The Ministry for Coal and Energy is responsible for the 

elaboration and implementation of the national energy policy, 

based on the resolutions of the United Socialist Party of Ger- 

many. The P4inistry for Coal and Energy operates according to the 

principles of the economic policy of the country accepted by 

the Council of Ministers and is subordinate to this Council. 

The State Planning Commission, also subordinate to the Council I 

of Ministers, is the most important staff organization which 

outlines the strategy of development of national industry and 

is therefore considered to be an important partner in the 

process of planning the energy industry. The Association of 

Nationally-Owned Factories (VVB) for Brown Coal, Hard Coal, 

Power Stations and Power Supply, as well as the Complex of 

Gas Factory Plants known as "Schwarze Pumpe" (Black Pump) are 

responsible to the Ministry for Coal and Energy. The single- 

product factories are, in turn, under the jurisdiction of the 

Association of Nationally-Owned Factories. The Association 

of Nationally-Owned Factories for Power Stations, for instance, 

is comprised of the large lignite, nuclear, g6.s turbine and pumped 



s t o r a g e  power s t a t i o n s  a s  w e l l  a s  t h e  power l i n e  network f o r  

v o l t a g e s  o f  220kv 3nd o v e r .  The A s s o c i a t i o n  of N a t i o n a l l y -  

Owned F a c t o r i e s  f o r  Energy Supply i s  d i v i d e d  t e r r i t o r i a l l y .  

I n  each  d i s t r i c t  t h e r e  i s  one energy  supp ly  f a c t o r y ,  whereby 

two o r  t h r e e  such f a c t o r i e s  a r e  u s u a l l y  combined i n t c  l a r g e r  

e n t e r p r i s e s .  To t h e  c a t e g o r y  of  ene rgy  supp ly  f a c t o r i e s  belong 

h e a t i n g  p l a n t s ,  l a r g e r  h e a t i n g  works,  g a s  works and s t a t i o n s  

f o r  t h e  distribution o f  e l e c t r i c i t y ,  g a s  and d i s t r i c t  h e a t .  

They a r e  c o n s i d e r e d  t o  be  t h e  marke t ing  o r g a n s  o f  t h e  energy  

i n d u s t r y  f o r  t h e s e  energy  forms.  

Thus t h e  M i n i s t r y  f o r  Coal  and Energy is  r e s p o n s i b l e  f o r  

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

a r e  1) t h e  p r imary  p r o c e s s i n g  of pe t ro leum,  which f a l l s  w i t h i n  

t h e  s p h e r e  o f  t h e  M i n i s t r y  o f  Chemical I n d u s t r y ,  2 )  t h e  e x t r a c -  

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

Geology, and 3 )  t h e  i n d u s t r i a l  power p l a n t s  i n  t h e  d i f f e r e n t  

b ranches  o f  i n d u s t r y  a s  w e l l  a s  t h e  municipally-owned h e a t i n g  

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

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

f o r  t h e  energy  i n d u s t r y ,  t h e  M i n i s t r y  f o r  Coal  and Energy h a s  

t o  f u l f i l  l a  doub le  f u n c t i o n :  

1. I t  i s  r e s p o n s i b l e  f o r  t h e  s u p p l y  of  ene rgy  by t h e  

economic u n i t s  under  i t s  c o n t r o l ,  i . e .  abou t  78% of 

t o t a l  pr imary  e n e r g y ,  and,  

2 .  I t  is  r e s p o n s i b l e  f o r  t h e  r e a l i z a t i o n  of r a t i o n a l  

p r i n c i p l e s  of energy u s e ,  and t h u s  f o r  ene rgy  p o l i c y  

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

( w i t h  r e s p e c t  t o  a l l  forms of e n e r g y ) .  

The m o s t  i m p o r t a n t  i n s t r u m e n t  f o r  t h e  implementa t ion  of  

energy p o l i c y  i s  t h e  P l a n ,  more p a r t i c u l a r l y  t h e  Energy P l a n .  

T h i s  P l a n  was worked o u t  more t h a n  t e n  y e a r s  ago by a l l  h i g h  

energy  i n t e n s i v e  f a c t o r i e s ,  and by I n s t i t u t e s  f o r  Annual 

and Five-Year P l a n n i n g .  S i n c e  t h e  aims of p l a n n i n g  a r e  sub- 

o r d i n a t e  t o  t h e  i n t e r e s t s  of t h e  s o c i e t y  a s  a  whole ,  t h e  p r o c e s s  

of  p l a n n i n g  i s  l e d  by t h e  C e n t r a l  Government and is  accomplished 

by means of  c o o r d i n a t i o n  a t  a l l  l e v e l s  of l e a d e r s h i p ,  th rough  



to the factories in which working people play a decisive role 

in determining the operative plans. 

The GDR is a member of the Council of Mutual Economic 

Aid. The plans of the member countries, especially the five- 

year plans, are closely coordinated in order to gain a steady 

and quick development of national i-ndustries in all socialist 

countries. Planning is carried out by means of coordination 

over different periods : annual planning, f ive-year planning 

and long-term planning which usually covers several decades and 

is especially important in the energy industry. In this 

connection the forecasting of scientific/technical development 

of single processes and procedures within them is presupposed 

to be of great importance: The planning of the demand for 

end-use energy is regarded as the starting point for the plan- 

ning of the energy industry. In this connection a detailed 

knowledge of the development of national industry is necessary, 

particularly with regard to the intended production of energy- 

intensive products and the development of the standard of liv- 

ing. Moreover, information about the scientific/technical 

development of processes in which energy is used, is reqbired 

in order to derive data characterizing the specific enetgy 

consumption. 

2) Models in Planninq 

By means of the so-called Substitution Optimization Model 

(SOM) the alternative which results in the lowest social cost 

(based on the production of a particular assortment of products) 

is chosen from the different possibilities of designing processes 

and of using a certain form of energy. From the energy re- 

quirements of the demand sectors, determined by means of eco- 

nomic/mathematical models and global methods, the necessary 

'total energy demand as well as the demand for primary energy, 

in a second phase of planning, is calculated. 

For long-term planning (about two decades) an optimization 

model that considers the relationship of the various forms of 

energy is applied. The application of this model--the Production 

Optimization Model (P0M)--leads to a choice of combinations of energy 



extraction and c:)nversion plants, such that the demand for 

end-use energy can be met with a minimum social cost. Certainly 

these calculations are also supplemented by calculations on 

the basis of global methods, particularly as far as it concerns 

periods past the year 2000. This phase of planning is associated 

with investigations of the scientific/technical development of 

procedures for extraction, transport and conversion of energy. 

These calcularions require detailed knowledge of sources of 

energy av,.llable in the country and of availability of imports. 

Moreover, certaln economic variables, such as investments, 

wages, prices of imported energy sources, etc. are of importance 

for these calculations. 

After thls phase of planning in the energy industry, there 

follow investigations about incorporating these results into 

the development of the energy industry as a whole, i.e. in 

relation to the demand for investments and manpower, the costs 

of importing energy and energy equipment, and to the factors 

of environmental impact. These investigations provide concrete 

tasks for scientific/technical research on the one hand (deve- 

lopment of improved methods of extraction, processing, trans- 

port and use of energy etc), and starting points for new 

calculations of end-use and primary energy, on the other. 

This iterative process is repeated until a sufficient degree 

of correspondence between energy demands and the capacity of 

national industry is reached. 

Special attention is paid to the relationship between the 

energy industry and environmental protection. Measures for 

environmental protection are systematically included in the 

development of the national economy, acting as an effective 

safeguard of the social welfare. An example is the pos- 

sibility of extensive reuse of waste products. The   in- 

istry of Environmental Protection and Water Economy has 

outlined the main directives for environmental protection 

measures up to 1980. With these directives as a starting 

point, concrete concepts for districts of industrial 



conurbation are created on the basis of socialist legisla- 
tion for environmental conservhtion. In 1975, two-thirds of 

the investments in environmental protection were concentrated 

in districts of industrial conurbation which are assumed to 

be the most important areas for the energy industry. 

3) Structure of the 0ptimizati.on Model 

i) Basic Structure 

The aim of optimization is the minimization of social 

costs, limited only by essential restrictions. For that aim, 

a factor using costs which are obligatory for the whole energy 

industry is considered. Besides non-recurring and current 

costs, this factor contains the demand for surplus to increase 

the returns of profitable funds (investments and the increase 

of a circulating medium) and the social consumption. Both 

quantities are applicable to an average society and are derived 

from figures on the national economy. Social consumption 

means application of net income to the non-profit sphere for 

- science, in ao far as it is not directly integrated 
in the process of material production, 

- public education, 
- culture, 
- public hygiene and sanitation, 
- national defense, and, 
- state administration. 

The demand for increasing returns from profitable funds 

is expressed by the factor of accumulation q. 

q = 1.065 FZ constant in its development over time. 

1.t is a function of investments. The factor of consumption, 

qk, is related to wages. It is considered to be a time- 

dependent quantity. 



Table 1: Values of the Factor of Consumption 

- 
Year 

qk 

In practical modeling the factor of costs is used in 

the form of cash-value. 

where 

I = investments 

U = circulating medium 

R = wages 

km = costs of materials 

1971-1975 

1.7 

q = factor of accumulation 

qk = factor of consumption 

1976-1980 

1.9 

1981-1985 

2.1 

n = working life 

d = building time prior to 

the beginning of production 

j = index for years. 

1986-1990 
- 

2.4 

Unit: Marks 

Marks 

Marks/annum 

Marks/annum 

years 

Besides minimization of costs, the following principles are 

to be considered: 

1) Each cost which has already been included is not recalculated, 



i.e. it is not necessary to take into account quantities 

related to funds, such as amortizations, profit, etc., 

for plants which already existed at the beginning of the 

period of consideration. 

2) The working life of plants is only restricted by their 

physical working life. The calculation of optimization 

decides on the economic working life on the basis of 

normal wear. 

3) No economic double counting is allowed, i.e. only those 

components of cost which are flowing into the system from 

outside in the form of investments, costs of materials 

for imported energy supplies, other raw materials and 

auxiliary agents, wages and outside aid, are cocsidered. 

Factors related to the energy that is generated within the 

energy industry is not further calculated in the form of 

costs of energy supply. 

4) In order to guarantee the comparability of all elements 

of cost, the structure of energy sources and plants 

which exist at the end of the period under consideration 

have their overall effectiveness taken into account. 

5) The correct interconnection of several points in time 

within the period of consideration is extremely decisive. 

We therefore start with a real optimization of time periods 

which permits the mutual influence of all installations 

in a range exceeding the single time periods of the system. 

Here the principle of permanent forward and backward calcu- 

lation is applied. 

By this procedure it becomes necessary to build models in 

which the balances of material interconnection also occur 

over the total time period. In this way the balances of 

the single points in time are clearly emphasized. 

* . 
Time tl 4 Time t2 b 

- 
Time t 3 

I $. 



Simultaneously it becomes possible to interrelate the 

technical/technological, material/technical, resource- 

conditioned and economic restrictions. 

6) Each plant or resource is scheduled according to its 

efficiency, x, oriented towards time (installed capacity 

or agreed maximum delivery), and its temporally differen- 

tiated rate of utilization, y. The relations between these 

two factors are expressed by the condition 

7) y-variables are introduced only for those temporal points and 

plants for which the expected rate of utilization and 

operation varies with time. In addition, there are 

capacitive values, x', used that are characterized 

by a constant or previously determined differential rate 
of utilization. 

8) The registration is not done annually, but only in each 

n-th year. Recently, for instance, the following years 

were scheduled: 

1976, 1978, 1980, 1985, 1990 

whereby the reference year was considered to be 1975. 

9) This gradation may lead to a distorted reflection of 

coefficients of economic influence. In order to limit this 

distortion a linear development of demand and elements of 

cost between time periods of several years was modeled. 

This relatively simple description of the basic structure 

of models clearly shows t.hat we start from a consistent consi- 

deration of periods of time. The isolated consideration of only 

one point in time leads to serious estimation errors. 

4. The Model System 

Thestrategicmodel system of the energy industry in the 

GDR is a hierarchical one. The initial point of all 



considerations are the models which are located at the central 

level. They consist of the Central Production Optimization 

Model and the Substitution 0ptimi.zati.on model (ZPOM and SOM) . 
The Central Production Optimization Model represents a 

central model of the energy industry in the narrower sense. 

It includes plants of extraction, conversion and importing 

of energy sources. To this category belong all plants of the 

coal industry, 

gas industry, 

electric energy industry, 

primary refining of petroleum, 

public heat supply, 

important industrial power plants, and 

heating plants, 

independent of their subordination to a particular level of 

control. The load curve of the electric and gas systems is 

approximated by a step function. The total demand is 

either the whole country's demand or the d,emand sector's 

or the demand for energy sources from outside the energy 

industry. This model is used permanently for planning and 

research. 

The Substitution Optimization Model also concentrates 

on the central level. It is comprised of energy-intensive pro- 

cesses that are to be decided at the central level (i.e. production 

of iron and steel, building materials such as cement, bricks, 

aluminum, copper, chlorine, plastic and elastic materials, the 

transport industry, etc.) as well as large scale energy pro- 

duction, the principal direction of which is still to be determined 

Both these central models may be operated in a single and 

iterative way or in a mathematical coupling. Each branch of the 

energy industry which is represented in the central model 

has its own model. By means of these models it is possible to 

simulate the various plants and their seasonal behavior far 

more exactly. The aggregation is considerably lower. The 

disadvantage of these models exists in the impossibility of 

taking into consideration all variables influencing the 



energy industry. Tlerefore meaningful results can only be 

obtained if they are used within the model system or on the 

basis of the limitations calculated which are applicable to the 

whole energy industry (certain exceptions are permitted only 

in the case of special research). 

The third decision component is considered to be the Opti- 

mization Models of Territorial Structure (TSM). These models 

optimize energy supply to be determined on a regional level. 

In this connection the most important points are the supplies 

to the population, comn~unal economy and locally-managed 

industry. The models are connected with each other by a 

special coupling algorithm. The model system is operated as 

follows: 

1) On the basis of calculations of central models, the sub- 

models include assumptions about the highest and lowest limits 

of demand, and the possible supply of energy sources. In 

the same way, the specific costs of energy sources delivered 

from other spheres of industry, are included. Thus the 

central model (ZPOM) is withdrawn from the further process 

of calculation. 

2) On this basis, the subdomains and territories may include 

any number of variables, but at least two. 

3) The results of these investigations, together with the 

differentiated variables of the Substitution Optimization 

Model are introduced into the coupling algorithm in the form 

of variants. The coupling algorithm is also based on the 

principle of linear optimization and minimization of costs. 

The input of several variants is done complexly in a rigid 

material coupling with the value of the .objective function. As 

each double counting must be avoided, the costs of energy 

sources which were delivered from other industries are 

again eliminated in advance. For each variant three 

possibilities exist: 

1. It is used completely 

2. It is not used 

3. It is used partially 

Value = 1 

Value = 0 

Value > 0, and < 1 . 



It becomes evident that mixed .variants may arise. In 

the case of mixed uatiants , the results are transmitted to 
subsystems for further processing. These conditions should 

prove whether such a mixture of variants is admissible. If 

it is admissible the calculation is continued as follows: 

1) The optimum variable or combination of variables get the 

value 'zero' for all energy sources to be delivered. 

Simultaneously the subsystem gets the additional costs of 

sub optimum reference vectors of output derived from the 

coordination model. Thus, a counter proposal must contain 

such an economy that all losses arising in other subdomains 

can be absorbed by it. 

2) The counter proposals are taken over into the coordination 

model, thereby not eliminating the former variables. For 

this reason the size of the model steadily increases with 

each iterative step. 

3) The calculation is interrupted when a certain correspondence 

between the step n and (n + 1) is reached. 
A special compensating block which can cover, take up 

and reverse deficiencies and excesses of several systems at 

each time period, leads to a high flexibilitiy, even under the 

conditions of a relatively rigid basic structure with several 

variants in the coupling algorithm. 

The utilization of this model system is based on the 

principle of democratic centralism. This means on the one 

hand, that submodels are constructod by those who have the 

greatest knowledge of the subject, and on the other hand, 

that interests are subordinated to the whole. Depending on 

the number of hierarchical levels, the reaction time increases 

effectively. Therefore the model system is characterized by 

a structure which enables the system to be applied in various 

combinations, i.e. it is not necessary to use the whole 

system at once in every case. 

Corresponding premises for submodels by the central 

model and the coordination model permit abundant scientific 

investigations. When applying the modeled results, however, 



it should be recognized that these results are considered to 

be initial and not final points of complex energy investigations 

implemented by specialists of several branches. The results 

of calculations must be fundamentally analyzed by groups of 

experts and must then be expanded substantially with regard 

to contents. It must not be forgotten that the advantage of 

models lies in the elaboration of essential connections. This 

is the reason that the work of experts must lead to an exten- 

sion of the model content, which in turn results in new model 

calculations We especially want to emphasize that the work 

with such economic/mathematica1 models is considered more 

effective, the more the models are integrated into the process 

of governing and planning. 

In the GDR it would be possible to gather good experience 

on the basis of methods of long-term energy planning which 

are described in this context. The appropriate procedures 

were considered a valuable aid for the elaboration of strategies 

of energy development. The good results which were obtained 

within the five-year plans and which are based on the above 

methods, also argue for the quality gained in long-term 

planning. 

In the future we shall steadily continue the course taken in 

the field of planning of the energy industry in the GDR. We 

expect particular success from the further extension of common 

planning with other socialist countries within the framework 

of the Council of Mutual Economic Aid which is considered to be 

one of the most important tasks of our future work. 
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1. Introduction 

The energy sector of each country is a part of the national 

economic subsystems which have a direct and considerable 

influence on the growth rate of the national economy and the 

increase of the national income. Therefore it is a permanent 

objective to continually provide a rational basis for the 

provision of society with a demand-determined supply of 

energy sources. A tool for the proper achievement of this 

goal is the application of mathematical/economic models for 

optimization of the energy sector with consideration of national 

economic constraints. It is in the interest of society to 

include the largest possible system in the optimization models. 

According to the current level of our understanding, that kind 

of objective can be achieved only with mathematical/economic 

model systems which consider all essential economic, technolo- 

gical, and technical parameters, and to a limited degree, also 

political/economic influences. 

2. Previous Developments in the Application of Mathematical/ 

Economic Models for Long-Term Planning 

In the GDR, mathematical/economic models for mid- and 

long-term planning have been applied with success in the energy 

sector for many years. From this experience, it has been re- 

cognized that the optimization of economically important 



subprocesses can c-tually only be achieved through the 

minimization of costs in the entire national economy. However, 

in the use of mathematical/economic models, only limited pos- 

sibilities exist to characterize the total national economy in 

the necessary depth and quality. Therefore an energ-; sector 

submodel was developed, taking into account the crucial national 

economic constraints. The energy sector was not built up as 

an administrative/technical unit. It includes all essential pro- 

cesses of energy supply and conversion, energy transport, and 

the industrial and non-industrial energy uses, as well as the 

total import and export of energy over a long time period. 

In the initial stage of the application of the models it 

was not possible to include the energy sector comprehensively 

in one model. At this time, splitting energy use into industrial 

and non-industrial processes could not be achieved. Included in 

a central model, however, in one relatively strong aggregation 

(but sufficient for central national planning and decisions) 

were all essential facilities of primary petroleum processing, 

heat and electrical energy production, coal mining and coal 

processing, the production of city gas and the preparation of 

natural gas, as well as the importing of solid, liquid, and 

gaseous fuels. As an economic objective function, the minimi- 

zationof social costs was used. The model brought together 

the following aspects: 

- the development of demand as a function of time, 
- the sequence of investments, 
- the time-dependent occurrences of investment and plant 
expenses, 

- the variable load-factor of the plants in successive 
periods of time, to the extent necessarv, 

- the economic necessity for prematnrely closing down 
existing plants, 

- the change in the technical/economic indices as a func- 
tion of time, 

- the development of technology in successive time periods 
and the constant modernization of equipment according to 

the latest technological innovations, 



- the economic/dynamic view of the selection of plants 
considering the mutual influence of plants available 

at different time periods; i.e. the influence of ear- 

lier plants on those built at a later time, and 

vice versa, 

- an appropriately concise presentation and grouping of 
the primary energy production and energy corversion 

plants as well as the primary energy resources of the 

country , 
- the interdependency between the plants of the energy 

sector, 

- necessary economic restrictions. 
The time period considered totalled 15 years from the 

end of the current five-year plan and was divided into multi- 

year sections of unequal length. As soon as this model had 

been found reliable in practice, models for the individual 

branches of the energy sector (e.g. coal mining, the gas 

sector, the electro-energy and heat sectors and the primary 

natural oil processing), were developed according to the same 

principle. A separate model was built to optimize that 

part of the energy demand in which a substitution of fuels 

is possible and which is important enough for an opti- 

mization.. These models were used independently of each 

other for optimization of single branches. Although 

the results of the submodels gave deeper insights into the 

structure of the single branches, it was not possible to com- 

bine them in order to obtain balanced results representing 

the optimal solution for the energy sector as a whole. There- 

fore a system of models was developed for linking the already 

existing models, thus making them a tool for analyzing the whole 

energy sector. 

3. Construction and Application of the Central Mathematical/ 

Economic Model System of the Energy Sector of the GDR 

For the construction of a model system it is assumed 



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

models  l e a d s  t o  a  s u p e r  model ,  which  i n  p r a c t i c e  c a n n o t  b e  

managed. A method wh ich  would a l l o w  c o o r d i n a t i o n  o f  t h e  

submodels  o f  t h e  b r a n c h e s  i s  t h e r e f o r e  s e a r c h e d  f o r .  A 

c e n t r a l  c o u p l i n g  model s y s t e m  i s  b e i n g  d e v e l o p e d  wh ich ,  i n  

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

w i t h  t h e  same demands;  e x a c t l y  l i k e  t h e  c e n t r a l  model  o f  

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

o f  t h e s e  s i n g l e  r e s u l t s  i s  t h e  u n i f o r m i t y  o f  a l l  submode l s  

w i t h  r e s p e c t  t o  t h e  t y p e  o f  model u s e d ,  t o  t h e  o b j e c t i v e  

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

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

a s  w e l l  a s  t o  t h e  s t r u c t u r e  o f  t h e  n o m e n c l a t u r e s .  I n  ad-  

d i t i o n  t o  t h i s ,  it was d e c i d e d  t o  g i v e  i n c r e a s i n g  i m p o r t a n c e  

t o  t h e  r e g i o n a l  a s p e c t .  Wi th  t h i s  g o a l  i n  mind ,  t h e  c o n s t r u c -  

t i o n  o f  mode l s  o f  t h e  complex  r e g i o n a l  e n e r g y  s u p p l y  f o r  

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

mode l s  a l l  q u a n t i t i e s  t h a t  c a n  b e  i n f l u e n c e d  on  a  r e g i o n a l  

b a s i s  a r e  o p t i m i z e d .  R e s u l t s  f o r  s u b r e g i o n s  had t o  b e  

o b t a i n e d  a s  soon  a s  p o s s i b l e ,  w i t h  t h e  p e r s o n n e l  and  e x p e r i -  

e n c e  a v a i l a b l e .  T h e r e f o r e  t h e  c o n s t r u c t i o n  o f  t h e  model s y s -  

t e m  was p l a n n e d  t o  b e  d o n e  i n  two s t a g e s .  The f i r s t  s t a g e  

c o n t a i n s  1) t h e  m o d i f i c a t i o n  o f  t h e  i n d i v i d u a l  b r a n c h  mode l s  

a n d  t h e  e n e r g y  demand o p t i m i z a t i o n  model  i n  s u c h  a  way t h a t  

t h e y  c o u l d  b e  c o u p l e d ,  and  2 )  t h e  c r e a t i o n  o f  a n  a p p r o p r i a t e  

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

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

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

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

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

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

s t e p - w i s e  d e s i g n i n g  o f  t h e  s i n g l e  r e g i o n a l  mode l s  a l r e a d y  

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

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

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

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

mode l s  h a s  t o  b e  worked o u t  y e t .  



The f i r s t  s t a g e  o f  t h e  c e n t r a l  model system c o n s i s t s  o f  

f o u r  main p a r t s .  They a r e :  

1) t h e  c e n t r a l  o p t i m i z a t i o n  model, which c o n t a i n s  t n e  

e n t i r e  energy s e c t o r  i n  aggrega ted  form, 

2 )  t h e  demand o p t i m i z a t i o n  model, which encompasses t h e  

s u b s t i t u t i o n  and o p t i m i z a t i o n  p a r t  of  t h e  energy 

demand, 

3 )  t h e  o p t i m i z a t i o n  p a r t  of  t h e  energy s e c t o r  subsys tems ,  

energy p r o d u c t i o n  and energy c o n v e r s i o n ,  and,  

4 )  t h e  c o o r d i n a t i o n  model f o r  t h e  d i r e c t .  c o u p l i n g  o f  t h e  

p r o d u c t i o n  o p t i m i z a t i o n  models o f  t h e  v a r i o u s  subsys tems 

o f  t h e  energy s e c t o r  and of  t h e  demand o p t i m i z a t i o n  

model, t a k i n g  i n t o  c o n s i d e r a t i o n  e s s e n t i a l  r e s t r i c t i o n s  

w i t h  r e s p e c t  t o  t h e  t o t a l  energy s e c t o r  

The f o l l o w i n g  s t r a t e g y  i s  t h e r e b y  fo l lowed:  i n  t h e  f i r s t  

s t e p ,  t h e  energy demand o f  a l l  economic s e c t o r s  i s  c a l c u l a t e d  w i t h  

t h e  h e l p  of  t h e  demand o p t i m i z a t i o n  model and o t h e r  r e s e a r c h  

methods. The r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  a r e  produced i n  

such a  way t h a t  t h e y  can  be ,  w i t h o u t  c o n t r a d i c t i o n ,  immedia te ly  

i n t r o d u c e d  i n t o  t h e  c e n t r a l  o p t i m i z a t i o n  model a s  an  e s s e n t i a l  

p a r t  of  t h e  model. On t h i s  b a s i s ,  t h e  o p t i m a l  ene rgy  supp ly  

and p l a n t  s t r u c t u r e  i s  determined by means o f  t h e  c e n t r a l  op- 

t i m i z a t i o n  model. Both models ,  when c o n s i d e r e d  a s  a  u n i t ,  

r e p r e s e n t  an  extended c e n t r a l  o p t i m i z a t i o n  model. I t  is  pos- 

s i b l e  t o  r e v e r s e  t h e  o r d e r ,  i . e .  t h a t  t h e  c e n t r a l  o p t i m i z a t i o n  

model i s  f i r s t  e v a l u a t e d  i n  o r d e r  t o  d e f i n e  r e a l i s t i c  c o n s t r a i n t s  

f o r  t h e  demand o p t i m i z a t i o n  model. I n  t h i s  c o n n e c t i o n  one  c a n n o t  

speak of  a  primacy of  t h e  f i r s t  s t e p .  

The f i r s t  s u g g e s t i o n s  f o r  t h e  p l a n n i n g  o f  t h e  i n d i v i d u a l  

subsys tems o f  t h e  energy s e c t o r  a r e  deduced from t h e  r e s u l t s  o f  

t h e  o p t i m i z a t i o n ,  and t h e y  a r e  p r e s e n t e d  i n  t h e  form o f  i n d i c e s ;  

each  i n d i v i d u a l  subsys tem c a n  t h e n  s t a r t  w i t h  t h e  o p t i m i z a t i o n  

w i t h i n  t h e  g i v e n  l i m i t s .  The r e s u l t s  of  t h e s e  independen t  op- 

t i m i z a t i o n  c a l c u l a t i o n s  t h e n  f low i n t o  t h e  c e n t r a l  c o o r d i n a t i o n  

model. 



4 .  Coupl ing  Algor i thm f o r  t h e  C o o r d i n a t i o n  o f  Submodels - 
Because of  t h e  l a r g e  amount o f  l a b o r  and t i m e  t h a t  must  be 

s p e n t  f o r  t h e  c o o r d i n a t i o n  of t h e  submodels ,  it i s  n e c e s s a r y  t o  

c a r r y  o u t  a l l  fo rmal  c a l c u l a t i o n  work f o r  t h e  b a l a n c i n g  o f  t h e  

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

f o r  t h e  energy  s e c t o r  w i t h  t h e  h e l p  of a  s u i t a b l e  a l g o r i t h m .  

Such a  c o u p l i n g  a l g o r i t h m  must  f u l f i l  t h e  foll .owing f i v e  b a s i c  

c o n d i t i o n s :  

1) I t  must c o n s i s t e n t l y  r e p r e s e n t  t h e  r e l e v a n t  c o n d i t i o n s  

o f  t h e  planni.ng system i n  u s e  and t h e  g e n e r a l  i n t e r -  

dependency of  a l l  ene rgy  producing and energy  consuming 

s e c t o r s .  

2 )  I t  must be  h i g h l y  p r a c t i c a l ;  i n  o t h e r  words,  t h e  c o s t s  

of l a b o r  and c a l c u l a t i o n  t i m e  must remain w i t h i n  r e a -  

s o n a b l e  l i m i t s .  

3 )  A l l  v a r i a n t s  a p p e a r i n g  a s  i n t e r m e d i a t e  o r  f i n a l  s o l u t i o n s  

must ,  i n  p r i n c i p l e ,  b e  t e c h n i c a l l y  and economica l ly  

a p p l i c a b l e .  

4 )  The c o u p l i n g  a l g o r i t h m  must a l l o w  a  v a r i a b l e  a p p l i c a -  

t i o n  o f  t h e  s i n g l e  models .  T h i s  means it must be p o s s i b l e  

t o  u s e  each  s i n g l e  model e i t h e r  i n d e p e n d e n t l y  o r  a s  an  

i n t e g r a t e d  p a r t  o f  t h e  model sys tem,  w i t h o u t  f u r t h e r  

a d j u s t m e n t s .  

5 )  The c o u p l i n g  a l g o r i t h m  must g u a r a n t e e  t h e  a c t i v e  

c o o p e r a t i o n  of  t h e  p l a n n i n g  e x p e r t s .  

A series o f  "decomposi t ion  p r o c e s s e s "  f o r  t h e  s o l u t i o n  of 

l a r g e  sys tems i s  known from t h e  t h e o r y  of l i n e a r  o p t i m i z a t i o n .  

T h e i r  ma themat ica l  v a l i d i t y  h a s  been proven a t  any r a t e .  T h e i r  

p r a c t i c a l  ( a p p l i c a b i l i t y )  u s e ,  however, i s  s m a l l  t o  n i l . ,  p a r -  

t i c u l a r l y  w i t h  r e g a r d  t o  t h e  above f i v e  b a s i c  c o n d i t i o n s .  For  

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

t h e  model sys tem of t h e  energy  s e c t o r  h a s  been developed i n  t h e  

GDR. A s  p r e v i o u s l y  n o t e d ,  a  p r e l i m i n a r y  b a l a n c i n g  r e s u l t e d  

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

energy  supp ly  c a p a c i t i e s .  I n  t h i s  c o n t e x t ,  a l l  n e c e s s a r y  



restrictions on the economy must be considered e.g. import 

facilities, investing capacities, the labor market, etc. Con- 

sidering these limits, possible ranges of energy use are deter- 

mined both for the regions and for large industrial consumers, 

and the costs for providing the amount of energy desired are 

deduced. These structures serve as limits for the application 

of regional models within the energy sector and for a demand 

model of the large industrial consumers, simultaneously prevent- 

ing the appearance of unrealistic energy demand structures, 

either in the regions, or by the large consumers. 

Using these models, primary optimized energy demand 

structures and primary energy supply input concepts are obtained 

within the established bounds. These structures, however, still 

need to be checked with the sectors of energy extraction. For 

this purpose the calculated energy demand structures are inserted 

into the central optimization model: 

X jkt 

= 1 

(for each T )  

The interpretation of the variables is as follows: 



X-Value of the Objective Function (Total Cost) 

'jkt specific social costs of the energy conversion plant j 

of the subsystem k in a year t, 

C it specific social costs for the import of energy in a 

year t, 

a ijkt specific coefficient of either the extraction or the 

input of the energy form i in the plant j of the subsystem 

k in a year t, 

Xjkt quantity processed in the energy conversion plant j of 

the subsystem k in a year t, 

i 
it amount of energy supply i imported in a year t, 

z B  z B  total social costs of the variant u, which was calculated u' KT 
in the demand optimization model for the large industrial 

consumers, and of the variant K, which was obtained in 

the model of the region T, respectively, 

bitp demand for energy form i in a year t for the variant 

u (large industrial consumers) and the variant K of the 
bitKT region T, respectively, 

A 

bit energy demand which is not optimized, 

P u t P K T  
weight factors (0 - < p < l), - 

limitation for the capacity of the conversion plants 

and the energy import, respectively. 

To avoid double counting in handling both energy production 

and energy conversion and use at the same time, a given variant 

of energy demand must be associated only with the costs resulting 

from the direct use of the various energy forms. When costs for 

the energy production are used in the calculations, they must 

be eliminated from the total costs of the variants. 



The calculations of this model provide an initial balanced 

and optimized energy supply and plant structure. However, since 

the central optimization model works with highly aggregated indices, 

it has to be checked with the various sectors of energy supply 

represented by detailed models. These models contain reference 

data deduced from the central model for the amount of energy to 

be produced by a given sector as well as for the costs associa- 

ted with the energy input. In addition to this it is necessary 

that each sector calculates some other variants of energy supply 

that-take into account the given economic restrictions, i.e. 

upper and lower bounds of capacities that can or have to be 

used are centrally determined. Within these limits, however, 

full freedom of choice is given. In this manner several variants 

of energy supply structures are created so that coordination with 

the energy demand structures of the fuel consumers is needed. 

For that purpose another central model is applied. AS opposed 

to the models which have been described earlier it consists of 

vectors describing the output and input of the various forms of 

energy in the individual sectors. The model, called 'coordi- 

nation model', has the following form: 

L 
7 Qst 

1 (for every k) - 

= 1 (for every T )  



E Total social costs for the variants calculated in 
E the optisization models of the subsystems k (Z ) ,  of 

7, kX 
r, the regions T (ZKT), and in the demand optimization 

B model for large-scale industrial consumers (Zp), 

respectively, 

bitplbitur Demand for supply of energy form i in a year t for 

the variants calculated in the demand optimization 

model; or for the regions, respectively, 

fikth Variant h of either the output or the input of the 

energy form i in a year t through the subsystem k, 

qstpt Extent to which our individual subsystem or region 

'skth is restricted by the restraint s in year t with 

qstKT respect to the total energy sector or the economy 

as a whole, 

*st Limit for the restrictions , 
PIP Weight factors (o -- < p,p I_ 1) , 
C it Specific social costs for the import of energy, and 

i it Energy import . 

In order to avoid double counting, those cost elements 

have to be eliminated from the cost factor associated with a 

variant of a given sector, which are accounted for in other 

sectors. For each sector the solution of this vector model is 

balanced and optimized with respect to the total energy sector. 

The optimal variant may be a vector already calculated by our 

individual branch model or a combination of two or more of them. 

If such a "mixed variant" occurs, its technical and economical 

feasibility must be checked by planning experts. 

Because of the high level of aggregation in the coordination 

model, a renewed application of the submodels of the sectors may 

be necessary, in order to get a more concrete and precise idea 

of the optimal variant of the central model. Complete submodels 

are used for this purpose. In order to avoid double calcula- 

tions, one just has to remove the cost factors for the use of 

energy provided by other sectors. The limits for an indivi- 

dual model are composed of all variants of energy production and 

use which already have been calculated for the sector represented 

by the model. Here the optimal variants determined by the 



coordination model are also included. Contrary to the conventional 

practice of linear optimization models, these vectors are incor- 

porated into the decision part of the optimization model. Factors 

that express the importance of a given variant for the optimum 

of the entire energy sector are estimated and used to weight the 

variables. The optimal variant obtained in the coordination 

process is the most effective with respect to the entire system, 

subjected to the conditions that must hold at this stage of the 

calculations. Therefore, it takes the value zero in the sub- 

models. The use of the other variants results in a devia~ion 

from the optimum. The value assigned to a sub-optimal variant 

in the submodels therefore is its deviation from the optimal 

variant. The "reduced costs" which are obtained by the linear 

optimization as a dual solution, can be applied as values of 

the deviation. 

- * 
'k - CjkRtXjkRt + 0 Qk + I rkhqkh + Min 

j ,art X 

X * * 
> 0 aikRt jkRt + fikt$k + I fikRtQkX - j ,t X 

X jkRt 

where 

C jkRt specific social costs of the energy conversion plant 

R of the plant category j, of the subsystem k in a year 

t 



a ijkkt specifi- coefficient of the outputs or the input of 

the enkrgy form i in a year t of a certain plant 

and of category j in a subsystem k 

'jkkt quantity processed by the plant R in a year t 

fikt'fikth supply and demand of the energy source i in a year 

t by the subsystem k; * = optimal variant of the 

coordination model, h suboptimal variable of the * 
coordination model, f ikt a fikth' 

r 
kh "reduced costs" of the coordination model for the 

variant X of the subsystem k 
* 

$kt$kh weight factors 

This technique allows the selection of that structure of a 

a sector which is more effective than the optimal structure chosen 

by the central model. This is indeed the case when the cost de- 

crease in a specific sector compensates for the cost increase, with 

respect to the entire system, that arises from the application of 

a suboptimal variant. 

A second advantage of this technique is that in cases where 

the optimal variant has been identified by the central model and 

cannot be realized technologically or economically in its formally 

calculated structure, there are always alternatives available, 

along with an indication of their excess economic costs relative 

to the cost of the optimal variant. 

If in one or more individual sectors the process of optimiza- 

tion results in an improved structure of the output of and the 

demand for energy, the process of iterative approximation has to 

be combined with a renewed application of the coordination model. 

The optimal structure of the entire system is found when the 

results of the optimization for the individual branches are in 

agreement with the result of the coordination model. The process 

may be stopped when the deviation between the structure of the 

entire system and the structures of the individual branches is 

below a given tolerance parameter. 

In practical applications, the number of iterative steps 

is low. In the calculations performed so far, the number of 



iterations was between 3 and 4. The fast convergence is due to 

the structure of the algorithm as well as to the careful balan- 

cing before the application of the model system. 

5. Application of the Model System and Problems 

The description of the parts of the model system developed 

so far, and of the yet incomplete areas, have demonstrated that 

a stepwise procedure has to be followed, not only in developing 

such tools for preparing decisions, but also in their application. 

This is important from several viewpoints. No given tool used 

in the process of planning can automatically be generalized to make a 

practical algorithm, even if it is highly practical and flexible 

in itself. This sounds contradictory, but it is certainly true 

with respect to the application of the models. It takes several 

years of practical experience for those who run the models as 

well as for those who have to interpret the results, i.e. the 

decision makers in the government and the authorities leading 

the ir~dividual branches, to find the right way of dealing with 

mathematical/economical calculation procedures of this kind. 

And even this statement is valid only if the right, i.e. applic- 

able level of aggregation, has been found. The main problem is 

the correct interpretation of the results of the models. One 

must be able to extract from the results the essential features 

of the real world, taking into consideration the various aggre- 

gations that have been made, to obtain the results and to use 

them for finding the right decision. 

The application of models and model systems should by no 

means be understood in such a way that, with help of these modern 

tools, final plans can be produced by computers. Only by creative 

processing of the results by experts, can plans and other decision 

fundamentals be elaborated. These are, however, in every aspect 

superior to plans calculated in the conventional way, due to the 

higher degree of balance and optimality as well as to the govern- 

ing role of the "objective function" which guarantees that sub- 

jective elements are eliminated in the planning process. Quite 

often teams of scientists or operations research groups are 

commissioned not only with the construction and application of 



the models, but also with the definition of the objective function 

and the interpretation of the results. This is only for the 

first steps, Efficient decision making is only accomplished 

when there is close cooperation between decision makers and 

modelers, and when there is a mutual understanding of the nec- 

essarily different ways of viewing the given problems. By 

merging the two viewpoints the new quality is created which is 

necessary in getting away from either the unreflected rejection or 

the glorification of the new technique; and ways can then be found 

for its effective use. 

The fact that a model system is available, does not neces- 

sarily mean that one should refrain from the use of its submodels. 

On the contrary, an effective use of a model is only achieved 

when it is adapted for the solving of specific problems. Depend- 

ing on the type of problem and its complexity, either the entire 

system, a subsystem, or an earlier version may be appropriate in 

finding a solution. Exaggerated use prevents, rather than 

promotes, successful utilization, as the optimization itself 

has to be done in an optimal way. Although the human role seems 

to be made distant with increasing rationalization of work pre- 

paration, of calculation stages of the evaluation process, which 

can only be done with use of a computer, still the creative 

capacity of humans increases through the possibility of people- 

machine-people dialoguel This is the case if people understand 

and shape this process such that they analyze, evaluate, and 

give directions at various intermediate stages, in other words, 

in a creative controlling manner. This is possible, but only when 

one has extensive experience. The simple and efficient coupling 

algorithm that has been developed in the GDR is especially 

suitable for this purpose. It provides a tool for controlligg 

cooperative collaboration of all branches of the energy sector, 

which is based on the principle of democratic centralism, and 

for utilizing extensively the advantages of such collaboration. 

Previous experience shows that the coupling algorithm is suit- 

able for coupling systems with quite different structures, if 

the models are adjusted in a consistent manner. From a mathe- 

matical-methodological point of view, we believe that it is 



possible to incorporate the energy sectors of several ccuntries 

into one model system. The main difficulty in doing this lies 

in the fact that the economic conditions differ significantly 

in the individual countries. With the progress of economic 

integration of socialist countries, increasingly favorable 

conditions for such coupling will appear inside the RGW (COMECON). 

There is still enough time available for the construction and 

usage of such a hierarchial model system, since the availability 

of optimization models for the energy sector in the interested 

countries is a necessary condition. In future work on b'3lancing 

and optimizing the energy sector, this problem should not remain 

unobserved. 
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III. ENERGY/ENVIRONMENT MODELS AND THEIR RELATIONSHIP TO 

PLANNING I N  THE RH~NE-ALPES FLEGION 

Jean-Marie  M a r t i n  

I n s t i t u t  ficonomique e t  J u r i d i q u e  d e  l ' k n e r g i e  
Grenoble ,  F rance  

A model i s  a lways  a  s i m p l i f i e d  r e p r e s e n t a t i o n  of r e a l i t y  

t a k e n  from a  c e r t a i n  p o i n t  of  view which r e f l e c t s  t h e  s t a t u s  

and t h e  i n t e r e s t  of  t h e  modeler  ( o r  o f  t h e  p e r s o n  i n  c h a r g e  o f  

i t ) .  Thus, one f i n d s  p u r e l y  c o g n i t i v e  models ,  meant t o  improve 

o n e ' s  knowledge of r e a l i t y  ( p h y s i c a l ,  s o c i a l  c u l t u r a l  . . . ) ,  a s  

w e l l  a s  d e c i s i o n  models  which h e l p  a  p e r s o n  o r  a n  i n s t i t u t i o n  

make t h e  b e s t  p o s s i b l e  d e c i s i o n .  Even i n  t h e  same s p h e r e  o f  

dec i s ion -mak ing ,  t h e  f i n a l  d e c i s i o n  v a r i e s  a c c o r d i n g  t o  t h e  

s t a t u s ,  t h e  f u n c t i o n s ,  t h e  t empora l  h o r i z o n ,  and p o i n t  o f  

view of t h e  d e c i s i o n  maker.  

I n  d e a l i n g  w i t h  e n e r g y  m a t t e r s ,  f o r  example,  one u s u a l l y  

d i s t i n g u i s h e s  between 1) t h e  c o r p o r a t e  models which h e l p  i n  

choos ing  a  s a l e s  s t r a t e g y  o r  a  long- te rm i n v e s t m e n t  s t r a t e g y  i n  

a  g i v e n  market  ( c o a l ,  o i l ,  n a t u r a l  g a s ,  e l e c t r i c i t y . . . ) ,  and 

2 )  t h e  p u b l i c  p l a n n i n g  models  implemented by a  governmenta l  

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

a r i s e  i f  t h e  f i r m ' s  s t r a t e g i e s  p rove  i n c o m p a t i b l e .  

From one economy t o  a n o t h e r  ( U n i t e d  S t a t e s ,  German Demo- 

' c r a t i c  R e p u b l i c ,  F r a n c e ) ,  t h e  s t r u c t u r e  of d e c i s i o n  making 

( i n  o t h e r  words t h e  t o t a l i t y  of  r e l a t i o n s  which c o n n e c t  c e n t e r s  

of  power) changes .  A S t a t e  may l i m i t  i t s e l f  t o  a  p o s t e r i o r i  

and i n d i r e c t  m o n i t o r i n g  of  t h e  a c t i v i t y  of  f i r m s ,  whereas  

e l s e w h e r e ,  t h e  S t a t e  a c t u a l l y  d e t e r m i n e s  t h e  o b j e c t i v e s  t o  which 

t h e  f i r m s  must a d a y t  t h e i r  programs.  I n  t h i s  c a s e ,  t h e  scope  



of  i n t e r a c t i o n  be tween  f i r m s  and t h e  S t a t e  can  c o r r e s p o n d  t o  

t h e  l i m i t s  o f  t h e  s t u d i e d  r e g i o n ;  i n  a n o t h e r  c a s e  it can  g r e a t -  

l y  e x c e e d  t h e s e  b o u n d a r i e s .  

These  few c o n s i d e r a t i o n s  l e a d  u s  t o  n a i n t a i n  t h a t  no 

e v a l u a t i o n  o f  a  model c a n  b e  made ( e x c e p t  an  e v a l u a t i o n  o f  t h e i r  

i n t r i n s i c  c o h e r e n c e )  w i t h o u t  r e f e r r i n g  t o  t h e  o b j e c t i v e s  and  

t h e  r e s o u r c e s  o f  t h e  a u t h o r i t y  i n  c h a r g e  o f  t h e  model .  With 

r e f e r e n c e  t o  a  y j v e n  r e g i o n  ( t h e  s t a t e  of  W i s c o n s i n ,  GDR,  

~ h s n e - A l p e s  r e g i o n ) ,  t h e  r e l e v a n c y  o f  a  d e c i s i o n  model i n c r e a s e s  

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

r e g i o n .  

How d o e s  t h e  ~ h $ n e - A l p e s  r e g i o n  f i t  i n t o  t h e  framework o f  

t h e  F r e n c h  economy and  F r e n c h  i n s t i t u t i o n s ?  

1. The I n s t i t u t i o n a l  S t r u c t u r e  

Two a s p e c t s  o f  t h e  F rench  economic a n d  p o l i t i c a l  o r g a n i -  

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

and  e n v i r o n m e n t a l  d e c i s i o n s  i n  t h e  ~ h G n e - ~ l p e s  r e g i o n .  

F i r s t ,  f o r  h i s t o r i c a l  r e a s o n s ,  t h e  e n t i r e  F rench  d e c i s i o n  

s y s t e m  i s  e x t r e m e l y  c e n t r a l i z e d .  T h i s  i s  t r u e  b o t h  f o r  t h e  

S t a t e  d e c i s i o n  making a p p a r a t u s  which i s  c e n t r a l i z e d  i n  h i g h  

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

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

whose power i s  a l s o  c e n t r a l i z e d  w i t h i n  h e a d q u a r t e r s  l o c a t e d  

i n  t h e  c a p i t a l .  Government and  c o r p o r a t e  a d m i n i s t r a t i o n s  

( t h e i r  o v e r l a p p i n g  w i l l  b e  d i s c u s s e d  l a t e r )  may b e  r e p r e s e n t e d  

by b o d i e s  w i t h  g r e a t l y  expanded  h e a d s  a n d  a t r o p h i e d  l i m b s  which  

a r e  r e d u c e d  t o  e x e c u t i n g  o r d e r s  coming f rom t h e  t o p ( ' ) .  F o r  

a  l o n g  t i m e ,  t h e  Depa r tmen t s  ( c r e a t e d  by  ilapoleon) formed t h e  

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

( a b o u t  90  i n  F r a n c e )  i n  o r d e r  t h a t  t h e y  c o u l d  n o t  compete  w i t h  

t h e  c e n t r a l  a u t h o r i t y .  R e c e n t l y ,  a  s h i f t  h a s  o c c u r r e d :  "Reg ions"  

c o n s i s t i n g  o f  s e v e r a l  d e p a r t m e n t s  ( f rom 4 t o  10, depend ing  on  

t h e  s p e c i f i c  case ) ,  have  b e e n  c r e a t e d  b u t  t h e y  have  n o t  y e t  

a c q u i r e d  t r u e  autonomy. 

( " I f  any  d i f f i c u l t y  a r i s e s  on a g i v e n  o c c a s i o n ,  t h e  d e p a r t -  
ment  o r  r e g i o n  r e f e r s  t o  i t s  c e n t r a l  agency  which i n d i c a t e s  
how t h e  o b s t a c l e  may b e  overcome.  I f  t h i s  i s  n o t  s u f f i c i e n t ,  
t h e  c e n t r a l  a g e n c y  s e n d s  a  h i g h  o f f i c i a l  who se t t les  t h e  
problem on t h e  s p o t .  



I n  s i m p l i f i e d  t e r m s ,  we s h a l l  t h u s  c o n s i d e r  t h e  two f o l -  

lowing d e c i s i o n  s t r u c t u r e s :  

PUBLIC ADMINISTRATION El'TXRPRI SE 

M i n i s t r y  of I n d u s t r y  

* * * * * *  
D I C A  D. Mines DGE Headquar te r s  

Regional  
Management 

Depar tmenta l  
Leve l  

Management 

* 
D i r e c t i o n  d e s  C a r b u r a n t s  

**  
Depa.rtment of  Mines 

* * *  
D e l e g a t i o n  Genera le  a  1 ' E n e r g i e  

I n  t h e  rea lm of  p u b l i c  a d m i n i s t r a t i o n  and p l a n n i n g ,  m o n i t o r i n g  

and r e g u l a t i o n  a r e  c a r r i e d  o u t  o n l y  a t  t h e  n a t i o n a l  l e v e l ;  

i n  o t h e r  words,  t h e y  a r e  uni form f o r  t h e  group o f  r e g i o n s .  The 

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

c e n t r a l  a g e n c i e s ,  promulgate  t h e  d e c i s i o n s  of  t h e s e  a g e n c i e s  

and s u p e r v i s e  t h e  a 2 p l i c a t i o n  of  t h e  d e c i s i o n s .  
2 

In t h e  a r e a  of ene rgy  and envi ronment ,  t h e  c e n t r a l  a g e n c i e s  

do n o t  have any u n i t a r y  model a v a i l a b l e .  They l i m i t  t hemse lves  

t o  a r b i t r a t i o n  between t h e  d e c i s i o n s  t a k e n  by t h e  f i r m s  which,  

a s  w e  w i l l  s e e  f u r t h e r  on ,  produce good n a t i o n a l  models .  

2 
T h i s  s t r u c t u r e  i s  s o  r e s o u r c e f u l  t h a t  it i s  c a p a b l e  of shap ing  
a l l  i n n o v a t i o n s  t o  i t s  needs .  A r e c e n t  s t u d y  h a s  p o i n t e d  o u t ,  
f o r  example, t h a t  c o n t r a r y  t o  a l l  e x p e c t a t i o n ,  t h e  g e n e r a l i z a -  
t i o n  of  i n f o r m a t i o n  p r o c e s s i n g  i n  French e n t e r p r i s e s  i s  
f a v o r a b l e  t o  c e n t r a l i z a t i o n .  c f .  C a t h e r i n e  B a l l e  - The computer ,  
a  b reak  i n  t h e  re fo rms  o f  s t r u c t u r e  of e n t e r p r i s e s ,  Le ~ o n d e  
Sep tenber  1 8 ,  1975. 



The second i m p o r t a n t  f e a t u r e  of French i n s t i t u t i o n s  i s  

t h e  s t a t u s  of  corpl - : ra t ions  i n  t h e  energy  s e c t o r .  The s t r u c t u r e  

of t h i s  s e c t o r  ( e . g .  t h e  r e l a t i o n s  between f i r m s )  d i f f e r s  from 

t h a t  of o t h e r  s e c t o r s  of  economic a c t i v i t y .  The l a t t e r  u s u a l l y  

c o n s i s t  of  a  g r e a t e r  o r  l e s s e r  number of  p r i v a t e  French f i r m s .  

C o r p o r a t i o n s  of t h i s  t y p e  have p r a c t i c a l l y  d i s a p p e a r e d  from t h e  

energy  s e c t o r  t o  t h e  e x t e n t  t h a t  o n l y  two t y p e s  of  f i r m s  o c c u r 3 :  

- Branches o f  m u l t i r ~ a t i o n a l  f i r m s  which c o n t r o l  abou t  

50% of  t h e  French pe t ro leum marke t ;  

- P u b l i c  e n t e r p r i s e s  o r  mixed i n d u s t r y ,  e i t h e r  competing * 
CFP and ELF--EMP i n  t h e  o i l  b r a n c h )  o r  m o n o p o l i s t i c  

* * 
(CDF CDF GDF CEA,  CNR) . 

Branches  of  m u l t i n a t i o n a l  f i r m s  have a  v a r i a b l e  d e g r e e  of 

autonomy, a c c o r d i n g  t o  t h e  s t r u c t u r e  and t h e  s t r a t e g y  of  t h e  

f i r m  upon which t h e y  depend.  A t  any r a t e ,  t h e s e  f i r m s  n e v e r  

make d e c i s i o n s  on t h e i r  own, s i n c e  t h e  s t a k e s  a r e  of  some 

impor tance  ( l a r g e  inves tment  i n  r e f i n i n g  o r  i n  t r a n s p o r t ,  f o r  

example)  . 
I n  t h e  e y e s  of such f i r m s ,  a  r e g i o n  i s  a t  most a  sub- 

g roup  of consumers whose c h a r a c t e r i s t i c s  ( q u a n t i t y ,  d e n s i t y ,  

growth r a t e )  it i s  a d v i s a b l e  t o  c o n s i d e r  i n  a  model r e p r e s e n t -  

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

o f  such a  model can i n f l u e n c e  t h e  p o l i c i e s  of t h e  f i r m ,  f o r  

i n s t a n c e  i n  t h e  p l a c i n g  of  i n v e s t m e n t s .  

P u b l i c  e n t e r p r i s e s  o r  mixed i n d u s t r i e s  e n j o y  a  l a r g e r  

d e g r e e  of  power; however t h i s  power i s  f a r  from comple te  

because  t h e  p u b l i c  s t a t u s  o f  such f i r m s  makes them s u b o r d i n a t e  

t o  t h e  s t a t e  a u t h o r i t y .  The amount of s u b o r d i n a t i o n  v a r i e s ,  

however, a c c o r d i n g  t o  t h e  e x t e n t  t o  whicn t h e  e n t e r p r i s e  i s  

3 
The emergence of  n u c l e a r  ene rgy  t e n d s ,  how-vzr, t o  change 
t h i s  s i t i l a t i o n .  Pechiney-Ugine-Kuhlman, one of t h e  l a r q e s t  
Frcnch f i r m s ,  i s  now b e i n g  a i d e d  i n  t a k i n g  c o n t r o l  of  a  
p a r t  of t h e  f u e l  c y c l e .  

* 
Compagnie F r a n c a i s e  d e s  P e t r o l e s ;  ERF- E n t r e p r i s e  d e  Recherche 
e t  d l A p p l i c a t i o n s  P e t r o l i e r e s ,  r e s p e c t i v e l y .  

* *  
E l e c t r i c i t e  d e  France ;  C h a r b o ~ n a g e s  d e  France ;  Gaz d e  France;  
Commissar ia t  a  1 ' E n e r g i e  Atomique; Compagnie N a t i o n a l e  du 
Rhone, r e s p e c t i v e l y .  



a monopoly ( t h e  g u a r d i a n s h i p  o f  t h e  S t a t e  i s  less c o n s t r a i n i n g  

f o r  t h e  f i r m s  l i k e  CFP and ELF-ERAP which compete w i t h  t h e  

b r a n c h e s  o f  t h e  m u l t i n a t i o n a l  o i l  companies)  t o  t h e  e x t e n t  t o  

which it can  d e f r a y  i t s  i n v e s t m e n t  e x p e n s e s  (CDF, which h a s  

become more t h a n  50% s e l f - f i n a n c i n g ,  h a s  a c q u i r e d  much more 

autonomy t h a n  CDF o r  GDF). No m a t t e r  what t h e i r  w e i g h t  i s  i n  

f i n a l  d e c i s i o n s  - e s p e c i a l l y  t h o s e  which conce rn  nzw i n v e s t -  

ments  - a l l  t h e s e  f i r m s  r e s o r t  t o  models  i n  o r d e r  t o  d i m i n i s h  

t h e  u n c e r t a i n t y  i n  t h e  e v o l u t i o n  of  t h e i r  m a r k e t ,  i n  t h e  

p r i c e s  o f  t h e i r  impor ted  raw m a t e r i a l s ,  and i n  t h e  t echno!og ies  

which t h e y  a d a p t .  But  t h e s e  models ,  a s  w e  s h a l l  see, a r e  con- 

c e i v e d  b o t h  by and f o r  t h e  c e n t r a l  a g e n c i e s .  Reg iona l  s p e c i f i -  

c a t i o n s  a r e  o n l y  t a k e n  i n t o  c o n s i d e r a t i o n  i n  t h e  form o f  

exogeneous d a t a  and of  c o n s t r a i n t s :  

- p r o b a b l e  e v o l u t i o n  o f  t h e  e n e r g y  consumption 

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

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

B e f o r e  p a s s i n g  on t o  a  s h o r t  d e s c r i p t i o n  of models  cdn- 

c e i v e d  and used  by t h e  f i r m s  i n  t h e  n a t i o n a l  p l a n ,  w e  would 

l i k e  t o  s a y  a  few words a b o u t  t h e  t i e s  between t h e  two d e c i s i o n  

making s t r u c t u r e s .  The S t a t e  government  i s  o f  paramount  

impor tance  because  i t  i s  a l e g a c y  of  t h e  h i s t o r y  o f  a  n a t i o n  

dominated  by a  s t r u g g l e  between t h e  C e n t r e  ( t h e  monarchy) and 

t h e  p r o v i n c e s  ( t h e  f u e d a l  s y s t e m ) .  The s t r u c t u r e  o f  t h e  f i r m s  

c l o s e l y  a p p r o x i m a t e s  t h a t  of  t h e  c e n t r a l  government  f o r  r e a s o n s  

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

b r a n c h e s  i n  F rance  a t  t h e  b e g i n n i n g  o f  t h e  c e n t u r y ,  t h e y  have 

t r i e d  t o  i n f l u e n c e  l e g i s l a t i o n  which h a s  n o t  a lways  been  

f a v o r a b l e  t o  them; i n  o r d e r  t o  d o  t h i s ,  t h e y  have i n s t a l l e d  

r e p r e s e n t a t i v e s  a s  c l o s e  a s  p o s s i b l e  t o  t h e  c e n t e r  of  t h e  

S t a t e  power. L a t e r  o n ,  s i n c e  t h e  g r e a t  wave of  n a t i o n a l i z a t i o n  

i n  1 9 7 4 ,  r a t i o n a l i z a t i o n  h a s  been  synonymous f o r  s t a n d a r d i z a t i o n  

and c e n t r a l i z a t i o n .  T h i s  was i n  r e a c t i o n  t o  t h e  d i s i n t e g r a t i o n  



o f  t h e  mechanism o f  p r o d u c t i o n  ( e s p e c i a l l y  e l e c t r i c i t y  and  g a s ) ,  

which r e s u l t e d  f rom undynamic and  d i f f u s e  c a p i t a l i s m .  The 

o s m o s i s  be tween  government  a d m i n i s t r a t i o n  and  e n e r g y  f i r m s  

h a s  been  made c o n s i d e r a b l y  e a s i e r  and  h a s  been  s p e e d e d  up  

by a n o t h e r  a s p e c t  o f  F rench  c e n t r a l i z a t i o n ,  namely t h e  u n i f o r m  

p r o d u c t i o n  o f  manage r s  i n  t h e  'Grand E c o l e s '  o f  e n g i n e e r s  a l s o  

c o n c e n t r a t e d  i n  t h e  P a r i s  r e g i o n .  Through a  w e l l  known and  

o f t e n  s t u d i e d  pher~omenon, t h e  same p e r s o n n e l  g o e s  f rom t h e  

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

somet imes  p r i v a t e  f i r m s .  

2 .  The Models Used i n  t h e  R\one-Alpes Region 

A s  h a s  b e e n  s t r e s s e d ,  economic  a n d , i n  p a r t i c u l a r ,  e n e r g y  

a c t i v i t i e s  i n  t h e  R h B n e - ~ l p e s  r e g i o n  d o  n o t  c o n s t i t u t e  a  

s e l f - c o n t a i n e d  economic  s y s t e m ,  s i n c e  t h e  i n s t i t u t i o n a l  and  

economic  s t r u c t u r e  o f  F r a n c e  i s  v e r y  c e n t r a l i z e d .  Moreover ,  

t h e r e  a r e  n o  e n e r g y  mode l s  a d a p t e d  p a r t i c u l a r l y  t o  t h e  Rh6ne- 

A l p e s  r e g i o n .  The m a j o r i t y  o f  t h e  mode l s  which  d o  e x i s t ,  

r e p r e s e n t  F r e n c h  a c t i v i t i e s  i n  a  c e n t r a l i z e d  manner.  W e  w i l l ,  

t h e r e f o r e ,  d e a l  e s p e c i a l l y  w i t h  models  whose s p a t i a l  a r e a  i s  

t h e  n a t i o n  r a t h e r  t h a n  t h e  r e g i o n .  

A.  Models o f  D e c i s i o n  Making 

The m a j o r i t y  o f  t h e s e  mode l s  a r e  v e r y  s p e c i f i c  and  a r e  

r e l e v a n t  t o  o p e r a t i o n a l  r e s e a r c h  o r  t h e  s i m p l e  a d m i n i s t r a t i o n  

of  e n t e r p r i s e s .  

The O i l  Branch  Models 

A t  t h e  b r a n c h  l e v e l ,  v a r i o u s  o i l  companies  h a v e  e l a b o r a t e d :  
4 

- mode l s  which  o p t i m i z e  t h e  a d m i n i s t r a t i o n  a n d  t h e  o p e r -  

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

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

and  t h e  p r o d u c t i o n  program imposed by company head-  

q u a r t e r s ,  and  a l s o  t a k i n g  i n t o  a c c o u n t  t h e  company ' s  

'see MAURIN, L i n e a r l y  A p p l i e d  Programminq, T e c h n i p ,  1967 ,  375 p .  



market  i n  t h e  a r e a  of t h e  r e f i n e r y .  I n  o r d e r  t.o do 

t h i s ,  t h e  v a r i a b l e  expenses  ( t h e  buying o f  c rude  o i l ,  

u t i l i t i e s ,  v a r i o u s  p r o d u c t s )  a r e  minimized a s  g i v e n  

o b j e c t i v e s  o f  p r o d u c t i o n ;  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  

of  p r o d u c t s  a r e  a l s o  t a k e n  i n t o  a c c o u n t ,  w i t h  t h e  a s s i s -  

t a n c e  of  programming t e c h n i q u e s ;  

- models of  t r a n s p o r t  and d i s t r i b u t i o n  which minimize 

t h e  t r a n s p o r t  e x p e n s e s ,  a s  W e l l  a s  models of t h e  a v a i l -  

a b i l i t y  of  d i f f e r e n t  o i l  p r o d u c t s  t a k i n g  i n t o  accoun t  

t h e  s i t i n g  of  r e f i n e r i e s ,  o f  d e p a r t m e n t a l  s t o r a g e  

p l a c e s ,  and o f  main a r e a s  of  consumption.  These models 

a r e  most o f t e n  r e g i o n a l  and a l s o  u s e  programming o r  

v a r i o u s  a l g o r i t h m s .  

Much more g e n e r a l  and g l o b a l  models e x i s t ,  which a t t e m p t  

t o  o p t i m i z e  t h e  s t r a t e g y  o f  o i l  companies by p l a n n i n g  t h e i r  

inves tments  i n  e x p l o r a t i o n ,  r e f i n i n g  and d i s t r i b u t i o n ,  and by 

o p t i m i z i n g  t h e i r  s t r a t e g y  of  a c q u i r i n g  marke t s  ( f u e l s ,  l i g h t  

p r o d u c t s . . . ) .  Again it i s  n e c e s s a r y  t o  remember t h a t  h a l f  of  

t h e  French o i l  market  i s  c o n t r o l l e d  by b ranches  of  m u l t i n a t i o n a l  

f i r m s  whose inves tment  p o l i c y  depends on t h e  s t r a t e g y  o f  t h e  

group a s  a  whole. S t r a t e g i c  models do n o t  e x i s t  a t  t h e  French 

l e v e l  i n  t h e s e  b ranches .  

The Gas 'Branch Models 

Except  f o r  t h e  models which o p t i m i z e  t h e  management of a  g a s  

p i p e l i n e ,  t a k i n g  i n t o  accoun t  t h e  p o s s i b l e  e x t e n s i o n  of d i f -  

f e r e n t  r e g i o n a l  marke t s  and t h e  a v a i l a b i l i t y  of  g a s  ( n a t i o n a l  

r e s o u r c e s ,  impor t  c o n t r a c t s ) ,  and . t h e  models f o r  t h e  

management of  r e s e r v o i r s  w i t h  underground s t o r a g e ,  i n  o r d e r  t o  

r e g u l a t e  t h e  p o i n t  of  demand,few models f o r  g a s  have been 

developed i n  France  by Gas d e  France .  Xowever it s h o u l d  be  men- 

t i o n e d  t h a t  d i f f e r e n t  methodologies  have been u t i l i z e d  i n  

p l a c e  of i n f o r m a l  models ,  e i t h e r  t o  a n a l y z e  t h e  c o m p e t i t i v e n e s s  

of g a s ,  o r  t o  h e l p  i n  choosing inves tments .  

With t h e  former  methodology t h e  marke t s  f o r  g a s  have been s t u d -  

i e d  c a s e  by c a s e ,  by c o n s i d e r i n g  t h e  d i f f e r e n t  domains where it 

i s  u s a b l e  and /o r  u s e d i 5  one d e t e r m i n e s  an  e q u i v a l e n t  p r i c e  

'some s p e c i f i c  domains a r e  t u b u l a r  b o i l e r s ,  d i f f e r e n t  t y p e s  of 
d r y i n g ,  baking of  b u r n t  e a r t h ,  e tc .  



for gas from the price of a competing fuel, taking into 

account the profit of utilization, costs of equipment and 

of exploitation of gas users. With the second metho- 
6 dology , "Gas de France" studies the profit of investment 

projects; with the help of a criterion, it determines from 

among a multitude of profitable operations (in other words 

those for which the rate of profit is superior to the rate 

imposed by public power), those which produce the best fore- 

casted financial result. It is in effect necessary to cut down 

on less profitable projects because investment credits granted 

by public authorities are limited. 

The Electricity Branch Models 

This branch has been an object of particular -attention on 

the part of the modelers: the first models of linear programming 

used in France were developed in 1954 by EDF for the purpose of 

choosing electrical investments. Since this time, the company's 

researchers are making progress in utilizing new computational 

techniques (non-linear programming, dynamic programming, the 

theory of optimal control, etc.). W e  would like to point out 

that very specific models exist - such as those for optimizing 
7 

the nuclear fuel.cycles , for optimizing the network of electricity 
8 transport, and for maximizing the reliability of this network , 

etc. But it is appropriate to dwell upon more general models, 

in particular on models for demand forecasting and for choosing 

among electricity investments. 

6cf. Toromanoff , The Choice of Investments at the Gas de 
France, Revue Francaise de llEnergier 260, February, 1974. 
7cf. Charpentier, Naudet, Paillot, Simulation Model of the 
Nuclear Fuel Cycle, Commissariat a 1'Energie Atomique, France, 1973. 

Model SEPTEN, Service des Etudes Nucleaires, Direction de 
l'equipment de l'EDF, France, 1972. 

8 ~ . ~ .  Dodu, Probability Model for the Study of the Security 
of Supply from a Transport Network, Electricite de France, 1973. 



The mode l s  f o r  f o r e c a s t i n g  e l e c t r i c i t y  demand u s e d  by 

ED??' a r e  r e l a t i v e l y  s i m p l e  and  b a s e d  upon e x t r a p o l a t i o n  o f  

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

m u l t i p l e  r e g r e s s i o n  t y p e .  These  r e l a t i o n s  ( g e n e r a l l y  l o g a -  

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

q l o b a l  l e v e l  ( o r  a t  t h e  l e v e l  o f  h i g h l y  a g g r e g a t e d  s e c t o r s  s u c h  

a s  t h e  r e s i d e n t i a l ,  commerc ia l ,  o r  i n d u s t r i a l  s e c t o r ) ' '  a t  

t i m e  t :  

o r  w i t h  econc!mic a c t i v i t y  a s  r e p r e s e n t e d  by an  o p e r a t i o n a l  

economic i n d e x  of  t h e  g r o s s  n a t i o n a l  p r o d u c t  ( P r o d u c t  N a t i o n a l  

B r u t  o r  PNB) o r  i n d u s t r i a l  v a l u e  added ( V a l e u r  A j o u t e e  

I n d u s t r i e l l e  o r  V A I )  : 

l o g  C t  = a  + b  l o g  PIBt 

F o r e c a s t e r s  a t  t h e  EDF have  c o n c l u d e d  t h a t  t h e s e  models  

i 7 r o v i d e t h e  b e s t  r e s u l t s  and  t h a t  a l l  e f f o r t s  t o  a s s o c i a t e  

e l e c t r i c i t y  consumpt ion  w i t h  o t h e r  v a r i a b l e s  ( s u c h  a s  t h e  

r e l a t i v e  p r i c e  o f  c a p i t a l ,  o f  l a b o r , o r  o f  f u e l s  a s  compared 

w i t h  e l e c t r i c i t y  i n  i n d u s t r y ,  o r  s u c h  a s  income a n d / o r  t h e  

number o f  h o u s e h o l d s  i n  t h e  r e s i d e n t i a l  and  commerc ia l  s e c t o r )  

p r o v e  t o  b e  u n s a t i s f a c t o r y .  l1 1t i s  n e c e s s a r y  t o  p o i n t  o u t  

t h a t  t h i s  e c o n o m e t r i c  a p p r o a c h  assumes  t h a t  t h e  consumpt ion  

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

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

autonomous manner i n  a  s p e c i f i c  domain.  The new commercia l  

s t r a t e g y  o f  EDF and t h e  g r e a t  i n c r e a s e  i n  t h e  p r i c e  o f  

'D. F i n o n ,  F o r e c a s t i n g  t h e  Consumption o f  Energy  and E l e c t r i c i t y :  
The Methods Used i n  F r a n c e ,  i n  C . J .  C i c c h e t t i  and  W . K .  F o e l l ,  
e d . ,  Energy  Sys tems  F o r e c a s t i n g ,  P l a n n i n g  and P r i c i n g ;  - Pro-  
c e e d i n g s  o f  A French-American C o n f e r e n c e ,  U n i v e r s i t y  o f  
Wiscons in-Madison ,  F e b r u a r y ,  1975.  

''0, even  h i g h  o r  low consumpt ions .  

"Y. P i o g e r  , F o r e c a s t i n g  Power Consumption and Models f o r  
C o n s t r u c t i n g  Load C u r v e s ,  i n  C . J .  C i c c n e t t i  and  W . K .  F o e l l ,  e d . ,  
Energy  Sys tems  F o r e c a s t i n g ,  P l a n n i n q  and  P r i c i n g ;  P r o c e e d i n g s  
o f  a  French-American C o n f e r e n c e ,  U n i v e r s i t y  o t  Wiscons ln -  
Madison,  F e b r u a r y ,  1975 .  



petroleum products, however, cancels all compartmentalization be- 

tween markets for different types of energy and makes these 

methods more open to criticism. At the present time it is 

necessary to confront econometric forecasts with the commercial 

objectives of a firm; further the forecasts must be su2plemented 

by various scenarios for the future. One could never completely 

discard methods of ~xtrapolation, but beyond a horizon of five 

years, such p~ojections should be used with much caution. 

In addition, a short to medium term forecasting model 

of the daily Load curve is used to define the output power 

according to the hour, the day, the week and the month, by 

extrapolating various coefficients which characterize several 

parameters. 12 

Let us now consider the models for the choice of elec- 

tricity investments. An important bibliography exists on this 

subject. l3 These models minimize in the long run (1975-2000) 

the actualized costs of electricity production over a long 

period of time, in accordance with given production objectives. 

These objectives are determined by projections of global elec- 

tricity demand which are worked out (1) with the aid of the 

econometric models discussed above, and (2) by a representation 

of this demand by means of weekly load curves. The different 

types of equipment for electricity production, including hydro- 

electric equipment are explicitly taken into account and are 

characterized both by their capacity and by the services they 

are supposed to render, (in other words their functioning during 

the different hours of the load curve, taking into account 

12y. Pioger, Forecasting Power Consumption and Models for 
Constructing Load Curves, in C.J. Cicchetti and W.K. Foell, 
ed., Enerav Svstems Forecastina. Plannina and Pricina: 
Proceedinqs of a French-American Conference, university of 
Wisconsin-Madison, February , 19 75. 

13see for example: P. Masse and R. Gibrat, Application of 
Linear Programming to Investments in the Electric Power 
Industry, Management Science, - 3, (1957). 

F. Bessiere, Methods of Choosing Production Equipment at 
Electricite de France, European Economic Review, (Winker 1969). 



their availability). The risks associated with hydropower and 

hourly electricity consumption are taken into account with the 

help of probabilities established from past samples; these 

permit one to take into consideration possible failures of the 

production system. 

The actual model14 uses the theory of optimal control. 

The objective function of minimization is a function of cost, 

composed of three terns (investment, operating cost, cost of 

failure15). The control variables are the quantities of equip- 

ment to be installed year by year, and the .constraints express 

an obligation to satisfy future demand as well as the forced 

(or limited) development of certain types of equipment. The 

algorithm has two parts: first, the control variables are 

determined and then the optimal management for zquipment of 

given power is defined. The program allows one to obtain an 

optimal equipment plan at the national level, the duration of 

the economic life of equipment, the probability of failure, 

the marginal costs of production of a kwh (accordinq to the 

hour, day, and month) and values in use. The marginal costs 

which have thus been determined serve to establish electricity 

tariffs. In order to do this, one adds to them the marginal 

costs of transport and distribution calculated elsewhere and 

a "toll" which permits the EDF to attain a budget equilibrium 

and even to possess an appreciable self-financing capacity. 
16 

The values of usedetermined by the model, aid in the comparison 

of individual hydro-electric projects with reference equipment 

(conventional thermic or nuclear), serving the same purpose, ih 
17 order to study their profitability . 

14Called the "new national model of investment". c. f . D. Levi , 
D. Saunon, Description of the New National Model of Invest- 
ment, Internal Memo of the EDF, May 1973. 

15The cost of power-failure is a non-linear function increasing in 
relation to the duration and the amplitude of the power failure. 

16p. Stasi, The Rational Use of Electricity: The Contribution 
of Tariffing, Symposium on the Rationalization of the 
Consumption of Electrical Energy, Varsovie, 1962. 

C. Berthomeiu, Theory and Practice of Electricity Pricing 
in France, Energy systems Forecasting, Planning, and Pric- 
ing; Proceedings of a French-American Conference, University 
of Wisconsin-Madison, February, 1975. 

17This decentralized procedure is called the 'Blue Note". 
M. Boiteux, F. Bessiere, The Use of Aggregate and Marginal 
Methods in Choosing Investments, in J.R. Nelson, Optimal 
Investment Decisions, Prentice Hall, 1962. 



These  models  o f  i n v e s t m e n t  c h o i c e s  a r e  p a r t i c u l a r l y  com- 

p l e x  t o  t h e  e x t e n t  t h a t  t h e  s y s t e m  o f  F rench  e l e c t r i c i t y  pro-  

d u c t i o n  i s  a  m i x e d l ~ y d r o p o w e r  s y s t e m  - c o n v e n t i o n a l - t h e r m a l  ( o r  

n u c l e a r ) .  l8 T h i s  n e c e s s i t a t e s  a  r a t h e r  d e t a i l e d  r e p r e s e n t a -  

t i o n  o f  t h e  management o f  v a r i o u s  hydropower  equ ipmen t  ( w a t e r  

f l o w s ,  l o c k s ,  r e s e r v o i r s ,  pumps) d u r i n g  d i f f e r e n t  h o u r s  o f  

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

c a r r y - o v e r s  whcih  t h e y  w a r r a n t .  I n  t h e  2 r e s e n t  model ,  a 

submodel  s i m u l a t e s  t h e  management o f  t h e  e l e c t r i c a l  c a p a c i t y L  

i n  s u c h  a  manner t h a t  t h e  d i a g r a m  o f  t h e  weekly  ( o r  mon th ly )  

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

I t  i s  n e c e s s a r y  t o  stress t h a t  among t h e  models  o f  i n v e s t -  

ment c h o i c e s  which  s u c c e e d e d  one  a n o t h e r ,  o n l y  t h e  model 

" I n v e s t m e n t s  85"  c o n s t r u c t e d  i n  1965 ,  l8 was d i s a g g r e g a t e d  i n t o  

f i v e  r e g i o n s ;  t h e   hones-~lpes r e g i o n ,  t o g e t h e r  w i t h  t h e  

M e d i t e r r a n e a n  r e g i o n  - C o t e  d f A z u r ,  c o n s t i t u t e d  t h e  Sou thwes t  

r e g i o n  of  t h i s  model .  The Sou thwes t  r e g i o n  was l i n k e d  w i t h  

o t h e r  r e g i o n s  by v a r i a b l e s  d e s c r i b i n g  i n t e r r e g i o n a l  exchanges .  

The o b j e c t i v e  was n o t  t o  s p e c i f y  t r a n s p o r t  equ ipmen t ,  b u t  

r a t h e r  t o  t r y  t o  o u t l i n e  a  p r e l i m i n a r y  scheme f o r  t h e  l o c a l i -  

z a t i o n  o f  p r o d u c t i o n  e q u i p m e n t ,  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  

l o c a t i o n  o f  hydropower r e s o u r c e s  and  consumers .  

I t  i s  n e c e s s a r y  t o  s p e c i f y  t h a t  t h e s e  i n v e s t m e n t  mode l s  

o n l y  d e a l  w i t h  p r i v a t e  c o s t s  a n d ,  i n  no  c a s e  s o c i a l  c o s t s  

s u c h  a s  t h e  d e g r a d a t i o n  o f  t h e  e n v i r o n m e n t  a r i s i n g  f rom atmos- 

p h e r i c  o r  w a t e r  p o l l u t i o n ,  o r  f rom l a n d  u s e .  I n  o t h e r  words  

n o t  a  s i n g l e  e n v i r o n m e n t a l  c 0 n s t r a i n t ; h a . s  e x p l i c i t l y  been  t a k e n  

i n t o  a c c o u n t .  From a  p r a c t i c a l  p o i n t  o f  v i ew ,  f o r  example ,  

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

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

models  h a v e  n o t  b e e n  r e g i o n a l i z e d .  l9 I n  F r a n c e ,  where t h e r e  

1 8 " t i l i z i n g  n o n - l i n e a r  programming. 

1 9 ~ h e  r e g i o n a l i z a t i o n  i n c l u d e d  i n  t h e  model " I n v e s t m e n t s  85"  
w a s n o t  f i n e  enough t o  p e r m i t  t h i s  p rob lem t o  b e  t a k e n  i n t o  
c o n s i d e r a t i o n .  



a r e  few c h a n n e l s  o f  w a t e r  whose f low i s  s u f f i c i e n t  t o  s u p p o r t ,  

w i t h o u t  r i s k , t h e  i n s t a l l a t i o n  of numerous s o u r c e s  of  t h e r m a l  

p o l l u t i o n ,  t h e  problems of  c o o l i n g  p r e v a i l s  o v e r  t r a n s p o r t  

e x p e n d i t u r e s  when choosing t h e  s i t i n g  of  c e n t r a l  t h e r m a l  

i n s t a l l a t i o n s .  

C o n s i d e r a t i o n  of  env i ronmenta l  impac t s ,  however, h a s  n o t  

been exc luded  from t h e  concerns  o f  t h e  EDF. 20 E c o l o g i c a l  

problems have been e v a l u a t e d  w i t h  r e f e r e n c e  t o  a  g roup  of 

f a c t o r s  from f i e l d s  a s  v a r i e d  a s  p h y s i c s ,  med ic ine ,  b i o l o g y  

o r  psychology.  Some of t h e  e lements  a r e  p u r e l y  q u a l i t a t i v e  

o r  s u b j e c t i v e  and have been t a k e n  i n t o  accoun t  because  of 

judgements o r  e x p l i c i t  o r  i m p l i c i t  c h o i c e s  made by a l e r t  

c i t i z e n s  who a r e  presumed t o  e x p r e s s  t h e  a t t i t u d e s  and t h e  

a s p i r a t i o n s  of  t h e  c o l l e c t i v i t y .  The e v a l u a t i o n  of  t h e  r e l a -  

t i v e  impor tance  o f  e c o l o g i c a l  problems yosed by d i f f e r e n t  pro-  

d u c t i o n  i n s t a l l a t i o n s ,  h a s  been c a l c u l a t e d  u s i n g  a  s i n g l e  u n i t  

by means o f  " e c o l o g i c a l  p o i n t s " .  Seven t y p e s  of  e c o l o g i c a l  

problems have been c a t a l o g u e d 2 1 ;  t h e n ,  f o r  a  g i v e n  t y p e  of  

e c o l o g i c a l  problem, t h e  p r e s e n t  v a l u e  o f  impac t s  b rough t  abou t  

by d i f f e r e n t  t e c h n i q u e s  h a s  been c a l c u l a t e d ;  and f i n a l l y ,  u s i n g  

a  comparison between t h e  d i f f e r e n t  t y p e s  o f  impac t s  w i t h  t h e  

h e l p  of a  f u n c t i o n  o f  i m p l i c i t  p r e f e r e n c e 2 2 ,  t h e  t o t a l i t y  of  

v a l u e s  o f  ' i m p a c t s  o f  d i f f e r e n t  i n s t a l l a t i o n s  h a s  been c a l c u l a t e d  

i n  t e r m s  of  " e c o l o g i c a l  p o i n t s " .  Consequent ly ,  one can e v a l -  

u a t e  t h e  e c o l o g i c a l  g a i n  of  each  a c t i o n  under taken  t o  r e d u c e  

20 
Harmful e f f e c t s  o f  r a d i o  n u c l e a r  o r i g i n ,  n o i s e  and o s c i l l a -  
t i o n s  o f  e l e c t r i c a l  o r  r a d i o e l e c t r i c  o r i g i n ,  o t h e r  harm- 
f u l  e f f e c t s  c a u s i n g  changes i n  t h e  a i r ,  w a t e r ,  ground,  e t c .  

' l ~ o r  i n s t a n c e ,  600 Mw u n i t s  i n  c o n v e n t i o n a l  t h e r m a l  p l a n t s .  

22 
T h i s  f u n c t i o n  o f  p r e f e r e n c e  e x p r e s s e s  t h e  l e v e l  of  concern  
a t t a c h e d  t o  e a c h  c a t e g o r y  of  ha rmfu l  e f f e c t s  and i s  based  
on s u b j e c t i v e  c o n s i d e r a t i o n s  ( a c c e p t a b l e  l e v e l s  o f  change 
i n  t h e  n a t u r a l  envi ronment ,  q u a l i t y  o f  t h e  a tmosphere ,  e t c . )  



harmful effects to the environment. With this technique, one 

can also obtain ap implicit evalution in monetary terms of an 

'ecological point', an evaluation which will, however, remain 

more or less inexact. There is no room to dwell further upon 

this ayproach to environmental problems which, you will rem- 

ember, is not directly related to the EDF's models of invest- 

ment choices. 

At the sectorial. level, no global decision model exists 

whicn is designed to influence the decisions of public authorities 

or of organs close to those. This applies, too, to the reg- 

ional energy system. Previously, a method of energy planning 

did exist and it was used within the framework of the IV and 

the V French plan; 2 3  the method included a type of informal 

model which permitted one to determine how France could be 

supslied with enerqy at the lowest cost, taking into account 

the objective of having a reliable supply. But this method was 

abandoned in 1970 at the time of the c~nception of the V Plan, 

for the public authorities no longer had command over the energy 

sys tem. 

We would also like to mention the existence of a simula- 

tion model for the financing of the energy sector which ?er- 

mits one to forecast from 1970 to 1985 (or 1990) the medium- 

and long-term consequences of changes in energy policy (tariffs, 

taxes, investments, regulation) 2 4  for the financing, employ- 

ment and annual investment needs and the budgets of enterprises 

in the energy sector. 

B. The Coqnitive Models 

To our knowledge, very few efforts have been made in 

France to study the French energy system with the help of 

models, in order to better understand the system and to ex- 

plore its future effectiveness. 

One may take note, for example, of the scenario method; 

231961-1965 and 1966-1970. 

2 4 F ~ ~ ~ ~ ' s  model constructed by D. Blain at the Ministry of 
Economics and Finances, No. 1972. 



it p e r m i t s  o n e  t o  r e d u c e  t h e  c o m p l e x i t y  o f  t h e  s y s t e m  s t u d i e d  

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

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

t o  t h e  y e a r  2000. 

A t  t h e  Energy I n s t i t u t e  o f  G r e n o b l e ,  a n  o p t i m i z a t i o n  
2 5 

model f o r  t h e  e n e r g y  s e c t o r  h a s  been  d e v e l o p e d  w i t h o u t  any  
26  

I t s  g o a l  i s  t o  t e s t  t h e  t i e s  t o  t h e  p u b l i c  a u t h o r i t i e s .  

r e a c t i o n  of' t h e  F rench  e n e r g y  s y s t e m  t o  m o d i f i c a t i o n  i n  i t s  

p o l i t i c a l  and economic env i ronmen t& e . 9 .  

- p r i c e  o f  o i l  

- c o s t  o f  n u c l e a r  f a c i l i t i e s  

- d e v e l ( ~ p m e n t  o f  c e r t a i n  t e c h n o l o g i e s  

- p o l i c y  o f  ? r e s e r v i n g  t h e  env i ronmen t  

- ~ o l i c y  o f  makinq t h e  s u p p l y  of  e n e r g y  s e c u r e  o r  o f  
l i m i t i n g  o i l  dependency,  e t c .  

The model u s e s  l i n e a r  programming t o  r e d u c e  a l l  t h e  

a c t u a l i z e d  c o s t s  o f  i n v e s t m e n t  and e x p l o i t a t i o n  which  have  

a c c r u e d  b e c a u s e  o f  t h e  need  t o  s a t i s f y  e n e r g y  demand; a t  t h e  

same t i m e  t h e  model c o n s i d e r s  u t i l i z a t i o n  e x p e n s e s  o v e r  t h e  

p e r i o d  1975-2920 .  The a c t i v i t i e s  i n  t h e  e n e r g y  s p h e r e  a r e  

approached  i n  a  c e n t r a l i z e d  manner ,  F r a n c e  b e i n g  c o n s i d e r e d  

a s  a  who le .  

The s y s t e m  i s  d e s c r i b e d  by means o f  a  g r a p n  ill w h i m  

t h e  nodes  r e p r e s e n t  economic o p e r a t i o n s  ( e x t r a c t i o n ,  i m p o r t ,  

~ r o c e s s i n g ,  t r a n s f o r m a t i o n ,  t r a n s p o r t ,  c o n s 7 ~ m p t i o n )  d e f i n e d  

a s  a l l  e n e r g y - r e l a t e d  a c t i v i t i e s  i n  t h e  F rencn  t e r r i t o r y .  

I t  i n t e g r a t e s  t h e  consumpt ions  o f  e n e r g y  w i t h  p o s s i b i l i t i e s  

f o r  a r b i t r a t i n g  be tween t h e  d i f f e r e n t  forms of  f i n a l  e n e r g y  

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

r e n t  v e r s i o n ,  o n l y  SO2 e m i s s i o n s  have  been  t a k e n  i n t o  con- 

s i d e r a t i o n  from among a l l  n e g a t i v e  i n f l u e n c e s  on t h e  e n v i r o n -  

ment ,  b u t  t h e  method o f  f o r m a l i z a t i o n  c o u l d  e a s i l y  b e  e x t e n d e d  

t o  o t h e r  t y p e s  o f  impac t .  

& - J  

See  D .  F i n a n ,  The Energy Model-  O p t i m i z a t i o n  o f  t h e  F r e n c h  
Energy S e c t o r  Through G l o b a l  Approach,  D i s s e r t a t i o n ,  G r e n o b l e ,  
March, 1975,  520p. 

D .  F inon ,  O p t i m i z a t i o n  Models f o r  t h e  F rench  Energy S e c t o r  
Enerqy P o l i c y ,  Vol .  2m No. 2 ,  J u n e  1974,  136-151. 
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I t  d o e s  n o t ,  i n  o t h e r  words ,  s e r v e  d i r e c t l y  t o  h e l p  t h e  
s e c t o r i a l  d e c i s i o n  maker s .  



The model c h o o s e s  be tween  t h e  d i f f e r e n t  p r o c e s s e s  f o r  

p r o d u c i n g  d i f f e r e n t  t>;~es  of  e n e r g y  on  t h e  b a s i s  o f  m i n i m i z i n g  

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

u n d e r  v a r i o u s  p o l i t i c a l  c o n s t r a i n t s  ( l i m i t a t i o n  o f  dependence  

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

o f  t h e l e v e l s  of e m i s s i o n s ,  e t c . ) .  The v a r i a b l e s  o f  t h e  model 

a r e ,  i n  o t h e r  words ,  t h e  f l o w s  t h r o u g h  t h e  pa thways  

of  t h e  f i g u r e  d u r i n g  d i f f e r e n t  y e a r s  ( v a r i a b l e s  o f  e x p l o i t a -  

t i o n )  and  t h e  equi.pment c a p a c i t i e s  t o  b e  c r e a t e d  i n  t h e  f u t u r e  

( e q u i ~ m e n t  v a r i . a b l e s ) .  The d i f f e r e n t  p a r t s  o f  t h e  model a r e  

t h e n  composed o f  a  s u ~ s y s t e m  o f  consumpt ion  and  a  s u b s y s t e m  

o f  p r o d u c t i o n .  

The Subsys tem o f  Consumption 

Demand i s  p a r t l y  endogenous  t o  t h e  model .  I n  a d d i t i o n  t o  

t h e  s e c t o r ' s  own consumpt ion ,  t h e  consumpt ions  t o  b e  s a t i s -  

f i e d  a r e  d i s a g g r e g a t e d  i n t o  t h r e e  g r o u p s  o f  consumers  ( i n d u s t r y ,  

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

( c o k e ,  c o a l ,  g a s ,  e l e c t r i c i t y ,  motor  f u e l s  f o r  t h e  t r a n s p o r t  

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

r e t e d  f u e l ,  and  heavy  w e i g h t  f u e l  w i t h  a  low s u l f u r  c o n t e n t ) .  

One a l s o  d i s t i n g u i s h e s  among two t y p e s  o f  u s a g e s ,  namelg ,  s p e c i f i c  

d s a g e s  and  t h e  u s a g e s  which  may b e  s u b s t i t u t e d .  The l a t t e r  

m a i n l y  o c c u r  i n  t h e  domain of  t h e r m a l  u sages2 '  where t h e r e  i s  

c o m p e t i t i o n  be tween  d i f f e r e n t  forms  o f  e n e r g y .  

Suppose  c i s  a  g r o u p  o f  consumers :  

@ - a  form o f  f i n a l  e n e r g y  

1 
X ( 4 , ~ )  - t h e  f l o w s  o f  t h i s  form (J d i r e c t e d  

t o w a r d s  s p e c i f i c  u s a g e s  

11 
x  ( ( J , c )  - f l o w s  d i r e c t e d  t o w a r d s  t h e r m a l  u s a g e s  

r ( @ , c )  - t h e  p r o f i t  f rom u t i l i z i n g  (J i n  t h e  
mach ine ry  o f  t h e  consumer 

D ( @ , c )  - t h e  s p e c i f i c  e n e r g y  n e e d s  o f  t h e  
consumer 

270ne  c o n s i d e r s  v a r i o u s  domains  i n  which  t h e  c h a r a c t e r i s t i c s  o f  
t h e  c o m p e t i t i o n  be tween  t y p e s  o f  e n e r g i e s  a r e  d i f f e r e n t  ( u s e  
o f  s t e a m  and  o v e n s  i n  i n d u s t r y ,  h e a t i n g  o f  i n d i v i d u a l  homes, and 
c o l l e c t i v e  h e a t i n g  i n  t h e  r e s i d e n t i a l  s e c t o r ) .  



the consumers' need for useful 
thermal energy 

the initial capacity of the 
energy-using machinery of the 
consumer for thermal purposes 

X(@,C) - the capacity created between the 
starting date and the date under 
consideration 

Constraints on satisfying the energy demand 

1 specific needs: x ($,c) > D($,c) for all $ 

11 
substitutable needs: Cr ($,c) x ($,c) z U, 

6 

capacity constraints: xl1($,c) T($tc) + X($,c) 

The objective function of this subsystem is a part of 

the objective function of the total system and includes the 

cost of the equipment utilized and the expense of purchasing 

energy. 28 

a) The Subsystem of Production 

The model connects different subsystems of production 

(coal, gas, electricity, and oil). One can show with the 

network the interdependencies between operations and the ways 

of managing the equipment installations, i.e. contribution of 

electrical equipment to the various hourly positions of the 

load curve, taking into consideration the different types of 

crude oil and different degrees of distillation. In the new 

version used at the present time, the model integrates low 

enthalpy geothermics, solar energy for heating of buildings, 

and the recovery of the heat from power plants, etc. 

2 8 ~ e  should stress the fact that the model integrates possi- 
bilities of choice between energy types at the level of 
final consumption, parallel to the concentrated decisions 
of the energy production system. The representation of 
phenomena of substitution between energy types has nothing 
to do with price elasticities of consumption, the use of 
which appears critical in every long-term model. 



Optimization permits the realization of various types of 

arbitration: 

- decisions between energy forms in the different competing 
domains, 

- decisionsbetweenmore or less capitalistic processes, 
- decisions between types of energy to be imported and 
types of energy which should he iocally produced, 

- decisions between more or less polluting production and 
consumption process29 . 

It is thus possible to obtain for the years during the 

1975-2020 period (taking into account the value of the differ- 

ent parameters) : 

- the halance of primary energy 
- the global or disaygregated balance of final energy 
evaluat ion. 

- the supply of equipment for productioniand consumption 
- the activity of the various plants 
- the increase of investments necessary for the adaptation 
of the energy capacity 

- the needs for currency necessary for import of fuels 
- the total expenses from year to year (whether actualized 
or not) 

- the emission of pollutants considered in the model 
This typeofmodel, which by no means can take the place 

of the decision makers, would permit an analysis of the 

rigidity of the energy structure, the competition between 

energy types in the various domains where competition exists, 

29~he limitation of emissions is developed at the slobal level 
in France. Such a procedure may seem- limited and even to be 
criticized, expecially as a single impact is considered. How- 
ever, not everything should be rejected a priori; at the 
national level, one can fix thresholds of emissions or of 
waste materials which may not be exceeded, and which would be 
defined in such a way that the harmful effects observed by 
individuals would be at an acceptable level in the most 
polluted geographical sectors. (See on this subject, D. Finon, 
Evaluation of the Costs of an En-~iroXXtIent Protection Policy 
on the French Energy System in OECD, Energy and Environment, 
Paris, 1974, 239-2731. 



and p o s s i b l y  t h e i r  margin  o f  o p e r a t i - o n .  30 T h i s  i s  i n  o u r  

o p i n i o n  t h e  i d e a l  t o o l  f o r  o b t a i n i n g  some i d e a  of t h e  f u t u r e  

o f  an e n e r g y  t y p e  o r  new t e c h n o l o g y  15-25 v e a r s  f rom now 

( f o r  i n s t a n c e ,  s o l a r  e n e r g y ,  g e o t h e r m i c s ,  hydrogen  o r  r e c o v e r -  

i n g  o f  h e a t  f rom power p l a n t s ) .  31132 I n  t h e  f u t u r e  t h e  model 

w i l l  be  r ev iewed  t o  s t u d y  s p e c i f i c a l l y  t h e s e  new e n e r g i e s  and 

t e c h n i q u e s ;  it w i l l  a l s o  be  improved a t  t h e  l e v e l  o f  t h e  

r e p r e s e n t a t i o n  o f  t h e  a r b i t r a t i o n  of  consumers  by a  d i s a g g r e -  

g a t i o n F w h i c h  i s  more d r i v e n  by t h e  t y p e  of  u sage  and c o n s i d e r e d  

a g e n t s .  33 

I n  any  c a s e ,  l e t  u s  stress t h a t  t h i s  t y p e  o f  model can  be  

(and  w i l l  be  even  more s o  i n  an improved v e r s i o n )  a  good i n -  

s t r u m e n t  f o r  a n a l y z i n g  t h e  t h r e e  fundamen ta l  e l e m e n t s  o f  t h e  

3 0 ~ e e  t h e  example of  t h e  u t i l i z a t i o n  o f  t h e  model on  a  v a r i -  
a t i o n  o f  t h e  i n v e s t m e n t  c o s t  o f  power p l a n t s .  

3 1 ~ t h e r s  have  a  much more n o r m a t i v e  c u r v e  c o n c e p t  o f  t h i s  t y p e  
of  t o o l  and would l i k e  t o  u s e  it t o  c a l c u l a t e  t h e  o p t i m a l  
d i s t r i b u t i o n  between t h e  v a r i o u s  e n e r g i e s  and t o  deduce  
o p t i m a l  p r i c e s  and  t a r i f f s  ( w i t h  t h e  h e l p  o f  d u a l  v a r i a b l e s )  
which a l l o w  t h e  g u i d i n g  o f  t h e  consumers '  c h o i c e  i n  t h e  
b e s t  way f o r  t h e  c o l l e c t i v i t y .  W e  p r e f e r  t o  g i v e  a  more pro-  
s p e c t i v e  f u n c t i o n  t o  t h i s  t y p e  o f  t o o l .  

3 2 ~ h e  model i n  i t s  new v e r s i o n  i s  a c t u a l l y  u s e d  i n  a  v e r y  
p r a g m a t i c  manner i n  t h e  e n e r g y  s e c t o r  o f  n i n e  c o u n t r i e s  o f  
t h e  EEC, w i t h  t h e  h e l p  o f  a  network ( f l o w  g r a p h ) ,  g e n e r a l  
enough t o  be  a p p l i e d  t o  e a c h .  The g o a l  i s  t o  c a l c u l a t e  a t  
t h e  same t i m e  t h e  a n n u a l  needs  f o r  i n v e s t m e n t s  and c u r r e n c y  
u n t i l  1985 and  t o  t r a c e  v a r i o u s  e n e r g y  f u t u r e s  up t o  2000- 
2023, t a k i n g  i n t o  a c c o u n t  t h e  v a l u e  o f  t h e  p a r a m e t e r s .  One 
f o r e s e e s  t h e  f u r t h e r  s t u d y  of  t h e  c o m p a t a b i l i t y  of  t h e  l o c a l  
optimum w i t h  t h e  g l o b a l  optimum o f  n i n e  s e c t o r s  which a r e  
i n t e g r a t e d  t o g e t h e r .  

3 3 ~ n  c o n n e c t i o n  w i t h  t h e  r e s e a r c h  d e v e l o p e d  a t  t h e  I n s t i t u t  
Economique e t  J u r i d i q u e  d e  1 ' E n e r g i e  by B .  Cha teau  and B .  
L a p i l l o n n e  on a  p r o s p e c t i v e  b a s i s  (by  sys t em a n a l y s i s  of  
t h e  e n e r g y  demand a t  t h e  y e a r  2 0 0 0 ) ,  t h i s  demand was s t u d i e d  
from an a n a l y t i c a l  p o i n t  o f  v iew i n  t h e  consumer ' s  s e c t i o n ,  
t a k i n g  i n t o  a c c o u n t  p r e s e n t  and f u t u r e  t e c h n i q u e s .  



energy policy: 

- the energy econcmy 
- the development of national resources 
- the choice of the sources of import 

with the aid of various criteria: the lowest cost for the 

collectivity (taking into account the financing problems) , the 
least economic dependency on other countries, the reliability of 

3 4  
supplies, and finally, the limit of ecological consequences . 

In summary, no specific models exist in the ~ h b n e - ~ l ~ e s  

Region, but there are models covering all the French activities 

in one branch or one sector. This is mainly due to the insti- 

tutional and economic centralization of France. 

Among the existing models, the most numerous ones are 

decision models covering one branch and, in this particular 

branch, well-specified methods. They utilize in general 

optimization techniques. At the global sectorial level, the 

only formalized model which exists serves a prospective goal 

without a real tie with the centers of public or private 

decision making. 

3 4  The reduction of the foreign dependency, by the develop- 
ment of national resources and by energy economy, has strong 
limits resulting from the criterion of low cost. 
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