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FOREWORD 

The host of factors affecting the rate, level, and profile of energy consump- 
tion make the study of that dimension of energy systems exceedingly com- 
plex. Such complexity challenges energy systems analysts to develop tools 
for defining, clarifying, and quantifying the relevant factors. In recognition 
of this fact of energy-analysis life, the MEDEE approach, developed at the 
Institut Economique et Juridique de 1'Energie (IEJE) in Grenoble, France, 
by B. Chateau and B. Lapillonne, was brought to the Energy Systems Program 
at IIASA, and subsequently revised and focused to match the Program's 
special purposes. 

The IIASA Energy Systems Program concentrates on global aspects of the 
long-term (50 years from now) transition from the present energy system 
based on cheap fossil fuels to one which may be more sustainable. In this 
context, energy demand-region by region-must be understood in terms of 
economic, technical, and lifestyle factors. It was in order to gain this under- 
standing that MEDEE 2 was implemented at IIASA. This study is part of the 
project "Comparison of Energy Options, A Methodological Study", sponsored 
jointly by the United Nations Environment Programme (UNEP) and IIASA. 

Presently the MEDEE 2 model is part of the IIASA modeling of energy 
systems. This modeling exercise makes use of several separate but inter- 
connected models which treat different aspects of energy systems. MEDEE 2 
is one of the energy demand models in use, providing inputs to  an energy 
supply and conversion model called MESSAGE. A macroeconomic model, 
MACRO, provides time trends of GNP and its components for MEDEE 2. 
The overall objective of the set of models (about 6 or 7 models in total) is to  
study the dynamics of national, regional, and global energy systems in some 
detail, and to examine the impact of energy systems on economics during a 
possible future period of energy transition. The full set of energy models is 
described in a Research Report by W. Hafele and P. Basile that is in 
preparation. 

This report describes MEDEE 2 as it exists at IIASA. The report is 
intended to substantiate the philosophy supporting the MEDEE approach, 
and to  illustrate the structure that is thought to represent economy-wide 
energy demand. The ability to deal with specific policy questions, and energy 
conservation possibilities, is made clear. The wide applicability of MEDEE 2 
to energy demand studies, and to  the evaluation of proposed "technical fixes" 
or policies, is also described. 

Paul Basile 
Assistant Leader 

Energy Systems Program 





SUMMARY 

This paper describes a simulation model, MEDEE 2, designed to  evaluate 
the long-term energy demand of a country, in combination with a scenario 
description of the main aspects of the country's social, economic, and techno- 
logical evolution. This approach considers in a detailed way a national energy 
demand pattern and breaks down the total demand in a multitude of end-use 
categories (eg., residential space heating, service sector cooling, gasoline for 
intercity cars). By means of this detailed investigation of energy demand we 
are better able to take into account the influence on energy demand of 
changes in social needs, economic growth, government policies, or technolo- 
gies, especially in the present context of high energy prices. In addition, 
it makes possible the identification of the potential market (i.e. maximum de- 
mand that can be technically met) of each final energy form (e.g., electricity, 
coal, gas, solar, oil products, and district heat). 

The model calculates useful energy demand in each end-use category for 
which several energy forms can be used, thus determining the substitution 
possibilities in energy use. This useful energy matches the energy service 
needed by the consumer (eg., heat, mechanical energy). Useful energy differs 
from final energy, purchased by the consumer, by the efficiency of the end- 
use appliances. Each useful energy demand is then converted into a demand 
for final energy, taking into account the fuel mix (i.e., the fraction of the de- 
mand supplied by each fuel) and the end-use efficiencies of each fuel. This 
approach-estimating useful energy-is necessary if one wants to account for 
the differences in fuel efficiencies: for the same service (let us say 1 kwh of 
heat) the final demand will vary according to  the fuel type because of these 
different efficiencies (eg., 1 kwh of electricity, 1.35 kwh of gas, 1.50 kwh of 
oil, and 2 kwh of coal). 

The total final demand is projected in MEDEE 2 for the following types of 
final energy forms: fossil fuel '(substitutable use of coal, oil, and gas), elec- 
tricity, motor fuel, coke, feedstock, solar, and district heat. 

MEDEE 2 is driven by a set of scenario elements, the evolution of which is 
defined in a scenario. The core of the scenario is a characterization through 
these elements of the development pattern of the country under consideration 
(life-styles, economic growth patterns, etc.). The scenario description is com- 
plemented with technological parameters (e.g., insulation standards, efficien- 
cies, fuel mix), the evolution of which is specified in a way consistent with the 
macroeconomic assumptions. 
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INTRODUCTION 

Since  t h e  o i l  c r i s i s  of  1973-1974, t h e r e  has been growing 
concern about  t h e  long-term e v o l u t i o n  of  energy demand. Many a r e  
now ask ing  such c r u c i a l  q u e s t i o n s  as :  W i l l  energy  demand l e v e l  
o f f  i n  i n d u s t r i a l i z e d  c o u n t r i e s ,  and a t  what l e v e l ?  How i s  energy 
demand r e l a t e d  t o  economic growth? How can government p o l i c i e s  
i n f l u e n c e  t h e  energy demand p a t t e r n  (i. e . ,  t h e  l e v e l  of energy 
and t h e  t y p e s  of f u e l s  u sed )?  How does energy demand respond t o  
p r i c e  i n c r e a s e s ?  

F o r e c a s t i n g  energy demand ove r  t h e  l ong  term is  d i f f i c u l t  
because of t h e  u n c e r t a i n t y  of t h e  f u t u r e  and t h e  complexity of 
t h e  energy demand p a t t e r n .  Th i s  r e p o r t  d e a l s  wi th  t h i s  problem 
and p r e s e n t s  a  p o s s i b l e  approach. Before looking  a t  t h e  f u t u r e ,  
it i s  neces sa ry  t o  understand t h e  n a t u r e  of energy demand. 

Determinat ion of Energy Demand 

Energy demand i s  induced by socioeconomic determinants--  
t h a t  i s ,  by economic a c t i v i t i e s  and by t h e  s a t i s f a c t i o n  of  s o c i a l  
needs ( e - g . ,  mob i l i t y  of persons  and tempera ture  i n  rooms). These 
de terminants  l e a d  t o  a  demand f o r  usefuZ energy ( e . g . ,  p roces s  
h e a t  and mechanical energy)  whose i n t e n s i t y  depends on t h e  tech-  
n o l o g i e s  used t o  s a t i s f y  s o c i a l  needs o r  t o  perform t h e  economic 
a c t i v i t i e s .  The demand f o r  energy commodities o r  f inaZ energy 
( e . g . ,  c o a l ,  e l e c t r i c i t y ,  and gas )  can be c a l c u l a t e d  from t h e  
l e v e l  of  u s e f u l  energy  demand which w i l l  depend upon t h e  e f f i -  
c i ency  of  t h e  equipment ( e - g . ,  f u rnaces ,  b o i l e r s ,  and eng ines )  
used t o  conve r t  t h e  f i n a l  energy  i n t o  u s e f u l  energy.  Thus t h e  
finaZ energy demand of a  s o c i e t y  i s  d i r e c t l y  r e l a t e d  t o  i t s  s o c i a l ,  
economic, and t echno log ica l  p a t t e r n  of  development. The d e t e r -  
minants  of  u s e f u l  and f i n a l  energy demand a r e  shown i n  F igu re  1. 

Three phenomena p l ay  a  de te rmining  r o l e  i n  t h e  long-term 
e v o l u t i o n  of energy demand: 

- The development p a t t e r n  of t h e  s o c i e t y  be ing  considered--  
t h a t  i s ,  t h e  economic growth and l i f e - s t y l e  which shape 
t h e  e v o l u t i o n  of t h e  socioeconomic de terminants ;  

- The t echno log ica l  e v o l u t i o n ,  which modi f ies  o r  i n c r e a s e s  
t h e  s e t  of a v a i l a b l e  t echno log ie s ;  

- The energy p r i c e  e v o l u t i o n ,  which i n f l u e n c e s  t h e  tech-  
n o l o g i c a l  cho ices  a s  we l l  a s  t h e  cho ices  among competing 
f u e l s  f o r  s u b s t i t u t a b l e  energy use .  
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Figure 1.  Determinants of useful and final energy demand. 

Through a n  u n d e r s t a n d i n g  o f  t h e  major  f a c t o r s  d e t e r m i n i n g  
e n e r g y  demand, w e  c a n  b e t t e r  g r a s p  t h e  d i f f i c u l t i e s  o f  f o r e c a s t i n g  
i t s  long-term e v o l u t i o n .  F i r s t ,  t h i s  e v o l u t i o n  i s  u n c e r t a i n  and 
n o n d e t e r m i n i s t i c ,  s i n c e  t h e  f u t u r e  o f  a  s o c i e t y  i s  a  complex phe- 
nomenon encompassing changes  i n  t h e  s o c i a l  n e e d s ,  i n  t h e  t e c h -  
n o l o g i e s ,  and more g e n e r a l l y  i n  t h e  development  p a t t e r n .  I n  
a d d i t i o n ,  t h e  r e c e n t  f o u r f o l d  i n c r e a s e  i n  o i l  p r i c e s  makes t h e  
t a s k  even  more complex; t h e  f u t u r e  i n f l u e n c e  of  h i g h  e n e r g y  p r i c e s  
on t e c h n o l o g i c a l  and socioeconomic development  and  government po l -  
i c i e s  i s  d i f f i c u l t  t o  a s s e s s .  

T r a d i t i o n a l l y  an  economic approach h a s  been used  t o  f o r e c a s t  
demand, which c o n s i d e r s  e n e r g y  demand a t  a  h i g h l y  a g g r e g a t e d  l e v e l ,  
d e r i v i n g  t o t a l  o r  s e c t o r a l  e n e r g y  demand p r o j e c t i o n s  from macro- 
economic i n d i c a t o r s  ( e . g . ,  g r o s s  n a t i o n a l  p r o d u c t ,  i n d u s t r i a l  ac-  
t i v i t i e s ,  and income) by means o f  s o p h i s t i c a t e d  s t a t i s t i c a l  a d j u s t -  
ments .  T h i s  approach  l e a d s  t o  a  s i m p l i f i e d  p e r c e p t i o n  o f  e n e r g y  
demand which a c c o u n t s  f o r  t h e  u n c e r t a i n t y  o v e r  t h e  l o n g  t e r m  by 
c o n s i d e r i n g  some of  t h e  v a r i a b l e s  a s  p a r a m e t e r s .  I n  o u r  o p i n i o n  
t h e s e  e c o n o m e t r i c  methods a r e  s e v e r e l y  l i m i t e d  when a p p l i e d  o v e r  
t h e  l o n g  t e r m :  t h e y  r e s u l t  p r i m a r i l y  from t h e  h i s t o r i c a l  evo lu-  
t i o n  o f  s o c i e t y  and a r e  t o o  a g g r e g a t e d  t o  p e r m i t  a  f l e x i b l e  i n t e -  
g r a t i o n  of  s t r u c t u r a l  and t e c h n o l o g i c a l  changes .  These l i m i t a t i o n s  
a r e  f u r t h e r  d i s c u s s e d  i n  [ 11 . 

Owing t o  t h e s e  l i m i t a t i o n s ,  new t e c h n i q u e s  h a v e  been deve loped  
which d i s a g g r e g a t e  t o t a l  e n e r g y  demand i n t o  end-use categories 
( e . g . ,  r e s i d e n t i a l  s p a c e  h e a t i n g ,  s e r v i c e  s e c t o r  c o o l i n g ,  g a s o l i n e  
f o r  i n t e r c i t y  a u t o m o b i l e s ) ,  and  u s e  s i m u l a t i o n  models and s c e n a r i o s  
t o  p r o j e c t  t h e  e n e r g y  demand e v o l u t i o n .  

At IIASA t h r e e  s u c h  t e c h n i q u e s  a r e  c u r r e n t l y  b e i n g  used:  
MUSE (Modeling U s e f u l  E n e r g y ) [ 2 ] ;  WISE (Wisconsin Regiona l  Energy 
Model) [ 3 1 ;  and MEDEE (Modele d l ~ v o l u t i o n d e  l a  Demande d l ~ n e r g i e ) .  
They d i f f e r  m a i n l y  i n  t e r m s  o f  c h e  l e v e l  o f  d i s a g g r e g a t i o n  o f  
t h e  s o c i a l ,  economic, a n d . t e c h n o l o g i c a 1  s y s t e m s ,  i n  t h e  s e l e c t i o n  
o f  end-use c a t e g o r i e s ,  and i n  t h e  s c e n a r i o  w r i t i n g  p r o c e s s .  



T h i s  r e p o r t  o u t l i n e s  t h e  g e n e r a l  MEDEE approach a s  deve loped  
a t  IEJE. A d e t a i l e d  d i s c u s s i o n  i s  t h e n  g i v e n  o f  MEDEE 2--the s i m -  
p l i f i e d  v e r s i o n  o f  MEDEE t h a t  was deve loped  a t  IIASA a s  p a r t  o f  
t h e  e n e r g y  model ing work o f  t h e  Energy Systems Program. 

THE MEDEE APPROACH 

MEDEE was deve loped  a  few y e a r s  ago t o  span  t h e  e n e r g y  demand 
i n  F r a n c e  t o  t h e  y e a r  2000. The main purpose  o f  MEDEE is  t o  pro-  
v i d e  a  f l e x i b l e  framework f o r  e x p l o r i n g  t h e  i n f l u e n c e  o f  s o c i a l ,  
economic,  t e c h n o l o g i c a l ,  and p o l i c y  changes on t h e  long-term evo- 
l u t i o n  o f  e n e r g y  demand.* The o b j e c t i v e s  o f  MEDEE were a s  f o l l o w s :  

- To i d e n t i f y  t h e  major  f a c t o r s  d e t e r m i n i n g  e n e r g y  demand; 

- To p r o v i d e  a  t o o l  f o r  e v a l u a t i n g  t h e  i n f l u e n c e  on e n e r g y  
demand o f  changes i n  t h e  e v o l u t i o n  of  t h e s e  f a c t o r s ;  

- TO u n d e r s t a n d  how t h e  r e c e n t  f o u r f o l d  i n c r e a s e  i n  c r u d e  
o i l  p r i c e s  c o u l d  a f f e c t  e n e r g y  demand; 

- To d e t e r m i n e ,  by means o f  a  s c e n a r i o ,  t h e  e n e r g y  demand 
growth from t h e  development  of m u l t i p l e  a s p e c t s  o f  
s o c i e t y ;  

- To make u s e ,  i n  t h e  s c e n a r i o  w r i t i n g  p r o c e s s ,  of  t h e  work 
o f  s o c i o l o g i s t s ,  e c o n o m i s t s ,  and p o l i c y  a n a l y s t s  on t h e  
f u t u r e  e v o l u t i o n  o f  s o c i e t y .  

The MEDEE approach i n v o l v e s  t h e  f o l l o w i n g  s t e p s  ( F i g u r e  2 ) :  

- A  s y s t e m a t i c  a n a l y s i s  o f  t h e  s o c i a l ,  economic, and t e c h -  
n o l o g i c a l  sys tem i n  o r d e r  t o  i d e n t i f y  t h e  major  f a c t o r s  
d e t e r m i n i n g  t h e  long-term e n e r g y  demand e v o l u t i o n .  

- D i s a g g r e g a t i o n  o f  t h e  t o t a l  e n e r g y  demand i n t o  a m u l t i -  
t u d e  of  end-use c a t e g o r i e s .  The s e l e c t i o n  o f  t h e  c a t e -  
g o r i e s  t o  b e  c o n s i d e r e d  depends upon t h e  o b j e c t i v e s  
pursued  by t h e  modeler  and on d a t a  a v a i l a b i l i t y .  

O r g a n i z a t i o n  o f  a l l  d e t e r m i n a n t s  i n t o  a  h i e r a r c h i c a l  
s t r u c t u r e ,  from t h e  macro t o  t h e  micro  l e v e l ,  showing 
how t h e  "macrode te rminan ts"  a f f e c t  e a c h  end-use c a t e g o r y .  

C o n s t r u c t i o n  o f  a  s i m u l a t i o n  model by s i m p l i f y i n g  t h e  
s y s t e m  s t r u c t u r e  and grouping  t h e  d e t e r m i n a n t s  i n t o  
exogenous determinants and scenario elements. The de-  
t e r m i n a n t s  chosen a s  s c e n a r i o  e l e m e n t s  a r e  t h o s e  t h e  
e v o l u t i o n  o f  which can  n o t  be  e x t r a p o l a t e d  f rom p a s t  
t r e n d s  because  o f  p o s s i b l e  s t r u c t u r a l  changes  i n  t h e  

*The MEDEE approach  is  e x t e n s i v e l y  d e s c r i b e d  i n  French  i n  [ 4 ]  and 
i s  summarized i n  E n g l i s h  i n  [ I ,  51 . 
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Figure 2. Conceptual scheme of the MEDEE approach. 

energy demand growth pattern, as for example, policy 
measures or energy prices. The evolution of these 
factors is specified in a scenario. The exogenous de- 
terminants encompass those factors the evolution of 
which is difficult to model (e.g., population growth, 
number of persons per household) but for which their 
long-term evolution can be adjusted suitably from past 
trends or from other studies (e.g., demographic studies). 

The MEDEE approach was designed to be applicable to a broad 
range of countries, and has been applied to Mexico [ 6 ]  and the 
USA [7] ; its application to the European Community (EC) countries 
is currently being studied at IEJE. The applicability of the 
MEDEE approach to developing countries is discussed in [ I ] .  In 
each case the social, economic, and technological systems have 
been analyzed at different levels of disaggregation in order to 
take into account both the particular characteristics of the 
country and the data available. 

From these case studies two computerized simulation models 
have been developed: MEDEE 2 and MEDEE 3. The latter is a more 
disaggregated model and is being implemented for the EC [ a ] .  



Objectives 

In designing MEDEE 2 we had the following objectives in 
mind : 

- To reflect structural changes affecting long-term 
energy demand by disaggregating the social, economic, 
and technological system so as to be able to take 
these changes explicitly into account. These in- 
clude changes in: social needs (e.g., saturation); 
the international division of labor (e.g., the shift 
of heavy industries such as steel from industrialized 
countries to developing countries, resulting in lower 
costs for energy, raw materials, and labor; government 
policies (e.g., transportation and energy conservation 
policies); technology (e.g., substitution of current 
processes with less energy-intensive ones); energy 
prices. 

- To identify the potential market (i-e., the maximum 
demand that can be technically met) of each final 
energy form (e.g., electricity, coal, gas, solar, 
oil products, and district heat). Table 1 shows how 

Table 1. Potential market for final energy forms. 

Final Energy 
Forms Potential Market 

Hot water 
Solar heat Space heat and 

air conditioning 

Electricity, 
Coolin 

Gas, 
Space 

Heat Pumps 

Electric 
heat 

District 
heat 

Coal 

'9 
heat 

For use in private single 
family houses, low build- 
ings, industry 

Space heat, hot water, and cooking 
Industrial furnace (for use in primarily light 
industries) 

i For use in human settle- 
Space heat, hot water 
Industrial steam ments (e-g., megalopolises, 

medium-sized cities) 

Industrial steam 
District heat 
Coke, feedstocks 

Motor fuels 
Liquid fuel All heat demand 

Feedstocks 

Gas 
All heat demand 
Feedstocks 



t h e  d e t a i l e d  a c c o u n t i n g  of  t h e  e n e r g y  demand by 
end-use c a t e g o r i e s  c o u l d  be used t o  i d e n t i f y  t h e  
p o t e n t i a l  marke t  o f  t h e  major  e n e r g y  forms.  

- To d e s i g n  t h e  model i n  s u c h  a  way t h a t  it i s  e a s i l y  
a p p l i c a b l e  t o  many c o u n t r i e s .  Thus w i t h i n  t h e  model 
t h e r e  a r e  s w i t c h e s  t h a t  p e r m i t  t h e  use  o f  submodules 
w i t h  v a r i o u s  d e g r e e s  o f  s o p h i s t i c a t i o n .  Most o f  t h e  
macroeconomic i n d i c a t o r s  used i n  t h e  model a r e  com- 
p a t i b l e  w i t h  Uni ted N a t i o n s  s t a t i s t i c s .  

Scope o f  t h e  Model 

I n  o r d e r  t o  i n d i c a t e  t h e  scope  o f  MEDEE 2 ,  w e  l i s t  some 
q u e s t i o n s  t h a t  t h e  model can  a d d r e s s :  

- How w i l l  income growth a f f e c t  e n e r g y  demand t h r o u g h  
t h e  i n c r e a s e  i n  t h e  s o c i a l  needs  ( e - g . ,  m o b i l i t y ,  
s i z e  o f  d w e l l i n g ,  consumption o f  g o o d s ) ?  

- How and when i n  i n d u s t r i a l i z e d  c o u n t r i e s  w i l l  t h e  
s a t u r a t i o n  o f  s p e c i f i c  s o c i a l  needs  i n f l u e n c e  e n e r g y  
demand? 

- How c a n  a  m o d i f i c a t i o n  i n  t h e  consumption p a t t e r n s  
of  t h e  p o p u l a t i o n  ( e . g . ,  t h e  s h i f t  t o  t h e  s e r v i c e  
s e c t o r )  a f f e c t  e n e r g y  demand? 

- How can t h e  e v o l u t i o n  o f  t h e  i n t e r n a t i o n a l  d i v i s i o n  
o f  l a b o r  between i n d u s t r i a l i z e d  and d e v e l o p i n g  coun- 
t r ies  modify t h e  i n d u s t r i a l  e n e r g y  demand p a t t e r n  i n  
t h e s e  c o u n t r i e s ?  For  example,  what w i l l  b e  t h e  
e f f e c t s  o f  t h e  s h i f t  i n  i n d u s t r i a l i z e d  c o u n t r i e s  t o  
i n d u s t r i a l  p r o d u c t i o n  w i t h  a  h i g h e r  v a l u e  added and 
low e n e r g y  c o n t e n t ,  and t h e  c o n c e n t r a t i o n  i n  deve lop-  
i n g  c o u n t r i e s  of  t h e  p r o d u c t i o n  o f  b a s i c  m a t e r i a l s  
such  a s  s t e e l  o r  p l a s t i c s ?  

- How c o u l d  a  s h i f t  from t h e  u s e  o f  a u t o m o b i l e s  t o  t h a t  
of  p u b l i c  t r a n s p o r t a t i o n  f o r  i n t e r c i t y  and urban 
t r a n s p o r t a t i o n  a f f e c t  e n e r g y  demand? 

- What p o t e n t i a l  f o r  e n e r g y  c o n s e r v a t i o n  c o u l d  r e s u l t  
from t h e  r e t r o f i t t i n g  of  e x i s t i n g  b u i l d i n g s  w i t h  
b e t t e r  i n s u l a t i o n  and /or  from t h e  c o n s t r u c t i o n  o f  
b e t t e r  i n s u l a t e d  b u i l d i n g s ?  

- What i s  t h e  p o t e n t i a l  marke t  f o r  s o l a r  h e a t i n g ,  h e a t  
pumps, d i s t r i c t  h e a t i n g ,  etc.  ? 



MEDEE 2 d o e s  n o t  d e a l  e x p l i c i t l y  w i t h  t h e  problem o f  i n t e r -  
f u e l  s u b s t i t u t i o n ,  a l t h o u g h  some g e n e r a l  g u i d e l i n e s  a s  t o  t h e  
f u e l  mix c a n  be roughly  d e r i v e d .  T h i s  i s  because  s u c h  a  problem 
s h o u l d  be t r e a t e d  by an  e n e r g y  s u p p l y  model and n o t  by an  e n e r g y  
demand model s i n c e  i n t e r f u e l  s u b s t i t u t i o n  depends  on t h e  r e l a t i v e  
p r i c e  o f  f i n a l  e n e r g y  forms,  which a r e  c a l c u l a t e d  endogenously 
i n  a  s u p p l y  model. 

I n  MEDEE 2 e n e r g y  demand i s  n o t  d i r e c t l y  r e l a t e d  t o  e n e r g y  
p r i c e s  by means o f  e l a s t i c i t y  c o e f f i c i e n t s .  The i n t e r d e p e n d e n c e  
between p r i c e  and demand may be o b s e r v e d  by a n a l y z i n g  t h e  
t e c h n o l o g i c a l  p o s s i b i l i t i e s  f o r  r e d u c i n g  e n e r g y  demand a s  e n e r g y  
p r i c e  i n c r e a s e s  and by c o n s i d e r i n g  t h e  i n v e s t m e n t  c o s t s  and t h e  
e n e r g y  s a v i n g s  o f  c o n s e r v a t i o n .  W e  r e l i e d  c o n s i d e r a b l y  on t h e  
many s t u d i e s  c a r r i e d  o u t  s i n c e  t h e  1973-1974 o i l  crisis t o  i d e n t i f y  
t h e  s o c i a l ,  economic, and t e c h n o l o g i c a l  r e s p o n s e s  t h a t  can  be ex-  
p e c t e d  f o r  a  g i v e n  range  o f  e n e r g y  p r i c e s .  (See [4]  f o r  a  l i s t  
of  t h e s e  s t u d i e s . )  F o r  i n s t a n c e ,  t h e  model d o e s  n o t  deduce t h e  
g a s o l i n e  demand from t h e  assumed p r i c e  o f  g a s o l i n e .  T h i s  p r i c e  
i s  u s e d  i n  t h e  s c e n a r i o  w r i t i n g  p r o c e s s  a s  background i n f o r m a t i o n  
f o r  modi fy ing  p a s t  t r e n d s  a s  t o  t h e  au tomobi le  ownersh ip  r a t i o  o r  
t h e  a n n u a l  au tomobi le  mi leage ;  t h e  model d e r i v e s  t h e  g a s o l i n e  de-  
mand from t h e  assumed number o f  a u t o m o b i l e s  and t h e  d i s t a n c e  d r i v e n  
by them. 

T h i s  c o u l d  be c o n s i d e r e d  a  weakness  i n  t h e  m o d e l ' s  approach .  
However, we have t o  be aware t h a t  i n  t h e  new e n e r g y  c o n t e x t  
c h a r a c t e r i z e d  by h i g h e r  e n e r g y  p r i c e s  e c o n o m i s t s  a r e  l a c k i n g  t h e  
t e c h n i q u e s  and e m p i r i c a l  d a t a  t o  u n d e r s t a n d  how demand responds  
t o  h i g h  and i n c r e a s i n g  e n e r g y  p r i c e s .  A s  t h e  c o n s i d e r a b l e  d i s -  
agreement  between t h e  r e s u l t s  o f  numerous p r i c e s  e l a s t i c i t y  s t u d i e s  
i n d i c a t e s ,  t h e  t r a d i t i o n a l  approach  i n  terms o f  e l a s t i c i t y  i s  no 
l o n g e r  s a t i s f a c t o r y ;  t h e s e  e l a s t i c i t i e s  have been c a l c u l a t e d  f rom 
t h e  p a s t ,  t h a t  i s  t o  s a y ,  o v e r  a  p e r i o d  when e n e r g y  p r i c e s  were 
s t a b l e  o r  even  d e c l i n i n g ,  and a r e  t h e r e f o r e  n o t  a p p l i c a b l e  t o  t h e  
p r e s e n t  e n e r g y  s i t u a t i o n .  T h i s  i s s u e  i s  a n a l y z e d  i n  d e t a i l  i n  
111. 

D e s c r i p t i o n  

The g e n e r a l  s t r u c t u r e  o f  MEDEE 2 i s  shown i n  F i g u r e  3. The 
model i s  d r i v e n  by a  s c e n a r i o  which i s  broken down i n t o :  1 )  a  
socioeconomic s u b s c e n a r i o  c h a r a c t e r i z i n g  t h e  b a s i c  f e a t u r e s  o f  
t h e  s o c i a l  and economic development  o f  t h e  c o u n t r y  b e i n g  con- 
s i d e r e d * ;  and 2 )  an  energy  s u b s c e n a r i o  s p e c i f y i n g  e n e r g y - r e l a t e d  

*For some IIASA a p p l i c a t i o n s  o f  MEDEE 2 ,  a  GDP model--MACRO-- 
was used t o  d e t e r m i n e  t h e  GDP e v o l u t i o n  (Y), c a p i t a l  f o r m a t i o n  
( I )  - - t h a t  i s ,  t h e  GDP e x p e n d i t u r e s  i n  p u b l i c  and p r i v a t e  i n v e s t -  
ment--pr ivate  consumption ( C )  [!I]. 
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Figure 3. General structure of MEDEE 2. 
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f a c t o r s  (e. g.  , end-use  e f f i c i e n c i e s  and m a r k e t  p e n e t r a t i o n )  . A 
macroeconomic module c a l c u l a t e s  t h e  a c t i v i t y  l e v e l  o f  t h e  pro-  
d u c t i v e  s e c t o r s  c o n s i d e r e d  i n  MEDEE 2 .  Energy demand i s  t h e n  
c a l c u l a t e d  f o r  e a c h  end-use  c a t e g o r y  i n  t h r e e  o t h e r  modqles:  
h o u s e h o l d / s e r v i c e ,  i n d u s t r i a l ,  and t r a n s p o r t a t i o n ,  u s i n g  t h e  
v a l u e  o f  t h e  s o c i a l  needs  and t h e  s e c t o r a l  a c t i v i t y  l e v e l s  a s  
g i v e n  by t h e  s c e n a r i o  and t h e  macroeconomic module.  

USEFUL 

ENERGY 

DEMAND 

MEDEE 2 i s  t h e r e f o r e  a  model f o r  e v a l u a t i n g  t h e  e n e r g y  de- 
mand i m p l i c a t i o n s  o f  t h e  economic and l i f e - s t y l e  s c e n a r i o s  de-  
s c r i b i n g  t h e  long- te rm e v o l u t i o n  o f  a  c o u n t r y .  The model i s  
o n l y  a  v e r y  s i m p l e  framework f o r  d e r i v i n g  t h e  e n e r g y  demand a s -  
s o c i a t e d  w i t h  t h e  s c e n a r i o s .  Because o f  i t s  h i g h  l e v e l  o f  d i s -  
a g g r e g a t i o n ,  t h e  model p r o v i d e s  i n  a d d i t i o n  a  framework f o r  
a c c o u n t i n g  f o r  t h e  e n e r g y  u s e s  i n  a  c o u n t r y .  

MODULE 

TRANSPOR- 
TATION 
MODULE 

When v a r i o u s  e n e r g y  fo rms  ( e . g . ,  s o l a r ,  e l e c t r i c i t y ,  and 
f o s s i l  f u e l s )  c a n  be s u b s t i t u t e d  f o r  a  g i v e n  end-use  c a t e g o r y ,  
t h e  e n e r g y  demand i s  f i r s t  c a l c u l a t e d  i n  u s e f u l  e n e r g y  t e r m s ,  
and t h e n  c o n v e r t e d  i n t o  f i n a l  e n e r g y ,  t a k i n g  i n t o  a c c o u n t  t h e  
p e n e t r a t i o n  o f  t h e  v a r i o u s  e n e r g y  forms i n  c o m p e t i t i o n  and t h e i r  
end-use  e f f i c i e n c i e s .  F o r  t h e s e  substitutabZe fuel u s e s  ( e . g . ,  
s p a c e  h e a t i n g ,  h o t  w a t e r ,  p r o c e s s  h e a t )  t h e  f i n a l  e n e r g y  demand 
i s  e v e n t u a l l y  d i s t r i b u t e d  among e l e c t r i c i t y ,  s o l a r ,  d i s t r i c t  
h e a t ,  and  f o s s i l  f u e l s .  The f o s s i l  f u e l  mix among c o a l ,  g a s ,  
and o i l  i s  n o t  a c c o u n t e d  f o r  h e r e  s i n c e  t h e  mix depends  g r e a t l y  
on t h e  c o n d i t i o n  o f  s u p p l y  and t h e  r e l a t i v e  p r i c e  o f  t h e s e  f u e l s  
- - i s s u e s  t h a t  a r e  o u t s i d e  t h e  scope  o f  t h e  model.  The r e p l a c e m e n t  
o f  f o s s i l  f u e l s  w i t h  new e n e r g y  fo rms  ( e . g . ,  s o l a r ,  d i s t r i c t  h e a t ,  
and e l e c t r i c i t y )  i s  n e v e r t h e l e s s  c o n s i d e r e d  s i n c e  t o  o u r  mind 
p o l i c y  f a c t o r s  w i l l  p l a y  a  d e t e r m i n i n g  r o l e  i n  t h e  f u t u r e  i n  t h e  
s u b s t i t u t i o n  p r o c e s s .  F o r  t h a t  r e a s o n ,  w e  t h i n k  t h a t  t h i s  i s s u e  



can  be  d e a l t  w i t h  o n l y  by means o f  s c e n a r i o  a s s u m p t i o n s  a b o u t  t h e s e  
s u b s t i t u t i o n s .  Thus t h e  marke t  p e n e t r a t i o n s  o f  s o l a r ,  d i s t r i c t  
h e a t  and e l e c t r i c i t y  a r e  d e f i n e d  by means o f  s c e n a r i o s .  

F o r  nonsubstitutable fuel u s e s  ( e . g . ,  motor f u e l  f o r  a u t o -  
m o b i l e s ,  and e l e c t r i c i t y  f o r  e l e c t r o l y s i s ,  l i g h t i n g ,  and s m a l l  
e n g i n e s )  o n l y  f i n a l  e n e r g y  i s  c o n s i d e r e d .  

F o r  e a c h  end-use  c a t e g o r y ,  t h e  u s e f u l / f i n a l  e n e r g y  demand 
i s  r e l a t e d  t o  t h e  s o c i a l ,  economic,  and t e c h n o l o g i c a l  d e t e r m i -  
n a n t s .  The e n e r g y  demand p r o j e c t i o n s  r e s u l t s  f rom t h e  e v o l u t i o n  
a s s i g n e d  t o  t h e s e  d e t e r m i n a n t s  e i t h e r  i n  t h e  s c e n a r i o  o r  i n  t h e  
model. (See  F i g u r e  4 . )  

The Macroeconomic Module 

The macroeconomic module o f  MEDEE 2 i s  i l l u s t r a t e d  i n  F ig -  
u r e  5 .  The r o l e  o f  t h i s  module i s  t o  d e f i n e  t h e  g e n e r a l  s t r u c -  
t u r e  o f  t h e  economy, o r ,  i n  o t h e r  words ,  t o  e x p r e s s  t h e  economic 
g rowth ,  a s  c h a r a c t e r i z e d  by t h e  s c e n a r i o ,  i n  t e r m s  o f  growth o f  
t h e  a c t i v i t y  o f  e a c h  o f  t h e  economic s e c t o r s  i n  MEDEE 2 .  

I 

1 SCENARIO 1 
Socioeconomic 

Subscenario 

Economic Technological 

Energy 
Subscenario .~ ~- ~ 

(e.g. economic growth, 
lifestyle) 

1 Useful Energy Demand 
(e.g. highflow temperature 
steam, furnace heat, space 
heat, hot water, heat for 

cooking, energy for cooling) 

(e.g. technical factors, 
market production) 

Energy Sources 
(e.g. district heat, 

solar systems) 

I / \ 

Efficiency of  
Appliances 

(e.g. furnaces, boilers) 

Nonsubstitutable 
Final Energy Demand 
- electricity 
- motor fuel 
- coal for steam trains 
- metall. coke 
- feedstocks 

Substitutable Final 
Energy Demand 
- fossil fuels 
- district heat 
- electricity 
- "soft" solar eystems 

Figurc: 4. Sch(:rnc: f o r  projecting usrful and final energy dcmand in MEDEF; 2. 
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Figure 5.  Macroeconomic module of MEDEE 2*. 

*Only a selected group of sectors and subsectors has been shown for the 
sake of simplicity. 

S i x  economic s e c t o r s  a r e  c o n s i d e r e d  i n  MEDEE 2 :  a g r i c u l t u r e ;  
mining;  e n e r g y ;  manufac tur ing ;  s e r v i c e  ( i n c l u d i n g  banking ,  com- 
merce,  s c h o o l s ,  h o s p i t a l s ,  and p u b l i c  a d m i n i s t r a t i o n ) ;  and con- 
s t r u c t i o n .  The manufac tur ing  s e c t o r  i s  d i v i d e d  i n t o  f o u r  sub- 
s e c t o r s :  t h e  equipment  goods i n d u s t r i e s  ( i . e . ,  i n d u s t r i e s  p ro-  
d u c i n g  predominan t ly  c a p i t a l  goods and d u r a b l e  goods s u c h  a s  
t r a n s p o r t a t i o n  equipment  o r  e l e c t r i c a l  machinery i n d u s t r i e s ) ;  
t h e  food and t e x t i l e  i n d u s t r i e s ;  t h e  b a s i c  m a t e r i a l s  i n d u s t r i e s  
( s u c h  a s  s teel ,  b u i l d i n g  m a t e r i a l s ,  and c h e m i c a l s ) ;  m i s c e l l a -  
neous  i n d u s t r i e s .  

The macroeconomic module d e r i v e s  t h e  r e q u i r e d  l e v e l  o f  a c t i v -  
i t y  o f  e a c h  s e c t o r  from i n v e s t m e n t  i n  c o n s t r u c t i o n  and equipment  
and from p r i v a t e  consumption o f  d u r a b l e  goods ,  nondurab le  goods ,  
and s e r v i c e s .  T h i s  approach  i m p l i c i t l y  assumes f o r  t h e  f u t u r e  
s i m i l a r  t r e n d s  i n  f o r e i g n  t r a d e  a s  have been o b s e r v e d  i n  t h e  p a s t .  
The c a l c u l a t e d  a c t i v i t y  l e v e l s  can  t h e n  be m o d i f i e d  i n t e r a c t i v e l y  
(by means o f  a  s c e n a r i o )  t o  a c c o u n t  f o r  changes compared t o  p a s t  
t r e n d s ,  a s  f o r  example,  i n  t h e  f o r e i g n  t r a d e  o f  b a s i c  m a t e r i a l s .  
A s  i s  e n v i s i o n e d ,  a  "new economic o r d e r "  would l e a d  t o  e x p o r t s  
o f  b a s i c  m a t e r i a l s  from d e v e l o p i n g  c o u n t r i e s  t o  i n d u s t r i a l i z e d  
c o u n t r i e s .  These i m p o r t s  c a n n o t  be deduced from t h e  macroeconomic 
module and t h e r e f o r e  have  t o  b e  assumed exogenous ly  (by means o f  
a s c e n a r i o ) .  



Most of t h e  equa t ions  of t h e  module a r e  s t a t i s t i c a l  expres-  
s i o n s  of t h e  ba lance  between t h e  a c t i v i t y  of a  s e c t o r  ( e .g . ,  va lue  
added of  equipment goods i n d u s t r i e s )  and t h e  use of i t s  o u t p u t  
( e . g . ,  inves tment  i n  equipment and consumption of du rab le  goods) .  
Because of t h i s  f e a t u r e ,  t h e  a d j u s t e d  r e l a t i o n  should normally 
have a  h igh  c o r r e l a t i o n  c o e f f i c i e n t .  

Although t h e  macroeconomic module i s  s imple ,  it p rov ides  a  
c o n s i s t e n t  economic framework f o r  e v a l u a t i n g  a l t e r n a t i v e  soc io-  
economic s c e n a r i o s .  An a l t e r n a t i v e  would be t o  use an inpu t /  
o u t p u t  model, b u t  i t s  complexi ty i s  n o t  worthwhile  ove r  t h e  long 
term, compared t o  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  tech-  
n i c a l  c o e f f i c i e n t s .  S p e c i f i c a l l y ,  t h i s  module pe rmi t s  t h e  a s se s s -  
ment of  t h e  impact  on energy demand of changes i n  t h e  r a t e  of  
c a p i t a l  format ion  ( e - g . ,  t h e  f r a c t i o n  of GDP t h a t  goes i n t o  in-  
ves tment )  o r  i n  t h e  p r i v a t e  consumption p a t t e r n s  ( e . g . ,  d u r a b l e  
goods ve r sus  nondurable goods v e r s u s  s e r v i c e s ) .  

Enerav Demand Modules 

The t h r e e  energy demand modules i n  MEDEE 2 a r e :  household/ 
s e r v i c e ,  i n d u s t r i a l ,  and t r a n s p o r t a t i o n .  Energy demand i s  c a l -  
c u l a t e d  f o r  each end-use c a t e g o r i e s  i n  each of  t h e s e  modules. 
Each module has  been developed i n  a  s i m i l a r  way: End-use c a t e -  
g o r i e s  have been i d e n t i f i e d  by t a k i n g  e x p l i c i t l y  i n t o  account  
t h e  major s o c i a l ,  economic, t e c h n o l o g i c a l ,  and po l i cy  changes 
t h a t  can appear  over  a  l ong  term and d r a m a t i c a l l y  a f f e c t  energy 
demand. The end-use c a t e g o r i e s  i n  MEDEE 2 a r e  given i n  Table 2 .  

For each  ca tegory  t h e  socioeconomic de t e rminan t s  t h a t  c r e a t e  
t h e  f i n a l  and u s e f u l  energy demand have been i d e n t i f i e d  a s  w e l l  a s  
t h e  major f a c t o r s  t h a t  i n f l u e n c e  t h e  e v a l u a t i o n  of t h e s e  d e t e r -  
minants .  

The Household/Service Module 

The breakdown of t h e  household /serv ice  module i s  shown i n  
Table 3 .  

Our o b j e c t i v e s  i n  d i s agg rega t ing  t h e  module a r e  a s  fo l lows:  

- To i d e n t i f y  homogeneous end-use c a t e g o r i e s  from t h e  
p o i n t  of  view of f u t u r e  t ypes  of  energy supply com- 
mod i t i e s - - t ha t  i s ,  

- space h e a t i n g  and h o t  water  i n  low d e n s i t y  pop- 
u l a t i o n  a r e a s :  e l e c t r i c i t y ,  o i l ,  g a s ,  and s o l a r ;  



Table 2. Categories of energy use considered in ICEDEE 2. 

Personal  t r a n s p o r t a t i o n  
Urban 

I n t e r c i t y  

F r e i g h t  t r a n s p o r t a t i o n  

Long d i s t a n c e  

Local 

Miscellaneous 
M i l i t a r y  
I n t e r n a t i o n a l  

Household 
Space heat ing? 

Water heat ing? 
Cooking? 
Cooling? 
E l e c t r i c a l  appl iances* 

Serv ice  
Thermal uses? 
Cooling? 
E l e c t r i c a l  appl iances* 

SECTORS 

Agr icu l tu re  
Construct ion 
Mining 
Manufacturing: 

Basic  m a t e r i a l s  
Equipment 
Food and t e x t i l e s  
Miscellaneous 

~ n e r g y  5 

TRANSPORTATION MODULE* 

Automobile (motor f u e l ,  e l e c t r i c )  
Mass t r a n s i t  (motor f u e l ,  e l e c t r i c )  

I 
Automobile (motor f u e l )  
Airplane (motor f u e l )  
Bus (motor f u e l )  
Train (steam, d i e s e l ,  e l e c t r i c )  

Train (steam, d i e s e l ,  e l e c t r i c )  
f Barge (motor f u e l ,  
\Truck (motor f u e l )  

Truck (motor f u e l )  

(Motor f u e l )  

(Fre igh t  and passenger ,  a i r  and 
maritime t r a f f i c )  

Pre-/post-1975 dwell ings 
Mult i family/s ingle  family dwell ings 

(Pre-/post-1975 dwell ings)  

INDUSTRIAL MODULE 
PROCESSES 

Motor f u e l  use* 
S p e c i f i c  e l e c t r i c i t y  uses*+ 
Thermal uses:  

Steam genera t ion  
Furnace opera t ion  
Space and water  hea t ing  

Coke use f o r  i r o n  o r e  reduct ion* 
Use of feedstocks* 

*Final  energy 
?Useful energy (energy sources competing: f o s s i l  f u e l s ,  d i s t r i c t  h e a t ,  

e l e c t r i c i t y ,  s o l a r  systems) 
:BY d e f i n i t i o n  i n  t h e  model, a l l  p r e s e n t  uses  of e l e c t r i c i t y  ( l i g h t i n g ,  
motive power, e l e c t r o l y s i s ,  e l e c t r i c  fu rnaces )  a r e  included here .  

§The energy s e c t o r  is considered s e p a r a t e l y  only i f  s t a t i s t i c s  a r e  a v a i l a b l e .  
Its energy consumption i s  no t  considered here s i n c e  it should be accounted 
f o r  i n  t h e  conversion from f i n a l  t o  primary energy. 



T a b l e  3 .  H o u s e h o l d / s e r v i c e  module.  

HOUSEHOLD SECTOR 

Space hea t ing  f o r  four  human se t t l ements  c a t e g o r i e s .  ( I n  t h i s  ins tance ,  t h e  
fol lowing c a t e g o r i e s  have been considered:  c i t i e s  of  more than 1 m i l l i o n  in- 
h a b i t a n t s ;  c i t i e s  of more than 250,000 and l e s s  than 1 m i l l i o n ;  c i t i e s  of  be- 
tween 50,000 and 250,000; and r u r a l  a r e a s  and c i t i e s  of  l e s s  than 50,000.) For 
i n d u s t r i a l i z e d  c o u n t r i e s  t h e  following dwell ing c a t e g o r i e s  a r e  d i s t inguished :  

-- Pre-1975 and post-1975 dwell ings 
- - Multifamily and s i n g l e  family 
- - Dwellings with c e n t r a l  hea t ing  o r  i n d i v i d u a l  hea t ing  

Hot water  f o r  the  above four  human se t t l ement  c a t e g o r i e s  

A i r  condi t ioning 

Cooking 

E l e c t r i c a l  app l iances  

SERVICE SECTOR 

Heat ( h o t  water and mainly space hea t ing)  f o r  t h e  above four  human s e t t l e -  
ments c a t e g o r i e s .  For c o u n t r i e s  with d a t a  on t h e  bu i ld ing  inventory ,  t h e  
h e a t  demand evolu t ion  i s  simulated f o r  bu i ld ings  b u i l t  be fore  1975 and f o r  
t h e  new cons t ruc t ion  (post-1975 b u i l d i n g s ) .  

A i r  condi t ion ing  

E l e c t r i c a l  app l iances  

- s p a c e  h e a t i n g  and h o t  w a t e r  i n  h i g h  d e n s i t y  pop- 
u l a t i o n  a r e a s :  e l e c t r i c i t y ,  o i l ,  g a s ,  and d i s -  
t r i c t  h e a t i n g *  ; 

- c o o l i n g :  e l e c t r i c i t y ,  and s o l a r ;  

*The t y p e  o f  d i s t r i c t  h e a t i n g  t h a t  c a n  be deve loped  ( n u c l e a r ,  
c o a l ,  o r  g e o t h e r m a l )  depends  main ly  on t h e  d e n s i t y  o f  t h e  
p o p u l a t i o n  and t h e  s i z e  o f  t h e  p o t e n t i a l  marke t .  For  t h i s  
r e a s o n ,  t h e  h e a t  demand ( s p a c e  h e a t i n g  and h o t  w a t e r )  i s  c a l -  
c u l a t e d  f o r  d i f f e r e n t  human s e t t l e m e n t s  c a t e g o r i e s  ( e . g . ,  
d i f f e r e n t  c i t y - s i z e  c a t e g o r i e s ) .  



- e l e c t r i c  a p p l i a n c e s  ( h o u s e h o l d  a p p l i a n c e s ,  com- 
p u t e r s ,  l i f t s ,  e t c ) :  e l e c t r i c i t y ;  

- cooking  ( h o u s e h o l d ) :  e l e c t r i c i t y ,  and g a s .  

- To d e t e r m i n e  b o t h  h o u s e h o l d  and s e r v i c e - s e c t o r  e n e r g y  
demands s i n c e  t h e i r  r e s p e c t i v e  d r i v i n g  f o r c e s  d o  n o t  
grow a t  t h e  same r a t e :  i n  t h e  c a s e  o f  h o u s e h o l d s  t h e  
d r i v i n g  f o r c e  i s  t h e  demography ( e . g . ,  t h e  p o p u l a t i o n  
and number o f  h o u s e h o l d s ) ;  i n  t h e  c a s e  o f  s e r v i c e s ,  i t  
i s  t h e  economic a c t i v i t y  i n  t h e  s e r v i c e  s e c t o r .  

- TO c o n s i d e r  b u i l d i n g  t y p e s  t h a t  a r e  homogeneous w i t h  
r e s p e c t  t o  h e a t  r e q u i r e m e n t s  ( e . g . ,  d w e l l i n g s  and 
b u i l d i n g s  b u i l t  b e f o r e  t h e  o i l  crisis o r  a f t e r w a r d s ;  
m u l t i f a m i l y  and s i n g l e  f a m i l y  d w e l l i n g s ) .  T h i s  means 
t h a t  t h e  e v o l u t i o n  o f  t h e  b u i l d i n g  i n v e n t o r y  must be 
s i m u l a t e d .  For  d e v e l o p i n g  c o u n t r i e s  t h e  h e a t i n g  de -  
mand i s  g e n e r a l l y  n o t  v e r y  s i g n i f i c a n t ,  s i n c e  t h e  
m a j o r i t y  o f  t h e s e  c o u n t r i e s  a r e  l o c a t e d  i n  t r o p i c a l  
o r  s u b t r o p i c a l  a r e a s  and few d a t a  a r e  a v a i l a b l e  on 
t h e  b u i l d i n g  i n v e n t o r y .  Thus t h e  t y p e s  o f  b u i l d i n g s  
and d w e l l i n g s  w i l l  n o t  be  a c c o u n t e d  f o r .  

F o r  t h e  s u b s t i t u t a b l e  u s e  o f  e n e r g y  t h e  e n e r g y  demand was 
p r o j e c t e d  i n  terms of  u s e f u l  e n e r g y  r a t h e r  t h a n  f i n a l  e n e r g y  i n  
o r d e r  t o  a c c o u n t  f o r  t h e  d i s c r e p a n c i e s  i n  t h e  end-use  e f f i c i e n -  
c i e s  o f  t h e  v a r i o u s  compet ing f u e l s .  

To g e t  an i d e a  o f  t h e  a g g r e g a t e  f i n a l  e n e r g y  demand o f  t h i s  
module and o f  i t s  p o s s i b l e  e n e r g y  s u p p l y  mix, t h e  c a l c u l a t e d  use-  
f u l  e n e r g y  demand i s  c o n v e r t e d  i n t o  f i n a l  e n e r g y  by assuming a  
c e r t a i n  f u e l  mix f o r  t h e  s u p p l y  o f  t h i s  demand and t a k i n g  i n t o  
a c c o u n t  t h e  e f f i c i e n c i e s  o f  e a c h  f u e l .  I n  o r d e r  t o  s i m p l i f y  t h e  
c a l c u l a t i o n s ,  o n l y  two c a t e g o r i e s  o f  e n e r g y  commodi t i e s  have been 
i n c l u d e d  i n  t h e  g roup  c o r r e s p o n d i n g  t o  t h e i r  end-use  e f f i c i e n c i e s :  
( 1 )  s o l a r ,  d i s t r i c t  h e a t ,  and e l e c t r i c i t y ,  w i t h  an assumed e f f i -  
c i e n c y  o f  100% ( a t  t h e  consumer l e v e l ) ;  and ( 2 )  f o s s i l  f u e l s  ( c o a l ,  
o i l ,  and  g a s ) ,  t h e  e f f i c i e n c i e s  o f  which v a r y  a c c o r d i n g  t o  t h e  
s c e n a r i o  [ 101 . 

S i n c e  t h e  long- te rm e n e r g y  s u p p l y  worldwide w i l l  be  c h a r a c -  
t e r i z e d  by a  p r o g r e s s i v e  s h i f t  from o i l  and g a s  t o  o t h e r  e n e r g y  
s o u r c e s  such  a s  s o l a r ,  c o a l ,  o r  n u c l e a r ,  w e  have  made t h e  fo l low-  
i n g  d i s t i n c t i o n s  i n  t h e  model: f o s s i l  f u e l s  ( m a i n l y  o i l  and g a s ) ,  
e l e c t r i c i t y  ( c o a l  o r  n u c l e a r ) ,  and s o l a r  and d i s t r i c t  h e a t  ( n u c l e a r  
o r  c o a l ) .  

The deve lopment  o f  e l e c t r i c i t y ,  s o l a r ,  and  d i s t r i c t  h e a t  i s  
assumed i n  t h e  f o l l o w i n g  way: f o r  e a c h  end-use  c a t e g o r y  t h e  po- 
t e n t i a l  marke t  s h a r e  o f  e l e c t r i c i t y ,  s o l a r ,  and d i s t r i c t  h e a t  i s  
s p e c i f i e d  by means o f  s c e n a r i o  e l e m e n t s .  F o r  i n s t a n c e ,  f o r  house- 
h o l d  s p a c e  h e a t i n g  t h e  p o t e n t i a l  marke t  o f  s o l a r  e n e r g y  i s  d e f i n e d  



a s  t h e  s p a c e  h e a t i n g  demand o f  a l l  s i n g l e  f a m i l y  houses  b u i l t  a f t e r  
1975. I n  t h e  s c e n a r i o ,  a  c o e f f i c i e n t  s p e c i f i e d  t h e  market  s h a r e  
c a p t u r e d  by s o l a r  e a c h  y e a r .  Such a n  approach a l l o w s  u s  t o  e n v i -  
s i o n  d i f f e r e n t  e n e r g y  p o l i c i e s  f o r  t h e  development  o f  new e n e r g y  
s o u r c e s  by v a r y i n g  t h e  market  p e n e t r a t i o n  r a t e s  w i t h  t h e  s c e n a r i o s .  
T h i s  is  p a r t i c u l a r l y  r e l e v a n t  s i n c e  t h e  development  o f  new e n e r g y  
s o u r c e s  w i l l  be  main ly  de te rmined  by p o l i c y  f a c t o r s .  By d e f i n i t i o n ,  
f o s s i l  f u e l  demand is  e q u a l  t o  t h a t  demand which i s  n o t  m e t  by t h e  
sum o f  e l e c t r i c i t y ,  s o l a r ,  and d i s t r i c t  h e a t .  T h i s  f o s s i l  f u e l  
demand i s  n o t  broken down i n t o  o i l ,  g a s ,  and c o a l  because  o f  s u p p l y  
problems o f  t h e s e  i n d i v i d u a l  f u e l s ,  which a r e  n o t  accounted  f o r  i n  
t h e  model. 

The s t r u c t u r e  of  t h e  h o u s e h o l d / s e r v i c e  module and t h e  equa- 
t i o n s  of  i t s  s i m u l a t i o n  model a r e  d e s c r i b e d  i n  d e t a i l  i n  1101. 

The I n d u s t r i a l  Module 

The i n d u s t r i a l  module c o n s i s t s  o f  t h e  f o l l o w i n g  s e c t o r s :  
a g r i c u l t u r e ;  c o n s t r u c t i o n ;  min ing ;  manufac tur ing ;  and energy .  
The m a n u f a c t u r i n g  s e c t o r  i s  f u r t h e r  d i v i d e d  i n t o  f o u r  s u b s e c t o r s :  
b a s i c  m a t e r i a l s  i n d u s t r i e s ;  equipment  goods i n d u s t r i e s ;  food and 
t e x t i l e  i n d u s t r i e s ;  and m i s c e l l a n e o u s  i n d u s t r i e s .  According t o  
t h e  d a t a  a v a i l a b l e  t h e s e  s u b s e c t o r s  can  be f u r t h e r  d i s a g g r e g a t e d .  

These s u b s e c t o r s  a r e  c o n s i d e r e d  f o r  s e v e r a l  r e a s o n s  a s  d i s -  
c u s s e d  below. 

F i r s t ,  t h e  i n d u s t r i e s  have homogeneous e n e r g y  p a t t e r n s .  The 
e n e r g y  p a t t e r n  o f  t h e  equipment  goods i n d u s t r i e s  i s  c h a r a c t e r i z e d  
by l a r g e  r e q u i r e m e n t s  o f  e l e c t r i c i t y  p e r  u n i t  o f  o u t p u t  and by a  
demand f o r  h e a t i n g  f u e l s  a l m o s t  e v e n l y  d i s t r i b u t e d  among s p a c e  
h e a t i n g ,  f u r n a c e s ,  and s team p r o d u c t i o n .  The b a s i c  m a t e r i a l  i n -  
d u s t r i e s  a r e  l a r g e  e n e r g y  consumers ,  and t h e i r  c o n t r i b u t i o n  t o  
t h e  t o t a l  e n e r g y  demand o f  t h e  i n d u s t r i a l  s e c t o r  g e n e r a l l y  exceed  
50% and ,  i n  some d e v e l o p i n g  c o u n t r i e s ,  c a n  be a s  h i g h  a s  80%. I n  
a d d i t i o n ,  t h e  h i g h  s h a r e  o f  e n e r g y  c o s t s  i n  t h e i r  p r o d u c t i o n  c o s t s  
makes t h e s e  i n d u s t r i e s  s e n s i t i v e  t o  e n e r g y  p r i c e  i n c r e a s e s .  Thus, 
d r a m a t i c  r e d u c t i o n s  o f  t h e  e n e r g y  r e q u i r e m e n t s  p e r  u n i t  of  o u t p u t  
can  b e  e x p e c t e d  i n  t h e  f u t u r e ,  e s p e c i a l l y  s i n c e  s i g n i f i c a n t  reduc-  
t i o n s  i n  t h e s e  r e q u i r e m e n t s  were a c h i e v e d  i n  t h e  p a s t  when t h e  
e n e r g y  p r i c e s  were s t a b l e .  I n  t h e  food and t e x t i l e  i n d u s t r i e s  
t h e  e n e r g y  demand is mainly f o r  s team and warm water--about  75% 
o f  t h e  f u e l  demand f o r  t h e r m a l  purposes .  

Secondly t h e s e  s u b s e c t o r s  a r e  key s e c t o r s  o f  an  economy, 
t h e  r e l a t i v e  development  o f  which c h a r a c t e r i z e s  t h e  development 
p a t t e r n  o f  t h e  economy. By b r e a k i n g  down t h e  module, t h e  model 
can  s i m u l a t e  t h e  i n f l u e n c e  on energy  demand o f  changes i n  t h e  
economic development  p a t t e r n  o f  b o t h  i n d u s t r i a l i z e d  and develop-  
i n g  c o u n t r i e s .  I n  t h e  c a s e  o f  d e v e l o p i n g  economies ,  d i f f e r e n t  



i n d u s t r i a l  growth p a t t e r n s  can be env i s ioned  accord ing  t o  p r i o r -  
i t i e s  g iven  t o  domest ic  product ion  ve r sus  impor ts /expor ts  f o r  
b a s i c  m a t e r i a l s ,  equipment goods, o r  consumer goods. The model 
can e x p r e s s  t h e s e  changes i n  t h e  i n d u s t r i a l  s t r u c t u r e  ( i . e . ,  a s  
t h e  sha re  of  each  s e c t o r  i n  t h e  i n d u s t r i a l  va lue  added) i n  terms 
of  bo th  t o t a l  demand and s t r u c t u r e  of  t h e  demand (e .g . ,  s team 
f u r n a c e ,  and space h e a t i n g ) .  Also,  through t h i s  breakdown, one 
can account  f o r  changes i n  t h e  i n t e r n a t i o n a l  d i v i s i o n  of  l a b o r  
and t h e  p o s s i b l e  reshaping  of  a  new economic o r d e r  w i th  a l l  t h e  
r e p e r c u s s i o n s  on energy demand. For example, i n  t h e  i n d u s t r i -  
a l i z e d  c o u n t r i e s  such a change could  induce both  a  s lower growth 
of t h e  b a s i c  m a t e r i a l s  i n d u s t r i e s - - s i n c e  i n  t h i s  p e r s p e c t i v e  some 
developing  c o u n t r i e s  would have a  s i g n i f i c a n t  e x p o r t  capac i ty  of 
such goods--and a h ighe r  growth of o t h e r  a c t i v i t i e s  such a s  equip-  
ment p roduc t ion ,  know-how, and eng inee r ing  s e r v i c e s .  The energy  
demand p a t t e r n  of  t h e  i n d u s t r i a l  s e c t o r  of t h e s e  c o u n t r i e s  could  
t h e r e f o r e  be d r a m a t i c a l l y  a f f e c t e d .  

Th i rd ly ,  any change i n  t h e  c a p i t a l  format ion  r a t i o  w i l l  i n -  
f l u e n c e  t h e  growth of  t h e s e  s u b s e c t o r s  d i r e c t l y  f o r  t h e  equip-  
ment goods i n d u s t r i e s ;  i n d i r e c t l y  f o r  t h e  food and t e x t i l e  i n -  
d u s t r i e s ,  s i n c e  a  mod i f i ca t i on  i n  c a p i t a l  format ion  a f f e c t s  
p r i v a t e  consumption; and i n d i r e c t l y  f o r  t h e  b a s i c  m a t e r i a l s  
i n d u s t r i e s ,  s i n c e  t h e  l a t t e r ' s  growth depends mainly on t h e  
growth o f  t h e  o t h e r  two i n d u s t r i e s .  This  approach t o  modeling 
t h e  manufacturing s e c t o r  makes it p o s s i b l e  t o  e v a l u a t e  t h e  e f -  
f e c t s  on energy demand of changes i n  t h e  c a p i t a l  format ion  r a t i o ,  
a s  f o r  example, t h e  s h i f t  i n  t h e  energy supply from f o s s i l  f u e l s  
t o  n u c l e a r  and s o l a r  energy.  

And f i n a l l y ,  l i f e - s t y l e  can be c h a r a c t e r i z e d  by t h e  way 
people spend t h e i r  incomes, and more p r e c i s e l y  by t h e  t ype  of  
goods t hey  purchase .  I n  MEDEE 2, t h e  s t r u c t u r e  of t h e  i n d i v i -  
d u a l  p r i v a t e  consumption i s  an i n d i c a t o r  of  l i f e - s t y l e .  A l i f e -  
s t y l e  i s  de f ined  by t h e  d i s t r i b u t i o n  of  p r i v a t e  consumption among 
energy ,  du rab l e  goods, nondurable goods, and s e r v i c e s .  Most 
o f t e n  s t a t i s t i c s  a r e  n o t  d e t a i l e d  enough t o  pe rmi t  i s o l a t i o n  of  
"energy" i n  which ca se  energy w i l l  be accounted f o r  i n  t h e  o t h e r  
c a t e g o r i e s  of  goods o r  s e r v i c e s .  I t  i s  then  p o s s i b l e  t o  e v a l u a t e  
t h e  i n f l u e n c e  of l i f e - s t y l e  changes on t h e  i n d u s t r i a l  s t r u c t u r e  
( t h i s  is t h e  r o l e  o f  t h e  macroeconomic module) and upon t h e  
energy  demand of  t h e  i n d u s t r i a l  subsec to r s .  I n  a d d i t i o n ,  we can 
a s s e s s  t h e  e f f e c t  on energy demand o f  i n c r e a s i n g  t h e  d u r a b i l i t y  
of goods. 

I f  MEDEE 2 is  coupled t o  an i npu t /ou tpu t  model it is  worth- 
wh i l e  t o  break down these  s u b s e c t o r s  f u r t h e r .  The ga in  i n  te rms  
of b e t t e r  knowledge of  t h e  i n d u s t r i a l  p roces se s  and energy uses  
i s  o f f s e t  by g r e a t e r  u n c e r t a i n t y  a s  t o  t h e  growth of  t h e  d e t a i l e d  
i n d u s t r i a l  subsec to r s .  We w i l l  t h e r e f o r e  d i s t i n g u i s h  two v e r s i o n s  
of  t h e  i n d u s t r i a l  module; one w i t h  an inpu t /ou tpu t  model and one 
w i t h o u t  ( s e e  Table 4 ) .  



T a b l e  4 .  I n d u s t r i a l  modu le .  

Agriculture 
Construction 
Mining 
Manufacturing 
Basic materials industries 
Steel 
Nonferrous and metal products 
Building materials and mineral products 
Chemical and chemical products 
Pulp and paper 

Equipment goods industries 
Machinery (mechanical industries) 
Transportation equipment 

Food and textile industries 
Miscellaneous industries 

Energy 

Agriculture 
Construction 
Mining 
Manufacturing 
Basic materials industries* 
Equipment goods industries 
Food and textile industries 
Miscellaneous industries 

Energy 

*According to the characteristics of each country, some large energy consum- 
ing industries such as steel, cement, or fertilizer can be taken out from 
this group of industries and treated separately. 

The i n d u s t r i a l  module ,  a s  w e l l  a s  t h e  mac roeconomic  module  
w h i c h  g e n e r a t e s  t h e  i n p u t s  t o  t h e  i n d u s t r i a l  modu le ,  a r e  f u r t h e r  
d e s c r i b e d  i n  [ l o ] .  

F o r  e a c h  o f  t h e  s e c t o r s ,  t h e  e n e r g y  demand i s  c a l c u l a t e d  i n  
terms o f  f i n a l  e n e r g y  f o r  t h e  n o n s u b s t i t u t a b l e  u s e  o f  e n e r g y  
( s p e c i f i c  u s e  o f  e l e c t r i c i t y ,  c o k e ,  f e e d s t o c k s ,  a n d  o t h e r  miscel- 
l a n e o u s  u s e s  o f  f o s s i l  f u e l s ) ,  a n d  i n  terms o f  u s e f u l  e n e r g y  f o r  
t h e  s u b s t i t u t a b l e  u s e  o f  e n e r g y  ( s t e a m ,  f u r n a c e ,  s p a c e  h e a t i n g  
and  h o t  w a t e r ) .  The e n e r g y  demand is  d e r i v e d  f r o m  t h e  a c t i v i t y  
o f  e a c h  s e c t o r ,  m e a s u r e d  b y  t h e  v a l u e  a d d e d  f o r  t h e  m a j o r  s e c t o r s .  
I t  may a l s o  b e  m e a s u r e d  b y  t h e  p h y s i c a l  o u t p u t  f o r  s p e c i f i c  b a s i c  



m a t e r i a l s  i n d u s t r i e s  ( e . g . ,  s t e e l ) ,  and  f rom a  c o e f f i c i e n t  o f  
e n e r g y  i n t e n s i v e n e s s  t h a t  measures  t h e  e n e r g y  r e q u i r e m e n t s  p e r  
u n i t  o f  a c t i v i t y .  The u s e f u l  e n e r g y  demand i s  t h e n  c o n v e r t e d  i n t o  
f i n a l  e n e r g y  demand by t a k i n g  i n t o  a c c o u n t  t h e  f u e l  mix o f  f o s s i l  
f u e l s ,  e l e c t r i c i t y ,  d i s t r i c t  h e a t ,  and s o l a r  u s i n g  t h e  same 
a p p r o a c h  a s  h a s  been o u t l i n e d  f o r  t h e  h o u s e h o l d / s e r v i c e  module.  

The T r a n s ~ o r t a t i o n  Module 

B e f o r e  d e s c r i b i n g  t h i s  module,  w e  w i l l  b r i e f l y  e x p l a i n  how 
it was d e s i g n e d  and c o n s e q u e n t l y  j u s t i f y  t h e  c h o i c e  o f  t h e  end- 
u s e  c a t e g o r i e s .  

The e n e r g y  demand i n  t h e  t r a n s p o r t a t i o n  s e c t o r  i s  induced  by 
t h e  demand f o r  t r a n s p o r t a t i o n .  For  a  g i v e n  t r a n s p o r t a t i o n  demand, 
t h e  f i n a l  e n e r g y  demand depends  upon t h e  modal s p l i t - - t h a t  i s ,  t h e  
d i s t r i b u t i o n  p e r  mode o f  t r a n s p o r t a t i o n ,  t h e  s p e c i f i c  e n e r g y  re- 
q u i r e m e n t s  ( e n e r g y  u s e  p e r  v e h i c l e  p e r  k i l o m e t e r ) ,  and on t h e  l o a d  
f a c t o r  f o r  e a c h  mode o f  t r a n s p o r t a t i o n .  

Our b a s i c  o b j e c t i v e  i n  d e s i g n i n g  MEDEE 2 was t o  b e  a b l e  t o  
a c c o u n t  f o r  major  changes  which,  i n  t h e  l o n g  t e r m ,  c o u l d  d r a s t i -  
c a l l y  a f f e c t  e n e r g y  demand p a t t e r n s .  I n  t h e  f i e l d  o f  t r a n s p o r t a -  
t i o n  t h e s e  changes  a s  compared t o  p a s t  t r e n d s  migh t  b e  a s  f o l l o w s :  

- The l e v e l l i n g  o f f  i n  i n d u s t r i a l i z e d  c o u n t r i e s  o f  t h e  
i n t e r c i t y  p a s s e n g e r  needs  o r  a t  l e a s t  t h e  s l o w i n g  
down o f  t h e i r  growth;  

- The l e v e l l i n g  o f f  o f  t h e  u r b a n  p a s s e n g e r  t r a n s p o r t a t i o n  
demand a s  a  r e s u l t  o f  t h e  s t a b i l i z a t i o n  o f  t h e  u rban  
p o p u l a t i o n ;  

- Changes i n  human s e t t l e m e n t s  l e a d i n g  t o  t h e  growth 
o f  medium-sized c i t i e s  w i t h  a  lower  u rban  t r a n s p o r -  
t a t i o n  demand and a  d i f f e r e n t  modal s p l i t ;  

- The r e l a t i v e  d e c r e a s e  o f  a u t o m o b i l e  t r a f f i c  i n  c i t i e s  
f o r  many r e a s o n s  i n c l u d i n g  t h e  implementa t ion  o f  
p o l i c i e s  f a v o r i n g  mass t r a n s i t  b e c a u s e  o f  c o n g e s t i o n  
and p o l l u t i o n  and t h e  p o p u l a t i o n  r e s p o n s e  t o  i n c r e a s e d  
g a s o l i n e  p r i c e s ,  e t c ;  

- F o r  l o n g - d i s t a n c e  t r a n s p o r t a t i o n ,  t h e  r e p l a c e m e n t  
o f  a u t o m o b i l e s  and t r u c k s  w i t h  less e n e r g y - i n t e n s i v e  
modes because  o f  i n c r e a s i n g  p r i c e s  o f  motor  f u e l ;  

- The development  o f  e l e c t r i c  modes o f  t r a n s p o r t a t i o n  
f o r  u r b a n  t r a n s p o r t a t i o n  ( e i t h e r  a u t o m o b i l e s  o r  mass 
t r a n s i t )  ; 



- The d e c r e a s e  i n  f r e i g h t  t r a f f i c  p e r  u n i t  of GNP a s  
a r e s u l t  o f  t h e  s h i f t  o f  economic a c t i v i t y  from 
a g r i c u l t u r e  and heavy i n d u s t r i e s  t o  s e r v i c e s  and 
l i g h t  i n d u s t r i e s .  

The t r a n s p o r t a t i o n  module h a s  been broken down i n t o  s e v e r a l  
submodules which have a l l  been modeled i n  a s i m i l a r  manner (see 
T a b l e  5 ) .  

The model ing was c a r r i e d  o u t  i n  f o u r  s t e p s  a s  f o l l o w s :  

- D e t e r m i n a t i o n  of t h e  t r a n s p o r t a t i o n  demand growth 
by r e l a t i n g  t h i s  demand t o  macroeconomic f a c t o r s :  
p o p u l a t i o n  and p r i v a t e  consumption f o r  i n t e r c i t y  
p a s s e n g e r  t r a n s p o r t a t i o n ,  v a l u e  added of  i n d u s t r y  
and a g r i c u l t u r e  f o r  f r e i g h t  t r a n s p o r t a t i o n ,  urban 
p o p u l a t i o n  f o r  urban t r a n s p o r t a t i o n .  The s a t u r a -  
t i o n  c a n  b e  accounted  f o r  by means o f  s c e n a r i o s .  

- Modeling of  t h e  e v o l u t i o n  o f  t h e  modal s p l i t .  Be- 
c a u s e  changes i n  t h e  modal s p l i t  a r e  mainly d e t e r -  
mined by government p o l i c i e s  o r  by i n d i v i d u a l s '  
b e h a v i o r ,  a l l  changes compared t o  p a s t  t r e n d s  a r e  
s p e c i f i e d  exogenously by means o f  s c e n a r i o s .  I f  
n o  change i s  e n v i s i o n e d ,  t h e  modal s p l i t  i s  c a l -  
c u l a t e d  from f u n c t i o n s  a d j u s t e d  from p a s t  t r e n d s .  

- Modeling of  t h e  e v o l u t i o n  o f  s p e c i f i c  e n e r g y  re- 
q u i r e m e n t s  and l o a d  f a c t o r s .  Except  f o r  au to-  
m o b i l e s ,  f o r  which d r a m a t i c  changes can  b e  ex-  
p e c t e d  i n  t e r m s  o f  f u e l  consumption,  t h e  s p e c i f i c  

Tab le  5. T r a n s p o r t a t i o n  module. 

Long distance surface freight traffic*--pipes, trucks, trains and barges 

Local transportation by trucks 

Urban passenger transportation--automobiles, mass transit 

Intercity passenger transportation--automobiles, buses, planes, trains 

Miscellaneous (e.g., military) and international freight and passenger 
transportation 

*Air freight transportation is not accounted for since the energy demand for 
this type of transportation is, and will remain, negligible compared to the 
total energy demand of an economy. This type of transportation is restricted 
to special types of goods and areas. 



e n e r g y  r e q u i r e m e n t s  e v o l u t i o n  i s  deduced  from 
p a s t  t r e n d s .  I n  o r d e r  t o  s i m p l i f y  t h e  model and 
t h e  number o f  f u n c t i o n s  n e e d i n g  a d j u s t m e n t ,  t h e s e  
e n e r g y  r e q u i r e m e n t s  a r e  s p e c i f i e d  exogenously--  
r a t h e r  t h a n  by a  f u n c t i o n - - f o r  t h e  s p e c i f i c  y e a r s  
f o r  which t h e  e n e r g y  demand i s  c a l c u l a t e d .  The 
l o a d  f a c t o r s ,  which a r e  s t r o n g l y  d e p e n d e n t  on 
t r a n s p o r t a t i o n  p o l i c i e s  and on t h e  f u e l  economy 
o f  a u t o m o b i l e s ,  a r e  s p e c i f i e d  a s  s c e n a r i o  e l e m e n t s .  

- C a l c u l a t i o n  o f  t h e  f i n a l  e n e r g y  demand e v o l u t i o n  
f o r  motor  f u e l s  and e l e c t r i c i t y .  

THE SCENARIO 

The long- te rm e n e r g y  demand of  a  c o u n t r y  g r e a t l y  depends  on 
i t s  s o c i a l ,  economic,  and t e c h n o l o g i c a l  development  p a t t e r n .  
S i n c e  t h e  e v o l u t i o n  of  t h i s  p a t t e r n  w i l l  e v e n t u a l l y  b e  shaped  by 
governmenta l  p o l i c y  and changes  i n  s o c i a l  v a l u e s  ( i . e . ,  by unpre-  
d i c t a b l e  f a c t o r s ) ,  it is  i m p o s s i b l e  t o  model t h i s  e v o l u t i o n .  
R a t h e r  by means o f  a  s c e n a r i o  w e  c a n  make a s s u m p t i o n s  a b o u t  pos-  
s i b l e  e v o l u t i o n s  t h a t  can  be. a n t i c i p a t e d  o v e r  t h e  l o n g  t e r m  from 
c u r r e n t  changes ,  crises, o r  t e n s i o n s .  I n  t h e  MEDEE approach  a  
s c e n a r i o  i s  viewed a s  a  c o n s i s t e n t  d e s c r i p t i o n  o f  a  p o s s i b l e  long-  
t e r m  deve lopment  p a t t e r n  o f  a  c o u n t r y ,  c h a r a c t e r i z e d  main ly  i n  
t e r m s  o f  t h e  long- te rm d i r e c t i o n  o f  governmenta l ,  soc ioeconomic  
p o l i c y .  Our c o n c e p t i o n  o f  a  s c e n a r i o  d i f f e r s  f rom what i s  com- 
monly meant  by a  s c e n a r i o ,  i n  t h a t  w e  r e g a r d  a  s c e n a r i o  a s  more 
t h a n  t h e  c o m b i n a t i o n  o f  a s s u m p t i o n s  on exogenous f a c t o r s :  it i s  
a  means f o r  d e s c r i b i n g  t h e  deve lopment  p a t t e r n  o f  a n  economy. A 
more d e t a i l e d  d e s c r i p t i o n  o f  t h e  s c e n a r i o  approach  i n  MEDEE can  
b e  found i n  [ 4 , 5 ] .  

F i g u r e  6 shows t h e  scheme o f  t h e  s c e n a r i o  w r i t i n g  p r o c e s s .  
T h i s  p r o c e s s  s t a r t s  w i t h  a  q u a l i t a t i v e  d e s c r i p t i o n  o f  t h e  b a s i c  
f e a t u r e s  (main ly  p o l i c y  o b j e c t i v e s  and l i f e - s t y l e )  o f  a  c o u n t r y ' s  
deve lopment  p a t t e r n ,  t a k i n g  i n t o  a c c o u n t  p o s s i b l e  c o n s t r a i n t s  o r  
i n f l u e n c e s  from t h e  i n t e r n a t i o n a l  env i ronment  (e. g.  , o i l  p r i c e s ,  
and t r a d e  p a t t e r n s ) .  The c o n s i s t e n c y  o f  t h e  s c e n a r i o  r e s t s  on 
t h e  f o r m u l a t i o n  o f  a  c o n s i s t e n t  deve lopment  p a t t e r n ,  combining,  
f o r  i n s t a n c e ,  c o m p a t i b l e  a s s u m p t i o n s  a b o u t  t h e  long- te rm o b j e c -  
t i v e s  o f  t h e  government .  Then t o  f u r t h e r  e n s u r e  c o n s i s t e n c y ,  
t h e  q u a l i t a t i v e  s c e n a r i o  d e s c r i p t o r s  a r e  o r g a n i z e d  i n  a  h i e r -  
a r c h y  a c c o r d i n g  t o  t h e i r  impor tance .  Thus a t  t h e  t o p  o f  t h i s  
h i e r a r c h y  a r e  t h e  d e s c r i p t o r s  t h a t  have a  d e t e r m i n i n g  i n f l u e n c e  
on t h e  o t h e r  d e s c r i p t o r s ,  b u t  which c a n n o t  be  s i g n i f i c a n t l y  
a f f e c t e d  by  them e i t h e r  b e c a u s e  o f  t h e i r  s t r o n g  i n e r t i a  ( e . g . ,  
l i f e - s t y l e ,  and human s e t t l e m e n t s  p a t t e r n s )  o r  b e c a u s e  o f  o u t s i d e  
c o n s t r a i n t s  ( e . g . ,  o i l  p r i c e s ) .  T a b l e  6 l is ts  t h e  q u a l i t a t i v e  
d e s c r i p t o r s  c o n s i d e r e d  i n  t h e  MEDEE approach ,  and shows t h e i r  
s t r u c t u r e .  
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Figure 6.  Scenario writing in MEDEE 2. 

The q u a l i t a t i v e  s c e n a r i o  d e s c r i p t i o n  i s  t h e n  used  t o  q u a n t i f y  
t h e  e v o l u t i o n  o f  t h e  s c e n a r i o  e l e m e n t s .  The s c e n a r i o  e l e m e n t s  i n  
MEDEE 2 a r e  o r g a n i z e d  on two l e v e l s :  demograph ic ,  s o c i a l ,  economic ,  
and p o l i c y  f a c t o r s  t h a t  c h a r a c t e r i z e  t h e  development  p a t t e r n  o f  a  
c o u n t r y  from t h e  p o i n t  o f  v iew of  i t s  e n e r g y  demand ( t h e  s o c i o -  
economic s u b s c e n a r i o )  ; and  t h e  e n e r g y - r e l a t e d  f a c t o r s  ( t h e  e n e r g y  
s u b s c e n a r i o )  . 

T a b l e  7 l i s ts  t h e  major  s c e n a r i o  e l e m e n t s  c h a r a c t e r i z i n g  t h e  
MEDEE 2 s u b s c e n a r i o s .  A comple te  l i s t  o f  t h e  s c e n a r i o  e l e m e n t s  
i n  MEDEE 2 i s  g i v e n  i n  t h e  Appendix. 

I n  o r d e r  t o  u n d e r s t a n d  and t o  e a s i l y  d e s c r i b e  t h e  s c e n a r i o ,  
i t  i s  d e s i r a b l e  t o  r e d u c e  a s  much a s  p o s s i b l e  t h e  number o f  s c e -  
n a r i o  e l e m e n t s .  T h i s  i s  a c h i e v e d  by d i s c a r d i n g  from t h i s  c a t e g o r y  
t h o s e  f a c t o r s  t h a t  o n l y  s l i g h t l y  i n f l u e n c e  t o t a l  e n e r g y  demand. 
These a r e  c o n s i d e r e d  exogenous d e t e r m i n a n t s ,  which means t h a t  
a n  i n t e r m e d i a t e  e v o l u t i o n  i s  p o s t u l a t e d  exogenous ly  and assumed 
t o  be t h e  same w h a t e v e r  t h e  s c e n a r i o .  

The s c e n a r i o  w r i t i n g  c o n s i s t s  o f  f o r m u l a t i n g  a s s u m p t i o n s  
a b o u t  t h e  e v o l u t i o n  o f  t h e  s c e n a r i o  e l e m e n t s .  I n  o r d e r  t o  come 
up w i t h  a  l i m i t e d  number of a l t e r n a t i v e  a s s u m p t i o n s ,  a n  a n a l y s i s  
o f  t h e  l i k e l y  f u t u r e  e v o l u t i o n  o f  e a c h  s c e n a r i o  e l e m e n t  must f i r s t  
be made. T h i s  a n a l y s i s  shou ld  make b road  u s e  o f  t h e  f i n d i n g s  o f  
a l l  long- range  s t u d i e s  o f  t h e  c o u n t r y  b e i n g  c o n s i d e r e d  ( e . g . ,  
s t u d i e s  on t r a n s p o r t a t i o n  n e e d s ,  on t h e  s a t u r a t i o n  o f  s o c i a l  n e e d s ,  



T a b l e  6 .  S t r u c t u r e  o f  q u a l i t a t i v e  d e s c r i p t o r s  i n  t h e  MEDEE 
a p p r o a c h .  

Primary energy prices 

K1 Technological innovations 
INTERNATIONAL 
ENVIRONMENT 

New International 
Economic Order 

Strategy of  multi-national 
companies 

Policy o f  the developing 
countries block 

H2 
SLOW MOVING 
TRENDS * 

Economic growth 

Human settlements 

Life-style features 

Industrialization type 

O b j e c t i ~ ~ e s  
Transportation policy Infrastructure of  

Transportation 

H3 Objectives 
GENERAL POLICY General energy policy Energy conservation policy 
OF THE (standards, pricing, e t c .  ) 
GOVERNMENT 

Environment policy 
Oh j ec t i ve s  
Recycling policy,  e t c .  

H4 Final energy price characteristics 
ENERGY SUPPLY 
CHARACTERISTICS 

Role of new energy sources (solar, district heat ... ) 

H5 
TECHNOLOGIES 

Technological changes 

Energy efficiencies 

Fuel mix (market penetration) 

*Slow moving features of the society. 

on  t h e  e v o l u t i o n  o f  t h e  i n d u s t r i a l  s t r u c t u r e ) .  The  s c e n a r i o  i s  
b u i l t  up  by c h o o s i n g  s t e p w i s e  a s s u m p t i o n s  f o r  e a c h  s c e n a r i o  e le-  
m e n t ,  f rom t h e  t o p  o f  t h e  h i e r a r c h y  t o  t h e  b o t t o m .  The main 
a d v a n t a g e  o f  t h i s  s y s t e m a t i c  s c e n a r i o  w r i t i n g  p r o c e s s  is  t o  f o r c e  
t h e  s c e n a r i o  w r i t e r  t o  a c c o u n t  f o r  t h e  i n t e r d e p e n d e n c e  o f  t h e  
s c e n a r i o  e l e m e n t s  and  t h e r e f o r e  t o  r e d u c e  t h e  r i s k s  o f  i n c o n s i s -  
tent ie s . 
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GENERAL COMMENTS 

T h i s  r e p o r t  h a s  d e s c r i b e d  an e n e r g y  demand model t h a t  e v a l u -  
a t e s  t h e  i n f l u e n c e  on e n e r g y  demand o f  s o c i a l ,  economic,  t echno-  
l o g i c a l ,  and p o l i c y  changes ,  and i d e n t i f i e s  t h e  market  p o t e n t i a l  
o f  e a c h  f i n a l  e n e r g y  form. T h i s  model i s  o n l y  a  c a l c u l a t i o n  t o o l  
i n t e r r e l a t i n g  t h e  major  d e t e r m i n a n t s  o f  b o t h  u s e f u l  and f i n a l  
e n e r g y  demand. Although it c o n t a i n s  many v a r i a b l e s  and r e l a t i o n s ,  
MEDEE 2 is q u i t e  t r a n s p a r e n t  and s i m p l e  a s  can  b e  s e e n  from i t s  
d e s c r i p t i o n .  

I t  is  i m p o r t a n t  t o  stress t h a t  t h e  s c e n a r i o  w r i t i n g  must b e  
c a r r i e d  o u t  a f t e r  a  c a r e f u l  a n a l y s i s  h a s  been  made of  t h e  long- 
t e r m  e v o l u t i o n  o f  t h e  s o c i a l ,  economic,  and t e c h n o l o g i c a l  s y s t e m  
f o r  which o n e  wants  t o  p r o j e c t  e n e r g y  demand. S i n c e  v e r y  o f t e n  
such  an  i n v e s t i g a t i o n  i s  n o t  p o s s i b l e  w i t h i n  t h e  s o l e  f rame o f  
an  e n e r g y  demand s t u d y ,  t h e  s c e n a r i o  writer s h o u l d  t r y  t o  i n c o r -  
p o r a t e  i n  t h e  s c e n a r i o  what h a s  been a n a l y z e d  by e x p e r t s  i n  t h e  
v a r i o u s  r e l e v a n t  f i e l d s .  

I n  MEDEE 2 t h e  s c e n a r i o  i s  viewed a s  a  t r a n s c r i p t i o n  o f  a  
long-term t e c h n o l o g i c a l ,  economic, s o c i a l  and p o l i c y  a n a l y s i s  o f  
t h e  s o c i e t y  i n t o  q u a n t i t a t i v e  v a l u e s  c o n c e r n i n g  t h e  e v o l u t i o n  o f  
t h e  s c e n a r i o  e l e m e n t s .  The model t h e n  t r a n s l a t e s  t h e  s c e n a r i o  
( i - e . ,  t h e  " p r o j e c t i o n "  o f  t h e  s o c i e t y )  i n  terms o f  e n e r g y  demand. 
T h i s  model i s  t h e r e f o r e  n o t  a  f o r e c a s t i n g  t o o l  b u t  r a t h e r  it pro-  
v i d e s  a  framework f o r  c a l c u l a t i n g  t h e  e v o l u t i o n  o f  t h e  e n e r g y  
demand p a t t e r n  a s s o c i a t e d  w i t h  a  g i v e n  s c e n a r i o .  

MEDEE 2 was d e s i g n e d  s o  a s  t o  be a p p l i c a b l e  t o  a  wide range  
o f  c o u n t r i e s .  S e v e r a l  f e a t u r e s  can b e  i d e n t i f i e d  t h a t  g i v e  it a  
g e n e r a l  scope  : 

- The s t r u c t u r e  o f  t h e  model-- that  i s ,  t h e  o r g a n i z a t i o n  
of  t h e  e n e r g y  demand i n t o  a  m u l t i t u d e  o f  end-use 
c a t e g o r i e s ,  and t h e  model ing o f  t h e  e n e r g y  demand 
p a t t e r n  w i t h i n  e a c h  c a t e g o r y .  

- The l i s ts  o f  d e t e r m i n a n t s  and s c e n a r i o  e l e m e n t s  
used t o  c h a r a c t e r i z e  t h e  development  p a t t e r n  o f  
a  c o u n t r y  from a n  e n e r g y  demand s t a n d p o i n t  a s  w e l l  
a s  t h e  t e c h n o l o g i c a l  a l t e r n a t i v e s  t h a t  c a n  i n f l u e n c e  
t h e  u s e f u l  and f i n a l  e n e r g y  demand o f  a  c o u n t r y ;  

- The s c e n a r i o  method c o n s i s t i n g  i n  t h e  c o n s t r u c t i o n  
o f  c o n s i s t e n t  t e c h n o l o g i c a l ,  s o c i a l ,  economic, and 
p o l i c y  s c e n a r i o s  by means o f  a  h i e r a r c h y  o f  s c e n a r i o  
e l e m e n t s ;  

- The d a t a  b a s e - - t h a t  i s ,  t h e  q u a n t i f i e d  i n f o r m a t i o n  
c o l l e c t e d  o r  p rov ided  f o r  t h e  c o u n t r i e s  s t u d i e d .  
These may i n c l u d e :  



- some q u a n t i f i e d  r e l a t i o n s  among economic 
i n d i c a t o r s  ( e  .g .  , i n d u s t r i a l  a c t i v i t y  and 
f r e i g h t  t r a n s p o r t a t i o n  demand) o r  among 
p h y s i c a l  o r  g e o g r a p h i c a l  f a c t o r s  a n d  eco-  
nomic f a c t o r s  ( e . g . ,  c i t y  s i z e  a n d  t r a n s p o r -  
t a t i o n  n e e d s ,  f l o o r  a r e a  i n  t h e  s e r v i c e  s e c t o r  
p e r  worker )  ; 

- most o f  t h e  t e c h n i c a l  d a t a  c o n c e r n i n g  t h e  e n e r g y  
r e q u i r e m e n t s  and t h e i r  e v o l u t i o n - - f o r  i n d u s t r i a l  
p r o c e s s e s ,  s p a c e  h e a t i n g  equ ipment  and  modes o f  
t r a n s p o r t a t i o n * .  
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A P P E N D I X  

DATA REQUIREMENTS OF MEDEE-2 

T h l s  s e c t i o n  surnlnarlzes t h e  d a t a  r e q u i r e d  a s  i n p u t  f o r  
MLDEE-2 i n  t h e  o r i g i n a l  v e r s i o n  a s  implemented a t  IIASA by 
! d . L a p i l l o n n e .  The rnodel v a r i a b l e s  a r e  d i v i d e d  i n t o  t h r e e  
c a t e g o r i e s :  

i )  t h e  l r c o n s t a n t s r l  i n c l u d e  a l l  t h e  i n i t i a l  v a l u e s  a s  w e l l  
a s  some v a r i a b l e s  which a r e  assumed i n  t h e  model t o  
rernaln c o n s t a n t ;  

i i )  t h e  "exogenous  d e t e r m i n a n t s "  encompass f a c t o r s  t h e  
e v o l u t i o n  of which i s  d i f f i c u l t  t o  nlodel ( e . g .  
p o p u l a t i o n  g rowth ,  e v o l u t i o n  o f  t h e  a v e r a g e  househo ld  
s i z e ,  e t c . )  b u t  f o r  which t h e i r  l o n g  t e rm e v o l u t i o n  can 
be a d j u s t e d  from t h e  p a s t  ana p r e s e n t  t r e n d s  i n  an 
a c c e p t a b l e  way. The r eason  f o r  i n t r o d u c i n g  s u c h  
v a r l a b l e s  i s  t o  s l n r p l i f y  t h e  s t r u c t u r e  o f  t h e  model by 
a v o i d i n g  q u i t e  a  number o f  submodels  o r  f u n c t i o n s ;  

i i l )  t h e  " s c e n a r i o  e l e m e n t s u  a r e  v a r i a b l e s  whose e v o l u t i o n  
c a n n o t  be e x t r a p o l a t e d  from t h e  p a s t  b e c a u s e  s t r u c t u r a l  
c h a n g e s  might  a f f e c t  them i n  t h e  l o n g  t e r m ,  w i t h  
s i g n i f i c a n t  e f f e c t s  on t h e  e n e r g y  demand g rowth .  

F o r  a l l  v a r l a b l e s  e x c e p t  t h e  c o n s t a n t s ,  t h e i r  e v o l u t i o n  
o v e r  t i m e  m u s t  be s p e c i f i e d .  I . e . ,  i f  t h e  e n e r g y  demand 
c a l c u l a t i o n s  a r e  t o  be pe r fo rmed ,  f o r  example ,  f o r  t h e  y e a r s  
19'75 ( b a s e  y e a r ) ,  1985,  2000 ,  and 2025,  t h e  v a l u e s  o f  t h e  
exogenous  d e t e r m i n a n t s  and o f  t h e  s c e n a r i o  e l e m e n t s  have t o  
oe  s p e c i f i e d  f o r  t h e s e  y e a r s .  



A l )  C o n s t a n t s  ( I n i t i a l  v a l u e s )  - 

V a r i a b l e  Unit - E x p l a n a t i o n  

OW75 1 0 ~ d w e l l i n ~ s  t o t a l  n u m b e r  o f  d w e l l i n g s  i n  1 9 7 5  

SHUdO(1)  7 0 ' k c a l / d w / y r  s p a c e  h e a t  r e q u i r e m e n t s  f o r  p r e - 7 5  
d w e l l i n g s  ( u s e f u l  e n e r g y )  

s i n g l e  f a m i l y  homes  w i t h  c e n t r a l  
h e a t i n g  

I = 2  a p a r t m e n t s  w i t h  c e n t r a l  h e a t i n g  

I = 3  d w e l l i n g s  w i t h  room h e a t i n g  

U D d e g r e e - d a y s  p o p u l a t i o n - w e i g h t e d  a v e r a g e  n u m b e r  
o f  d e s r e e - d a y s  

TAHEA75 106rn2 t o t a l  f l o o r  a r e a  o f  s e r v i c e  s e c t o r  
b u i l d i n g s  i n  1 9 7 5  

I~AKEAO 1 0 ~ k c a l / n l ' / ~ r  s p e c i f i c  h e a t  r e q u i r e m e n t s  o f  
p r e - 7 5  s e r v i c e  s e c t o r  b u i l d i n g s  

i 4 a n u f a c t u r i n g :  

I =  1 

1 =2 

1 = 3 

1 = 4  

O t h e r  S e c t o r s :  

I ='j 

I = 6  

s p e c i f i c  e n e r g y  r e q u i r e m e n t s  
( u s e f u l  o r  f i n a l  e n e r g y ,  
r e s p e c t i v e l y )  f o r  p r o c e s s  J p e r  
u n i t  o f  v a l u e  a d d e d  i n  i n d u s t r y  I .  
T h e  e n e r g y  s e c t o r  i s  n o t  c o n s i d e r e d  
h e r e ;  i t s  e n e r g y  c o n s u m p t i o n  s h o u l d  
b e  a c c o u n t e d  f o r  i n  t h e  c o n v e r s i o n  
f r o m  f i n a l  t o  p r i m a r y  e n e r g y .  

b a s i c  m a t e r i a l s  

e q u i p n l e n t  g o o d s  

f o o d  and  t e x t i l e s  

m i s c e l l a n e o u s  

~ n i n i n g  

c o n s t r u c t i o n  



( a )  w i t h o u t  d e t a i l e d  d a t a  on i n d u s t r i a l  p r o c e s s e s :  

i n  t e r m s  of u s e f u l  e n e r g y :  

J = 3  1 0 ~ k c a l / $ ~ A  a l l  t h e r m a l  u s e s  ( s t e a m  g e n e r a t i o n ,  
f u r n a c e s ,  s p a c e  and w a t e r  h e a t i n g ) ;  

i n  terrns of  f i n a l  ene rgy :  

J = 4  ~k4h/$VA s p e c i f i c  u s e s  o f  e l e c t r i c i t y  
( l i g h t i n g ,  mot ive  power,  
e l e c t r o l y s i s ) ;  

J = 5  1 0 j k c a l / $ ~ A  motor f u e l .  

( 0 )  w i t h  d e t a i l e d  d a t a  on i n d u s t r i a l  p r o c e s s e s :  

i n  te rn ls  of  u s e f u l  e n e r g y :  

J = l  103kcal /$vA s team g e n e r a t i o n ;  

J = 2  1 0 ~ k c a l / $ V A  f u r n a c e  u s e ;  

J = 3  1 0 j k c a l / $ ~ A  s p a c e  and w a t e r  h e a t i n g ;  

i n  t e r m s  of f i n a l  e n e r g y :  

J = 4  kWh/$VA n o n - s u b s t i t u t a b l e  uses  of 
e l e c t r i c i t y ;  

J = 5  1 0 j k c a l / . $ ~ ~ 4  motor f u e l .  

Tne f o l l o w i n g  d a t a  of  t h e  f i l e  l l c o n s t a n t s u  c o n t a i n  
c o e f f i c i e n t s  f o r  t h e  e c o n o n ~ e t r i c  e q u a t i o n s  i n  t h e  model ,  
t h a t  a r e  used t o  c a l c u l a t e  t h e  GUP f o r m a t i o n ,  t h e  v a l u e  
added c o n t r i b u t i o n s  o f  t h e  m a n u f a c t u r i n g  s e c t o r s  ( i f  t h e y  
a r e  no t  specified exogenous ly  t h r o u g h  t h e  v a r i a b l e s  Y R E L  and 
V H H E L ,  r e s p e c t i v e l y ) ,  t h e  s e r v i c e  s e c t o r  l a b o r  f o r c e ,  t h e  
dernand f o r  f r e i g h t  t r a n s p o r t a t i o n ,  t h e  q u a n t i t y  o f  s t e e l  
p r o d u c e d ,  t h e  f e e d s t o c k s  needed by t h e  p e t r o c h e m i c a l  
i n d u s t r i e s ,  and t h e  motor f u e l  consualpt ion f o r  i n t e r n a t i o n a l  
and m i l i t a r y  t r d n s p o r t a t i o n .  Up t o  f o u r  c o e f f i c i e n t s  can be 
u s e d .  The u n i t  r e f e r s  t o  tr ie r e s u l t  of  t i l e  e c o n o n l e t r i c  
e q u a t i o n .  

These  e q u a t i o n s  s h o u l d  be c o n s i d e r e d  a s  d e f a u l t -  
approxi111aLions.  They rnay be adap ted  t o  b e t t e r  s u i t  t h e  
s l t u a t l o n  of s p e c i f i c  c o u n t r i e s .  I f  i n p u t - o u t p u t  o r  o t h e r  
econometric ~ n o d e l s  a r e  a v a i l a b l e  f o r  t h e  c o u n t r y  o r  r e g i o n  
under  c o n s i d e r a t i o n ,  t h e  a c t i v i t y  l e v e l s  s h o u l d  be 



d e t e r m i n e d  by t h e s e  models and t h e i r  r e s u l t s  i n t r o d u c e d  i n t o  
i q E U E E - 2  a s  exogenous  i n f o r m a t i o n .  

F Y A G  l o Y $  G D P  c o n t r i b u t i o n  o f  a g r i c u l t u r e  

w i t h  

F Y A G  = C ( 1 )  + C ( 2 )  * Y 

and 

Y . . . t o t a l  G U P  

F  Y I.1 I I\I l o Y $  G D P  c o n t r i b u t i o n  o f  min ing  

w i t h  

FYMIIY = C ( 1 )  + C ( 2 )  * Y M A N  

and 

Y  M A N  ... GLJP c o n t r i b u t i o n  o f  m a n u f a c t u r i n g  

F Y  M A N  l o Y $  CDP c o n t r i b u t i o n  o f  m a n u f a c t u r i n g  

w i t h  

FYMAN = C ( 1 )  + C ( 2 )  * G C F  + C ( 3 )  * T P C G  

and 

t i C F  

T P C C  

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

... p r i v a t e  consumpt ion o f  b o t h  d u r a b l e  
and non-durab le  goods  

FYtj l o 9 $  G D P  c o n t r i b u t i o n  o f  c o n s t r u c t i o n  

w i t h  

FYI3 = C ( 1 )  + C ( 2 )  * C C F B  

and 

GCFU ... i n v e s t m e n t  i n t o  c o n s t r u c t i o n  

E'YSLH l o 9 $  S e r v i c e  s e c t o r  SUP c o n t r i b u t i o n  

w i  t n  

k.YSZH = C ( 1 )  + C ( 2 )  * T P C S E H  



... p r i v a t e  consumpt ion o f  s e r v i c e s  

v a l u e  added by roanufac tu r ing  

and 

T P C S E R  

F JAI IAIJ  l o g $  

w i t h  

F V A M A N  = C ( 1 )  + C ( 2 )  * YYMAN 

and 

Y ?IAN . . . G U P  c o n t r i b u t i o n  of  m a n u f a c t u r i n g  

F V A I G  l o y $  v a l u e  added by m a n u f a c t u r i n g  of  
b a s i c  m a t e r i a l s  

w i t h  

F V A I G  = C ( 1 )  + C ( 2 )  * Y B  + C ( 3 )  * VAM + C ( 4 )  * V A C  

and 

Y B ... G U P  c o n t r i b u t i o n  o f  c o n s t r u c t i o n  

VAM ... v a l u e  added by m a n u f a c t u r i n g  o f  
equipment  goods 

V A C  ... v a l u e  added by m a n u f a c t u r i n g  o f  
food and t e x t i l e s  

F Y A M  l o y $  v a l u e  adaed by m a n u f a c t u r i n g  o f  
equipment  goods 

w i t h  

F J A M  = C ( 1 )  + C ( 2 )  * G C F M  + C ( 3 )  * T P C D G  

and 

G C F N  

F V A C  l o y $  

. . . i l l ves tmen t  i n t o  equiprnent goods  

. . . p r i v a t e  consurflption o f  d u r a b l e  
consumer goods 

v a l u e  added by m a n u f a c t u r i n g  of  
food and t e x t i l e s  

w i t 1 1  

F J A C  = C ( 1 )  + C ( 2 )  * T P C N U G  



a n d  

... p r i v a t e  consumption o f  n o n - d u r a b l e  
c o n s u r n e r  g o o d s  

v a l u e  a d d e d  b y  a i s c e l l a n e o u s  
i n d u s t r i e s  

w i t h  

a n d  

Y .. . t o t a l  G D P  

r ' L S E A  1 0 6 w o r k e r s  m a n p o w e r  i n  t n e  s e r v i c e  s e c t o r  

w i t h  

FLSER = C ( 1 )  + C ( 2 )  * Y S E R  

a n d  

Y S E H  ... S e r v i c e  s e c t o r  G D P  c o n t r i b u t i o n  

TKFHT 1  0 9 t o n - k t n  d e m a n d  f o r  f r e i g h t  t r a n p o r t a t i o n  

w i  t t i  

TKFHT = C ( 1 )  + C ( 2 )  * ( Y A C  + VAMAi4) 

a n d  

Y l iG ... G U P  c o n t r i b u t i o n  o f  a g r i c u l t u r e  

VAIVIA;~ . . . v a l u e  a d d e d  by m a n u f a c t u r i n g  

FPS'T 1 0 ~ t o n s  s t e e l  p r o d u c t i o n  

w i t h  

F P S T  = C ( 1 )  + C ( 2 )  * V i i I G  

a n d  

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

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



b'FEED = C ( 1 )  + C ( 2 )  * V A I G  

and  

... v a l u e  added  by m a n u f a c t u r i n g  o f  
b a s i c  m a t e r i a l s  

FINTMF 1 0 1 2 k c a l  m o t o r  f u e l  c o n s u l a p t i o n  f o r  
i n t e r n a t i o n a l  t r a n s p o r t a t i o n  ( s h i p ,  
p l a n e )  

w i t h  

FINTMF = C ( 1 )  + C ( 2 )  * Y 

and  

Y . . . t o t a l  CDP 

FivlILllF 1 0 1 2 k c a l  tnotor  f u e l  c o n s u ~ n p t i o n  f o r  m i l i t a r y  
and o t h e r  t r a n s p o r t a t i o n  

w i t n  

FMILMP = C ( 1 )  + C ( 2 )  * Y 

and 

r . . . t o t a l  CDP 



~ 2 )  Exobenous  d e t e r m i n a n t s  -- 

( i )  T r a n s p o r t a t i o n  s e c t o r  -- - 

V a r i a b l e  

UTHAF 

DBA 

LFI C 

LFP 

UBcl 

U n i t  - 

f r a c t i o r l  

k c a l /  ton-km 

f r a c t l o n  

1/ 100veh-km 

kcal /sea t -k111 

f r a c t l o n  

E x p l a n a t i o n  - 
f r a c t i o n  o f  r a i l  f r e i g h t  t r a f f i c  
( ton-km) worked on e l e c t r i c  t r a i n s  

e n e r g y  i n t e n s i v e n e s s  o f  d i e s e l  
f r e i g h t  t r a i n s  ( f o r  e l e c t r i c  
f r e l g h t  t r a i n s ,  t h e  rnodel assumes 
1 / 3  of  t h e  i n t e n s i v e n e s s  o f  d i e s e l  
f r e l g h t  t r a i n s )  

e n e r g y  i n t e n s i v e n e s s  o f  t r u c k s  
( l o n g - d i s t a n c e )  

e n e r g y  i n t e n s i v e n e s s  o f  b a r g e s  
( s h i p s )  

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

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

ene rgy  i n t e n s i v e n e s s  of b u s e s  
( i n t e r c i t y )  

e n e r g y  i n t e n s i v e n e s s  o f  p a s s e n g e r  
t r a i n s  ( f o r  e l e c t r i c  p a s s e n g e r  
t r a i n s ,  t h e  node1 assumes 1 / 3  of  
t h e  i n t e n s i v e n e s s  o f  d i e s e l  
p a s s e n g e r  t r a i n s )  

ene rgy  i n t e n s i v e n e s s  o f  p l a n e s  

f r a c t i o n  o f  r a i l  p a s s e n g e r  
t r a n s p o r t a t i o n  (pkm) worked on 
e l e c t r i c  t r a i n s  

a v e r a g e  d i s t a n c e  t r a v e l l e d  i n  u rban  
a r e a s  pe r  p e r s o n  p e r  y e a r  ( i n  c a s e  
o n e  has  no d e t a i l e d  d a t a  on t r i p  
g e n e r a t i o n  p e r  day i n  u rban  a r e a s ,  
L h i s  v a r i a b l e  r e p l a c e s  t h e  two 
f o l l o w i n g  v a r i a b l e s )  



L) T km/ t r i p  a v e r a g e  l e n g t h  o f  t r i p s  i n  u rban  
a r e a s  

T U t r i p s / c a y / d a y  a v e r a g e  nunioer of  t r i p s  p e r  pe r son  
p e r  day i n  u rban  a r e a s  

LFUC pkra/veh-krn l o a d  f a c t o r  of  c a r s  i n  u rban  a r e a s  

E L c l C  kdh/veh-krll e n e r g y  i n t e n s i v e n e s s  o f  e l e c t r i c  
c a r s  

DMT 1/100veh-kr11 ene rgy  i n t e n s i v e n e s s  o f  b u s e s  i n  
u rban  a r e a s  

ELMT kd h/veh-kn~ e n e r g y  i n t e n s i v e n e s s  o f  e l e c t r i c  
alass t r a n s i t  

UMTE f r a c t i o n  f r a c t i o n  o f  u rban  mass t r a n s i t  
(pkni) performed by e l e c t r i c  modes 
( i f  t h i s  v a r i a b l e  i s  z e r o ,  a l l  mass 
t r a n s i t  w i l l  be assumed t o  be non- 
e l e c t r i c )  

U C E  f r a c t i o n  f r a c t i o n  o f  e l e c t r i c  c a r s  i n  t h e  
t o t a l  number o f  u rban  c a r s  

U T H U L  kca l / ton -km energy  i n t e n s i v e n e s s  o f  t r u c k s  f o r  
l o c a l  t r a n s p o r t a t i o n  

THUL f r a c t i o n  f r a c t i o n  o f  l o c a l  t r u c k  
t r a n s p o r t a t i o n  i n  t h e  t o t a l  s e r v i c e  
(ton-kml) performed by t r u c k s  

( i l l  ~ o u s e h o l d / S e r v i c e  s e c t o r  

V a r i a b l e  U n i t  - E x p l a n a t i o n  

P 0 10' p e o p l e  t o t a l  p o p u l a t i o n  

CAPH cap/dw a v e r a g e  househo ld  s i z e  

I I E W D ~ ( I )  f r a c t i o n  f r a c t i o n  of d w e l l i n g s  o f  t y p e  I i n  
d w e l l i n g s  c o n s t r u c t e d  between t h e  
p r e v i o u s  and t h e  c u r r e n t  model y e a r  

s i n g l e  f a m i l y  homes w i t h  c e n t r a l  
h e a t i n g  

I = 2  a p a r t m e n t s  w i t h  c e n t r a l  h e a t i n g  

1.3 d w e l l i n g s  w i t h  rooin h e a t i n g  



P H E D H ( 1 )  f r a c t i o n  

I = 2  

I = 3  

DEMDri f r a c t i o n  

f r a c t i o n  of  d w e l l i n g s  of  t y p e  I i n  
pre-75 d w e l l i n g s  

s i n g l e  f a m i l y  homes wi th  c e n t r a l  
h e a t i n g  

a p a r t m e n t s  w i t h  c e n t r a l  h e a t i n g  

d w e l l i n g s  w i t h  rooril h e a t i n g  

a v e r a g e  d e m o l i t i o n  r a t e  of  
d w e l l i n g s  o v e r  a  5 -yea r  p e r i o d  
between t h e  p r e v i o u s  and t h e  
c u r r e n t  model y e a r  

m2/dwel l ing  a v e r a g e  f l o o r  a r e a  h e a t e d  i n  
post- '75 d w e l l i n g s  of t y p e  I 

s i n g l e  f a m i l y  hornes w i t h  c e n t r a l  
h e a t i n g  

a p a r t m e n t s  w i t h  c e n t r a l  h e a t i n g  

d w e l l i n g s  wi th  room h e a t i n g  

l ~ j k c a l / c a p / ~ r  s p e c i f i c  consumpt ion o f  u s e f u l  
e n e r g y  f o r  h o t  w a t e r  p r e p a r a t i o n  

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

1 0 ~ k c a l / d w / ~ r  s p e c i f i c  consumpt ion o f  u s e f u l  
e n e r g y  f o r  c o o k i n g  i n  d w e l l i n g s  

l ~ ' k c a l / d w / ~ r  s p e c i f ' i c  consumpt ion  o f  u s e f u l  
e n e r g y  f o r  c o o l i n g  i n  d w e l l i n g s  

f r a c t i o n  a v e r a g e  d e m o l i t i o n  r a t e  o f  t h e  
f l o o r  a r e a  o f  s e r v i c e  s e c t o r  
b u i l d i n g s  ove r  a  5 -yea r  p e r i o d  
Detween t h e  p r e v i o u s  and t h e  
c u r r e n t  rnodel y e a r  

a v e r a g e  f l o o r  a r e a  p e r  worker i n  
t h e  s e r v i c e  s e c t o r  

s p e c i f i c  e l e c t r i c i t y  consunipt ion i n  
pre- ' /5 s e r v i c e  s e c t o r  b u i l d i n g s  

s p e c i f i c  e l e c t r i c i t y  consumpt ion i n  
p o s t - 7 5  s e r v i c e  s e c t o r  b u i l d i n g s  



A H i A i l  f r a c t i o n  f r a c t i o n  of  t h e  s e r v i c e  s e c t o r  
f 'loor a r e a  h e a t e d  

A R E A A C  f r a c t i o n  f r a c t i o n  of  t h e  s e r v i c e  s e c t o r  
f l o o r  a r e a  w i t h  a i r  c o n d i t i o n i n g  

A C A d E A  l ~ j k c a l / u l ~ / ~ r  s p e c i f i c  r e q u i r e m e n t s  of  u s e f u l  
e n e r g y  f o r  c o o l i n g  i n  t h e  s e r v i c e  
s e c t o r  

P L B  f r a c t i o n  

1Sc)SOL f r a c t i o n  

STSH1 t - r a c t l o n  

F  I US f r a c t i o n  

L T l l  f r a c t i o n  

L T I  f r a c t i o n  

FUSLIS f r a c t i o n  

FUtIuS f r a c t i o n  

FDtIS f  r a c t l o r ~  

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

f r a c t i o n  o f  h e a t  demand r e d u c t i o n  
i n  s o l a r  h e a t e d  homes r e l a t i v e  t o  
o t h e r  pos t -75  homes, due t o  b e t t e r  
i n s u l a t i o n  

approx in la t e  s h a r e  o f  t h e  s t eam and 
s p a c e  h e a t  demand i n  t h e  t o t a l  
i n d u s t r i a l  s u b s t i t u t a b l e  f u e l  u s e s  

f r a c t i o n  of  t h e  a n n u a l  i n d u s t r i a l  
s t e a m  and s p a c e  h e a t  demand t h a t  
can be s u p p l i e d  w i t h  s o l a r  ene rgy  

s h a r e  of low t e m p e r a t u r e  h e a t  i n  
t h e  t o t a l  i n d u s t r i a l  demand f o r  
s t e a m  and h o t  w a t e r  

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

f r a c t i o n  o f  t h e  u s e f u l  e n e r g y  needs  
f o r  s p a c e  h e a t i n g  s u p p l i e d  w i t h  
s o l a r  ene rgy  i n  a  s o l a r  h e a t e d  
house  

s o l a r  c o n t r i b u t i o n  t o  h o t  wa te r  
needs  

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



A3) S c e n a r i o  E l e m e n t s  -- 

( i )  Macro-economic  i n d i c a t o r s  -- - 

V a r i a b l e  Unit - E x p l a n a t i o n  

UISPOP(S) f r a c t i o n  f r a c t i o n  o f  t h e  p o p u l a t i o n  l i v i n g  
i n  a g g l o m e r a t i o n s  o f  s i z e  S 

S =  I o v e r  1 m i l l i o n  

s = j  c i t i e s  u n d e r  2 0 0 0 0 0  

S = 4  r u r a l  a r e a s  

r I 0 3 6  t o t a l  G U P  

I f r a c t l o n  f r a c t i o n  o f  ;UP s p e n t  i n  g r o s s  
f i x e d  c a p i t a l  f o r n i a t i o n  

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

PCDG f r a c t i o n  f r a c t i o n  o f  t o t a l  p r i v a t e  
c o n s u m p t i o n  s p e n t  on d u r a b l e  
c o n s u m e r  g o o d s  

P  CI4 L)G f r a c t i o n  

I3CSEH f r a c t i o n  

I B f r a c t i o n  

I ivl f r a c t i o n  

YHEL(T) f r a c t i o n  

111 

1=2 

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

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

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

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

s t r u c t u r e  o f  GOP f o r r n a t i o n  

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

s h a r e  o f  m i n i n g  



PTRA 

P LA 

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

s h a r e  of  c o n s t r u c t i o n  

s h a r e  of  s e r v i c e s  

f r a c t i o n  s h a r e  of s u b s e c t o r  I i n  t h e  t o t a l  
v a l u e  added by m a n u f a c t u r i n g  

b a s i c  m a t e r i a l s  

equipment  goods 

food and t e x t i l e s  

m i s c e l l a n e o u s  

pop/no.of  c a r s  c a r  ownersh ip  r a t i o  

kn~ /cap /y  r  a v e r a g e  d i s t a n c e  t r a v e l l e d  p e r  
p e r s o n  pe r  y e a r ,  i n t e r c i t y  t r i p s  

k r ~ l / c a r / y r  a v e r a g e  d i s t a n c e  d r i v e n  p e r  c a r  pe r  
y e a r ,  i n t e r c i t y  t r i p s  

f r a c t i o n  f r a c t i o n  o f  i n t e r c i t y  p u b l i c  
t r a n s p o r t a t i o n  (pkm) performed by 
b u s  

f r a c t i o n  f r a c t i o n  o f  i n t e r c i t y  p u b l i c  
t r a n s p o r t a t i o n  ( p k n ~ )  performed by 
t r a i n  

f r a c t i o n  f r a c t i o n  o f  i n t e r c i t y  p u b l i c  
t r a n s p o r t a t i o n  (pkrn) performed by 
p l a n e  

pkni/veil-km l o a d  f a c t o r  of  b u s e s ,  i n t e r c i t y  

pkl~~/veii-krd l o a d  f a c t o r  o f  p a s s e n g e r  t r a i n s  

f r a c t i o n  f r a c t i o n  o f  p e r s o n a l  t r a n s p o r t a t i o n  
i n  c i t i e s  (pkm) performed by c a r  

f r a c t i o n  f r a c t i o n  of  p e r s o n a l  t r a n s p o r t a t i o n  
i n  c l t i e s  ( p k n )  performed by mass 
t r a n s l t  ( U C  and UVT need n o t  
necessarily add up t o  1 b e c a u s e  of 
n o n - c o m ~ ~ ~ e r c i a l  modes o f  
t r a n s p o r t a t i o n )  

pkr~l/veh-km l o a d  f a c t o r  of  b u s e s ,  urban 



LFHTE pk~n/veh-kr~~ l o a d  f a c t o r  of e l e c t r i c  mass 
t r a n s i t  

TRU f r a c t i o n  f r a c t i o n  o f  t o t a l  ton-km 
t r a n s p o r t e d  by t r u c k  

F'IHA f r a c t i o n  f r a c t i o n  o f  t o t a l  ton-km 
t r a n s p o r t e d  by t r a i n  

B A f r a c t i o n  f r a c t i o n  o f  t o t a l  ton-km 
t r a n s p o r t e d  by b a r g e  

PIP f r a c t i o n  f r a c t i o n  of  t o t a l  ton-krn 
t r a n s p o r t e d  by p i p e l i n e  

ELAPUW kdh/dw/yr s p e c i f i c  e l e c t r i c i t y  consumpt ion 
p e r  d w e l l i n g  ( consumpt ion  o f  
h o u s e h o l d  a p p l i a n c e s  o t h e r  t h a n  f o r  
s p a c e  h e a t i n g ,  w a t e r  h e a t i n g ,  
c o o k i n g ,  and c o o l i n g )  

D W A C  f r a c t i o n  f r a c t i o n  of  d w e l l i n g s  w i t h  a i r  
c o n d i t i o n i n g  

( i i )  T e c h n o l o g i c a l  f a c t o r s  -- 

V a r i a b l e  Unit - - E x p l a n a t i o n  

E I H A ' l ' E (  J )  f r a c t i o n  r a t i o  of t h e  e n e r g y  i n t e n s i v e n e s s  
o f  i n d u s t r i a l  p r o c e s s  J  t o  t h e  1375 
l e v e l  (19 '15=1)  

J = 1  s t eam g e n e r a t i o n  

J - 2  f u r n a c e s  

J = 3  s p a c e  and w a t e r  h e a t i n g  

n o n - s u b s t i t u t a b l e  u s e s  of  
e l e c t r i c i t y  

J =5 motor f u e l  

E I C O K  k g / t o n  i r o n  coke r e q u i r e m e n t s  p e r  ton  of  p i g  
i r o n  

IHCJIdS'l' t o n s / t o n  s t e e l  p i g  i r o n  r e q u i r e r n e n t s  p e r  t o n  of  
s t e e l  

6CJF f r a c t i o n  f r a c t i o n  o f  s t e e l  produced i n  non- 
e l e c t r i c  f u r n a c e s  



EFFIldU(K) f r a c t i o n  

ELPIND(K) f r a c t i o n  

f r a c t i o n  

tFFI-IPI X X X  

IDtl f r a c t i o n  

SPiT f r a c t i o n  

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

s t eam g e n e r a t i o n  i n  i n d u s t r y  

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

s p a c e  and w a t e r  h e a t i n g  i n  i n d u s t r y  

t h e r m a l  u s e s  i n  i n d u s t r y  ( i n  c a s e  
t h e r e  a r e  no d e t a i l e d  d a t a  a b o u t  
i n d u s t r i a l  p r o c e s s e s ,  t h i s  v a r i a b l e  
i s  used i n s t e a d  o f  EFFIND(1) t o  
EFFIND(3)) 

e l e c t r i c i t y  p e n e t r a t i o n  i n  p r o c e s s  
K ,  K = 1 , 2 , 3 , 4  (where  index  K d e n o t e s  
t h e  sarne p r o c e s s e s  a s  f o r  t h e  
v a r i a b l e  EFFIND above)  

p e n e t r a t i o n  of  h e a t  purnps i n t o  t h e  
f r a c t i o n  of u s e f u l  e n e r g y  demand 
f o r  s team g e n e r a t i o n  and s p a c e  
h e a t i n g  i n  i n d u s t r y  which i s  met by 
e l e c t r i c i t y  

COP ( c o e f f i c i e n t  of  p e r f o r m a n c e )  of  
h e a t  pun~ps i n  i n d u s t r y  

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

s o l a r  p e n e t r a t i o n  f o r  low 
t e n l p e r a t u r e  s t eam g e n e r a t i o n  i n  
i n d u s t r y  

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

G I C  1/100veh-kf:~ s p e c i f i c  f u e l  consunlption o f  c a r s  
i n  i n t e r c i t y  t r a f f i c  

u U C 1/100veh-km s 9 e c i f i c  f u e l  c o n s u a ~ p t i o n  of  c a r s  
i n  u rban  t r a f f i c  

ISO(1)  f r a c t i o n  f r a c t i o n  o f  t h e  s p a c e  h e a t  demand 
r e d u c t i o n  i n  p re -7>  d w e l l i n g s  o f  
t y p e  I ,  r e l a t i v e  t o  t h e  19'75 l e v e l ,  
due  t o  b e t t e r  i n s u l a t i o n  



s i n g l e  f a m i l y  homes w i t h  c e n t r a l  
h e a t i n g  

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

d w e l l i n g s  w i t h  roorn h e a t i n g  

k c a l / h /  C/ir12 s p e c i f i c  h e a t  l o s s  o f  d w e l l i n g s  of  
t y p e  I b u i l t  a f t e r  1975 

s i n g l e  f a m i l y  homes w i t h  c e n t r a l  
h e a t i n g  

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

d w e l l i n g s  w i t h  room h e a t i n g  

f r a c t i o n  f r a c t i o n  o f  t h e  s p a c e  h e a t  dernand 
r e d u c t i o n  i n  pre-'(5 s e r v i c e  s e c t o r  
b u i l d i n g s ,  r e l a t i v e  t o  t h e  1975 
l e v e l ,  due  t o  b e t t e r  i n s u l a t i o n  

10'kcal/ ln2/yr s p e c i f i c  h e a t  r e q u i r e m e n t s  o f  
pos t -75  s e r v i c e  s e c t o r  b u i l d i n g s  

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

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

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

cook ing  i n  d w e l l i n g s  

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

f r a c t i o n  e l e c t r i c i t y  p e n e t r a t i o n  i n  p r o c e s s  
K ,  K = 1 , 2 , 3 , 4  (where  index  K d e n o t e s  
t h e  same p r o c e s s e s  a s  f o r  t h e  
v a r l a b l e  EFKIIS above)  

HPIIS f r a c t i o n  

EFFIIPIf XXX 

tFFAC X X X  

p e n e t r a t i o n  o f  h e a t  pumps i n t o  t h e  
f r a c t i o n  of  u s e f u l  ene rgy  demand 
f o r  s p a c e  and w a t e r  h e a t i n g  i n  t h e  
househo ld  and s e r v i c e  s e c t o r  which 
i s  met by e l e c t r i c i t y  

C O P  ( c o e f f i c i e n t  o f  p e r f o r m a n c e )  o f  
h e a t  purt~ps i n  t i le  h o u s e h o l d / s e r v i c e  
s e c t o r  

C O P  ( c o e f f i c i e n t  o f  p e r f o r m a n c e )  o f  



a i r  c o n d i t i o n e r s  

U l l P H  f r a c t i o n  

Y PSII f r a c t i o n  

SPllri f r a c t i o n  

SPSV f ' r a c t  i o n  

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

s o l a r  p e n e t r a t i o n  f o r  s p a c e  h e a t i n g  
l n  pos t -75  s i n g l e  f a m i l y  d w e l l i n g s  

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

s o l a r  p e n e t r a t i o n  f o r  s e r v i c e  
s e c t o r  h e a t i n g  i n  pos t -75  l o w r i s e  
b u i l d i n g s  a r e a s  ( h o u s e h o l d  and 
s e r v i c e  s e c t o r )  
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