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PREFACE 

This report has been prepared in accordance with an 

agreement between the Kernforschungszentrum Karlsruhe and 

IIASA providing for the application of the IIASA energy models 

and data base to Latin America. Its objectives are an 

evaluation of the IIASA models as appropriate tools for 

studying the Latin American situation, an analysis of IIASA's 

Latin American results to date, and a discussion of those 

improvements in both the models and the data base that would be 

necessary to make them more suitable for understanding the 

particular nature of Latin American energy problems. 
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1 . INTRODUCTION 

In t h e  Proposal of I I A S A ' s  Energy Systems Program ( I I A S A -  

ENP) t o  t h e  Kernforschungszentrum Karlsruhe (KFK) f o r  a  "Long- 

Term ~ n e r g ~ ' ~ t r a t e ~ ~  Study f o r  Lat in  America", t he  objec t ive  of 

t he  study was s t a t e d  a s  follows: "IIASA has conducted a  long- 

term global  analys is ,  within which seven world regions were analyzed 

i n  a  f i r s t  order approximation. This means t h a t ,  though much d a t a  

was gathered f o r  any one of them, the  focus of t h e  inves t iga t ion  

was t h e  global  perspect ive,  and no de t a i l ed  considerat ion was done 

f o r  each p a r t i c u l a r  region". 

The l a t t e r  i s  more v a l i d  f o r  the  case of t he  regions in-  

volving less developed countr ies  ( L D C s ) :  f o r  them, s t a t i s t i c a l  

da t a  is scarce and/or incons i s ten t ,  and must be complemented by 

exper t  knowledge and judgment. I IASA-ENP's  work ind ica ted  t h a t ,  

under c e r t a i n  assumptions r e l a t e d  t o  population and economic 

growth, Lat in  America projec ted  i t s e l f  i n t o  t he  fu tu r e  a s  a  region 

capable of a t t a i n i n g  the  present  l i v i n g  standards of the  i n d u s t r i a l i z e d  

countr ies  ( I C s )  within the  t i m e  horizon of the study. 

Under these circumstances, t he  quest ion arose:  Are IIASA 

pro jec t ions  compatible with t h e  past-present  development t rends 

of t he  countr ies  of Lat in America, t he  n a t u r a l  resources,  i t s  

sc ien t i f i c - t echno log ica l  and i n s t i t u t i o n a l  f ea tu res?  I n  o ther  

words, t h e  r e s u l t s  of the  IIASA-ENP study c a l l e d  f o r  an assess- 

ment, involving t h e  evaluat ion  of assumptions and parameters 

incorporated i n  the modeling s e t ,  t o  prove i f  they matched with 

p lans ,  hopes and a sp i r a t i ons ,  and t o  look i n  more d e t a i l  i n t o  

the energy demand and energy supply p ro jec t ions  t o r  t he  region. 

The scope of t he  work was o r i g i n a l l y  formulated i n  the fol lowing 

terms : 

" ( 1 )  The f i r s t  s t e p  would be a  reevaluat ion of the  l i f e s t y l e  

scenar ios  f o r  our energy demand model MEDEE-2. To t h a t  end the 

s t r u c t u r e s  of t h e  Lat in  American economy should be reconsidered, 

developmental t rends  more c l e a r l y  perceived and on t h a t  bas i s  a  

s e t  of goals  reformulated. I n  t h a t  way t he  da ta  base f o r  MEDEE-2 

could be adjusted so  a s  t o  r e f l e c t  more p rec i se ly  t he  s p e c i f i c  

needs and premises f o r  Lat in  America. 



( 2 )  Second, on t he  supply s i d e  some of t he  production p r o f i l e s  

of the  energy supply model MESSAGE would be redesigned. The i n -  

t en t i on  would be t o  take more i n t o  account various supply opportuni-  

t i e s  c h a r a c t e r i s t i c  f o r  t he  region o r  p a r t  of t h e  region. Typica l  

examples would be here t he  po t en t i a l  f o r  hyd roe l ec t r i c i t y  and biomass 

production i n  Braz i l  o r  t he  heavy crudes i n  Venezuela. 

( 3 )  In  a t h i r d  s t ep ,  then, t h e  model runs f o r  Latin A m e r i c a  

would be repeated and a somewhat more de t a i l ed  regional  s t r a t e g y  

defined.  

( 4 )  F ina l ly ,  we in tend t o  t e s t  t h e  robustness of t h a t  

s t r a t e g y  i n  two ways. F i r s t ,  w e  s h a l l  disaggregate t h e  region 

i n t o  two, perhaps t h r ee  blocks,  and run t h e  set  of models f o r  

each block, aggregate t he  r e s u l t s  and compare them t o  t h e  p rev ious ly  

computed s t ra tegy .  Second, a s e n s i t i v i t y  ana lys i s  with respec t  t o  

our growth assumptions w i l l  be performed, thus  helping us t o  under- 

s t and  t h e  i n t e r r e l a t i onsh ip s  between economic growth, l i f e s t y l e s  

and energy use i n  Lat in America." 

These a c t i v i t i e s  have been undertaken b u t  no t  completed 

during t he  a l loca ted  time. The reasons a r e  manifold: t he  need 

t o  understand model cons t ruct ion  and t h e i r  s p e c i f i c  funct ions a s  

w e l l  a s  in terplay;  the  necess i ty  t o  conceptualize our  view of 

t he  present  s t a t e  of development of Lat in  America and judge upon 

i t s  poss ib le  fu tu r e  e'volution; t he  r e a l i z a t i o n  t h a t  t he  reg ion ' s  

outlook conceals t he  s i t u a t i o n  of individual  coun t r i es ,  which have t o  

be known before attempting new regional  runs. 

Up t o  t h e  po in t  of progress reported here in ,  we have respected  

the scope of t h e  work, sometimes with a d i f f e r e n t  emphasis due t o  

our view of t h e i r  r e l a t i v e  importance a t  a given t i m e .  Some de lay  

r e su l t ed  from our way t o  deal  with na t iona l  cases: w e  decided t h a t  

they should be done i n  col labora t ion  with Lat in  American i n s t i t u -  

t i ons ,  which could provide da ta  and the p a r t i c u l a r  understanding 

of t h e i r  own case. The required agreements took t i m e ,  but  the  

experience was rewarding and demonstrated t h a t  cooperation was 

t h e  b e s t  method t o  perform se r ious ly  our t a sk .  

Additional e f f o r t  w i l l  be necessary t o  accomplish t he  ob jec t ives .  

Since the  o r i g i n a l  agreement between IIASA-ENP and XFX has been 

extended, it is hoped t o  conclude our work inc luding the  add i t ions  

required by such an extension,  i n  p a r t i c u l a r  the  poss ib le  r o l e  of 

renewable energy sources.  



2.  IIASA-ENP MODELING SET: ITS APPLICATION TO LATIN AMERICA 

Early i n  1976, t he  IIASA-ENP s t a r t e d  a thorough modeling 

e f f o r t  i n  order  t o  quantify i t s  previous conceptual izat ion of 

t he  fu tu re  energy problem. A set of mathematical models was 

b u i l t  t o  deal  with matters  of t h e  fu tu r e  i n  r e l a t i o n  t o  t he  

economy, energy demand, energy supply and t h e  economic conse- 

quences of implementing a given supply system. Though each of 

these  t a sks  was assigned t o  an ind iv idua l  model, they were 

conceived t o  operate  i n  harmony with information flowing from 

one t o  t h e  o ther  f i n a l l y  c los ing  t h e  loop. In  t h i s  way, 

successive i t e r a t i o n s  permitted checking and ad jus t ing  t h e  assumptions 

incorporated i n  each s t e p  of t h e  ana ly s i s  by looking a t  t h e i r  

behavior and e f f e c t  on o v e r a l l  r e s u l t s .  Thus, i n t e r n a l  cons is tency 

of t h e  modeling set was assured. 

The mod.eling set was applied t o  t he  study of t he  long-range, 

dynamic t r a n s i t i o n  of t he  global  energy system, by compounding 

the  r e s u l t s  of seven regions i n  which the world was divided. 

One of these  regions is Lat in  America. 

The scope and r e s u l t s  of this comprehensive exerc i se  a r e  

extens ively  documented i n  t h e  f i n a l  r epor t  of t h e  ENP, "Energy 

i n  a F i n i t e  World", forthcoming i n  book format i n  1981 [ I ] .  Its 

content is  complemented by a number of publ ica t ions  authored 

by the  members of t h e  ENP, which document t he  evolut ion of ideas 

during t he  l a s t  seven years.  

I t  i s  no t  our purpose t o  p resen t  here in  a d e t a i l e d  desc r ip t ion  

of the  models composing t he  set.  This has been most appropr ia te ly  

done by t h e  modellers themselves. O u r  main concern i s  t h e  evaluat ion  

of t he  r e s u l t s  obtained by t h e i r  app l ica t ion  t o  Lat in  America, 

t h a t  i s ,  i f  those r e s u l t s  imply a reasonable fu tu re  t h a t  could be 

achieved during t he  t i m e  horizon of t h e  study and what kind of 

assumptions they ca r ry  on the  economic, s o c i a l ,  technological  

and even p o l i t i c a l  domains. 

I n  such a context ,  only a b r i e f  desc r ip t ion  of t he  models 

used f o r  t h e  regional  s tudy under considerat ion becomes necessary, 

i n  order  t o  h igh l i gh t  t h e i r  conceptual framework and t h e  assumptions 



incorporated t o  p ro jec t  t he  fu tu r e  evolution of Lat in  America. 

For t h i s  reason, reference w i l l  only be made t o  t he  t h r ee  models 

t h a t  were cons i s ten t ly  used f o r  t he  quan t i t a t i ve  ana lys i s  of t h e  

fu tu r e  energy s i t u a t i o n  of t he  region. They are:  t he  energy 

demand model MEDEE-2; the energy supply model MESSAGE; and t he  

IMPACT model designed t o  evaluate  t he  economic consequences of 

t he  gradual implementation of the energy supply system. Since a 

macroeconomic model f o r  developing countr ies  was no t  ava i l ab le ,  

t he  macroeconomic module of MEDEE-2 was t h e  l imi ted  t o o l  used 

t o  describe economic behavior. 

2 .1  The Energy Demand Model MEDEE-2 

2.1.1 Brief Description 

The energy demand model used a t  IIASA is a s imp l i f i c a t i on  

of a more disaggregated but  conceptually i d e n t i c a l  model o r i g i n a l l y  

b u i l t  a t  I E J E ,  University of Grenoble, France, t o  p ro j ec t  f u tu r e  

energy consumption pa t t e rns  of an i ndus t r i a l i z ed  country. The 

p r inc ipa l  c h a r a c t e r i s t i c  of MEDEE-2 is t h a t  t he  ca l cu l a t i on  of 

fu tu re  energy requirements a r e  ba s i ca l l y  driven by p ro jec t ions  

of population, economic growth and various parameters r e f l e c t i n g  

behavioral p a t t e r n s  of soc ie ty  ( l i f e s t y l e s ) .  The e f f e c t  of 

p a r t i c u l a r  p o l i c i e s  a f fec t ing  t he  energy s ec to r ,  e i t h e r  na t iona l  

o r  t he  r e s u l t  of i n t e rna t i ona l  i n t e r r e l a t i onsh ip s ,  could be i n  

p r i nc ip l e  incorporated through t he  assumed influence on l i f e -  

s t y l e  i nd i ca to r s ,  which a l s o  can show t h e  expected e f f e c t  of 

va r i a t i ons  i n  t h e  energy prices'. The technique used is thus  one 

of scenar ios ,  which must cons i s ten t ly  represent  a f u t u r e  develop- 

ment pa t t e rn .  

Three main energy consuming s ec to r s  a r e  i d e n t i f i e d  i n  the  

model: t r anspor ta t ion ,  indust ry  and h o u s e h o l d / s e ~ i c e .  I n  

addi t ion ,  the  macroeconomic module of MEDEE-2 descr ibes ,  i n  an 

aggregate way, t h e  production and expenditure of t h e  gross domestic 

product (GDP). This desc r ip t ion ,  f o r  t he  s t a r t i n g  year  and the  

projec t ions  a s  well ,  must be provided exogenously: it c o n s t i t u t e s ,  

together  with t h e  projec t ions  of population growth and those 

corresponding t o  t he  l i f e s t y l e  i nd i ca to r s ,  the  scenar io  parameters 

t h a t  d r ive  energy demand. L e t  us consider t he  way i n  which the  

ca lcu la t ion  of energy demand i s  performed f o r  each s ec to r .  



Transportation Module 

Two main types of t r anspor ta t ion  a r e  d e a l t  with: f r e i g h t  

and ?assenger t r anspor ta t ion .  The main dr iv ing fo rces  f o r  t he  

determination of physical  a c t i v i t y  l eve l s  are ,  r e spec t ive ly ,  

t he  growth and s t r u c t u r e  of t he  economy and t he  population growth; 

both determinants a r e  q u a l i f i e d  by l i f e s t y l e  ind ica to rs .  

S t a r t i n g  with physical  a c t i v i t y  l eve l s ,  t h e  ca l cu l a t i on  

of energy demand requires  t h e  knowledge of the'modal s p l i t  of 

each t ranspor ta t ion  system, i .e. ,  t he  r e l a t i v e  con t r ibu t ion  of 

various kinds of vehic les  t o  s a t i s f y  t h e  needs. For passenger 

t r anspor ta t ion ,  the  corresponding load f ac td r s  must be spec i f i ed .  

Projec t ions  of these  parameters (modal s p l i t ,  load f a c t o r s )  

have t o  describe a fu tu r e  t r end  cons i s ten t  with a s e l ec t ed  path 

of development. 

Once t he  a c t i v i t y  l eve l s  a r e  obtained, t he  ca l cu l a t i on  of 

energy demand is  s t ra ight forward  when the s p e c i f i c  f u e l  consump- 

t i o n  of each mode of t r anspor ta t ion  involved (veh ic les ,  p ipe l i ne s )  

is known. Projec t ions  of t he  l a t t e r  must a l s o  be made due 

considerations being given t o  t h e  long lead times associa ted  t o  

t echn ica l  e f f i c i ency  improvements. 

The MEDEE-2 t r anspor ta t ion  module ca l cu l a t e s  energy demand 

i n  terms of f i n a l  energy, s i n c e  only s p e c i f i c  energy c a r r i e r s  

a r e  u t i l i z e d ,  namely, e i t h e r  motor f u e l  o r  e l e c t r i c i t y .  

Indust ry  Module 

The indus t ry  is  divided i n  s ec to r s  t o  perform t h e  ca l cu l a t i on  

of energy demand, n a l y :  ag r i cu l t u r e ,  cons t ruct ion ,  mining and 

th ree  manufacturing subsectors ,  each of which involves i ndus t r i e s  

with s i m i l a r  energy use pa t t e rn s .  

In  a l l  cases ,  though, f u tu r e  energy demand i s  ca lcu la ted  

upon the  knowledge of t he  present  (base year)  consumption 

f ea tu r e s  expressed by means of an energy intensiveness parameter 

f o r  t h r ee  types of energy c a r r i e r s :  motor fue l ,  e l e c t r i c i t y ,  

o the r  used f o r  hea t  production (use fu l  energy i n  t he  manufacturing 

i n d u s t r i e s ) .  Future energy demand is calcula ted  f o r  each 



i n d u s t r i a l  s ec to r  by introducing a  coe f f i c i en t  of expected changes 

i n  consumption pa t t e rn ,  and t he  t o t a l  monetary a c t i v i t y  of the  

s ec to r  (s ince  energy intensiveness is given i n  terms of energy 

per un i t  value-added) . 
The penet ra t ion  of a l t e r n a t i v e  energy sources l i k e  s o l a r  

co l l e c to r s  o r  cogeneration t o  replace f o s s i l  f u e l s  i n  the  manu- 

fac tu r ing  indus t ry  is es tab l i shed  by coe f f i c i en t s  which a f f e c t  

the t o t a l  use fu l  energy demand. Conversion of use fu l  i n t o  f i n a l  

energy takes i n t o  account r e l a t i v e  f u e l  e f f i c i e n c i e s  (with 

respect  t o  e l e c t r i c i t y )  . 
Household/Service Module 

The a c t i v i t y  l eve l s  a r e  i n  t h i s  case t he  housing stock and 

t he  t o t a l  £1- area  i n  t he  se rv ice  s ec to r .  They a r e  respec t ive ly  

r e l a t ed  t o  population growth and needs, and t o  t h e  se rv ice  s e c t o r  

contr ibut ion t o  economic product, whose p ro jec t ions  consequently 

def ine  t h e i r  absolute fu tu r e  values.  

This module is  concerned with the  ca l cu l a t i on  of energy 

demand f o r  space heat ing ,  ho t  water ,  cooking and s p e c i f i c  uses 

of e l e c t r i c i t y  ( l i gh t i ng ,  appl iances ,  a i r  condi t ioning) .  Since 

the  energy se rv ices  t yp i ca l  of this s e c t o r  can be 

mostly m e t  by d i f f e r e n t  f u e l s  which can s u b s t i t u t e  one another,  

t he  f i r s t  s t e p  is t o  c a l c u l a t e  use fu l  energy demand. Once the  

ba s i c  q u a n t i t i e s  (number of dwell ings,  service f l o o r  a r ea )  a r e  

known, the s p e c i f i c  energy consumption (useful  energy) f o r  each 

energy se rv ice  i s  used t o  determine useful  energy demand. Before 

converting use fu l  energy i n t o  f i n a l  energy (through app l ica t ion  

of t he  corresponding f u e l  e f f i c i e n c i e s ) ,  t he  penet ra t ion  of 

a l t e r n a t i v e  energy sources o r  t h e  e f f e c t  of energy conservation 

measures is es tab l i shed  by means of i nd i ca to r s  which def ine  

possible  cont r ibut ions  of s o l a r  power, d i s t r i c t  hea t ,  e l e c t r i c i t y ,  

and hea t  pumps t o  s u b s t i t u t e  f o r  f o s s i l  f u e l s ,  and 

energy savings due t o  b e t t e r  insu la t ion .  

The MEDEE-2 model has been extens ively  described by 

B .  Lapillonne [ 2 1 ,  and i t s  app l ica t ion  t o  I I A S A ' s  seven world 

regions by A.M. ~ h a n  and A. ~ 6 1 ~ 1  [ 3 1 .  W e  w i l l  proceed now with 



the desc r ip t ion  of the main scenar io  assumptions used during the 

appl ica t ion  of MEDEE-2 t o  p ro j ec t  the  energy demand of Lat in  

America u n t i l  the  year 2030. 

2 . 1 . 2  Main Scenario Assumptions 

Two scenarios w e r e  considered i n  the IIASA-ENP global  energy 

study, l a b e l l e d  Low and High, mainly due t o  the se l ec t ed  l eve l s  

of fu tu re  economic growth and t he  s e c t o r a l  d i s t r i b u t i o n  of GDP; 

f o r  t he  app l ica t ion  t o  Lat in America they a l s o  d i f f e r  because 

of assumptions per ta in ing t o  t h e  t r anspor ta t ion  and household/ 

service  s e c t o r s ,  which imply a  general  t rend t o  increase  

a c t i v i t y  l e v e l s  of passenger t r anspor ta t ion  and t o  consume more 

energy (preferably  e l e c t r i c i t y )  i n  dwellings i n  t he  High scenario.  

From t h e  point  of view of t he  fu tu re  development p a t t e r n  

t he  two scenar ios  do not  d i f f e r  i n  terms of technological  

c apab i l i t y  (energy intensiveness parameters i n  t he  indust ry  and 

i n  t h e  t r anspo r t a t i on  s e c t o r s ) .  

I n  what follows, we w i l l  p resent  a  desc r ip t ion  df the main 

assumptions incorporated i n t o  t h e  scenarios.  

Demography 

A. Only one projec t ion  f o r  population growth has been used. I t  

follows t h e  population growth t rends  made by Keyfitz [ & I .  

1975 - 2000  - 2030 - 
6 Population ( 1 0  people) 319 575 797 

Average growth r a t e  (%/y r )  2.4 1.1 

B. The concentrat ion of people i n  ci t ies follows t he  pa s t  t rend 

of rapid  urbanizat ion,  UN pro jec t ions  u n t i l  the year 2000 and 

t h e i r  f u r t h e r  ext rapola t ion:  

1975 - 2000 - 2030 

Urban population f r a c t i o n  0 . 6 0  0.75 0.85 

Fract ion  of population l i v i n g  0.37 0.53 0.69 
i n  c i t i e s  2105 inhab i tan t s  



C. The average family s i z e  decreases  from 5.1 persons per  house- 

hold i n  1975 t o  4.8 i n  2000 and 4.15 i n  2030, i n  l i n e  with 

the reduct ion i n  population growth and inc reas ing  a f f luence .  

D. The economically a c t i v e  population f r a c t i o n  inc reases  from 

0.32 i n  1975 t o  0.41 i n  2030, i n  l i n e  with the  population 

and l a b o r  force  p ro jec t ions  of the UN u n t i l  t h e  year  2000 

and t h e i r  ex t rapo la t ion  t h e r e a f t e r .  

Economy 

A. GDP inc reases  between 1975 and 2030 by a f a c t o r  of 6.5 f o r  

the  Low scenar io  (LS) and by 10.5 f o r  t h e  High scenar io  (HS). 

GDP pro jec t ions  a r e  i n  equi l ibr ium with those corresponding 

t o  o t h e r  market economies. 

Average Annual Growth Rates ( % )  
Low Scenario High Scenario 
GDP GDP/cap GDP GDp/ca~ 

1975-1985 4.7 1.80 6.2 3.21 

1 9 85- 2000 3.6 1.52 4.9 2.80 

2000-201 5 3.0 1.72 3.7 2.42 

201 5- 2030 3 .O 2.05 3.3 2.34 

1975-2030 3.48 1.77 4.37 2.64 

B. GDP sha res  of a g r i c u l t u r e ,  indus t ry  and s e r v i c e s  change 

gradual ly  i n  l i n e  w i t h  p a s t  t r e n d s ,  towards the  p a t t e r n  of 

the  West European.d is t r ibut ion .  I n  p a r t i c u l a r ,  t h e  sha re  of 

t h e  manufacturing i n d u s t r i e s  inc reases  whereas those of ag r i -  

c u l t u r e  and s e r v i c e s  decreases--more i n  the HS than  i n  t h e  LS, 

see  Table 2.1 . 

C.  I n  the manufacturing s e c t o r  a r e l a t i v e l y  f a s t e r  development 

i s  p ro jec ted  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  (BM) (metal- 

l u r g i c a l ,  chemical, e t c . )  and t h e  machinery and equipment (ME) 

i n d u s t r i e s  than  f o r  t h e  nondurable goods (ND) (food, c lo th ing ,  

e t c . )  i n d u s t r i e s ,  see Table 2.1. 

D.  Feedstocks f o r  the chemical indus t ry  and s t e e l  production a re  

p ro jec ted  t o  inc rease  fol lowing the  t r end  of the  b a s i c  ma te r i a l s  

i n d u s t r i e s .  



E .  The GDP expendi ture  s t r u c t u r e  i s  assumed t o  change g r a d u a l l y ,  

i n  l i n e  w i t h  p a s t  behavior ,  w i t h  t h e  p r i v a t e  f i n a l  consumption 

decreas ing  from 70% i n  1975 t o  63% and 61% i n  2030 f o r  t h e  LS 

and HS, r e s p e c t i v e l y ,  whi le  t h e  investment  is p r o j e c t e d  t o  

remain c o n s t a n t  a t  i t s  1975 l e v e l  of  23% throughout  ( s e e  

Table 2.1 ) . 

F. The p r i v a t e  f i n a l  consumption s t r u c t u r e  is assumed to .change  

g radua l ly  i n t o  t he  p a t t e r n  o f  i n d u s t r i a l i z e d  c o u n t r i e s :  

P r i v a t e  F i n a l  Consumption F r a c t i o n  

i. Durable goods 0 .10 0.11 0.12 0.12 0 .14  

ii. Nondurable goods 0.60 0.57 0.55 0.54 0 .51  

iii. S e r v i c e s  0.30 0.32 0.33 0.34 0 .35  

L i f e s t y l e s  

T r a n s p o r t a s i o n  

A. The c a r  ownership r a t i o  (popu la t ion  $ number o f  cars) v a r i e s  

i n v e r s e l y  w i t h  GDP/cap and u rban iza t ion .  I t  evo lves  a s  

f 0 l l o w s  : 

B. The average i n t e r c i t y  d i s t a n c e  t r a v e l l e d  p e r  person  i n  one 

year  i n c r e a s e s  l i n e a r l y  w i t h  t h e  p r i v a t e  f i n a l  consumption 

pe r  c a p i t a ,  as shown below (km) : 

C .  The p a t t e r n  o f  i n t e r c i t y  t r a v e l  changes i n  such a way t h a t  

t h e  s h a r e s  o f  t r a v e l  by car and aerop lane  i n c r e a s e  whereas 

t h o s e  t r a v e l l e d  by bus and t r a i n  decrease  g r a d u a l l y .  I t  i s  

a l s o  assumed that by 2030 e l e c t r i f i c a t i o n  of t r a i n s  w i l l  

i n c r e a s e  up t o  2 0 %  from t h e i r  1975 sha re  of 1 %  i n  t h e  t o t a l  

r a i l r o a d  i n t e r c i t y  t r a f f i c .  



D. Load f ac to r s  of buses and t r a i n s  f o r  general t r a v e l  ( i n t e r c i t y  

as  w e l l  a s  urban) a r e  considerably higher than those i n  Western 

Europe and remain so  i n  the  projec t ions ,  with some improvement 

with t i m e .  

E .  Use of p r i va t e  ca r s  f o r  urban t r a v e l  is  assumed t o  increase  

slowly u n t i l  t he  year 2000, and remain constant  t he r ea f t e r  due 

t o  congestion i n  c i t i e s .  Frac t ional  urban c a r  t r anspo r t a t i on  

grows from 0.30 i n  1975 t o  0.35 by 2000 and 2030. 

F. Total f r e i g h t  t r anspor ta t ion  increases  i n  proport ion t o  t he  

assumed modif icat ions of t h e  value added of ag r i cu l t u r e ,  mining 

and manufacturing i ndus t r i e s .  The share taken up by t r a i n s  i s  

projec ted  t o  increase  from about 18% i n  1975 t o  28% i n  2030, 

with corresponding reduct ion i n  t he  shares  of buses and barges.  

A.  The use of electricity per  household ( i n  kWh/yr) f o r  e l e c t r i c a l  

appliances is assumed t o  be propor t ional  t o  t h e  urbaniza t ion  

pa t t e rn  a s  w e l l  a s  t o  the  p r iva t e  consumptian spen t  on s e rv i ce s .  

8. The use fu l  energy requirement par  person f o r  ho t  water inc reases  

by 2030 between 1 .6  and 2.5 t i m e s  the  1975 value f o r  the  LS and 

H S ,  respect ive ly .  This follows from two assumptions: l a r g e r  

f r ac t i on  of dwellings with ho t  water f a c i l i t i e s  and the  average 

family sFze decreases.  

C .  Unlike space heat ing ,  t h a t  is required  i n  modest amounts, a i r -  

condit ioning i s  des i rab le  due t o  c l imat ic  c h a r a c t e r i s t i c s .  It 

is  assumed t h a t  it w i l l  r ap id ly  increase  w i t h  more affluence: 



1975 2000 2030 - 
F r a c t i o n  of dwel l ings  
a i r - cond i t i oned  

LS -- 0 0.04 0.12 

HS - 0 0.05 0.20 

F r a c t i o n  of s e r v i c e  s e c t o r  
area a i r -condi t ioned  

LS 0.05 0.12 0.35 

HS 0.05 0.15 0.40 

Noncommercial energy is  e s t ima ted  t o  meet about  h a l f  o f  t h e  

u s e f u l  energy requirements  f o r  cooking,  space  and water h e a t i n g  

i n  3975. I t  is assumed t h a t  t h e  q u a n t i t y  of  s t r i c t l y  non- 

commercial energy w i l l  remain a t  t h e  1975 l e v e l  a l l  a long.  

Energy I n t e n s i v e n e s s ,  ~ f f i c i e n c i e s .  P e n e t r a t i o n  of E l e c t r i c i t y ,  
S o l a r  and Other Sources (common t o  both s c e n a r i o s )  

A. The energy i n t e n s i v e n e s s  o f  the mining,  c o n s t r u c t i o n  and manu- 

f a c t u r i n g  i n d u s t r i e s  w i th  r e s p e c t  t o  the use  of f o s s i l  f u e l s  are 

. assumed t o  dec rease  from t h e  c u r r e n t  l e v e l ,  c l o s e  t o  t h a t  o f  t h e  

U . S . ,  t o  85% o f  it by 2000 and 75% by 2030, s o  a s  t o  become 

c l o s e r  t o  W e s t  European d a t a .  

B. The energy i n t e n s i v e n e s s  w i t h  r e s p e c t  t o  t h e  use  of e l e c t r i c i t y  

i n  t h e  above i n d u s t r i a l  ac t iv i t ies  are assumed t o  remain a t  

t h e i r  c u r r e n t  l e v e l  throughout.  

C.  The energy i n t e n s i v e n e s s  o f  a g r i c u l t u r e  w i t h  r e s p e c t  t o  t h e  u s e  

o f  f o s s i l  f u e l s  is assumed t o  i n c r e a s e  by a f a c t o r  o f  5.5 by 

t h e  y e a r  2000 and t o  i n c r e a s e  t e n  t imes  t h e  p r e s e n t  va lue  by 

2030. This  w i l l  l e a d  t o  t h e  c u r r e n t  West European l e v e l  of 

mechanizat ion i n  a g r i c u l t u r e  by 2030. S i m i l a r  i n o r e a s e s  a r e  

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

t o  account  f o r  i r r i g a t i o n  requi rements .  

D. 15-208 improvements i n  t h e  average e f f i c i e n c y  of f o s s i l  f u e l s  

i n  meeting t h e  h e a t  demand o f  household /se rv ice  and i n d u s t r i e s  

a r e  p r o j e c t e d  as f e a s i b l e  by 2030. The u t i l i z a t i o n  e f f i c i e n c y  



of noncommercial fuels  is  a l so  assumed t o  improve with t i m e ,  

becoming by 2030 twice a s  high as  in  1975. 

E .  The ca r  eff iciency is assumed t o  improve from the current  

levels  t o  an average of 10.5 and 8 1/100 km f o r  urban A d  

i n t e r c i t y  t rave l ,  respectively, by 2000 and remain constant 

thereaf ter .  

F. 30% of new s ing le  family houses a re  assumed t o  ge t  equipped 

with so la r  heating f a c i l i t i e s  by 2000, t h i s  f rac t ion  increasing 

t o  50% i n  2030. The same projections hold fo r  low-rise se rv ice  

sector  buildings. 

G. Hot water requirements a re  assumed t o  be met with s o l a r  energy 

i n  the household sector  t o  the  extent  of 20% by 2000 and 30% 

i n  2030. 

H. D i s t r i c t  heat  is  assumed t o  meet 3% i n  2000 and 20% by 2030 of 

the t o t a l  household/service s e c t o r ' s  space and water heating 

i n  c i t i e s  1100,000 inhabitants .  

I. Penetration of e l e c t r i c i t y ,  d i s t r i c t  heat ,  " s o f t '  s o l a r ,  co- 

generation (steam and e l e c t r i c i t y )  and heat  pumps i n  the 

indus t r i a l  heat market a re  projected t o  such an extent  t h a t  f o s s i l  

fue l s  would have t o  meet only 78% of the useful  energy require- 

ments f o r  thermal uses i n  industry by 2030. 

J. Renewable sources of energy are assumed t o  penetrate i n  the  

household/service sector mainly t o  replace f o s s i l  fue l s  

according t o  the  assumptions presented i n  Table 2 . 2 .  



2.1.3 Results 

The ca lcu la t ion  of fu tu re  energy consumption based on a 

s e t  of assumptions whose main components were given i n  t he  

previous paragraph i s  f i r s t  done i n  t e r m s  of useful  energy, i .e .  

t he  energy needed t o  provide a  se rv ice  t o  t h e  consumer (hea t  

required t o  cook a meal, mechanical power t o  t u rn  a  l a t h e ) .  The 

ca lcu la t ion  goes f u r t h e r  t o  express  r e s u l t s  i n  terms of f i n a l  

energy, i .e. ,  t he  energy del ivered  t o  t he  user  (motor gasol ine ,  

e l e c t r i c i t y ) ,  taking i n t o  account t he  e f f i c i ency  of end-use 

devices t h a t  s a t i s f y  t h e  demand f o r  use fu l  energy. 

Table 2.3 summarizes MEDEE-2 energy demand projec t ions  

f o r  Lat in  America u n t i l  2030. 

2 . 2  The Energy Supply Model MESSAGE 

2.2.1 Brief desc r ip t ion  

The ob jec t ive  of MESSAGE is t o  determine a  secondary energy 

supply s t r a t e g y  t o  s a t i s f y  t he  fu tu r e  energy demand p i c tu r e  

quan t i f i ed  by MEDEE-2. To perform this t ask ,  a  dynamic optimi- 

za t ion  l i n e a r  program was b u i l t  which takes  i n t o  account the  

a v a i l a b i l i t y  of primary energy sources,  their est imated maximum 

ex t r ac t i on  r a t e s  and t he  t ransformation i n t o  secondary energy 

c a r r i e r s  i n  conversion s t a t i o n s .  Each primary energy source, 

except s o l a r ,  is  subdivided i n t o  a  number of ca tegor ies  on the  

ba s i s  of the p r i c e  of ex t rac t ion ,  q u a l i t y  of resources and l oca t i on  

of deposi t .  These primary sources a r e  then converted i n t o  secondary 

energy i n  conversion s t a t i o n s  using various technologies ,  under 

cons idera t ion  of i n s t a l l a t i o n ,  opera t ion  and maintenance and f u e l  

cos t s  (excluding t h e  cos t  of f u e l  ex t r ac t i on  and t r anspo r t a t i on ) .  

The ob jec t ive  funct ion is  the  minimization of t he  cos t  of 

energy sources,  i n s t a l l a t i o n  of conversion f a c i l i t i e s  and t h e i r  

opera t ion  and maintenance, t o  provide the energy demand, each 

element discounted over t i m e ,  subjec ted  t o  cons t r a in t s  due t o  

resource a v a i l a b i l i t y  a t  s p e c i f i c  p r i ce s  and f a c i l i t y  build-up 

r a t e s .  Other cons t r a in t s ,  such a s  t he  need t o  minimize po l lu t ion ,  

could be incorporated a s  required: these  cons t r a in t s ,  although 

ava i l ab le ,  were no t  used i n  t h e  MESSAGE runs reported herein.  



On t h e  b a s i s  of  t h e  secondary energy a l l o c a t i o n  d i s t r i b u t i o n ,  

MESSAGE c a l c u l a t e s  t h e  t o t a l  primary energy requirements f o r  t h e  

p a r t i c u l a r  y e a r s  under cons ide ra t ion .  

I n  t h e  equa t ions  o f  t h e  model, which a r e  roughly given 

below, i n d i c e s  a r e  sometimes omi t t ed  t o  f a c i l i t a t e  unders tanding .  

A thorough d e s c r i p t i o n  of t h e  MESSAGE model is  given by M.  Angew 

e t  a l .  [ 5 1 .  

The Ob jec t ive  Funct ion 

The o b j e c t i v e  func t ion  of t h e  MESSAGE model is t h e  sum o f  

d i scounted  c o s t s  of  c a p i t a l ,  operating-maintenance,  and f u e l s  

(primary energy)  : 

where 

t i s  c u r r e n t  index o f  t i m e  p e r i o d  

n  is  number of t i m e  pe r iods  

0 (t) i s  d i scoun t  f a c t o r  

5 i s  number of yea r s  p e r  pe r iod  

b  is v e c t o r  o f  energy r e sou rces  c o s t s  

r i s  v e c t o r  o f  resource a c t i v i t i e s  (LP v a r i a b l e s )  

c  is v e c t o r  of  operat ing/maintenance c o s t s  

x is v e c t o r  o f  energy convers ion  a c t i v i t i e s  (LP v a r i a b l e s )  

d  i s  v e c t o r  o f  c a p i t a l  ( inves tment )  c o s t s  

y  i s  v e c t o r  of  c a p a c i t y  increments  (LP v a r i a b l e s )  

The d i s c o u n t  f a c t o r  is c a l c u l a t e d  from an annual  d i s coun t  

r a t e  of 6 1 ,  a p p l i e d  t o  a c o n s t a n t  d o l l a r  investment s t ream.  A s  

MESSAGE is in t ended  t o  minimize s o c i e t a l  c o s t s  t h i s  d i s coun t  r a t e  

is t o  be  understood a s  a  p re - t ax  one. 

The c o s t  of  increments  t o  c a p a c i t y  s t i l l  o p e r a t i n g  a t  t h e  

end of the p lanning  hor izon  is c o r r e c t e d  by a  " t e rmina l  v a l u a t i o n  

f a c t o r " ,  t v :  



f o r  example, t h e  te rmina l  va lua t ion  f a c t o r  f o r  t h e  l a s t  t i m e  
pe r iod  i s  

Resource Cons t r a in t s  

The fol lowing resource c o n s t r a i n t  i s  def ined  f o r  each r e s o u r c e  

and f o r  each category:  

where 

r ( t )  is annual e x t r a c t i o n  i n  pe r iod  t 

A v  i s  a v a i l a b i l i t y  of  resource  

Resource Requirements 

The fol lowing equat ion  is  s p e c i f i e d  f o r  each t i m e  pe r iod  

and f o r  each resource:  

where 

j is index of  resource  ca tegory  

J is number of resource  c a t e g o r i e s  

V, is  s p e c i f i c  consumption by product ion  a c t i v i t y  x l  

w1 i s  inventory  requirement f o r  c a p a c i t y  increment y, 

Capaci ty  Equations 

The fo l lowing  equat ion  is  s p e c i f i e d  f o r  each  technology and 

f o r  each load  reg ion  supp l i ed  by t h i s  technology: 



where 

j is  index of load region 

Cap i s  capacity 

h j  is  load durat ion of load region j 

pf is p lan t  f ac to r  

Demand Constraint  

The following equation is spec i f i ed  fo r  each time period,  

f o r  each demand sec to r ,  and f o r  each load region: 

where 

j i s  index of demand s e c t o r  

n.. i s  conversion e f f i c i ency  (o r  equal t o  0 i f  xi does no t  
1 3  

supply demand s x t o r  j ) 

DM. is annul secondary energy demand 
3 

Build-up Constraints  

The following equation is  spec i f i ed  f o r  some (pr imar i ly  new) 
technologies and f o r  each t i m e  period: 

where 

y i s  growth parameter 

g is constant ,  allowing f o r  s t a r t  up 



2 . 2 . 2  Main Assumptions 

The assumptions i nco rpo ra t ed  i n  t h e  model f o r  running t h e  

L a t i n  American case are p re sen ted  through t h e  s e l f - exp lana to ry  

Tables  2 .1 -2 .7 .  

2 . 2 . 3  Resul t s  

Tables  2 . 8  and 2 . 9  summarize t h e  most impor tan t  r e s u l t s  

provided by t h e  model. 

2 . 3  The Energy-Economy I n t e r a c t i o n  Model IMPACT 

2 . 3 . 1  Br ie f  Desc r ip t ion  

Once an opt imal  energy s t r a t e g y  is  i d e n t i f i e d ,  it i s  n e c e s s a r y  

t o  unders tand t h e  requirements  f o r  corresponding d i r e c t  and 

i n d i r e c t  energy inves tments .  

IMPACT belongs t o  t h e  set of energy-or iented dynamic i n p u t /  

o u t p u t  models, e x p l i c i t k y  account ing f o r  l a g s  between t h e  s t a r t  

o f  investment  and t h e  p u t t i n g  i n t o  o p e r a t i o n  o f  p roduc t ion  capac- 

i t ies .  I t  c o n s i s t s  o f  l i n e a r  and non l inea r  equa t ions  t h a t  d e s c r i b e  

t h e  fo l lowing  f o r  each year  o f  t h e  p e r i o d  concerned: balance o f  

p roduc t ion  of i n d i v i d u a l  p roduc ts  and s e r v i c e s  and t h e i r  consump- 

t i o n  i n  o p e r a t i n g  and b u i l d i n g  t h e  energy systems and r e l a t e d  

branches;  t h e  c o n d i t i o n s  f o r  i n t roduc ing  e x t r a  c a p a c i t i e s  i n  

ene rgy - re l a t ed  branches;  investment  and WELMN (Water, - - Energy, Land,  

M a t e r i a l s  and Manpower) requirements .  - - 
For each g iven  s t r a t e g y ,  t h e  model determines:  

Investment  i n  energy  system development; 

The r e q u i r e d  p u t t i n g  i n t o  o p e r a t i o n  o f  c a p a c i t i e s  i n  

ene rgy - re l a t ed  branches  of i n d u s t r y  and corresponding 

( i n d i r e c t )  c a p i t a l  investment;  

The r e q u i r e d  o u t p u t  of d i f f e r e n t  t y p e s  o f  m a t e r i a l s ,  

equipment, and s e r v i c e s  t o  p rov ide  o p e r a t i o n a l  and con- 

s t r u c t i o n  requi rements  of  t h e  energy system and r e l a t e d  

branches  ; 

D i r e c t  and i n d i r e c t  WELMM requirements .  

A l l  t h e s e  i n d i c a t o r s  a r e  e v a l u a t e d  f o r  each yea r  o f  t h e  per iod 

cons idered .  



The model describes the building up of production capacities 

as a direct part of the energy supply system (ESS) and its related 

branches. In this way lead times of construction and related con- 

sumption of equipment and material are taken into account. This 

is done by identifying input/output relations between the following 

sectors of the economy important for the energy supply systems: 

iron ore mining 

primary iron and steel manufacturing 

fabricated metal products 

nonferrous metal or mining 

nonferrous metals manufacturing 

chemical products 

plastic and synthetic materials 

petroleum products 

stone, clay, and glass products 

lumber and wood products 

miscellaneous materials 

engines and turbines 

electrical equipment 

mining equipment 

oil field equipment 

construction equipment and machineries 

material handling equipment 

metalworking equipment 

instrument and control equipment 

transportation equipment 

special industry equipment 

general industry equipment 

fabricated plate products 

miscellaneous equipment 

export goods I 

export goods I1 

construction in energy sectors 

construction (nonenergy) 

transport (nonenergy) 

maintenance and repair construction 



The Equation System o f  IMPACT* 

The d i r e c t  requirements  o f  t h e  ESS f o r  p roduc ts  o f  enerqy- 

r e l a t e d  s e c t o r s  a r e  expressed  a s  

where 

Y e ( t )  is  t h e  v e c t o r  o f  d i r e c t  investment  and o p e r a t i o n a l  

requirements  o f  t h e  ESS f o r  p roduc ts  of  e n e r g y - r e l a t e d  

s e c t o r s  i n  t h e  yea r  y - 
X e ( t )  is t h e  v e c t o r  o f  annual  energy produc t ion  i n  t h e  

year  t 

Z ( t)  is t h e  v e c t o r  of  r e q u i r e d  a d d i t i o n a l  c a p a c i t i e s  of  e 
t h e  ESS i n  the y e a r  t 

A, is  t h e  ma t r ix  o f  c o n t r i b u t i o n  c o e f f i c i e n t s  o f  energy- 

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

energy produc t ion  pe r  u n i t  of  a c t i v i t y  

F ~ ( ' - ~ )  is  t h e  ma t r ix  of c o n t r i b u t i o n  c o e f f i c i e n t s  o f  energy- 

r e l a t e d  s e c t o r s  i n  t h e  year  t t o  p u t t i n g  i n t o  o p e r a t i o n  

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

( t Z T < t + T )  - 
; is t h e  v e c t o r  o f  t h e  t ime  l a g  in t roduced  by con- 

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

T o t a l  ( d i r e c t  and i n d i r e c t )  m a t e r i a l  and equipment requi re -  

ments o f  t h e  ESS a r e  expressed  a s  

where 

A2 i s  t h e  ma t r ix  of i npu t /ou tpu t  c o e f f i c i e n t s  

A i s  t h e  ma t r ix  o f  m a t e r i a l s  and equipment requirements  3 
c o e f f i c i e n t s  p e r  u n i t  of investment  i n  ene rgy - re l a t ed  s e c t o r s  

*Matrix n o t a t i o n  is used throughout  t h e  s e c t i o n .  The let ters t o r  
T i n  p a r e n t h e s i s  denote  vector-valued t i m e  f u n c t i o n s .  A b a r  denotes  
an  exogenously given inpu t .  



X l ( t )  is t h e  v e c t o r  of  ou tpu t  i n  ene rgy - re l a t ed  s e c t o r s  

x i n ( t )  is t h e  vec to r  of  i n d i r e c t  c a p i t a l  investments  i n  

energy- re la ted  s e c t o r s  

D i r e c t  c a p i t a l  investment i n  t h e  ESS is expressed  a s  

I n d i r e c . t  c a p i t a l  investment  i n  t h e  ESS is expressed  a s  

T o t a l  ( d i r e c t  and i n d i r e c t ]  c a p i t a l  investment  i n  t h e  ESS 

is  expressed  as 

where 

F ; ' - ~ ) , F : ~ - ~ )  a r e ,  r e s p e c t i v e l y ,  t h e  m a t r i c e s  of c a p i t a l  

investment  c o e f f i c i e n t s  i n  t h e  yea r  t t o  p u t  

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

t h e  ESS and energy- re la ted  s e c t o r s  i n  t h e  y e a r  

t 
' 

Z l  ( t )  i s  t h e  v e c t o r  o f  new a d d i t i o n a l  c a p a c i t i e s  i n  

t h e  ene rgy - re l a t ed  s e c t o r s  i n  t h e  y e a r  t 
d 

X 2 ( t )  i s  t h e  v e c t o r  o f  d i r e c t  c a p i t a l  investment i n  

t h e  ESS 



(1 )  Vector. Zl ( t )  . w i t h  v e c t o r  components Z ,  , . . . , Zl(k) , must s a t i s f y  

t h e  fol lowing condi t ions :*  

min [xji)(t 1) - xli) (TI] i f  t h i s  va lue  is  p o s i t i v e ;  
TSt 

zji' (t) = 

0 o the rwi se  

f o r  eve ry  i i{1,2,. . . ,k} .  

Vector n o t a t i o n  is used i n  t h e  model f o r  s i m p l i c i t y  r ea sons .  

This equa t ion  is t h e r e f o r e  w r i t t e n  a s  

The model a l s o  i n c l u d e s  an equa t ion  f o r  c a l c u l a t i n g  t h e  

d i r e c t  and t h e  i n d i r e c t  expenses o f  t h e  WELMM r e sou rces .  This  

equa t ion  is w r i t t e n  as 

where 

X3 (t)  i s  t h e  WELMM expend i tu re s  i n  t h e  yea r  t 

A4 is  t h e  matrix o f  d i r e c t  o p e r a t i o n a l  WELMM c o e f f i c i e n t s  

* I n  o r d e r  t o  t a k e  i n t o  account  instaZZed c a p a c i t y  requirements ,  
t h i s  e x p r e s s i o n  can be r e p l a c e d  by , 

xii) (T) I i f  t h i s  va lue  

(1 - p) t-T+l is  p o s i t i v e ;  

o the rwi se  

f o r  every i ~E1,2, ..., k} where p  i s  t h e  r a t e  o f  replacement .  



A is t he  matrix of i n d i r e c t  opera t ional  WELMM coeff i -  
5 

c i en t s  of energy-related s ec to r s  

A is t he  matrix of i nd i r ec t  cons t ruct ional  WELMM coef- 
6 

f i c i e n t s  of energy-related sec to rs  
( T - t )  is t h e  matr ix of d i r e c t  cons t ruc t iona l  WELMM c o e f f i c i e n t s  F u  

i n  t he  year t t o  put i n t o  opera t ion  new energy c a p a c i t i e s  

i n  t he  year t 

Equations f o r  evaluat ing  a i r  and water p o l l u t a n t  emissions of the 

ESS and the  energy-related sec to rs  can be wr i t t en  analogical ly.  

The d r ive rs  f o r  IMPACT'S r e l a t i ons  a r e  ze(t)  and ye ( t ) ;  t h e s e  

exogenous va r iab les  can be obtained from an energy supply model 

(e .  g. , the I I A S A  MESSAGE model) . 
An algorithm has been developed f o r  so lv ing equations i t e r a -  

t i v e l y .  This algorithm, a s  w e l l  a s  o the r  d e t a i l s  of IMPACT'S 

s t r u c t u r e ,  log ic ,  and scope are  described i n  161% 

2.3.2 Main Assumptions 

The knowledge of t h e  economic behavior i n  LDCs is  no t  wel l  

documented, and t h e  at tempt t o  deal  with a d e t a i l e d  ana lys i s  of 

a country 's  economy is of very recen t  da ta .  A t  t h e  time the  

IMPACT model was appl ied  t o  understand t h e  d i r e c t  and i n d i r e c t  

consequences of t he  energy s e c t o r  on the  economy a s  a whole, only  

some bas i c  input  da t a  was ava i l ab le  f o r  I n d i a  ( more recent ly  

s imi l a r  information has been published i n  the cases of 

Mexico and B r a z i l ) .  

For t h i s  reason, IMPACT runs had an aggregated and provisory 

character ,  s ince  they w e r e  done using t he  Input/Output t ab l e  

of India  and cap i ta l /ou tpu t  r a t i o s  pe r ta in ing  t o  developed coun- 

tr ies.  

2.3.3 Results 

Under t he  above described condi t ions ,  t he  r e s u l t s  of IMPACT 

f o r  LDCs were used only as  ind ica t ion  of l i k e l y  t rends .  I t  has 

been shown t h a t  the  c a p i t a l  requirements of developing countr ies  

must d r a s t i c a l l y  increase  i n  t he  fu tu r e  from today ' s  s tandards 



(approximately 2% of GDP .is allocated to the energy sector) towards 

expenditures between 6% and 7% by 2030. For Latin America, in 

particular, the maximum share of total energy investment in GDP 

fluctuates between 6.5% and 8% in the scenarios. 

In addition, IMPACT estimates WELMM requirements associated 

with the implementation of the energy sector. Besides the growing 

demand of capital for investments, preliminary WELMM results point 

to the hardships that skilled manpower requirements will pose 

in the future. 
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TABLE 2 .4 .  Estimates of Ultimately Recoverable Resources by 
Cost Category f o r  Latin America 

Resource 
Cost Coal - O i  1 Natural Gas Uranium -- 
categorya Togtce  e y r  1o9 toe  m y r  i i j ' z i i q  m y r  1 0 ' t ~  

a ~ o s t  ca tegor ies  represent  es t imates  of cos t s  e i t h e r  a t  o r  below 
the  s t a t e d  quant i ty  of recoverable resources ( i n  constant U.S. 
do l l a r s  of 1975) . 

O i l  and na tu ra l  gas 

Coal 

Uranium 

Category 
1 2 3 

TAI3LE 2.5,.  sth hated Resource Ava i lab i l i ty  of Renewable Energy 
Sources (commercial use only) 

Maximum Capacity i n  2030 
Production Low High 
Capacity Scenario Scenario 
(GWyr/yr) ( m y r / y r )  (GWyr/yr) 

~ ~ d r o e l e c t r i c i  tya 583 355 355 

Wood from f o r e s t s  2090  458 704 

a ~ h e  f igures  r e f e r  t o  primary energy equivalent  a t  an e f f i c iency  
of about 37%. 



TABLE 2. 6. Cost Assumptions f o r  Major Competing Energy Supply 
and Conversion Technologies. 

C a p i t a l  Variable  F i n a l  Prod- 
c o s t  cost u c t  c o s t  

E l e c t r i c i t y  Generation 
C o a l  wi th  scrubber  550 
Conventional nuc lea r  

r e a c t o r  ( e - g .  LWR) 700 
Advanced reactor (e. g. 

FBR). 920 
Coal, f l u i d i z e d  bed 480 
Hydroe lec t r ic  620 
O i l -  f i r e d  3 5 0 
Gas-fired 325 
Gas-turbine 170 
S o l a r  c e n t r a l  s t a t i o n  1,900 

Syn the t i c  Fue ls  
Crude o i l  r e f i n e r y  
Coal g a s i f i c a t i o n  

("high Btu") 
Coal l i q u e f a c t i o n  

NOTES: The figures f o r  e l e c t r i c i t y  generation and synthet ic  f u e l s  a r e  
assumed t o  apply, mostly, t o  both developed and developing regions. 
The c o s t s a r e  assumed t o  apply,  a s  averages, over the 5 0 - ~ e a r  planning horizon. 
Capi ta l  cost: Capital  cos ts  per  kW of capacity. Assumed t o  represent 
average cap i t a l  cos ts  (paid a t  once) f o r  standard f a c i l i t i e s  of 30-year 
l i fe t ime;  intended t o  include owner's cos ts  ( i n t e r e s t  during construction, 
land lease,  e tc . ) .  Escalation is not included. Extraordinary other  cos ts  
( l i t i g a t i o n ,  unspecified soc ia l  cos ts )  a r e  not  included. 
Variable  costs: Operating and maintenance p lus  fue l  cycle cos ts  (not in- 
cluding f u e l  costs)  per kWyr of product ( e l e c t r i c i t y  o r  synthet ic  f u e l ) .  
Final product cost: S t a t i c  cos t  per kl.!yr of secondary energy ( e l e c t r i c i t y  
o r  syntkct ic  fue l s )  inclurling f u e l  cos ts .  Fuel cos ts  a r c  taken t o  he tile 
cheapcst category of thc corrcspondi.:lg fuc l .  Tile cas t  f igures  i n  this columrl 
a r e  not the dynamic f igurcs  i n  t.iESSACE; ilorc t l ~ y  s f rve  only tile purpose of 
auick coai?ariso~i: Tllc data on pl.cnt l i f c  '(30 years,  hydro 50 years) and on 
the load fac tor  (70"" hydro and 57: so la r )  enter  tilo calculat ions,  as  does the 
discount r a t e  ( 6 % ) .  For n time in t s rva l  of 5 years ar.d a plant  l i f e  of 
30 years,  tho fonnula fo r  the a n n u a l i z d  c a p i t a l  cos t  is 

cap . B' - 1 

(Pa - 1) e 2 - =  5 

1 
where 3 is the one-year discount fac tor  (- 1.06 

here) and cap i s  t h e  t o t a l  
cap i t a l  cost. In order t o  get tile l c v e l l ~ z c d  c a p i t a l  c o i t s  p$r 1;Wyr o f .  
output, (1) must be divided by the load factor .  For exanple, a of 0.7 
yields  a leve l l iz i :~g  fac tor  of 0.!01. 



Eydroelectric: The high, but so f a r  unexploited potent ia l  of hydroelectric 
i n  Latin America led t o  a specification of two capi ta l  cost  categories f o r  
hydro in this region; the second category including additional costs 
re f lec ts  transmission f r m  r e w t e  s i t e s .  

SoZar central station: Including storage costs allowing an annual average 
load factor  of 57%. Variable costs include an estimate for  long distance 
transmission costs,  and are  lower in  high insolation developing regions. 

TABLE 2.1. 'Start-up and Build-up Constraint Assumptions for 
New Energy Technologies 

Increment, Start-up Commercially 
As X of Previous Capacity Available 
Period's Expansion GW/yr After 

Conventional nuclear 
reactor (e.g. L W R ) ~  120 

Fast breeder reactora 120 
Coal, fluidized bed 140 
Coal liquefaction 140 
Coal gasification 140 
Solar electric 140 

0 .4  today 
0.4 2000 
0.4 1995 
2 2000 
2 1995 
0.5 2005 

a 
For nuclear technologies, a t o t a l  (LWR plus FBR) build-up constraint  i s  

also impsed. 

NOTE: The numbers a re  transformed in to  constraints for  the MESSAGE model 
a s  follows: The asymptotic increment and start-up parameters r e fe r  to 
y and g, respectively, i n  

t .  
where y is the annual addition t o  the capacity of 'he respective tech- 
nology i n  time period t being a boun6ary condition).  
In  addition to these build-up constraints,  there is a constraint  on the  build- 
up of t o t a l  nuclear capacity. 



TABLE 2.8:. Primary Energy or Equivalent (GWyr), Low Scenario 

Base 
Year 

Resource 1975 1985 2000 201 5 2030 

Gas 4 8 7 1 8 1 1 1  3 182 
Oil 228 331 533 787 1 1  36 
Coal 16 45 105 175 195 
LWR 1 15 4 3 4 2 103 
FBR - - - 26 112 
Hydro 4 5 7 5 143 245 355 
Solar - - 4 1 1  22 

18 64 128 206 Renewables - 
Commercial 338 555 973 1527 2312 
Noncommercial 109 109 109 109 109 

Total 447 664 1082 1636 2421 
- 

TABLE 2. 9. Primary Energy or Equivalent (GWyr) , High Scenario 

Base 
Year 

Resource 1975 1985 2000 2015 2030 

Gas 48 92 157 -265 438 
Oil 228 376 730 1193 1809 
Coal 16 55 140 185 185 
LWR 1 15 8 2 - 206 - - 4 30 
FBR 26 112 
Hydro 45 75 143 245 - - 355 
Solar 4 14 - 33 
Renewables 19 8 3 183 31 7 
Commercial 338 633 1339 2317 3679 
Noncommercial 109 109 109 109 109 

Total 447 742 1448 2426 3788 



3. THE IIASA-ENP ENERGY PICTURE OF LATIN AMERICA 

3.1. The Situation in 1975 

When put into a worldwide perspective, commercial primary 

energy consumption in Latin America is comparatively modest: 

Table 3.1 shows that with 8.1% of world population the region's 

energy budget amounted only to 4.2% of global energy requirements. 

In per capita terms, the figures indicate that every latin- 

american has access to about 50% of the world average but roughly 

to twice as much as the energy consumption of ICCs as a whole. 

Table 3.2 shows how the primary energy demand of 1975 was 

covered by the contribution of various sources. More than 2/3 of 

the total were taken care of by liquid fuels: from the seven 

regions in which the world was divided for the IIASA study, Latin 

America is the most dependent on oil derivatives. 

If we consider the way in which final energy (i-e., the type 

of energy available to the consumer) was allocated to the various 

sectors of the economy (Table 2-31, it becomes.clear that trans- 

portation was the most important user of liquid fuels. Less 

than 10% of the commercial final energy was provided by electricity. 

With nuclear power being of no regional significance, the 

generation of electricity was shared rather evenly by hydro and 

thermal power stations, as shown in Table 3.3. 

The pattern described above is substantially modified when 

the so-called non-commercial fuels are brought into the picture. 

These energy sources are mainly constituted by firewood and 

vegetable waste from forests and crops, and basically used in 

the rural household sector. IIASA estimation of the energy 

content of such fuels is represented by 108.7 GWyr in 1975, a 

substantial amount when compared with the total energy consump- 

tion. These fuels are directly utilized without losses due 

to conversion, transportation or distribution; consequently, 

the figure expresses primary as well as final energy. 

Non-commercial fuels in Latin America are partially subject 

to trade, but the extent of this commerce is hardly found in 

statistics. Their inclusion in the energy balance substantially 



changes t h e  s e c t o r a l  d i s t r i b u t i o n  o f  t h e  t o t a l  f i n a l  energy 

budget because they  a r e  p r imar i ly  a l l o c a t e d  t o  t h e  domestic 

uses .  This  view confuses  both  t h e  g e n e r a l  economic and 

energy s i t u a t i o n s :  t h e  f i r s t  i s  d i s t o r t e d  s i n c e  firewood and 

vege tab l e  waste a r e  n o t  accounted f o r  i n  monetary terms,  and 

t h e  second i s  a f f e c t e d  because t h e  r e l a t i v e  h igh  sha re  i n  t e r m s  

o f  primary and f i n a l  energy conveys t h e  impress ion o f  an 

importance t h a t  is  l ack ing  a t  t h e  u s e r s  l e v e l  due t o  t h e  v e r y  

low e f f i c i e n c y  o f  u t i l i z a t i o n .  B u t  non-commercial f u e l s  

p l ay  a s o c i a l  r o l e ,  s i n c e  they  measure t h e  u n a v a i l a b i l i t y  o f  

energy t o  t h e  most depr ived s e c t o r  o f  t h e  popula t ion  t h a t  

i s  compelled t o  s u b s t i t u t e  w i th  ha rdsh ip  f o r  commercial f u e l s  

which a r e  expensive o r  simply n o t  t h e r e .  

Non-ccmunercial f u e l s  u t i l i z a t i o n  t e n d s  t o  decrease  d u r i n g  

development. The  region.'^ t r e n d s  o f  t h e  las t  25 y e a r s  (1950-75) 

show t h a t  t h e i r  s h a r e  of t h e  t o t a l  energy requirements  h a s  

s t e a d i l y  decreased ;  i n  t h e  c a s e  o f  f i rewood,  f o r  example, it 

h a s  come down from around 50% i n  1950 t o  approximately 19% 

i n  1975. During t h e  same per iod  commercial primary energy 

consumption i n c r e a s e d  a t  a r a t e  o f  about  7%/yr ,  whereas t h a t  

of  firewood has  r i s e n  on ly  a t  l .S%/yr .  IIASA-ENP approach 

t o  d e a l  w i th  t h e  energy s i t u a t i o n  o f  LDCs has  been t o  assume 

t h a t  t h e  t r e n d s  d i scussed  above w i l l  con t inue  and consequent ly  

t h e  r e l a t i v e  s h a r e  of t r u l y  non-commercial f u e l s  s t e a d i l y  

d imin ishes  d u r i n g  t h e  p e r i o d  o f  t h e  s tudy .  For such r ea son ,  

on ly  t h e  commercial energy market w i l l  be used f o r  comparisons. 

3 . 2 .  Energy Reserves and Estimated Resources 

I n  o r d e r  t o  ana lyze  the p o s s i b l e  f u t u r e  s i t u a t i o n  of t h e  

energy s e c t o r ,  an e s t i m a t i o n  of n a t u r a l  r e sou rces  i s  e s s e n t i a l .  

This  means t h e  knowledge o f  r e s e r v e s  o f  primary energy c a r r i e r s  

as w e l l  as an e v a l u a t i o n  o f  p o t e n t i a l  r e s o u r c e s  a v a i l a b i l i t y  

d u r i n g  t h e  p e r i o d  under cons ide ra t ion .  The term " r e s e r v e s n  

i s  g e n e r a l l y  accep ted  a s  i n d i c a t i n g  t h a t  p a r t  o f  t h e  r e sou rce  

base  t h a t  i s  r a t h e r  a c c u r a t e l y  i d e n t i f i e d  and i s  cons idered  

r ecove rab le  under a c t u a l  t e c h n o l o g i c a l  and economic c o n d i t i o n s .  

"Resources" i n c l u d e  r e s e r v e s  a s  w e l l  a s  d e p o s i t s  whose e x i s t e n c e  

i s  surmised on t h e  b a s i s  o f  s c i e n t i f i c  e v a l u a t i o n  wi th  a c e r t a i n  



degree of probability. Estimation of resources are done in the 

framework of likely future technological progress and the assess- 

ment of price situation trends. As a consequence, both reserves 

and resources are continuously changing in magnitude. 

Table 2.4 shows the estimations done at IIASA by the Energy 

Resources Group about the potential supply of conventional energy 

carriers as related to production costs. In general, the "econ- 

omically recoverable" coal reserves are included in the first 

category. For oil and gas, category 1 involves known reserves 

but also a fraction of the resources remaining to be discovered. 

The knowledge of uranium resources is rather limited at 

present, in particular due to lack of intensive prospection. 

The recoverable reserves of about 60 thousand tons of uranium 

represent only a small fraction of IIASA estimates for the 

ultimately recoverable resources of 3.6 million tons at prices 

below 130$/kg U. This last figure compares well in magnitude 

with the most recent estimations for South and Central America 

(excluding Mexico), 0.7 to 1.9 million tons 171. 

The potential of renewable resources, such as hydro power, 

solar energy, wind, biomass, etc., has been only globally assessed 

for the IIASA analysis, with the exception of commercial hydro- 

electricity generation. For Latin America, the total installable 

hydroelectric capacity has been estimated by Armstrong [81 at 

the level of 432 GW (20% 02 world potential) which operating at 
50% capacity factor would generate 216 GWyr (e) /yr. In 1975 

only 15.05 GWyr(e) were produced by this source, i.e. around 

7% of the estimated maximum. 

Finally, the existing woods and forests of the region are 

quite large: more than 10 million km2 of land are covered out 

of a total continental surface of 21 million km2 t91. As 

shown in Table 2.6, the maximum possible production capacity ' 

attributed by IIASA to the annual regeneration of such energy 

resource corresponds to an energy content of about 2 TWyr/yr. 

3.3 Projections of Future Energy Demand and Supply 

The application of the energy demand model MEDEE 2 to 

explore future energy consumption in Latin America required the 



knowledge of many parameters describing the present economic 

situation, the technological stand and the lifestyles. They 

were obtained from a thorough evaluation of available 

statistical data. In addition, an assessment had to be made 

of the possible future change of these indicators; therefore, 

a definitive judgement on the Latin American development 

pattern was necessary. The evaluation of past trends, todayLs - 
reality and present aspirations confo~med a view of its future which 

involved steady economic development toward a "western European" 

pattern. Further industrialization, prudent use of regional 

natural resources and energy conservation were some of the main 

ingredients envisaged to obtain a consistent set of projections. 

The results of MEDEE 2 for the base year 1975 accurately 

reflect the present pattern of Latin American energy demand which 

was described in paragraph 3.1. In paragraph 2.1.2 we described 

the main assumptions incorporated to the model for the projections 

and Table 2.3 showed future final energy demand until 2030. 

Additional assumptions on resource availability, their 

extraction rates and other technological and economic constraints 

were necessary to explore a strategy for the allocation of 

primary sources to satisfy the annual levels of energy demand 

projected by MEDEE 2. In paragraph 2.2.2 we have shown those 

assumptions. Tables 2.8 and 2.3 indicated the distribution of 

primary energy carriers proposed by MESSAGE, the energy supply 

LP cost optimization model. 

When we look at the energy situation of Latin America 

presented by the results of the IIASA exercise, projected 

commercial primary energy requirements seem modest in the distant 

future (2030)when compared with the world picture obtained in 

the same study by global integration: 2.3 TWyr to 3.7 TWyr 

define a consumption level in two scenarios which represent 

for each of them around 10% of world requirements. But by 

then the present gap in primary energy per capita utilization 

between Latin America and the ICs with market economies will 

have significantly closed (Table 3.4). 

From the MESSAGE runs it comes out that liquid fuels 



will continue to have a predominant role in covering the 

energy budget in years to come. In the High scenario, the 

contribution of oil declines to 54.5% in the year 2000 and to 

49.2% in the year 2030 from the 1975 share of 67.5%. These 

trends are similar in the Low scenario. This is certainly 

related to the influence of the transportation sector, where 

no saturation effects were detected due to the expected 

increase in freight movement and the necessary relaxation of 

load factors in vehicles for passenger travel coupled with 

the population expansion. But oil dependence is projected 

to diminish under the assumptions that liquid fuels will be 

increasingly used as a premium for transportation and the 

petrochemical industry, and progressively be replaced for 

thermal uses by other sources, mainly renewables. 

With regard to the utilization of renewable sources the 

basic assumption is an aggressive policy implemented for their 

commercial use. This means the introduction of extended 

wood and forest management to harvest about one-third of the 

total regional wood and forest regeneration ii.e., about 3.5 . 1 0  9 

tons of air-dried wood) and process it further, mainly by trans- 

formation into charcoal with a conversion efficiency of 455, 

in order to simplify handling and distribution. The share of 

solar energy in its variety of forms is only limited in view 

of the expected long lead times for technology development and 

commercial application. The contributions of wind and small 

hydro to the electricity generation have been included under 

the total hydropower potential. "Soft" solar, the use of 

passive and active methods to produce hot water and low temp- 

erature steam, has also been taken into account, and "forced" 

into the cost optimizing program, as was the case with the 

products of biomass. 

The share of electricity in final energy consumption can 

be seen to grow from under 10% at present up to 15-16s by 2030. 

In this context, the hydroelectric generation is assumed to be 

implemented to the level of 24.4% in the year 2000 and 60.9% by 

2030 with respect to the maximum generation capability, thus 

accepting the inclusion of the most expensive type of hydro- 



power requiring long distance transmission lines. 

With the limitations imposed on the further use of fossil 

fuels for electricity generation, the projected increase in 

the utilization of electricity must be taken care of by hydro- 

power and nuclear energy, since solar energy (STEC, photo- 

voltaics) is not expected to provide ,a substantial contribution 

within the 55 years considered. For the year 2000, the 

nuclear installed capacities oscillate between 23 GW(e) in 

the Low scenario and 43 GW(e) for the High Scenario. These 

figures encompass a range well in accordance with the present 

knowledge of national plans. The extended implementation of 

nuclear power appears in Latin America after the turn of the 

century. 

In contrast with the great importance of liquid fuels, 

conventional solid fuels seem used in modest proportion. 

But coal supply must increase by a factor of about 10 by the 

year 2000 with respect to 1975 in order to meet the projected 

applications. The use of truly non-commercial fuels is 

assumed to decrease progressively, for example to a share of 

7 . 5 %  of total primary energy by the year 2000 and to 2.9% in 
2030, in the High scenario. 



TABLE 3.1 Base Year Data (1975) 

World Latin All Developing 
America Countries 

6 population ( 10 1 3946 3 19 2786 

Commercial Primary 
Energy Consumption 7998 3 38 1253 
( m y r )  

Primary Energy/cap 
(kN/cap) 2.03 1.06 0.45 

TABLE 3.2 Primary Enerqy Consumption Latin America, 1975 
. 

Solid Fuels 

Liquid Fuels 

Feedstocks 

~atuial gas 

Hydro (+Nuclear) 
Electricity 

Commercial 338.5 100 

Non-commercial 108.7 
(of which firewood) (83.7) 

Total Primary Energy 447.2 



TABLE 3.3 I n s t a l l e d  C a p a c i t y  and G e n e r a t i o n  of E l e c t r i c i t y , l 9 7 5  

. 
Ins t a l l ed  C a p a c i t y  ,GW ( e l  6 6 . 3 3  

T h e r m a l  3 4 . 6 9  

H y d r o  3 1 . 3 0  

Nuclear 0 . 3 4  

G e n e r a t i o n ,  GWyr (e) 2 8 . 4 3  

T h e r m a l  1 3 . 0 9  I H y d r o  1 5 . 0 5  

Nuclear 0 . 2 9  

TABLE 3 . 4  P r i m a r y  E n e r g y  per C a p i t a  (kW/cap) 

R e g i o n  1 9 7 5  

A. I C s  w i t h  M a r k e t  
E c o n o m i e s  6 . 1 6  

B. L a t i n  A m e r i c a  1 . 0 6  

C. R a t i o  A/B 5 . 8  

I IASA S c e n a r i o  

H i g h  Low 

2 0 0 0  2 0 3 0  

8 . 4 8  12 .16  

2 . 3 3  4 . 6 2  

3 . 6  2 . 6  

2 0 0 0  2 0 3 0  

6 . 9 5  8 . 2 3  

1 . 6 9  2 . 9 0  

4 .1  2 . 8  



4 .  THE COMPONENTS OF THE ASSESSMENT PROCESS 

A bas ic  requirement t o  accomplish t he  ob jec t ive  of the  work 

reported herein is t o  i den t i fy  the  i s sues  t h a t  must be t r ea ted .  

Since w e  must look a t  t h e  fu tu r e  of a developing region,  it is  

therefore  unavoidable t o  dea l  with t h e  process of development. 

In an acadmicsense w e  have no expe r t i s e  on t h i s  matter  but  have 

been "doing" development i n  a developing nat ion  f o r  a good p a r t  

of our  profess ional  l i f e .  A s  t h e  character  of Moligre would 

a s s e r t  'We have been t a lk ing  prose most of our  l i v e s  without r e a l l y  

knowing i t " .  This s i t u a t i o n  requ i res  t o  s p e l l  ou t  our c o n c e ~ t u a l  

view of t he  issues involved which, perhaps because of t he  p a r t i c u l a r  

personal experience, w i l l  emphasize c e r t a i n  fea tu res  wi th  

preference t o  o the rs  genera l ly  accepted as  t he  conven- 

t i o n a l  wisdom of development theory. 

The conclusions w e  s h a l l  e x t r a c t  from this excursion should 

be compared with t he  development pa t t e rn  assumed by t h e  IIASA- 

ENP study. This, i n  ' t u rn ,  c a l l s  f o r  a previous ana lys i s  of past-  

present  world development performance, i n  t he  l i g h t  of which w e  

should t r y  t o  assess  where Lat in  America s tands a t  present  and where 

i t  s e e m s  t o  move i n t o  a s  t i m e  goes by. 
, 

These considerat ions should allow us t o  analyze t he  appropriate-  

ness of IIASA-ENP's modeling set t o  p ro j ec t  t he  long-term energy 

s i t u a t i o n  of the  region. I n  t h i s  context ,  t h e  main quest ion is: 
Do the  assumptions t h a t  support the  inpu t  da ta  of t h e  models . 
( e spec i a l l y  MEDEE-2) imply a development process cha t  w e  can 

consider a reasonable,  acceptable perception of t he  poss ib le  

fu tu re  evolut ion  of Lat in  America? 

5 .  THE DEVELOPMENT ISSUE 

5.1 What Is Development? 

Since the  t i m e  when t he  exis tence  of poor na t ions  was recognized 

a s  a problem of worldwide relevance sho r t l y  a f t e r  t he  Second World 

War, and t he  word "development" was coined t o  i d e n t i f y  t he  need 

t o  change t h e i r  s i t u a t i o n ,  t he  process has been, more o f ten  than 

none, equated t o  economic growth. And, consequently, t he  development 
. . 



s i t u a t i o n  of countr ies  and regions has been measured by a macro- 

economic yards t ick ,  namely, gross na t iona l  product (GNP) o r  i ts 

respect ive  per  c ap i t a  value. 

Some economists argue t h a t  a d i s t i n c t i o n  should be made 

between "economic growth" and "economic development", the  former 

def in ing a process of simple increase  (more of t he  same) ,  while 

the  l a t t e r  involving s t r u c t u r a l  change of t he  economy (something 

d i f f e r e n t  i f  no t  something more) [ l o ] .  The p a s t  h i s t o r y  of today 's  

developed countr ies  gives considerable support t o  the concept of 

economic development s ince  they evolved towards t h e i r  present  

s i t u a t i o n  i n  the  wake of s u b s t a n t i a l  changes i n  t h e  s t r u c t u r e  of 

t h e i r  productive system. 

The quest ion comes immediately t o  mind: Were those j u s t  

economic changes? I n  answering w e  must accept  t h a t  the  concept 

of development has kept on extending i t s  s ign i f i cance ,  and t he  

s t r u c t u r a l  changes mentioned above cannot be regarded only as  

a modif icat ion which a f f e c t s  t h e  economy without leaving an 

impression on t h e  s o c i a l  and p o l i t i c a l  domains. Thus, it is  our  

view t h a t  the process of development involves s t r u c t u r a l  changes 

pervading t he  economic, soc iocu l t u r a l ,  sc ien t i f i c - t echno log ica l  

and p o l i t i c a l  f i e l d s ,  which dynamically i n t e r a c t  during the 

journey of a s o c i e t y ' s  t ransformation t o  a new, hopefully,  

b e t t e r  one. Ohlin [ I l l  a s s e r t s :  " A reasonable suggestion might 

be t h a t  "development" is a shorthand term t o  descr ibe  something 

not previously recognized, such a s  an all-embracing s o c i a l  change 

f o r  the  b e t t e r ,  not  confined t o  mere growth of production but  en- 

compassing every kind of s o c i a l  improvement". 

5 . 2  Development i n  Prac t i ce  

A t  t h e  beginning, a t t e n t i o n  was focussed on t he  s i m i l a r i t i e s  

between developing nat ions ;  t he  common denominator is poverty: 

economic resources are  sca rce ,  and t h i s  s i t u a t i o n  cons t ra ins  a 

breakaway. Thus, i n  these  terms, the  i d e n t i f i c a t i o n  of a develop- 

ing s o c i e t y ' s  f ea tu res  is a r a t h e r  simple matter:  poor nat ions 

remain poor because they a r e  poor [ 1 2 1 .  What seemed necessary 

was t o  he lp  them ge t  away from t h e  v ic ious  c i r c l e  of poverty, 



t h e  o b j e c t i v e  of development being then  t h e  s t eady  i n c r e a s e  of 

weal th .  How t o  accomplish t h i s ?  Simply, by fo l lowing  t h e  

example of t o d a y ' s  i n d u s t r i a l i z e d  c o u n t r i e s  i n  t h e  way t h e y  

chose du r ing  t h e i r  development. 

The approach schema t i ca l ly  given above is  t y p i c a l  of  t h e  

e a r l i e r  economic development t h e o r i e s .  They a l s o  recognized t h a t ,  

i n  o r d e r  t o  implement them, something must be  done t o  i n c r e a s e  t h e  

economic b a s i s  of  backward s o c i e t i e s  above a t h r e s h o l d  which w a s  sup- 

posed t o  h inde r  s e l f - s u s t a i n i n g  economic growth. This  c o n s i d e r a t i o n  

f o s t e r e d  t h e  convic t ion  t h a t  e x t e r n a l  a i d  is t h e  on ly  way t o  

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

of a poor na t ion ;  and t h a t  such a i d  should b e  mainta ined f o r  an  

extended p e r i o d  t o  a l low t h e  achievement o f  a " take-off"  

s i t u a t i o n .  

Though t h i s  b a s i c  conceptio 'n was p u t  i n t o  p r a c t i c e ,  t h e  

r e s u l t s  ob t a ined  proved t h a t  n o t  a l l  is  money. During t h e  l a s t  

3 0 , y e a r s  some developing c o u n t r i e s  have s u b s t a n t i a l l y  improved 

i n  economic terms,  b u t  o t h e r s  have advanced b u t  a l i t t l e ,  and 

a s  a r e s u l t  t h e  i n c r e a s i n g  d i f f e r e n c e s  between them have produced 

a f u r t h e r  d i v i s i o n  of t h e  developing n a t i o n s  i n t o  t h e  so -ca l l ed  

Thi rd  and Fourth  World. 

Everybody has  l ea rned  from t h i s  exper ience .  During more 

r e c e n t  y e a r s  o t h e r  c h a r a c t e r i s t i c s  have been inco rpo ra t ed  t o  

d e f i n e  t h e  f e a t u r e s  of deve lop ing  c o u n t r i e s ,  t h e  focus  o f  a t t e n -  

t i o n  be ing  s h i f t e d  t o  s o c i a l  i s s u e s .  Of t h e s e ,  t h e  u t i l i z a t i o n  

o f  t h e  l a b o r  force--unemployment, underemployment--and t h e  

d i s t r i b u t i o n  of income a r e  e s s e n t i a l  f a c t o r s  r e l a t e d  t o  

t h e  a c t u a l  running of t h e  economy and t o  t h e  unders tanding of 

how t h e  b e n e f i t s  of  p roduc t ion  a r e  ( o r  a r e  n o t )  made a v a i l a b l e  

t o  t h e  m a j o r i t y  of  t h e  popula t ion .  

The a t t e n t i o n  t o  s o c i a l  problems i s  a l s o  r e f l e c t e d  i n  t h e  

modern concern on t h e  s i t u a t i o n  of the. p o o r e s t  s e c t o r  of  t h e  

popu la t ion ,  the one w i t h  no a c c e s s  (and o f t e n  no hope) t o  t h e  

e s s e n t i a l  requirements  f o r  b a r e  e x i s t e n c e ,  hundreds of m i l l i o n s  

of people  accord ing  t o  c u r r e n t  s t a t i s t i c s .  Many s c h o l a r s  

(economists ,  s o c i o l o g i s t s ,  s c i e n t i s t s  a t  l a r g e )  and c i v i l  s e r v a n t s  



are convinced that development is largely concerned with 

the satisfaction of "basic human needs", the fundamental require- 

ments of food, shelter, medid care and education. As a conse- 

quence, today's concept of development embraces the consideration 

of the quality of life. 

The present emphasis on socio-cultural and even psychological 

features is in line with the complexity and diversity of situations 

that must be dealt with when development objectives, and their im- 

plementation ways and means are under serious consideration. 

5.3 Implications and Constraints 

If we go back to the point of view briefly stated in section 

5.1, the consequence is that when we want to plan for or assess 

future development an essential requirement is to identify the 

characteristic features of a given society that constitute the 

driving forces for future change and upon which development ob- 

jectives must be established. The next step is to recognize 

society's choice of a development path. 

Pertinent questions related to the proposed sequence are 

of the following type: 1) What are society's hopes and aspira- 

tions? Do they concentrate on the achievement of wealth or are 

they mainly concerned with the attainment of a more just, equit- 

able social situation? 2) How should the objective be pursued? 

Under the influence of foreign guidance or stressing independence 

and self -reliance? 

In the context of our approach, the identification of ob- 

jectives that respond to legitimate social requirements and the 

corresponding policy to implement them are heavily correlated 

issues. They should allow decisions upon priorities for develop- 

ment: for example, what comes first, a high GDP growth rate or 

the redistribution of income? 

Generally, these priorities are written down, albeit 

implicitly, as official development plans put forward by govern- 

ments. They essentially contain a description of short-term 

economic goals, the sectoral distribution of national product 

and the social changes which are expected. Society's reaction 



t o  development plans is  normally slow and genera l ly  comes upon 

a s  t he  r e s u l t  of the appra i sa l  of t h e i r  consequences. Sometimes 

t he  react ion  i s  of such a nature t h a t  s w i f t  changes i n  o r i e n t a t i o n ,  

i . e . ,  i n  the assignment of p r i o r i t i e s ,  a r e  required, when govern- 

ments ge t  the message t h a t  the  plan is i n  f l ag ran t  con t rad ic t ion  

with t he  hopes and a sp i r a t i ons  of a va s t  major i ty  of the popula- 

t ion .  But the  norm i s  t h a t  r eac t ion  o f ten  stems from e l i t a r i a n  

and/or i l l u s t r a t e d  minor i t i e s ,  where ana ly s i s  of development p lans  
is  promoted by s e c t o r a l  i n t e r e s t s ,  e i t h e r  p r a c t i c a l  o r  academic. 

The e f f e c t  of t h i s  a c t i v i t y  on t h e  prepara t ion  and execution of 

development plans i s  genera l ly  l imi ted  t o  i t s  formulation, i n  

no small  measure due t o  the  f a c t  t h a t  planning requires  quanti-  

f i c a t i o n  of parameters t h a t  represent  a c t u a l  a c t i v i t i e s .  For ex- 

ample, an o f f i c i a l  development plan can emphasize t h a t  t he  main 

ob jec t ive  pursued i s  t o  improve t he  q u a l i t y  of l i f e  ( a s  a r a t h e r  

long-term s t r a t egy ) ;  but ,  how could success o r  f a i l u r e  be measured 

on a continuous way? Thus, what genera l ly  is  done is  t o  propose 

the  attainment of a c e r t a i n  goal of GNP growth, imp l i c i t l y  con- 

veying t he  idea t h a t  i ts  fu l f i l lmen t  w i l l  r e s u l t  i n  general  economic 

and s o c i a l  betterment. I t  i s  a ru l e  r a t h e r  than an exception 

t h a t  the socio-cul tura l  f a c to r s  r e l a t e d  t o  development could no t  

be wr i t t en  down a s  s p e c i f i c  commitments: t h e  assignment of 

propor t ional ly  higher  funds f o r  education o r  medical care  does 

not  automatical ly insure  t h a t  t he  p lan ' s  implementation w i l l  . 
succeed i n  achieving t he  nonmeasurable expectat ion i f  no d e f i n i t e  

reforms of t he  corresponding system's s t r u c t u r e s  a r e  simultaneously 

enforced. 

What w e  a r e  t r y ing  t o  convey here i s  t h e  d i f f i c u l t y  of the  

endeavor: i) respond t o  s o c i e t y ' s  hopes with an e x p l i c i t  document; 

ii) select objec t ives  and c l e a r l y  put  forward p r i o r i t i e s ;  iii) as se s s  
t he  balance between a sp i r a t i ons  and p r a c t i c a l  r e a l i z a t i on ,  at tend- 

ing  t o  s e c t o r a l  i n t e r e s t s .  

I n  present  developing coun t r i es ,  cons t r a in t s  f o r  

the s e l e c t i o n  of development ob jec t ives  and t h e i r  implementation 

come from both ex t e rna l  and i n t e r n a l  fo rces ,  which have r e su l t ed  

from t h e  changing i n t e rna t i ona l  environment and were not  present  

during t he  development of t h e  current  i ndus t r i a l i z ed  countr ies .  



W e  w i l l  enumerate the main f ac to r s  which, i n  our t i m e s ,  conform 

the  new frame of reference: 

(1) The demographic explosion t h a t  i s  expected t o  happen 

during the  next 50 t o  100 years ,  overwhelmingly i n  t h e  

developing countr ies .  The opt ions open t o  them w i l l  

be l imi ted  by t h e  syne rg i s t i c  e f f e c t  of l a rge  migrat ions,  

i n  p a r t i c u l a r  t o  urban cen t e r s  with weak i n f r a s t r u c t u r e s ,  

and t he  increasing demand f o r  jobs, food, s h e l t e r ,  

education, energy. 

(ii) The communications explosion, t h a t  has shown t o  the 

poor t h a t  they coexis t  with t h e  r i c h  i n  an e s s e n t i a l l y  

f i n i t e  world. The ac tua l  exis tence  of r i c h  soc i e t i e s  

shows t he  va r ie ty  of oppor tuni t ies  ava i l ab le  t o  t he  

a f f l uen t .  The s o c i a l  behavior and l i f e s t y l e  of the 

l a t t e r  have been equated t o  the  requirements f o r  (and n o t  t o  

t he  consequences o f )  a t t a i n i n g  wealth, unmistakably 

showing the  objec t rves  and methods t h a t  must be chosen 

t o  succeed. 

(iii) On the  o ther  hand, t he  new awareness regarding " l i m i t s  

t o  growth" possibly imposed by t he  apparent  shortage of 

na tu r a l  resources conveys t he  idea  t h a t  it would be 

hard t o  repeat  an experience of development based upon 

cheap resources ( p a r t i c u l a r l y  o i l ) ,  previously viewed 

a s  p r a c t i c a l l y  inexhaust ib le .  

( i v )  The d iv i s i on  of t he  world i n t o  a g r e a t  number of nation- 

s t a t e s  with t h e i r  borders and respect ive  zones of 

i n£  luence, which favors  competition f o r  resources and 

markets, l i m i t s  t h e  p o s s i b i l i t i e s  of t he  l e s s  endowed, 

f o s t e r s  the  i n t e r n a t i o n a l  d iv i s ion  of l abo r  and hinders 

t h e  conception and implementation of worldwide/regional 

cooperation. 

(v)  The predominance of t h e  i ndus t r i a l i z ed  countr ies  and 

t h e i r  t r ansna t iona l  corporatians i n  the  development and 

ownership of science and technology. Developing coun- 

tr ies have, a t  the b e s t ,  weak sc ient i f ic - technologica l  

i n f r a s t ruc tu r e s ,  incapable of keeping pace with the  

technological  product of developed countr ies .  In  one 
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world where technological innovation can be considered

the deus ex machina behind developme~t (13J, the institu­

tionalization of such infrastructure is a prerequisite for

progress. Technological and, consequently, economic options

of the developing world are basically constrained by this

situation, which has been described in political terms as

"dependence" .

(vi) A final dimension we cannot omit to comment upon is of

political nature. In an essentially interdependent

world, the development issue is heavily interlinked with

political matters. Developing countries have largely

become aware of the fact that international affairs are

a definite constraint to their ability in defining

development objectives and in choosing their own ways.

In this context, mention must be made of key subjects

such as technology transfer and the issue of self­

reliant development, which belong to the conceptual

framework that must be basically understood before any

dialogue between developing and industrialized countries

could make constructive progress. Unfortunately, these

issues have been poorly treated from a factual point of

view and since confusion exists, they are dealt with

rather rethorically. For instance, much effort is

devoted nowadays to design a "code of conduct" for the

transfer of technology from Ies to LOCs: if agreement

could be achieved on its content, this will not change

the capability of LDCs to use the new knowledge "open"

to them. In order to be technologically "self-reliant",

basic institutions must be created and protected from

political erosion.

This enumeration is certainly not complete. But we think

that it is able to show the modern complexity of the development

issue. Some of the constraints are external to a given developing

society and therefore must be viewed as part of reality, since

the reluctance to accept the facts of life could only produce

frustration: yes, there are richer countries, there is a political

and economic pressure coming from outside, there are others which
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own the body of knowledge essential for independent decision.
An enlightened development planner would recognize the existence

of these factors as a part of the actual framework in which ob­

jectives can be accomplished, and in doing so will be able to

envisage an appropriate strategy.

But some of the constraints are endogenous, they belong to

what can be called the capability of society to recognize internal

shortages. We have mentioned above the scientific-technological
infrastructure, a wide concept that involves complex interrelated

systems: literacy and education; basic and applied, public and

private R&D; public and private management ability; promotion of
inventive and 'innovative activities. Besides, capacity of control

of each system and coordination of all, which means existence of
bodies of knowledge at the academic, private and official levels.

The constraint imposed by the lack ,or weakness of such an

infrastructure grows in pace with economic growth and the

resultant structural changes. If we could envisage that the
process of national development occurs in stages [14] perhaps

the last stage necessary is the one in which society becomes

conscious of its true capability of realization and finally could

use this knowLedge to select the most convenient, self-
reliant way for future action. This stage is characterized, in

our view, by the formation and coordination of institutions of
two types: one conforming to the, scientific-technological infra­

structure, the other relating the former to the objectives of

its society, permitting understanding and assessment of what

implementation is possible in the light of the eXisting capability.

Without such institutionalized bodies, it is hopeless to deal,

for instance, with the subject of technology transfer. How could
a primitive technical society make adequate decisions in this

field, which in the long term must affect forthcoming--and more

often than not irreversible--structural changes, if it is not

able to understand its own limitations? There are examples of

policy decisions taken to "modernize" through the indiscriminate

acceptance of advanced technology, without a previous evaluation

of society's capability of realization that have resulted in

more dependence and less self-reliance. The problem has been



conceptua l ized  by r e f e r r i n g  t o  "app rop r i a t e  t echnologies"  f o r  

the development of  LDCs: i n  o u r  view, t h e  l e v e l  of  a p p r o p r i a t e n e s s  

is  a measure of s o c i e t y ' s  c a p a b i l i t y  o f  r e a l i z a t i o n ,  s o  what 

i s  app rop r i a t e  today could  be harmful tomorrow. 

I n  summary, t h e  p r e s e n t  framework f o r  development is q u a l i -  

tatively and quantitatively d i f f e r e n t  from t h e  one w i t h i n  which t h e  deve lop-  

ment of t o d a y ' s  i n d u s t r i a l i z e d  c o u n t r i e s  took p l ace .  Its c o n c e r t e d  

e f f e c t  is  one of c u l t u r a l  i n f l u e n c e  and guidance by example, 

a mermaid's song l ead ing  i n t o  a promising f u t u r e .  Y e t  wi thout  

more a t t e n t i o n  being pa id  t o  the endogenous problem, s e l f - r e l i a n t  

development becomes u top ian .  The consequence is  t h a t  most develop- 

i n g  c o u n t r i e s  a r e  eager  t o  i n d u s t r i a l i z e  accord ing  t o  schemes 

s i m i l a r  t o  t h o s e  shown by c u r r e n t  developed s o c i e t i e s ,  compete 

w i t h  each o t h e r  f o r  f o r e i g n  technology and markets  and, s imul ta-  

neously ,  con t inue  wi th  t h e i r  own arms r a c e .  

5 . 4  Pas t -P re sen t  Development Performance 

W e  must have some q u a n t i t a t i v e  no t ion  of development 

performance. I n  o r d e r  t o  d e a l  w i t h  t h e  s u b j e c t ,  w e  need a yard- 

s t i c k .  W e  have p rev ious ly  shown t h a t  t h e  concept  of  development 

is  complex, a number of i n t e r r e l a t e d  f a c t o r s  p e r t a i n  t o  it. But 

they  cannot  be measured by a s i n g l e ,  u n i v e r s a l  i n d i c a t o r .  The 

s e c u l a r  behavior  o f  world development has  been o n l y  r e g i s t e r e d  

through macroeconomic parameters ,  i n  p a r t i c u l a r  GNP/cap. I t  i s  

t r u e  t h a t  l i t e r a c y  and h e a l t h  i n d i c a t o r s  have been c o l l e c t e d ,  

b u t  l i t t l e  i s  known about  t h e i r  long-term behav io r  and t h e i r  

c o r r e l a t i o n  w i t h  economic development. Through t h e  concomitant  

e f f e c t  o f  medical  and communrcations p rog res s  i n  r e l a t i v e l y  r e c e n t  

t i m e s ,  some endemic d i s e a s e s  have been p r a c t i c a l l y  e r r a d i c a t e d  

i n  developing c o u n t r i e s :  t h i s  f o r t u n a t e  r e s u l t  ha s  n o t  changed 

s u b s t a n t i a l l y  t h e i r  economic development p a t t e r n s ,  though i n  

some c a s e s  have worsened t h e  s i t u a t i o n  due t o  p rev ious ly  unex- 

pec t ed  popu la t ion  growth. On t h e  o t h e r  hand, t h e  index of l i t e r a c y  

on ly  te l l s  us how many can r ead ,  b u t  very l i t t l e  about  t h e  re-  

pe rcuss ion  on n a t i o n a l  product .  

 iffe ere it views have been r e p o r t e d  by economists  and s o c i a l  

s c i e n t i s t s o n  t h e  advantages  and l i m i t a t i o n s  of t h e  c u r r e n t  monetary 



i n d i c a t o r ,  GNP/cap, a s  an adequate r e p r e s e n t a t i v e  of development. 

But it is t h e  only ya rds t i ck  genera l ly  accepted and a v a i l a b l e  f o r  

long-term explora t ions .  We w i l l  use it t o  look i n t o  the  pas t -  

present  evolu t ion  p a t t e r n s .  

5.4.1 Worldwide Trends 

I t  i s  i n s t r u c t i v e  t o  have f i r s t  a glimpse at t he  s e c u l a r  

changes c h a r a c t e r i s t i c  of ,the economic growth of today 's  i n d u s t r i -  

a l i z e d  na t ions  i n  t h e i r  way towards af f luence .  

Kuznets [I51 te l l s  u s  t h a t ,  s i n c e  d a t e s  concentrated between 

t h e  1830s and 1870s, t o t a l  economic product of t h e  15 t o  18 p r e s e n t l y  

developed coun t r i e s  grew ( u n t i l  1963-67) a t  an annual average r a t e  

of  3%, populat ion a t  about 1% and p e r  c a p i t a  product a t  around 2 % .  

These long-term r a t e s  of growth were f a r  g r e a t e r  than those pre- 

v ious ly  observed i n  Japan and t h e  o l d e r  developed coun t r i e s  of 

Europe: i n  the  preceding c e n t u r i e s ,  populat ion i n  Europe w a s  

growing a t  a r a t e , t h a t  cumulated t o  about 17% p e r  century,  and 

es t imat ions  on per  c a p i t a  economic product i n d i c a t e  t h a t  it w a s  

growing wi th  a m u l t i p l i c a t i o n  f a c t o r  of '1 .25  t o  1.50 per  century ,  

a s  opposed t o  t h e  f a c t o r  c h a r a c t e r i z i n g  t h e  f a s t  growth s e c u l a r  

per iod  of 6 t o  30 (50 f o r  Japan) . 
I f  we look a t  the  post-World War I1 per iod  of 1950 t o  1975, 

economkc growth continued a t  an even acce le ra ted  pace, t h i s  t i m e  
inc luding  a good number of developing na t ions .  For ins t ance ,  

the  per  c a p i t a  GNP growth r a t e  of La t in  America was 2.6% per  yea r  

and t h a t  of  t h e  developing coun t r i e s  a s  a whole (excluding t h e  

People 's  Republic of China) reached 3.0% p e r  year ,  a value compar- 

a b l e  (bu t  lower) than t h e  annual growth r a t e  of 3.2% of t h e  

h ighly  i n d u s t r i a l i z e d  c o u n t r i e s  [161. 

This performance should no t  be taken a t  f ace  value. F i r s t ,  

it is  shown through very aggregated averages which cannot r e v e a l  

wide d i f f e r e n c e s  between coun t r i e s .  I n  the  case of the  LDCs, 

f o r  example, t h e  f i g u r e  i s  b u i l t  upon the  high OPEC na t ions  annual 

per  c a p i t a  growth r a t e  of 4.8% and t h e  low economic growth of t h e  

South Asian coun t r i e s  of 1.7%. Secondly, re ference  should be made 

t o  the  abso lu te  values of GNP/cap t o  which they  correspond, 



covering t he  whole spectrum of low, medium and high income c las-  

s i f i c a t i o n  of the  LDCs. In  t he  low income bracket  t he r e  a r e  

nat ions which i n  1975 had a per c ap i t a  na t ional  income lower than 

t h a t  estimated f o r  most of t h e  current  developed coun t r i es  a t  t h e  

time they s t a r t e d  t h e i r  modern growth (more than US$ 200 a t  1965 p r i c e s ) .  

The record of t he  economic growth of LDCs i n  t he  period 

1950 t o  1975 shows th ree  main fea tures :  (1)  the  rap id  average 

growth r a t e ;  ( 2 )  the wide d i v e r s i t y  of experience; and ( 3 )  t h e  

increas ing d i s p a r i t y  between r i c h e r  and poorer LDCs. I n  what 

concerns Lat in  America, t he  region belonged i n  1975 t o  the higher- 

income c l a s s ,  with a representa t ive  average GNP/cap f igure  of 

US$ 1066 a t  1975 p r ices ,  around three t i m e s  higher than t h a t  

corresponding t o  East  Asia, t he  People 's  Republic of China and 

t he  average of a l l  LDCs, and seven times t h a t  of t he  poorest 

region (South As ia ) ,  increas ing the d i s p a r i t y  already ex i s t i ng  

i n  1950 [161. Since t he  d i v e r s i t y  of experience is  a general 

phenomenon, it must be s t a t e d  t h a t  not  every Lat in  American country 

could be included i n  the  c l a s s  of higher-income nat ions .  

I n  t he  same way t h a t  d i s p a r i t y  has been growing within LDCs, 

it has a l s o  increased between them and the  I C s .  Consequently, 

t he  gap i n  GNP/cap, which has been increas ing f o r  t he  l a s t  100 

t o  150 years ,  continued t o  widen. 

5.4.2 The Development Pa t t e rn  of Lat in America 

I n  the  l i g h t  of t he  previous paragraphs, it should now 

be poss ib le  t o  describe the present  development s tand of Lat in 

America and t he  path it is following t o  achieve its ob jec t ives .  

Another way t o  look a t  t he  d i v e r s i t y  of experience shown by 

the  development t rends  of LDCs'in the  period 1950 t o  1975 i s  

emanating from the  d i s t i n c t i o n  of the  type and o r i g i n  of t h e i r  

economic s t r u c t u r e  [171. I n  this context ,  Lat in  America belongs 

t o  a group t h a t  possesses e s s e n t i a l l y  modern economic s t ruc tu r e s  

These have evolved from a c t i v e  i n t e r ac t i on  with t he  market econ- 

omies of t he  North during t he  19th and 2 0 t h  c en tu r i e s ,  which 

has shaped t h e  present  p a t t e r n  of the region 's  economy. Due t o  

t h i s  i n t e r a c t i o n ,  Lat in America has adopted the  development path 



of the  Western world, with a  growing tendency i n  t he  l a s t  2 0  years  

t o  pursue the  goals of a  consumer socie ty .  I n  o the r  words, the 

consequence is  the pure imi ta t ion  of the consumption pa t t e rns  

of t he  developed countr ies  [ 1 8 ] .  

The behavior is r e f l e c t e d  i n  t he  c h a r a c t e r i s t i c s  of the 

productive system and i n  the  l i f e s t y l e s .  The former resu l t ed  from 

the  need t o  channel production through t he  market: it has su f f e r ed  

continuous transformations f o r  a  lengthy period a s  a  r e s u l t  of t h e  

reg ion ' s  pa r t i c i pa t i on  i n  i n t e rna t i ona l  t r ade  and t h e  gradual 

growing demand of the  i n t e r n a l  requirements. I n i t i a l l y  concentra ted  

i n  processing a g r i c u l t u r a l  and c a t t l e  r a i s i n g  products f o r  expor t  

(an a c t i v i t y  which has no t  been abandoned), the productive system 

has been modified during a period i n  which manufacturing i n d u s t r i e s  

grew f o r  import-subst i tut ion reasons and l a t e l y  t o  be ac t i ve  i n  

t he  world market. I n  t h e  wake of this transformation,  an in f ra -  

s t r u c t u r e  has been shaped t h a t  i n  many aspects  responds t o  the 

purpose and sometimes possesses the  standards of t he  ones e x i s t i n g  

i n  I C s  [ 1 9 1 .  

I t  seems t h a t  during t he  lengthy period of independence (more 

than 150 years)  Lat in America has no t  concentrated i n  soul  searching,  

looking f o r  s o c i a l  i d e n t i t y ,  but  has accepted t he  r u l e s  of the  

game coming from t h e  conception of an internat ional  d iv i s ion  of 

l abor .  

The Lat in American l i f e s t y l e s  r e f l e c t  a l s o  those t yp i ca l  of 

the Western cu l t u r e ,  a t  l e a s t  i n  i t s  big  urban cen t e r s ,  where 

s tandards of l i v i n g  come from abroad. A heavy tendency towards 

cen t r a l i z a t i on  is seen no t  only i n  t he  p o l i t i c a l  systems, but  i s  

r e f l ec t ed  i n  s o c i a l  behavior,  with a  marked i n c l i n a t i o n  towards 

urbanizat ion.  The a t t r a c t i o n  exer ted  by t he  c i t ies  is  bas i ca l l y  

due t o  employment oppor tuni t ies ,  with higher and regular  s a l a r i e s  

t h a t  allow access t o  t h e  products of c i v i l i z a t i o n .  Unfortunately,  

f o r  many only the  most s u p e r f i c i a l  forms of consumption become 

ava i l ab le ,  not  only due t o  income l im i t a t i ons  bu t  a l s o  t o  over- 

burden of the  c i t i e s '  i n f r a s t r u c t u r a l  systems. 

Most of the  fea tu res  of a  modern developed soc ie ty  can be 

seen i n  the c i t i e s  of Lat in  America, however: t r anspo r t ,  communi- 



c a t i o n ,  en t e r t a inmen t ,  schools  and u n i v . e r s i t i e s ,  p u b l i c  and 

p r i v a t e  i n d u s t r y  and commerce. Sometimes it i s  d i f f i c u l t  t o  

d i s t i n g u i s h  them from European o r  North American s e t t l e m e n t s ,  i f  it 

n o t  were f o r  t h e  presence of suburban a r e a s  showing t h e  r e s u l t  of 

an uneven income d i s t r i b u t i o n .  But t h e  most impor tan t  d i f f e r e n c e  

is ,  perhaps ,  t h e  f a i l u r e  of t h e  i n f r a s t r u c t u r e  t o  cope s a t i s -  

f a c t o r i l y  w i th  an i n c r e a s i n g  demand f o r  goods and s e r v i c e s .  

I n  conclusion,  t h e  p a s t  has  shaped t h e  p r e s e n t  development 

p a t t e r n  o f  L a t i n  America. Though concerned m i n o r i t i e s  have looked 

and a r e  s t i l l  looking  i n t o  t h e  i n t e r n a l  causes  o f  t h e  s o c i a l  

t e n s i o n s  t h a t  o f t e n  s u r f a c e  i n  L a t i n  American s o c i e t i e s ,  t h e  i d e n t i -  

f i c a t i o n  of t h e  development d r i v i n g  f o r c e s  remains masked by 

t h e  power of t h e  i m i t a t i v e  process  t h a t  has  d e f i n e d  o b j e c t i v e s  and 

s e l e c t e d  t h e  p o l i c i e s  f o r  economic development. I f  t h i s  s i t u a t i o n  

w i l l  con t inue  du r ing  the n e x t  50 y e a r s  cannot  be  fo re seen .  S ince  

it has  evolved i n  t h e  wake of a  s t e a d y  s e c u l a r  t r ans fo rma t ion ,  w e  

w i l l  p r o v i s o r i l y  a c c e p t  it has  d e p i c t e d  a l i k e l y  a l t e r n a t i v e  of 

f u t u r e  e v o l u t i o n .  

6 .  THE APPLICABILITY OF THE MODELING SET DEALING WITH THE 
ENERGY FUTURE OF LDCS 

W e  have b r i e f l y  cons ide red  t h e  i s s u e  of development because 

t h e  assessment  o f  t h e  assumptions f o r  s c e n a r i o  p r o j e c t i o n s  must 

be done i n  t h e  framework provided  by o u r  c o n c e p t u a l i z a t i o n  of t h e  

s u b j e c t .  I f  t h e  s o c i e t y ' s  s t r u c t u r a l  changes a r e  a t  s t a k e  du r ing  

f u t u r e  development, t hen  t h e  model i n  charge  o f  p r o j e c t i o n s ,  i n  

p a r t i c u l a r  t h e  one d e a l i n g  w i t h  f u t u r e  energy demand, must have 

t h e  a b i l i t y  t o  d e s c r i b e  them i n  a c o n s i s t e n t  and reasonably  

a c c u r a t e  way. 

I n  what fo l lows ,  we  w i l l  ana lyze  t h e  adequacy o f  t h e  models 

for  the s tudy  of t h e  L a t i n  American energy f u t u r e .  

6.1 Energy Demand: MEDEE-2 

W e  a r e  n o t  go ing  t o  document t h e  v a l u e s  a s s i g n e d  t o  t h e  

roughly 180 parameters  which c o n s t i t u t e  t h e  i n p u t  d a t a  of  t h e  

model f o r  each p r o j e c t e d  yea r .  This  t a s k  has  been accomplished 

by A.M. Khan and A. HC)lzl [ 3 ]  i n  a  paper  t h a t  we inc lude  a s  

Appendix I .  Our endeavor i s  t o  analyze t h e  concep tua l  c o n s t r u c t i o n  



of the model and its applicability to handle the situation of LDCs, 

in-particular Latin America. 

As a fundamental body of its input data, MEDEE-2 requires 

a description of future development quantified through a number 

of parameters on population growth, economic development and the 

associated lifestyles. Upon this information the model determines 

activity levels; the subsequent step is to calculate the implica- 

tion of activities on energy demand. 

In summary, one can describe MEDEE-2 as an accounting tool 

which i) must be fed with the projection of future development 

(this involves a scenario-writing process) and ii) calculates 

demand. 

We will now consider in sequence the two functions mentioned 

above, without losing sight that some parameters pertain to both 

categories. 

i) The scenario-writing process involves the consistent 

explicit formulation of future development objectives, 

which must be reflected in the values assigned to the 

relevant parameters. Of these, the lifestyle indicators 

clarify the aggregated view c.f society obtained in terms 

of population growth and economic development. When we 

reflect upon them, we find that they correspond to the 

way of life characteristic of an industrially advanced 

society. 

Let us use some examples. to prove this assertion. 

When we look at the way MEDEE-2 treats passenger 

transportation, the modal split correctly describes 

people's mobility in an industrialized country. In a 

LDC, travel occurs with a different modal split: there, 

human and animal energy play still an important role. 

It can be properly objected that the aim of the model 

is the determination of energy demand for commercial 

fuels, i.e., people walking, riding bicycles, carts 

and horses do not count for that purpose. But the 

knowledge of the difference in the modal split is 

necessary, at least, to understand future substitution 



requirements when more advanced t r a n s p o r t a t i o n  systems 

would be perhaps introduced,  i f  the  modal s p l i t  of the  

I C s  w i l l  c o n s t i t u t e  t h e  s o l u t i o n  people w i l l  d e f i n i t e l y  

choose i n  t h e  f u t u r e .  When one looks a t  t h e  mult i tudes 

moving i n  the  c i t i e s  of Ind ia ,  it is  d i f f i c u l t  t o  

envisage t h a t  a fundamental replacement by a modern 

e f f i c i e n t  mass t r a n s p o r t a t i o n  system could be imple- 

mented i n  years t o  come; and, more important ly ,  i f  

such a s o l u t i o n  w i l l  be chosen, tak ing  i n t o  account t h e  

magnitude of the e n t e r p r i s e  i n  r e l a t i o n  t o  a v a i l a b l e  

funds and i n f r a s t r u c t u r e .  

Perhaps t h i s  example could be considered i r r e l e v a n t ,  

s ince  it seems n o t  t o  d e a l  with the  core  of t h e  problem: 

how much motor f u e l  and e l e c t r i c i t y  are a c t u a l l y  used 

and w i l l  probably be needed? But t h e  example po in t s ,  

i n  our  view, t o  t h e  na tu re  of t h e  assumptions t h a t  a r e  

i m p l i c i t  i n  t h e  model and relate t h e  f u t u r e  energy 

demand t o  a  d e f i n i t e  socio-economic s t r u c t u r e .  

The cons idera t ion  of the  housing s tock  and the  

requirements f o r  comfort is  poss ib ly  more appropr ia te .  

The a n a l y s i s  of space hea t ing  is  d e a l t  with i n  MEDEE-2 

with a degree of d e t a i l  necessary f o r  a  developed s o c i e t y  

l i v i n g  i n  a  region with cold  win te r s ;  it is, though, 

unnecessary f o r  t r o p i c a l  regions.  I n  these ,  a i r  

condi t ioning  could r e q u i r e  huge amounts of energy i n  

t h e  f u t u r e ,  b u t  t h i s  i t e m  is  t r e a t e d  r a t h e r  b r i e f l y  

i n  t h e  model, and assumed t o  be taken c a r e  of with 

e l e c t r i c a l  equipment. 

Besides t h e  l i f e s t y l e  i n d i c a t o r s ,  t h e  complex 

i n d u s t r i a l  a c t i v i t y  of t h e  manufacturing s e c t o r  i s  

analyzed i n  a  r a t h e r  aggregated way. I n  a l l  cases ,  

t h e  l e v e l  of production i s  n o t  given i n  phys ica l  

q u a n t i t i e s ,  but  i n  monetary terms. Thus, t h e  assump- 

t i o n s  on f u t u r e  economic s t r u c t u r a l  change become 

c r u c i a l  f a c t o r s .  A more disaggregated a n a l y s i s  i n  

terms of physical  product ion,  t h e  technologica l  present  



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

could c o n t r i b u t e  t o  a  b e t t e r  t r ea tmen t  of  energy demand 

i n  LDCs. 

F i n a l l y ,  a  number of simple econometr ic  equa t ions  

have been used t o  p r o j e c t  long-term p h y s i c a l  a c t i v i t i e s :  

s t e e l  p roduc t ion ,  f eeds tocks  f o r  t h e  petrochemical  

i n d u s t r y ,  f r e i g h t  t r a n s p o r t a t i o n ,  misce l laneous  [ m i l i t a r y  

and i n t e r n a t i o n a l )  motor f u e l  consumption, f u t u r e  i n c r e -  

ments i n  t h e  l a b o r  f o r c e .  

C i i )  I n  s e c t i o n  2.1.1 we have a l r e a d y  d i s c u s s e d  t h e  way i n  

which energy demand i s  c a l c u l a t e d  i n  MEDEE-2. 

A r e l a t i o n s h i p  between energy and economy has  been used  

t o  c a l c u l a t e  energy demand i n  t h e  i n d u s t r i a l  s e c t o r .  

A parameter  has  been chosen f o r  t h i s  purpose t h a t  

de te rmines  t h e  i n i t i a l  (base  y e a r )  energy  used p e r  

d o l l a r  va lue  added. A f a c t o r  of  change imp l i e s  how 

f u t u r e  evo lu t ion  i s  p r o j e c t e d .  

I n  our  view, t h e  energy-economy parameter  is 

made up of two c o n t r i b u t i o n s :  one d e a l i n g  w i t h  t h e  

s p e c i f i c  energy consumption a s s o c i a t e d  w i t h  one ( o r  

v a r i o u s ,  presumably s i m i l a r )  i n d u s t r i a l  p r o c e s s ( e s ) ,  

and t h e  o t h e r  r e l a t i n g  o v e r a l l  p roduc t ion  t o  t h e  

monetary measure o f  t h e  i n p u t  t o  o b t a i n  it (va lue  

added) .  Therefore ,  two main d e s c r i p t i o n s  a r e  done 

v i a  one parameter ,  r e s p e c t i v e l y  r e f e r r i n g  t o  p rocess  

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

Process  e f f i c i e n c y  depends, i n  t u r n ,  on t h e  tech-  

nology used: it should  be comparable i n  LDCs and I C s  

when a  c e r t a i n  a c t i v i t y  i s  done u s i n g  t h e  same tech-  

nology ( t h i s  i s  n o t  t h e  case, e .g . ,  f o r  t h e  a g r i c u l t u r a l  

s e c t o r ) .  But what makes any d i f f e r e n c e  between the two 

c a t e g o r i e s  of  n a t i o n s  has  t o  do w i t h  t h e  q u a l i t y  of 

t h e  i n f r a s t r u c t u r e  and t h e  consequent e f f i c i e n c y  of 

l a b o r ,  normally lower i n  LDCs. On t h e  o t h e r  hand, 

i n d u s t r i a l  p r o d u c t i v i t y  depends i n  g r e a t  measure on 

t h e  c a p a b i l i t i e s  o f  management i n  a s s o c i a t i o n  wi th  



t he  q u a l i t y  demanded from the  market. Again, these  

f a c t o r s  a r e  l e s s  exact ing  i n  LDCs. 

A s  a r e s u l t ,  t he  p ro jec t ion  of f u t u r e  i n d u s t r i a l  

energy demand i n  LDCs i s  a d i f f i c u l t  t a s k ,  s ince  t h e  

parameters designed t o  introduce f u t u r e  change must 

r e f l e c t  a number of f a c t o r s  r e l a t e d ,  mostly, t o  the  

assumed temporal implementation of the  i n d u s t r i a l  

i n f r a s t r u c t u r e  and i t s  l inkage  t o  economic s t r u c t u r a l  

changes. They a r e ,  i n  our  view, t o o  aggregated t o  

reproduce t h e  deep t ransformation one should expect .  

Another problem w e  see i n  MEDEE-2 f o r  a p p l i c a t i o n  

t o  LDCs is  t h e  way used t o  account f o r  the  pene t ra t ion  

of a l t e r n a t i v e  sources.  And t h i s  is  connected, es-  

s e n t i a l l y ,  t o  t h e  use of renewable sources.  The so- 

c a l l e d  noncommercial f u e l s  a r e  introduced only i n  

t h e  household s e c t o r ,  though it is known t h a t  they 

a re  used a l s o  i n  c e r t a i n  i n d u s t r i e s  (e.g. ,  bagasse 

i n  t h e  sugar  cane i n d u s t r y ) .  These noncommercial f u e l s  

are important ,  sometimes overwhelmingly s o  i n  the  l a v e r  

income c o u n t r i e s ;  t h e r e  use p ropor t iona l ly  diminishes 

i n  the  wake of development, when they  are being replaced  

by conventional commercial f u e l s .  Thus, the  renewable 

sources w i l l  r ep resen t  the  con t r ibu t ion  t o  t h e  commer- 

c i a l  energy s e c t o r  of an important p a r t  (biomass) of 

the  p resen t  noncommercial f u e l  use. This transforma- 

t i o n  is no t  seen by t h e  model, where t h e  incorpora t ion  

of renewable sources i s  no t  a l l o c a t e d  t o  each s e c t o r .  

On t h e  o the r  hand, only t h e  use of charcoal  is  envisaged, 

a l i m i t a t i o n  t h a t  does not  account f o r ,  e .g . ,  an eventual  

production of a lcohols  as carburants .  

With reference  t o  energy demand savings due t o  
conservat ion,  they  a r e  mostly based on the  e f f e c t  of 

b e t t e r  i n s u l a t i o n  (space hea t ing)  and of process 

e f f i c i e n c y  improvements i n  t h e  indus t ry .  -The  l a t t e r  
could l a r g e l y  con t r ibu te  t o  reduce energy demand i n  

LDCs, provided w e  understand b e t t e r  how developing 



s o c i e t i e s  use  energy.  I t  has  t o  be  k e p t  i n  mind t h a t  

t h e  energy budget o f  LDCs i s  d e f i n i t e l y  t o o  low t o  

envisage any s u b s t a n t i a l  s av ing  by conse rva t ion  

measures: perhaps,  t h e y  could  l e a d  t o  a s h i f t  i n  t h e  

s e c t o r a l  d i s t r i b u t i o n  r a t h e r  t han  t o  a r educ t ion  i n  
consumption. 

I n  summary, it seems t o  us t h a t  t h e  a p p l i c a b i l i t y  o f  MEDEE-2 

t o  LDCs is more d i f f i c u l t  f o r  t h e  u s e r  t h e  lower t h e  income o f  a 

country/region,  i .e . ,  t h e  l e s s  developed it is,  f o r  reasons  t h a t  

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

and t h e  energy s e c t o r  a s  w e l l .  For the c a s e  we are c o n s i d e r i n g  

h e r e ,  t h a t  o f  L a t i n  America, MEDEE-2 could be  reasonably  a p p l i e d ,  

though some mod i f i ca t ions  w i l l  pe rmi t  a d j u s t i n -  a t o o l  t h a t  must 

be recognized as t h e  most s u i t a b l e ,  avo id ing  t h e  s t r a i g h t f o r w a r d  

e x t r a p o l a t i o n s  of p a s t  t r e n d s  i m p l i c i t  i n  econometr ic  models. 

Those mod i f i ca t ions  should t a k e  i n t o  account:  t h e  f e a t u r e s  

of  energy use  i n  t h e  rural -suburban ve r sus  the t r u l y  urban s e c t o r ,  

e s p e c i a l l y  i n  what concerns  p r e s e n t  u t i l i z a t i o n  of n o n c o m e r c i a l  

f u e l s  and f u t u r e  replacement by f o s s i l  and  renewable sou rces ;  t h e  

c l i m a t i c  and i n s t i t u t i o n a l  p a t t e r n s  which cannot be d e a l t  appro- 

p r i a t e l y  w i t h  t h e  model; t h e  convenience of d e a l i n g  i n  d e t a i l  w i t h  

t h e  few b a s i c  i n d u s t r i e s  t h a t  make t h e  utmost  c o n t r i b u t i o n  t o  

t h e  economy; and t h e  p o s s i b l e  e f f e c t  o f  f u e l  p r i c e s  on curv ing  

o r  changing energy demand l e v e l s ,  a t  l e a s t  f o r  t h e  s h o r t  t o  medium 

t e r m  p r o j e c t i o n s .  

6.2 Energy Supply: MESSAGE 

The i n p u t  d a t a  o f  MESSAGE h a s  t o  be expressed  i n  terms of 

secondary energy.  The t r ans fo rma t ion  o f  MEDEE-2 r e s u l t s ,  which 

a r e  given as f i n a l  energy ,  must be  done e x t e r n a l l y :  i t  is based 

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

f o r  t h e  p r o j e c t i o n s  a l s o  involves  impor tan t  assumptions on t h e  

r e s p e c t i v e  s h a r e s  o f  s u b s t i t u t a b l e  f u e l s .  Those a r e  based on 

t h e  a v a i l a b i l i t y ,  convenience of use  and l i k e l y  p r i c e  e v o l u t i o n  

o f  o i l ,  ga s  and c o a l ,  i n  consequence a combination of judgments 

on m a t t e r s  o f  p o l i c y .  P r o j e c t i o n s  o f  t h i s  t ype  a r e  d i f f i c u l t ,  



i n  p a r t i c u l a r  f o r  the  case of developing count r ies  where: 

(i) domestic resources '  a v a i l a b i l i t y  is  poorly understood, no t  

the  less due t o  lack of sys temat ic  explora t ion  and (ii) i n t e r n a l  

p r i c e s  a r e  t h e  r e s u l t  of e x t e r n a l  dec i s ions  and of own s o c i a l  

pol icy  ( p r o t e c t i o n i s t  measures).  

The program optimizes t h e  t o t a l  c o s t  of implementing a supply 

system based on t h e  knowledge of t h e  i n s t a l l a t i o n ,  opera t ion ,  main- 

tenance and f u e l  c o s t s  of c e n t r a l  conversion u n i t s  under s p e c i f i c  

c o n s t r a i n t s .  I t  is not  c e r t a i n  t h a t  such c o s t s  a r e  t h e  same i n  

developing coun t r i e s  as i n  developed na t ions ,  which provide most 

of the  technologies  used, a s  wel l  a s  components, equipment and s p a r e  

p a r t s .  The program dea l s  with a c e r t a i n  number of conversion 

u n i t s ,  which can be l a b e l l e d  conventional;  t h e  unconventional 

use of s o f t  s o l a r  o r  renewable sources do no t  compete f o r  t h e  

market with the  o t h e r s ,  t h e i r  con t r ibu t ion  is  accepted by t h e  

program as  it comes from the  energy demand and, consequently,  

they cannot s u b s t i t u t e  conventional f u e l :  f o r  ins t ance ,  charcoal  

cannot d i sp lace  c o a l ,  though in developing coun t r i e s  t h i s  sub- 

s t i t u t i o n  is common even i n  the  i n d u s t r i a l  s e c t o r .  

With reference  t o  t h e  i n s t a l l a t i o n  associa ted  c o s t s  ( i n  

cons tant  U . S .  d o l l a r s  of  1975), e i t h e r  f o r  the e x i s t i n g  p l a n t s  

o r  f o r  t h e i r  replacement and extens ion  i n  the  f u t u r e ,  they are 
assumed t o  remain cons tan t  during the whole time horizon of 55 

years .  Though such s w i f t  assumption could be j u s t i f i a b l e  f o r  

t h e  case of today ' s  commercially proved technologies-- i t  could 

be accepted t h a t  c o s t  v a r i a t i o n s  w i l l  occur,  due a t  l e a s t  t o  

changing p r i c e s  of ma te r i a l s  and l abor ,  b u t  t h a t  they  would 
a f f e c t  n e a r l y  equa l ly  a l l  i n d u s t r i e s ,  maintaining then the 

r e l a t i v e  e x i s t i n g  d i f fe rences - - i t  is more d i f f i c u l t  t o  admit 

t h a t  t h i s  w i l l  be the  case  f o r  known b u t  commercially un- 

s e t t l e d  technologies ,  l i k e  t h e  f a s t  breeder  r e a c t o r  and t h e  

syn thes i s  of l i q u i d  f u e l s ,  o r  f o r  technologies  t h a t  c u r r e n t l y  



a r e  a t  t h e  R&D l e v e l ,  l i k e  nuc l ea r  f u s i o n  o r  "hard" s o l a r  (STEC). 

This p o i n t  o f  c o s t s  becomes harder  t o  handle  i f  it i s  assumed 

t h a t  developing c o u n t r i e s  w i l l  cope wi th  t he  implementation o f  the 

f u t u r e  supply system us ing  t h e i r  own i n d u s t r i a l  c a p a b i l i t y ,  

minimizing i n  t h e  course  o f  t h e  y e a r s  t h e  p r e s e n t  dependence 

on know-how and components. 

The MESSAGE model has been run b a s i c a l l y  f o r  a r e f e r e n c e  case, 

provided by t h e  r e s u l t s  of  MEDEE-2's Low and High s c e n a r i o s .  

A l t e r n a t i v e  ca ses ,  l i k e  t h e  n u c l e a r  moratorium (of  p a r t i c u l a r  

i n t e r e s t  t o  LDCs where n u c l e a r  power i s  i n  t h e  i n i t i a l  s t a g e )  

and t h e  n u c l e a r  enhanced p l u s  methanol p roduc t ion  c a s e  have been 

mainly analyzed f o r  t h e  developed reg ions .  P re l imina ry  runs  o f  

t h e  n u c l e a r  moratorium a l t e r n a t i v e  f o r  La t in  America i n d i c a t e ,  

f o r  example, t h a t  f o s s i l  f u e l s  have t o  r ep l ace  t h e  mi s s ing  c o n t r i -  

b u t i o n  o f  n u c l e a r  power f o r  e l e c t r i c i t y  product ion:  o t h e r  s o u r c e s ,  

l i k e  hydropower and STEC do n o t  change t h e i r  s h a r e  (which, i n  

any case ,  is zero f o r  STEC) due t o  i n s t a l l a t i o n  o v e r a l l  c o s t  o f  

t h e  s o l a r  system and t o  l oad  curve  c o n s t r a i n t s  i n  t h e  c a s e  of 

hydropower. 

I t  is  reasonable  t o  assume t h a t  LDCs would t r y  t o  en fo rce  

maximum u t i l i z a t i o n  of indigenous resources .  For i n s t a n c e ,  

B r a z i l  is promoting t h e  use  o f  e t h a n o l  p roduc t ion  from suga r  

cane as replacement of  conven t iona l  motor f u e l  on t h e  b a s i s  

that, even i f  t h e  c o s t  o f  such d e c i s i o n  proves n o t  t o  be economical ly  

compet i t ive ,  perhaps  t h e  s o c i a l  b e n e f i t s  emanating from land and 

l a b o r  u t i l i z a t i o n  could  convinc ing ly  j u s t i f y  it. Therefore ,  it  

seems impor tan t  t o  look f o r  a l t e r n a t i v e s  t h a t  maximize b e n e f i t s  

o t h e r  t h a n  p u r e l y  economic. I f  t h i s  can be done w i t h  MESSAGE, 

t h e  e x p l o r a t i o n  of p o s s i b l e  c a s e s  would e n l a r g e  o u r  unders tanding 

o f  t h e  p r i c e  a developing n a t i o n  must pay f o r  t h e  implementation 

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

I n  summary, we can e s t a b l i s h  t h a t  MESSAGE i s  a powerful t o o l  

t o  look a t  a l t e r n a t i v e s  o f  energy supply  i n  L a t i n  America, provided 

some c o n s t r a i n t s  a r e  rrodified, e .g . ,  i n s t a l l a t i o n  o v e r a l l  c o s t s ,  

compet i t ion of renewable sou rces .  Its a p p l i c a t i o n  would c e r t a i n l y  

be improved when i t s  ex tens ion  ( c u r r e n t l y  underway and l a b e l l e d  



MESSAGE-2) becomes operat ive:  the  i n c e r t i t u d e  stemming from 

the  pro jec t ion  of shares  of s u b s t i t u t a b l e  f u e l s  would be diminished,  

and the  p o s s i b i l i t y  of incorpora t ing  r e n e w h l e  source technologies  

w i l l  allow the  evaluat ion of t h e i r  s u b s t i t u t i o n  c a p a b i l i t i e s .  

6.3 The IMPACT Model 

IMPACT runs f o r  the  developing regions w e r e  of r a t h e r  

provisory na ture .  T h e i r  r e s u l t s  should be taken with c e r t a i n  

r e se rva t ion  s ince  the  input  da ta  desc r ib ing  each reg ion ' s  economy 

with the  requi red  degree of d e t a i l  ( input /output  t a b l e ,  c a p i t a l /  

output  r a t i o )  were no t  ava i lab le .  The prel iminary runs involved 

the  use of I n d i a ' s  1 /0  t a b l e  and t h e  c a p i t a l / o u t p u t  r a t i o s  t y p i c a l  

of developed count r ies .  Nevertheless,  it w a s  shown t h a t  the  

economic requirements ( d i r e c t  + i n d i r e c t  c o s t s )  f o r  implementing 

t h e  energy supply systems w i l l  rise t o  7-8% of GDP, and conse- 

quent ly  be h igher  than t h e  corresponding burden i n  i n d u s t r i a l i z e d  

coun t r i e s  of  around 5% of GDP. 

I t  i s  impossible f o r  us t o  v i s u a l i z e  what w i l l  be t h e  economic 

impact of t h e  energy s e c t o r  on t h e  La t in  American economy. The 

requi red  inpu t  f o r  two coun t r i e s  is now a v a i l a b l e ,  thus  w e  can 

conf iden t ly  expect  t h a t  computer runs of t h e  modified IMPACT 

model could g ive  an ind ica t ion ,  a t  least, of the  e f f e c t  f o r  a 

country.  

I n  genera l  terms, w e  should expect  high economic consequences 

i n  t h e  l i g h t  no t  only of the  c o s t s  involving t h e  energy supply 

system and t h e  support ing indus t ry ,  b u t  a l s o  t ak ing  i n t o  account 

t h e  f u e l  import requirements of non-oil  producing count r ies .  

I n  1975 ,  B r a z i l  imported 80% of its o i l  consumption, r ep resen t ing  

a b i l l  of approximately 3.5 b i l l i o n  d o l l a r s ,  around 2.8% of t h a t  

y e a r ' s  GDP. And t h e  s i t u a t i o n  has f u r t h e r  d e t e r i o r a t e d .  

A b e t t e r  understanding of ind iv idua l  c o u n t r i e s '  s i t u a t i o n s  

is  then a b a s i c  requirement t o  ga in  understanding of t h e  r eg iona l  

p i c t u r e .  



7. THE ASSESSMENT 

In t he  previous sec t ions  w e  have presented with t he  necessary 

d e t a i l  t he  information obtained within IIASA-ENP's g lobal  s tudy 

on the fu tu re  energy p ic tu re  of Lat in  America and a l s o  developed , 

t h e  conceptual frame of reference which w e  considered necessary 

t o  evaluate  t h e  s ign i f i cance  of numerical r e s u l t s  a s  w e l l  a s  t h e i r  

implicat ions.  That framework was b u i l t  upon our view of t he  de- 

velopment process,  i n  whose l i g h t  past-present and fu tu r e  Lat in  

American development t rends w e r e  viewed; and a l s o  on t h e  ana ly s i s  

of the  appropriateness of IIASA-ENP1s modeling set t o  handle t h e  

energy s i t u a t i o n  of LDCs, i n  p a r t i c u l a r  t h a t  corresponding t o  t h e  

region under considerat ion.  

In  t he  course of t h i s  work w e  have reached some conclusions.  

F i r s t ,  w e  have indica ted  t h a t  t h e  development pa t t e rn  of Lat in  

America has been heavily inf luenced by its lengthy i n t e r a c t i o n  

with the Western market economies, t h i s  inf luence shaping a develop- 

ment pa th  based on emulation: t h i s  can be seen through t he  planners  

objec t ives ,  t h e  l i f e s t y l e s  predominating i n  t he  b i g  urban cen te r s  

and t he  tendency followed by human se t t lement  pa t t e rns .  This 

behavior and its implicat ions form t h e  ba s i s  of t he  IIASA-ENP 

approach t o  p ro j ec t  t h e  region 's  f u tu r e  development. Secondly, 

a c r i t i c a l  ana lys i s  of the modeling set has shown t o  us t h a t ,  

i n  p r inc ip le ,  it is  s u i t a b l e  t o  t he  purpose, though adapta t ion  

t o  take i n t o  account the  c h a r a c t e r i s t i c  f ea tu res  of c l imate ,  resources, 

industry, i n f r a s t r u c t u r e  and energy use of Lat in America w i l l  

increase  i t s  f l e x i b i l i t y  a s  a t o o l  f o r  t he  explora t ion  of 

a l t e rna t i ve s .  

In  a separa te  paper [ 2 0 ]  w e  have presented a preliminary 

analys is  of IIASA-ENP'S r e s u l t s ,  without  advancing any judgment 

on t he  adequacy of the supporting assumptions and on t he  region 's  

c apab i l i t y  t o  implement the energy supply system corresponding 

t o  each scenar io .  This cons t i t u t e s  our  present  t a sk .  But w e  have 

estimated t he r e  t h a t  t h e  regional  r e s u l t s  gave a r a t h e r  opt imis t ic  

p ic tu re ,  b a s i c a l l y  showing t h a t  t he  comparatively low in tegra ted  

l e v e l  of energy demand of the  High scenar io  could e a s i l y  be 



s a t i s f i e d  by t he  abundant regional  o i l  resources. W e  q u a l i f i e d  t hen  

t h i s  conclusion by r e f e r r i ng  t o  t he  Latin American countr ies  

with l imi ted  o i l / ga s  resources and hinted t h a t  t he  regional  

seemingly comfortable outlook might be an i l l u s i o n  based upon 

the  imp l i c i t  assumption t h a t  Lat in  America is  a coherent whole. 

This premise was unavoidable when i n t e r e s t  focussed on t h e  i n t e r -  

regional  balance within t he  g lobal  s tudy,  but  is con f l i c t i ng  

with na t iona l  r e a l i t y ,  s ince  it assumes an unprecedented l e v e l  

of regional  in tegra t ion  f o r  t he  common solut ion  of energy problems 

i n  each and a l l  composing coun t r i es .  

A s  s t a t e d  above, our present  task  i s  t o  look f u r t h e r  i n t o  

scenar io  assumptions. Does a  p a r t i c u l a r  scenar io  r e f l e c t  be s t  

t he  Lat in American expectat ions and c a p a b i l i t i e s ?  Is it necessary 

t o  analyze nat ional  cases ,  i n  order  t o  i l luminate  d i v e r s i t y  as  

we11 a s  s i m i l a r i t y ?  The answer t o  these quest ions w i l l  allow us 

t o  progress i n  t he  understanding o f  the  Lat in  A m e r i c a n  energy 

fu tu re  and give t he  c lue  f o r  f u r t h e r  explorat ions.  

The r e l a t i onsh ip  between energy and development is  i l l u s t r a t e d  

by t he  e f f e c t  of cheap energy sources on t he  economic (techno- 

logically-based) s t r u c t u r a l  changes of t he  post-World War I1 

period i n  developed countr ies .  This e f f e c t  of a  minor component 

i n  the formation of GDP, the energy s ec to r ,  r e c a l l s  t o  a  chemist 

t h e  funct ion performed by a c a t a l y s t  i n  a  chemical reac t ion .  

For today's  developing coun t r i es  t h e  a v a i l a b i l i t y  of energy 

could mean a b i t  more than t he  d i f fe rence  between wealth o r  

s tagnat ion .  

I t  is f o r  t h i s  reason t h a t  w e  w i l l  i n t e r p r e t  t he  r e s u l t s  of 

the  IIASA-ENP scenar ios  using two e s s e n t i a l  f a c t o r s  f o r  a  

self-induced, s e l f - r e l i a n t  development, namely growth of product 

and s o c i e t y ' s  c apab i l i t y  of r e a l i z a t i o n .  

7.1 The Growth of Regional Product 

W e  have seen t h a t  the  macroeconomic yards t ick  used t o  

measure t h e  past-present  (1950 t o  1975) development t r end  of 

Lat in  America i nd i ca t e s  a  reasonable performance, as  w e l l  a s  a 

change i n  t h e  s t r u c t u r e  of t h e  economy, showing t h e  increas ing 



importance of the  manufacturing s ec to r .  The at tainment  of a per  

c a p i t a  regional  product over US$ 1000 i n  1975, the highes t  among 

the  developing regions,  has no t  prevented t h a t  the income d i s t r i -  

but ion pa t t e rn  of 1950 was maintained o r  even worsened during 

t he  25  years ,  i n  s p i t e  of t h e  f a c t  t h a t  t he  GNP of some count r i es  

has grown during few years  a t  annual r a t e s  over 10%. These r a t e s  

have fos tered  optimism i n  leading p o l i t i c a l  c i r c l e s ,  and i n  t u r n  

constitute the  b a s i s  of f u tu r e  development plans ob jec t ives  (not  

Only i n  Lat in  America, but  a l s o  i n  LDCs a t  l a r g e ) .  

The goals f o r  economic growth put  forward by a group of 

developing countr ies  a r e  r a t h e r  ambitious: they consider  an 

annual GNP growth r a t e  of 6% during t h e  next two decades a s  a 

modest aim. Some countr ies  of Lat in  America es t imate  necessary 

t h a t  t he  fu tu re  economic product should grow a t  annual r a t e s  of 

t h e  order  of 7% o r  higher .  These high expectat ions have no t  

been confronted with t he  caut ious  considerat ions of I C s '  economists 

on the l i k e l y  global  economic behavior a f t e r  the 1973/74 o i l  

c r i s i s .  I f  it i s  t r u e  t h a t  developing countr ies  a r e  not taking 

i n t o  account such ana lys i s ,  perhaps it is  because they consider 

themselves either capable of avoiding t h e  e f f e c t  of world i n t e r -  

dependence o r  ab le  t o  enforce a new in t e rna t i ona l  economic order  

preferably  responsive t o  t h e i r  requirements. Whichever t he  

reasons, these  expectat ions do not match with any of t h e  I IASA-  

E N P ' s  p ro jec t ions  of fu tu re  economic growth. The general  t r end  

of t he  l a t t e r  is  t h e  ever decreasing GDP growth r a t e s  a s  t i m e  goes on. 

Two main f a c t o r s  con t r ibu te  t o  t h i s  assumption: p ro jec ted  decreases 

i n  population growth and the inc reas ing  s c a r c i t y  of ba s i c  resources .  

In  what concerns t he  economic product growth r a t e  f o r  developing 

regions the  assumption was made t h a t  the major s t imulant  f o r  growth 
\ 

w i l l  be i n t e rna t i ona l  t r ade  dominated by t he  I C s .  

W e  have documented on page 8 t h e  p ro jec t ions  used by t h e  IIASA- 

ENP f o r  the fu tu r e  economic growth of Lat in  America. When taken 

together  w i t h  expected population growth, which was based on the  

assumption t h a t  the  region 's  reproduction r a t e  w i l l  become uni ty  

sho r t l y  a f t e r  the tu rn  of t he  century,  t he  values of GDP/cap > 

growth r a t e s  of the  High scenar io  r e f l e c t  best--at  l e a s t  f o r  the  



medium-term u n t i l  the  year 2000--the ob jec t ives  of Lat in  American 

countr ies .  

I t  seems t o  us t h a t  t he  achievement of high economic growth 

could help t o  r e l ax  t h e  s o c i a l  tens ions  provoked by inequ i tab le  

income d i s t r i bu t i on .  On the  o ther  hand, rapid  increase i n  n a t i o n a l  

product w i l l  f a c i l i t a t e  the  implementation of measures t o  i nc r ea se  

product iv i ty  and strengthen the  i n f r a s t r u c t u r e  required t o  suppor t  

s t r u c t u r a l  changes. Therefore, w e  conclude t h a t  t h e  High s cena r io  

projec t ions  of economic growth represent  a necess i ty  f o r  f u t u r e  

Lat in  American development,, whichever t he  path socie ty  w i l l  choose 

f o r  f u r t h e r  progress. 

7 . 2  Soc ie ty ' s  Capabil i ty  of Real izat ion 

The implementation of the  fu tu r e  energy p i c tu r e  presented 

by IIASA-ENP's study, r e f l e c t ed  i n  t h e  d e t a i l e d  s t r u c t u r e  of energy 

supply by technology provided by MESSAGE, is  r e l a t e d  t o  two 

e s s e n t i a l  f a c t o r s  : c a p i t a l  and technology. 

The problem posed by t h e  reduced a v a i l a b i l i t y  of c a p i t a l  

does no t  only a f f e c t  the  l eve l  of poss ib le  investment: it a l s o  

cons t ra ins  technological  progress.  I n  add i t ion ,  a r e levan t  

i s sue  is how c a p i t a l  s tock i s  a l l oca t ed  by government and the  

p r iva t e  s e c t o r  a s  w e l l .  Lat in American governments a r e  heavily 

engaged i n  i n d u s t r i a l  a c t i v i t i e s ,  p a r t i c u l a r l y  i n  those r e l a t e d  

with energy production and d i s t r i bu t i on :  a s  a consequence, a b i g  

bureaucra t i c  system has evolved consuming an e levated  share of 

government expenditure. On the  o t h e r  hand, c a p i t a l  a v a i l a b i l i t y  

i s ,  i n  t u rn ,  constrained by negat ive balance of payments and t he  

amount of t h e  ex t e rna l  debt ,  which has alarmingly grown i n  

recent  years ,  p a r t i c u l a r l y  a f t e r  t he  o i l  c r i s i s  of 1 9 7 3 / 7 4 .  

These monetary problems cannot be forgot ten .  However, we w i l l  

be mostly concerned here with t he  second f a c t o r .  

We w i l l  use an example t o  i l l u s t r a t e  t he  p in t  we have i n  

mind i n  r e l a t i o n  t o  t h e  r o l e  of technology. The cos t  opt imizat ion 

procedure incorporated i n t o  t he  energy supply model ind ica tes  

t h a t  i n  order  t o  meet a share  of the  e l e c t r i c i t y  demand projec t ions  
of the  Low and High scenar ios ,  2 3  and 4 3  GW(e) of nuclear  power 



capaci ty must be i n s t a l l e d  respec t ive ly  by the  year 2000. A s  a 

reference,  t h e  IIASA-ENP Region I11 (OECD countr ies  except  North 

America) had i n  1975 an operat ive i n s t a l l e d  capaci ty of 22.5 G W ( e ) .  

The f i gu re s  given above must be explained within an appropr ia te  

frame. We assume t h a t  the nuclear  power i n s t a l l a t i o n  w i l l  be based 

on a s e l f - r e l i a n t  approach, involving f u l l  commitment of the  

region 's  technological  capacity.  This assumption corresponds t o  

the  f ac tua l  s i t u a t i o n  and implies r e spons ib i l i t y  i n  t h e  management, 

d i rec t ion  and con t ro l  of a l l  the a c t i v i t i e s  r e l a t ed  t o  t h e  i n s t a l -  

l a t i o n  of nuclear  payer s t a t i o n s  and t h e  necessary f a c i l i t i e s  

pe r ta in ing  t o  t h e  nuclear  f u e l  cyc le ,  plus t h e i r  opera t ion  and 

maintenance.. 

What i s  no t  meant is  t h a t  t he  process must be completely 

endogenous, i . e . ,  t h a t  it has t o  s t a r t  with t h e  conception of an 

indigenous design o r  t h a t  the  const ruct ion  of major components 

must be done e n t i r e l y  i n  the  region: t h e  technology of nuc lea r  

power has been commercially proved worldwide and is  ava i l ab l e  

a t  a cos t .  What w e  imply, however, i s  t h e  exis tence  of a body 

of knowledge t h a t  permits decis ions  upon the  bes t  so lu t ions  i n  

accordance with na t iona l  requirements, fos te r ing  t h e  gradual  

increase i n  t h e  pa r t i c ipa t i on  of l o c a l  know-how and c a p a b i l i t y .  

When w e  look a t  t he  present  (1980) s i t u a t i o n  of Lat in  America 

with respect  t o  t h e  incorporat ion of nuclear  power, only one 

country has today a commercial u n i t  l inked t o  t h e  g r id .  Few 

o ther  reac to rs  a r e  under cons t ruct ion ,  and a prudent es t imat ion  

of regional  plans t o  extend nuclear  energy u t i l i z a t i o n  i nd i ca t e s  

t h a t  between 20 and 30 G W ( e )  might be operat ing by t h e  year  2000. 

What a r e  the requirements t o  a t t a i n  these  objec t ives?  

The nat ions  involved must c r e a t e  and/or s t rengthen a 

sc ien t i f i c - t echno log ica l  i n f r a s t r u c t u r e  capable of handling a l l  

t he  s i de s  of the  complex problem. The ramnificat ions of such 
i n f r a s t ruc tu r e  escape the  apparent main ob jec t ive ,  since they a r e  

r e l a t ed  with t h e  adequacy of each country ' s  higher education System 

t o  provide necessary replacement and increase  i n  numbers of 

qua l i f i ed  personnel,  the  app ra i s a l  of what t he  l oca l  i n d u s t r y i s  

capable now and t h e  planned promotion of i t s  fu tu re  a c t i v i t i e s , :  the 



exis tence  of appropriate  i n s t i t u t i o n s  fo r  separa te  t a sks  ( f o r  

instance,  one deal ing with execution of t he  nuclear  program, 

other.  responsible f o r  mntrol and l icens ing)  including government 

and p r iva te  bodies t h a t  a r e  ab le  t o  follow smoothly the development 

of t he  program and can, consequently, cont r ibute  t o  i ts  b e t t e r  

assessment within a  f l u i d  coordinated i n t e r ac t i on .  

In our experience, t h e  i n s t i t u t i o n a l  b a r r i e r  i s  a  major 

cons t ra in t  t o  self-induced progress.  I t  representswhat we em- 

bodied with the  term s o c i e t y ' s  c apab i l i t y  of r ea l i z a t i on :  i t s  

lengthy and arduous implementation depends on many s o c i e t a l  and 

p o l i t i c a l  i s sues  t h a t ,  a t  f i r s t  s i g h t ,  have nothing t o  do with 

t h e  t echn ica l  world. However, it i s  our contention t h a t  t he  

a b i l i t y  t o  develop technology is checked by t he  maturi ty achieved 

by t he  i n s t i t u t i o n s  t h a t  represent  and measure t h a t  capab i l i ty .  

Apparently, w e  have been ca r r i ed  away from t h e  considerat ion 

of the  technological  f a c t o r .  But t he  development of technology 

is  fundamentally l inked t o  t he  understanding a soc i e ty  has of 

i t s  own c a p a b i l i t i e s  and l im i t a t i ons .  This i s  f i n a l l y  i n t e r -  

woven with the  human f a c t o r .  Under these circumstances 
w e  f e e l  t h a t  the p ro jec t ions  of nuclear  power of the  Low scenar io  

a r e  achievable goals ,  w e l l  i n  accordance w i t h  t h e  long lead 

t i m e s  requi red  t o  incorpora te  modern technology i n  LDCs. 

W e  have d e a l t  i n  our example with t h e  in t roduct ion  of a  

r a t h e r  new, soph is t i ca ted  technology. L e t  us assume t h a t  the  

implementation of such a supply system would be minimized. I t  

must then be replaced, i f  t h e ' f u t u r e  energy demand l e v e l  is accepted 

a s  represent ing  a  l i k e l y  p o s s i b i l i t y .  The replacement could be 

based upon the  e x i s t i n g  technologies  o r  new methods must be de- 

veloped. For the  p a r t i c u l a r  case under cons idera t ion ,  e l e c t r i c i t y  

production, f o s s i l  f i r e d  power s t a t i o n s  a r e  under t h e  cons t r a in t s  

of climbing f u e l  p r i ces  and expected fu tu r e  f u e l  shortages 

( f o r  o i l / g a s ,  l e s s  f o r  c o a l ) .  The hydropower p o t e n t i a l  of 

Lat in  America has been bare ly  exploi ted:  it provides an escape 

from immediate technologica l  pressure ,  but  it does no t  solve the 

energy supply problem i n  t h e  long run. New technologies must be 

developed: the  same requirements posed by t h e  i n c i p i e n t  nuclear  



power i n d u s t r y  w i l l  be v a l i d  i n  t h i s  case .  I t  becomes c l e a r  

t h a t  t h e  r eg ion  cannot  postpone the fundamental n e c e s s i t y  of  i m -  

proving i t s  p r e s e n t l y  weak s c i e n t i f i c - t e c h n o l o g i c a l - i n s t i t u t i o n a l  

i n f r a s t r u c t u r e .  

These c o n s i d e r a t i o n s ,  and t h e  comparison of f u t u r e  energy 

demand l e v e l s  w i t h  p r e s e n t  consumption i n  I C s  l e a d  us t o  c o n s i d e r  

t h a t  t h e  Low s c e n a r i o  requirements  involve  an energy supply s y s t e m  

t h a t  w i l l  pu t  a lower stress on t h e  reg ion ,  t h u s  a l lowing  more 

t i m e  t o  d e a l  w i t h  t h e  cha l lenges  o f  t h e  f u t u r e .  

7 . 3  Conclusions 

I n  t h e  prev ious  s e c t i o n s  we have r e p o r t e d  on IIASA-ENP's 

view o f  t h e  L a t i n  American energy f u t u r e .  I n  t e r m s  o f  t h e  

IIASA-ENP e x e r c i s e ,  such p i c t u r e  could be p u t  i n t o  p e r s p e c t i v e  

when compared w i t h  t h e  p r e s e n t  s i t u a t i o n  o f  t h e  developed 

c o u n t r i e s  w i th  market  economies t h a t  conform w i t h  r eg ion  111 (OECD 

c o u n t r i e s  excep t  North America). From Table 7 .1  it can be 

e x t r a c t e d  t h a t  t h e  long term La t in  American s t a n d ,  a s  measured 

by g r o s s  averages  (GDP/cap and Primary Energy Consumption/cap), 

resembles t h e  one c h a r a c t e r i s t i c  o f  reg ion  I11 a t  p r e s e n t .  

I n  o u r  a t t empt  t o  e v a l u a t e  t h e  s i g n i f i c a n c e  of numerical  

r e s u l t s  i n  t h e  l i g h t  o f  our  pe rcep t ion  o f  t h e  p a r t i c u l a r  

developing s o c i e t y  w e  have reached a nunber o f  p a r t i a l  con- 

c l u s i o n s  t h a t  now must be concep tua l ly  syn thes ized .  

F i r s t ,  w e  have seen an appa ren t  comfortable  long  term 

energy s i t u a t i o n ,  due t o  t h e  r e l a t i v e l y  low l e v e l  o f  pe r  

c a p i t a  primary energy consumption and t h e  abundance o f  n a t u r a l  

r e sou rces ,  p a r t i c u l a r l y  f o s s i l  f u e l s  and renewables.  But 

we have po in ted  o u t  t h a t  t h i s  p i c t u r e  might be  o u t  o f - t o u c h  

wi th  r e a l i t y ;  t h e r e f o r e ,  t h e  a n a l y s i s  of some count ry  

s i t u a t i o n s  becomes necessary  t o  c l a r i f y  t h e  r e g i o n a l  view. 

Secondly,  u s i n g  o u r  judgment t h a t  t r u l y  development has  

t o  be se l f -mot iva ted  and s e l f - r e l i a n t ,  w e  a s s e s s e d  p r o  and 

cons of t h e  two IIASA-ENP s c e n a r i o s :  t h e  High s c e n a r i o  bein9 

more i n  l i n e  wi th  a c t u a l  economic performance, development 

p lanning  and a s p i r a t i o n s ,  was cons ide red  a s  necessary  (though 
- - 



n o t  n e c e s s a r i l y  optimum o r  a c h i e v a b l e ) .  On t h e  o t h e r  hand, 

t h e  energy p r o j e c t i o n s  of t h e  Low s c e n a r i o  i n d i c a t e d  t h a t  t h e  

requirements  f o r  implementation o f  t h e  energy s e c t o r  were more 

i n  accordance wi th  o u r  e s t i m a t i o n  of t h e  a c t u a l  c a p a b i l i t y  o f  

r e a l i z a t i o n ,  t hus  reducing t h e  s t r e s s  on t h e  economy and s t r e t c h -  

i n g  t h e  t i m e  r equ i r ed  f o r  t h e  i n c o r p o r a t i o n  o f  advanced tech-  

no log ies .  This  conclusion emphasizes aga in  the importance o f  

country  a n a l y s i s ,  s i n c e  t h e  e x i s t i n g  d i v e r s i t y  o f  economic 

s t r u c t u r e s  and degree o f  i n d u s t r i a l i z a t i o n  between t h e  c o u n t r i e s  

o f  L a t i n  America w i l l  l i k e l y  i n c r e a s e ;  t h e  more advanced 

c o u n t r i e s  w i l l  a l s o  have t o  f a c e  d i f f e r e n t  s i t u a t i o n s  accord ing  

t o  t h e i r  p a r t i c u l a r  n a t u r a l  r e sou rce  endowment and t h e  energy 

p o l i c i e s  t hey  happen t o  choose. 

P u t t i n g  t o g e t h e r  h igh  economic growth and reduced energy 

consumption o b j e c t i v e s  seems c o n t r a d i c t o r y  i n  t h e  l i g h t  o f  

known energy-economy r e l a t i o n s h i p s .  But i f  we recognize  t h e  

degree o f  u n c e r t a i n t y  a s s o c i a t e d  w i t h  long te rm p r o j e c t i o n s  

w e  cou ld  envisage  t h e  two s c e n a r i o s  a s  p rov id ing  a  range o f  

p o s s i b i l i t i e s  w i t h i n  which r e a l i t y  might happen t o  be. 

I t  is o u r  view t h a t  IIASA-ENP s c e n a r i o s  a r e  based on a  

l i k e l y  e v o l u t i o n  o f  t h e  development p roces s  o f  L a t i n  America. 

They a r e  c o n s i s t e n t  w i t h  p a s t  t r e n d s  and the p r e s e n t  s i t u a t i o n  

and t a k e  i n t o  account  i n f l u e n c e s  emanating from world i n t e r -  

dependence; t h e y  have produced r a t h e r  r e a l i s t i c  r e s u l t s  of  

energy demand. The s i t u a t i o n  changes when w e  look a t  t h e  

energy supply s i d e .  It is  appa ren t  t h a t  t h e  s t r a t e g y  ob ta ined  

could  be  modif ied i f  c e r t a i n  assumptions a r e  changed. Under 

t h e  p r e s s u r e  o f  t o d a y ' s  energy s i t u a t i o n ,  t h e  a t t e n t i o n  o f  

many c o u n t r i e s  i s  being focused on t h e  s e a r c h  o f  a l t e r n a t i v e s  

f o r  t h e  b e s t  p o s s i b l e  u t i l i z a t i o n  o f  t h e i r  n a t u r a l  r e sou rces .  

The l e s s o n  of t h e  e x e r c i s e  r e p o r t e d  h e r e  i s  t h a t  w e  need 

more in format ion  from some n a t i o n a l  c a s e s  and r e g i o n a l  cases a s  

w e l l .  The f i r s t  would b e  e a s i e r  t o  i n t e r p r e t ,  and would h o p e f u l l y  

prov ide  a b e t t e r  i n s i g h t  i n  t h e  q u a l i t y  o f  t h e  d a t a  used t o  run 

t h e  r e g i o n a l  s tudy .  New r e g i o n a l  runs  must be  done wi th  t h e  view 

on e x p l o r i n g  a l t e r n a t i v e s  i n  t h e  supply system. The choice  of 

a l t e r n a t i v e s  should  be r e a l i s t i c ,  p o i n t i n g  t o  t h e  b e s t  use  of 



a l l  k ind  o f  r e sou rces ,  n a t u r a 1 , a n d  human as w e l l .  W e  env isage  

r e g i o n a l  s t u d i e s  involv ing  n u c l e a r  moratorium, h igh  hydropower and 

enhanced u s e  of renewables t o  i l l u m i n a t e  Me c o n s t r a i n t s  posed 

by commitments on t h e  economic and t echno log ica l  s e c t o r s .  For 

example, i f  a  p o l i c y  of r a d i c a l  incrementa t ion  of hydropower i s  

analyzed,  what w i l l  be t h e  e f f e c t s  on t h e  use  of o t h e r  sou rces ,  

t h e  e l e c t r i f i c a t i o n  p o l i c i e s  and t h e  s e c t o r a l  s t r u c t u r a l  changes? 

How much t i m e  would be gained,  how much c a p i t a l  would be  n e c e s s a r y ,  

would some economic r e sou rces  be  l e f t  t o  d e a l  w i t h  t h e  f u t u r e  

p r o j e c t e d  requirements?  I n  g e n e r a l ,  i f  p o l i c i e s  r a t h e r  t han  

c o s t s  a r e  opt imized,  what w i l l  be t h e  p r i c e  t o  be pa id?  

The c a p a b i l i t y  t o  develop technology w i l l  p l ay  a fundamental  
r o l e  i n  t h e  f u t u r e  o f  t h e  r eg ion .  Which is  t h e  most " a p p r o p r i a t e "  

way t o  d e a l  w i t h  t echno log ica l  p rog res s ,  what t echno log ie s  s e e m  

most adequa te  i n  what pe r iods  o f  time? 

W e  conclude asking more q u e s t i o n s  t h a n  provid ing  answers. 

The modeling set  mod i f i ca t ion  process  which is underway a t  I IASA-  

ENP w i l l  h e l p  t o  answer them and a l low a b e t t e r  unders tanding  o f  

t h e  r e g i o n s ' s  f u t u r e  energy p i c t u r e .  It would a l s o  permi t  us t o  

see more c l e a r l y  t h e  re levance  o f  i n t e r n a t i o n a l  a i d :  o f  economic 

n a t u r e  and by means of technology t r a n s f e r  and j o i n t  ven tu re s  t o  

s t r e n g t h e n  t h e  e x i s t i n g  i n f r a s t r u c t u r e .  But r e g i o n a l  r e s u l t s  

have shown t h a t  t h e  i n t e g r a t i o n  o f  L a t i n  American c o u n t r i e s  t o  

d e a l  w i t h  t h e  energy problem i s  a major component f o r  succes s .  

7.4 Complementary Work 

W e  have i n i t i a t e d  two n a t i o n a l  energy s t u d i e s ,  t hose  o f  B r a z i l  

and Mexico, working i n  coope ra t ion  wi th  count ry  o r g a n i z a t i o n s .  The 

f i r s t  r uns  o f  t h e  energy demand model have been done us ing  i n p u t  

d a t a  d i r e c t l y  o r  i n d i r e c t l y  i n c o r p o r a t e d  t o  n a t i o n a l  p l a n s .  The 

p r o j e c t e d  growth r a t e  of  GDP is, i n  bo th  c a s e s ,  h i g h e r  than  t h e  

va lues  used i n  t h e  IIASA-ENP High Scenar io .  The a v a i l a b i l i t y  

of  t h e  r e g i o n a l  ou t look  a l lows  one,  i n  consequence, t o  judge upon t h e  

cons i s t ency  o f  the n a t i o n a l  s c e n a r i o s ,  i n  p a r t i c u l a r  when a l s o  

compared w i t h  t h e  1975  energy consumption p a t t e r n  of developed 

c o u n t r i e s  and r eg ions .  



We have ext rac ted  a b e t t e r  ins igh t  of t h e  regional  s i t u a t i o n  

through the  explorat ion of these  na t iona l  cases which, i n  an 

i n i t i a l  s t age  a t  present ,  should be completed by runs of MESSAGE 

and IMPACT. I n  pa r t i cu l a r ,  the growth r a t e  of e l e c t r i c i t y  con- 

sumption is  higher than envisaged by the  IIASA-ENP scenarios,  

possibly showing t he  l a t t e r ' s  underestimation of e l e c t r i c i t y  

u t i l i z a t i o n ,  mainly i n  t he  i n d u s t r i a l  s ec to r .  Also, through 

t h e  i n t e r ac t i on  w i t h  na t iona l  organiza t ions ,  w e  have received 

new s t a t i s t i c a l  data ,  whose study w i l l  permit a b e t t e r  assessment 

of many parameters and assumptions t o  be incorporated i n t o  t h e  

modeling set. 

The r o l e  of renewable sources is envisaged q u i t e  d i f f e r e n t l y  

i n  Braz i l  and Mexico, t he  l a t t e r  r e ly ing  on i t s  r i c h  endowment 

of f o s s i l  f u e l s ,  whereas t he  former fo s t e r i ng  a pol icy of o i l  

replacement and e l e c t r i f i c a t i o n .  We es t imate  t he  p o s s i b i l i t y  of 

an adequate evaluat ion of t h a t  r o l e  i n  t he  wake of fu ture  na t i ona l  

and regional  runs. 



TABLE 7.1 Regional Comparison 

Latin America Region I11 
20 30 2030 
Low High Low 

1975 Scenario Scenario 1975 Scenario 
6 Population (10 ) 319 797 797 560 76 7 

GDP (109$75) 340 2230 3570 2385 6656 

GDP/cap (103$75/ 1.07 2.80 4.48 4.26 8.68 
cap) 

Primary energy 0.34 2.31 3.68 2.26 4.54 
(myr/yr) 

P.E./cap (kW/cap) 1.06 2.90 4.62 4.03 5.92 



8. RECOMMENDATIONS 

In  doing the  evaluat ion reported here in ,  w e  have j u s t  touched 

upon many subjec ts  of relevance fo r  an understanding of the f u t u r e  

development of Lat in America and i t s  r e l a t i onsh ip  with t he  energy 

s ec to r .  

The es tab l i shed  r e l a t i onsh ip  with country organizat ions has 

ba re ly  s t a r t e d .  However, it ind ica tes  s t rong  i n t e r e s t  i n  the  

app l ica t ion  of IIASA-ENP's methodology and f indings  t o  t h e i r  

na t iona l  cases ,  i n  order  t o  produce a  cons i s t en t  bas i s  f o r  

decision-making. We can only recommend t h a t  such l i nks  be 

strengthened i f  f u tu r e  ac t ions  i n  t he  f i e l d  of energy of LDCs 

a r e  contemplated. 

On t he  o ther  hand, i t  has become c l e a r  t o  us t h a t  t he  i s s u e  

of development is a t  t he  i n t e r s ec t i on  of mul t id i sc ip l ina ry  s t u d i e s ,  

which a r e  necessary t o  reveal  t he  s ign i f i cance  of important com- 

ponents: the  economic growth as  a  t o o l  t o  f o s t e r  equi ty ,  t he  

development of technological  c apab i l i t y  (know-what and know-how), 

technology t r a n s f e r ,  the  l inkage between s o c i e t y ' s  a b i l i t y  t o  

understand i t s  predicaments and t he  exis tence  of appropriate  

i n s t i t u t i o n s .  Since it is our view t h a t  the  fu tu r e  of world 

harmony is  threatened by t he  way the  r e l a t i onsh ip s  between LDCs 

and I C s  w i l l  be a f f ec t ed  by t h e i r  r espec t ive  views, i n i t i a t i v e s  and 

ac t ions  on the  development of the  LDCs,  we consider  it important 

t o  focus a t t en t i on  on t he  i n d u s t r i a l i z a t i o n  problems of LDCs 

and t h e  connected i s sue  of technology t r a n s f e r .  Both w i l l  shape 
the  fu tu r e  u t i l i z a t i o n  of energy. And both would be t oo l s  e i t h e r  

f o r  progress o r  f o r  f r u s t r a t i o n .  
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Preface 

Assessment of f u t u r e  g lobal  energy demand has been an 

e s s e n t i a l  and important element of t he  recen t ly  completed f i r s t  

phase of t he  IIASA Energy Systems program'. This repor t  o u t l i n e s  

the  e s s e n t i a l  f ea tu res  of the f i n a l  energy demand assessment i n  

s i x  ou t  of t he  seven world regions considered i n  t h e  IIASA study.  

The ana ly s i s  has been based on a model c a l l e d  MEDEE-2 which 

was adopted a t  IIASA f o r  p ro jec t ing  the  medium t o  long term energy 

demand a t  t he  l e v e l  of world regions. The approach used i n  MEDEE-2 

involves development of f a i r l y  de t a i l ed  scenar ios  r e f l e c t i n g  t h e  

expected evolut ion of socioeconomic a c t i v i t i e s  and technological  

developments i n  d i f f e r e n t  world regions over t h e  next f i v e  decades 

during which parameters r e l a t e d  t o  such a c t i v i t i e s  and developments 

a r e  expected t o  undergo considerable change. 

E f fo r t  has been made here t o  descr ibe  how the  es t imates  w e r e  

obtained of t he  average base year (1975) values of MEDEE-2 para- 

meters conceptual is ing t h e  present  energy consumption pa t t e rn  a t  

the regional  l eve l s  considered, and t o  l is t  t h e  important r e levan t  

sources of information. The major assumptions and considera t ions  

behind t h e  projected values of such parameters till t h e  year  2 0 3 0  

have a l s o  been spe l l ed  ou t  a t  length. F ina l ly ,  t he  energy 

demand pro jec t ions  f o r  various s e c t o r a l  a c t i v i t i e s  i n  d i f f e r e n t  

world regions a r e  discussed i n  r e l a t i o n  t o  t h e i r  l eve l s  i n  1975. 

It is hoped t h a t  a l l  t h i s  information w i l l  prove t o  be of some 

help t o  fu tu r e  researchers  i n  t h i s  f i e l d .  
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Abstract 

An assessment is made of the evolution of energy demand 

in different world regions over the next five decades using 

an energy demand model called MEDEE-2. The 1975 pattern of 

energy consumption in each region is analyzed in terms of use- 

ful and final energy requirements of a large number of activi- 

ties in three broad sectors of the economy viz. industry, 

transportation, households/services. Projections of useful 

and final energy demand to the years 2000 and 2030 are ob- 

tained by considering the plausible evolution of these 

activities together with feasible improvements in technological 

factors and likely changes in the life styles of the populace. 

The detailed scenario assumptions underlying these projections 

are spelled out and the rationale behind these assumptions is 

explained. The energy conservation embodied in these projec- 

tions is elaborated and the shares of various energy forms 

in the projected sectoral energy demand trajectories are 

discussed. The assessment shows that the final energy demand 

of the market-economy developing world regions will, until 

2030, increase by a factor of 7-12 as compared to that in 

1975, whereas the corresponding increase in the developed 

world regions will be by a factor of 1.8-2.6. The projected 

final energy demand levels in various world regions are about 

20-50% lower than those expected on the basis of historical 

final energy-to-GDP elasticities of the 1950-1975 period. 



SUMMARY 

This report describes the essential features and the 

results of a final energy demand assessment made at the 

International Institute for Applied Systems Analysis (IIASA), 

covering six of the seven world regions considered in the 

recently completed global energy study of IIASA's Energy 

Systems Programme. The assessmeot was made using the 

scenario development approach embodied in a model called 

MEDEE-2 which was adopted at IIASA for projecting the medium 

to long term energy demand at the level of world regions. 

In this approach first the base year energy demand of 

different sectors in a region is analysed in terms of useful/ 

final energy requirements of a large number of activities in 

each sector and then this demand is projected for later 

periods by identifying the plausible evolution of various 

socio-economic activities and by estimating the probable 

technological improvements and life style changes in the 

coming decades. 

The starting point for the present assessment was a' 

set of basic scenario assumptions concerning population 

growth and economic development (measured in terms of GDP 

growth). Two different scenarios have been analysed; 

these are labelled as High and Low with respect to two 

different sets of assumptions implying relatively high and 

relatively low economic groyth rates in the various regions 

consistent with a plausible range of world economic growth 



during the next 50 years. The population growth rate 

assumptions are common to both the scenarios. 

The assessment described in this report involved 

estimation of the base year (1975) values of some 180 para- 

meters for each region and projection of the values of these 

parameters to the years 2000 and 2030 in a manner consistent 

with the basic scenario assumptions and incorporating feasible 

technological improvements and plausible life style changes. 

The estimated base year values of the various parameters are 

listed, the method of their estimation is described and the 

sources of information are spelled out. Similarly the 

projected values of these parameters have also been listed 

and the reasoning underlying these projections is described. 

The projected requirements of final energy for various 

sectoral activities are discussed and the extent of conservation 

incorporated in the projections has been spelled out. 

Some of the main results of this assessment are: 

1. By 2030 the final energy demand in the developed 

regions (IIASA Regions I - North America; I1 - 
The Soviet Union and Eastern Europe, and I11 - 
Western Europe, Japan, Australia etc.) will 

increase by a factor of 1.8 - 2.6 as compared to 
that in 1975, whereas the corresponding increase 

in the three developing regions considered in the 

present assessment (viz. IIASA Regions IV - Latin 
America; V - Africa (except Northern Africa and 



South Af r i ca )  and South Eas t  Asia ,  and V I  - Middle 

Eas t  and Northern Af r i ca )  w i l l  be  by a f a c t o r  o f  

7 -12. The p r o j e c t e d  demand i n  t h e  v a r i o u s  

r eg ions  w i l l ,  however, be lower t han  t h a t  e s t i m a t e d  

on t h e  b a s i s  o f  h i s t o r i c a l  f i n a l  energy - t o  - GDP 

e l a s t i c i t y  o f  each r eg ion  by 1 6  t o  40% i n  t h e  Low 

Scenar io  and 23 t o  5 4 %  i n  t h e  High Scenar io .  

2. The p e r  c a p i t a  f i n a l  energy consumption i n  t h e  

developed r eg ions  ( I ,  11, 111) w i l l  i n c r e a s e  from 

a l e v e l  o f  2 . 8  - 7.9 kW i n  1975 t o  a l e v e l  o f  

3.9 - 11 .6  kW by 2030, whereas t h a t  i n  t h e  deve lop ing  

r eg ions  ( I V ,  V,  V I )  w i l l  i n c r e a s e  from 0.2 - 0.8 kW 

t o  0.5 - 4.6 kW over  t h e  same pe r iod .  among t h e  

developing r eg ions  t h e  l a r g e s t  i n c r e a s e  w i l l  t a k e  

p l a c e  i n  t h e  r e sou rce - r i ch  Reaion VI and t h e  

s m a l l e s t  i n c r e a s e  w i l l  occur  i n  t h e  resource-poor 

Region V. 

3. The s e c t o r a l  s h a r e s  i n  f i n a l  energy demand i n  

v a r i o u s  world  r e g i o n s  w i l l  n o t  undergo major 

changes du r ing  t h e  nex t  50 y e a r s  s o  t h a t  t h e  

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

o f  f i n a l  energy w i l l  p e r s i s t .  I n  p a r t i c u l a r  t h e  

t r a n s p o r t a t i o n  s e c t o r  i n  t h e  developing r eg ions  and 

t h e  household /se rv ice  s e c t o r  i n  t h e  developed 

r e g i o n s  w i l l  con t inue  t o  have r e l a t i v e l y  h igher  

s h a r e s  i n  t h e  f i n a l  energy demand than  t h o s e  

commanded by t h e  corresponding s e c t o r s  i n  o t h e r  

Regions. 



4. The share of electricity in final energy will 

increase everywhere -- from 10 - 13% in 1975 to 
20 - 23% in 2030 in the developed regions, and 
from 4 - 10% in 1975 to 15 - 17% in 2030 in the 
developing regions. 

5. The specific liquid fuel requirements as motor 

fuel or petrochemical feedstocks will, in 2030, 

account for a 34 - 43% share of final energy in 
the developed regions and 45 - 57% in the develop- 
ing regions. The corresponding shares in 1975 in 

the developed and the developing regions were in 

the range of 24 - 37% and 32 - 52% respectively. 
6. Manufacturing activities will continue to dominate 

the industrial final energy demand (i.e. the 

demand of manufacturing, mining, agriculture and 

construction sectors) in all regions. The share 

of manufacturing in the industrial final energy 

demand in 2030 of different regions will be in 

the range of 76 - 90% as compared to 62 - 92% in 
1975. 

7. The share of automobiles in the transportation 

energy will decrease in the developed regions and 

increase in the developing regions. The most 

notable change will occur in Region I where this 

. share will decline from 67% in 1975 to 19 - 29% in 
2030. The shares of automobiles in the trans- 

portation sector's final energy demand of different 

regions will, in 2030, lie in the range of 8 - 36% 
as against 6 - 67% in 1975. 



8 .  Soft solar devices will be able to meet in 2030 

about 1 - 3% of the useful thermal energy require- 
ments of the manufacturing sector and 5 - 13% of 
those of the household/service sector in the 

developed regions. The corresponding shares in 

the developing regions will be in the ranges of 

4 - 5% and 2 - 12% respectively. 
9. Inspite of gradually increasing penetration of 

electricity, heat pumps, soft solar and district 

heat in the heat markets of the manufacturing and 

household/service sectors, fossil fuels will 

continue to be the most important source of useful 

thermal energy in these sectors in all regions 

except Region 11. The shares in 2030 of 

substitutable fossil fuels in the developed Regions 

I, I11 and the developing regions will be in the 

range of 80 - 90% for the manufacturing sector and 
55 - 85% for the household/service sector. The 

corresponding shares in Region I1 will be about 30 

and 25% respectively due to continued heavy 

reliance on district heating systems in this region. 
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1.  Introduct ion 

IIASA's Energy Systems Progam deals  with t h e  medium- t o  

long-term aspects  of global  energy supply and demand. I t  con- 

cen t ra tes  on a period of 15-50 years  from now, during which t h e  

world energy system w i l l  have t o  undergo a major t r a n s i t i o n .  

This t r a n s i t i o n  w i l l  r e s u l t  from a l a rge  increase  i n  world 

population, t he  expected i n d u s t r i a l i z a t i o n  and r e l a t i v e l y  f a s t  

economic growth of the developing countr ies  and t h e  worldwide 

s c a r c i t y  of t he  h i t h e r t o  cheap conventional forms of energy, 

p a r t i c u l a r l y  of f o s s i l  o i l  and na tu r a l  gas. The major f indings o f  

t he  f i r s t  phase of t h i s  study have recen t ly  been reported i n  

a book e n t i t l e d  "Energy i n  a F i n i t e  World--A Global 

Systems Analysis" (Energy Systems Program Group, 1981). This 

paper r epo r t s  on an assessment of f i n a l  energy demand i n  various 

world regions t h a t  was c a r r i e d  ou t  a s  a p a r t  of t he  above progrzm 

by using an energy demand model c a l l e d  MEDEE-2 ( t h e  s t r u c t u r e  

of MEDEE-2 is  described i n  d e t a i l  by Lapillonne, 1978a). 

In  I I A S A ' s  energy systems study,  the  world was divided 

i n t o  seven regions,  a s  i s  i l l u s t r a t e d  i n  Fiqure 1. (For a complete 

l i s t i n g  of t he  countr ies  i n  each region see Appendix I.) The 

grouping of countr ies  i n  these  regions was based no t  necessar i ly  

on t h e i r  geographical proximity but  mostly on considerat ions 

of s i m i l a r i t i e s  i n  s o c i a l ,  economic and demographic s t ruc tu r e s ,  

and an prospects  of economic growth and a v a i l a b i l i t y  of energy 

resources.  The work described i n  t h i s  r epor t  covers only the 



first six of the seven world regions shown in Figure 1. The 

energy demand assessment for Region VII (China and Centrally 

Planned Asian Economies) was not carried out with MEDEE-2 due 

to the lack of data. Instead a simplified model called SIMCRED 

(Parikh 1978)  was used for this region: this assessment and its 

results are, in genera1,not discussed in this report. 

The long-term projection of energy demand and supply in 

various wrsrId regions can be made only in the light of mutually 

consistent projections of population, economic growth, availa- 

bility of energy, material and other resources, some perception 

of technological innovation and development; and in the wake of 

various physical, social and environmental constraints. In 

order to obtain a consistent picture, one has to look at all 

these factors both individually and collectively, and try through 

an iterative procedure to eliminate internal inconsistencies. 

Such an analysis was carried out at IIASA using 

a set of mathematical models as its major analytical tool 

(Basile, 1 9 8 0 ) .  'The flow of information between these models 

is schematically shown in Flr~ure 2. It starts out with some 

initial scenario definiticnsof the economic and population growth 

rates in the various world regions. Then the demand of final 

energy in each region is evaluated with the energy demand model 

MEDEE-2 projecting changes in economic structure, life-styles, 

technical efficiencies, etc., that could be expected under the basic 

scenario conditions. The energy supply model MESSAGE then leads 

to optimum supply strategies consistent with the availability 

of energy resources and subject to various constraints encom- 



passing technological, environmental and other related issues. 

Consideration of the interregional energy trade calls for 

iteration of the MESSAGE runs for various regions until a 

globally consistent picture emerges. The economic impacts of the 

regional supply strategies are then analysed in the energy-economy 

interaction model IMPACT, and the corresponding implications to- 
and 

gether with the estimates of energy/fuel prices obtained from the 

MESSAGE runs are used to modify, if necessary, the scenario defi- 

nitions of regional economic growth and the projections of some 

of the parameters used in the MEDEE-2 runs of the preceding iter- 

ation of the modelling loop. This procedure is repeated until the 

demand and supply projections are considered to be "reasonable" 

and consistent. 

T.his report is concerned mainly with the assess- 
a 

ment of final energy demand, based odMEDEE-2 analysis, for the 

IIASA Regions I through VI. In order to provide a proper appre- 

ciation of the assessment procedure, we will also describe, al- 

though briefly, the energy accounting and the analytical approach 
the 

followed in/MEDEE-2 analysis*. This will be followed by a dis- 

cription of the input data actually used for the base year (19751, 

of the values assigned to the scenario variables for the years 

2000 and 2030 in the various world regions, and of the assumptions 

underlying these projections. The results of the MEDEE-2 analysis 

will then be discussed in terms of the projected energy require- 

ments for various sectoral activities and the extent of "con- 

servation" incorporated in these projections. 

* The computer program actually used for the assessment is 
. - 

described by Hdlzl (1980). 



2. Some Definitions: 

In discussing the issues related to energy demand and supply, 

a distinction has to be made between different forms of energy 

usually referred to as primary energy, secondary energy, final 

energy and useful energy. The difference between these various 

forms is illustrated in Figure 3. 

Primary energy* (at the lower left of Figure 3) represents 

the energy content of extracted raw fuels,e.g., crude oil or natu- 

ral gas at the wellhead, coal at the minemouth. Some primary fuels 

need to be refined or converted to secondary energy (in oil re- 

fineries or power plants) with typically rather large conversion 

losses (at least 60% losses in the case of coal converted to elec- 

tricity), while others can be transported and used directly as 

secondary energy. Secondary energy, after transmission and distri- 

bution through major networks(e.g. oil/gas pipelines, delivery 

trucks, high and low voltage 1ines)l becomes final energy. Electri- 

city at the output, or busbar, of a power station is secondary 

energy: electricity at the home wallplug is final energy. Final 

energy is energy delivered to final consumers--oil delivered to 

burners in the basement, or to industrial boilers. Final energy is 

what the consumer buys. What one actually benefits from is useful , 

energy--& heat that warms living rooms, for example. Produced 

photons, heated air, kinetic energy are useful energy. All con- 

version processes from primary energy through useful energy 

involve varying amounts .. ... . .... .. . . . .. ... . . . > 

*Primary 

example, 

energy also includes fossil fuel equivalents of, for 
energy 

nuclear/and hydropower converted to electricity, and 

the energy obtained from new sources such as solar, geothermal, 

wind, ocean thermal gradients, charcoal or fuelwood from forests, - 
planned wood plantations, biogas, etc. Except 

where noted, primary energy excludes noncommercial use of fuels 

such as firewood, farm wastes and animal wastes. 



of losses due to conversion and/or transmission, storage and 

distribution as shown in Figure 3. The useful energy is also 

ultimately rejected to the environment,after providing the 

required energy services in combination with other inputs such 

as capital, know-how and labour. The amount of useful energy 

needed for obtaining a given amount of energy services depends 

on the relative magnitudes of these other inputs (Hafele, 1977), 

and this is what leads to the ultimate potential of energy con- 

servation. 

The energy demand projections discussed in this report 

were made only in terms of useful and/or final energy forms 

The evaluation of secondary and primary energy requirements based 

on these demand projections, was made in the MESSAGE model runs 

and has been described in (Energy Systems Program Group, 1981). 



3. The MEDEE-2 Model for Energy Demand Assessment 

3.1 Methodological Approach 

MEDEE-2 is a simulation model for evaluating the energy de- 

mand implications of economic'and lifestyle scenarios for the long- 

term evolution of countries or regions. It is a simplified version, 
described in Lapillonne ( 1  978a), 

/ of a more general approach developed by Chateau and Lapillonne 

(19771 at the IEJE, University of Grenoble, France. MEDEE-2 is 

based on a disaggregation of total energy demand into a multitude 

of end-use categories such as heating or cooling of dwellings, 

urban/intercity passenger transportation by mode, steam genera- 
etc. 

tion/ When the useful energy demand of a given end-use category can 

be provided by various energy sources (e.9. fossil fuels, district - 

the 
heat, electricity or solar systems),/energy demand is calculated 

first in terms of useful energy* and then converted into final en- 

ergy terms based on assumptions about the penetration of various 

energy sources into their potential end-use markets and about 

their end-use efficiency. 

For nonsubstitutable uses (e.g. motor fuel for automobiles or 

electricity for electrolysis, lighting and appliances such as wash- 

ing machines and refrigerators), energy demand is calculated direct- 

ly in final energy terms. Table 1 gives an overview of the end-use 

categories considered in MEDEE-2. For each end-use category, energy 

demand (useful or final) is related to a set of determining factors, 

which may be macroeconomic aggregates, physical quantities, or 

technological coefficients. The energy demand projections result 

from the evolution assumed for these factors. Because of this high 

level of disaggregation and the relatively few structural assumptions 

built into the model, it can be viewed as an accounting framework 

of the energy uses in a country or a region. 

*For this assessment, useful energy for thermal processes is ex- 

pressed as equivalent requirements of electricity. 



Figure 4 shows the scheme for projecting useful and/or final 
demand 

energyhsed in MEDEE-2. The starting point is a scenario which 

defines an environment of population growth, economic development 

and energy availability and prices envisaged for the future. These 

general scenario paramters must be disaggregated in terms of econo- 

mic structure (GDP expenditure'and formation and production of cer- 

tain very energy-intensive basic industry products), demographic 
and life-styles 

structure/(labor force participation, urban/rural split, household 

size; type and size of dwellingsand their energy-using equipment; 

travel distances, automobile ownership, preferences for certain 

modes of travel),; and technological structure (energy intensiveness 

of industrial sectors, dwelling insulation, fuel economy of vehicles 

etc.). Once this disaggregation is done, calculation of energy de- 

mand for each end-use category is straightfoyard. 

For certain thermal uses (space/water heating, steam generation 

etc.), energy demand is calculated in useful terms. Several energy 

sources (fossil fuels, electricity, district heat, solar systems, 

heat pumps) can be used to meet this demand. While the potential 

markets for each source are defined in the model, the user must spe- 
expected 

cify the/penetration of the various energy sources in their poten- 

tial markets and their efficiency. 

Transportation 

Three types of transportation are distinguished in MEDEE-2: 

passenger, freight, and international and military transportation. 

Passenger transportation is broken down into urban and 

intercity categories. 

For international and military transportation only the use of 

liquid fuels is considered feasible. Data for this category are often 

difficult to find, and the motor fuel demand of this type of trans- 

portation is therefore treated simplistically as a function of GDP. 
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The demand for domestic freight transportation (measured in 

net ton-kilometers) is calculated as a function of the GDP con- 

tribution by the agricultural, mining, manufacturing and energy 

sectors. The modal split, i.e., the allocation to the various 

modes (rail, truck, inland waterways or coastal shipping, pipe- 

line) must be specified exogenously, as well as the energy in- 

tensity (per ton-kilometer) of each mode. Except for rail, 

where electricity and coal can also be used as an energy source, 

only liquid fuels are assumed to be used. 

Passenger transportation is treated in more detail because 

it accounts in most countries for a major share of energy con- 

sumption. 

Total demand for intercity passenger transportation (meas- 

ured in passenger-kilometers) is calculated in MEDEE-2 from data 

on population and average distance travelled per person per year. 

Automobile travel is calculated from data on population, auto- 

mobile ownership, average distance travelled per automobile per 

year, and an average load factor (passenger-kilometer per 

vehicle-kilometer). The remainder is allocated to public trans- 

portation modes (rail, bus, airplane) according to exogenously 

specified shares. The corresponding vehicle-kilometers are 

calculated from average load factors for each mode. The energy 

intensities (per vehicle-kilometer) also have to be specified. 

As for freight transportation, except'for railways, only liquid 

fuels are assumed to be used. 



Tota l  demand f o r  urban t r a n s p o r t a t i o n  is r e l a t e d  t o  t h e  

population i n  l a r g e  ci t ies* where mass t r a n s p o r t a t i o n  i s  f e a s i b l e .  

I t  i s  c a l c u l a t e d  from d a t a  on t h e  average d i s t a n c e  t r a v e l l e d  per 

day and p e r  person i n  urban a r e a s  and on t h e  t o t a l  populat ion l i v i n g  

i n  these  a reas .  The energy consumption r e l a t e d  t o  t h i s  demand is  

determined from exogenously s p e c i f i e d  sha res  of  va r ious  modes 

( p r i v a t e  automobiles and mass t r a n s p o r t a t i o n  powered by motor f u e l  

o r  e l e c t r i c i t y ) ,  t o g e t h e r  wi th  average load  f a c t o r s  and energy 

i n t e n s i t i e s  of each mode. 

A l l  energy demand i n  t h e  t r a n s p o r t  s e c t o r  i s  c a l c u l a t e d  

on ly  i n  terms of  f i n a l  energy.  

Indus t ry  

Under t h i s  l a b e l  i n  MEDEE-2, a l l  economic a c t i v i t i e s  ex- 
f o r  

cep t / those  of t h e  s e r v i c e  s e c t o r  a r e  included.  S p e c i f i c a l l y ,  

t h e s e  are a g r i c u l t u r e ,  c o n s t r u c t i o n ,  mining, t h r e e  manufacturing 
and 

subsec to r s  and energy ( e l e c t r i c i t y  gas /water ) .  The energy 
some 

consumption of  t h e  energy s e c t o r  (and/other  energy-re la ted  

a c t i v i t i e s  t h a t  can be i s o l a t e d )  i s  neglec ted  because it is 

* C i t i e s  w i th  more t h a n  50,000 i n h a b i t a n t s  i n  Regions I ,  111, 

and those  wi th  more than  100,000 i n h a b i t a n t s  i n  t h e  develop- 

i n g  Regions I V ,  V,  V I .  For Region I1 a l l  urban popula t ion  has 

been included i n  t h i s  ca tegory .  



r e l a t e d  t o  conversion a c t i v i t i e s  a s  c a l c u l a t e d  a t  a  l a t e r  s t a g e  

by the  MESSAGE model. 

Three types  of end-use ca tegor ies  a r e  considered: spec i -  

f i c  uses of e l e c t r i c i t y  ( f o r  l i g h t i n g ,  motive power, e l e c t r o l y -  

sis, e t c . ) ;  thermal uses  (space and water hea t ing ,  low/high 

temperature steam genera t ion ,  furnace opera t ion)  ; and motor 

f u e l  use (mainly f o r  motive power i n  nons ta t ionary  uses  such 

as i n  a g r i c u l t u r e ,  cons t ruc t ion  and mining) .  

Because it is mostly impossible t o  o b t a i n  energy balances 

i n  such d e t a i l ,  a l l  p resen t  uses of e l e c t r i c i t y  i n  indus t ry  are 

considered " s p e c i f i c "  ( i n  the  sense t h a t  they are un l ike ly  t o  be  

replaced  by o t h e r  energy sources)  and a l l  f o s s i l  f u e l s  ex- 

cept  f o r  motor f u e l ,  a r e  assumed t o  be consumed f o r  thermal uses .  

This implies  t h a t  e l e c t r i c i t y  penet ra t ion  i n t o  thermal uses 

must be i n t e r p r e t e d  a s  incremental  pene t ra t ion  above t h e  l e v e l s  

reached today. 

For the  energy demand c a l c u l a t i o n s ,  knowledge of the  a c t i -  

v i t y  l e v e l  (va lue  added) and energy i n t e n s i t i e s  (per  u n i t  

value added) i n  each s e c t o r  i s  required.  Energy i n t e n s i t i e s  must be 

s p e c i f i e d  i n  terms of f i n a l  energy f o r  motor f u e l  and electri- 

c i t y  and i n  terms of " e l e c t r i c i t y  equiva lent"  f o r  thermal uses .  

The breakdown of thermal uses (space and water hea t ing ,  low and high 

temperature steam genera t ion ,  furnace d i r e c t  hea t  i s  assumed t o  

be cons tant .  I f  t h e  breakdowr~ i s  not  known f o r  each subsec tor ,  

an average s p l i t  must be s p e c i f i e d .  
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The energy consumption of manufacturing i n d u s t r i e s  depends on 

the  a c t i v i t y  l e v e l  and on t h e  energy demand per  u n i t  of output  i n  

each s e c t o r .  Since the  s e c t o r s  a r e  highly aggregated and t h e r e f o r e  

inhomogeneous, the  energy i n t e n s i t y  may change with a modified 

product mix a s  w e l l  as with increased  process i n t e g r a t i o n  and o t h e r  

opera t iona l  improvements. Besides,  the enerqv use p a t t e r n  changes 

as a r e s u l t  of s u b s t i t u t i o n s  of o the r  energy sources f o r  f o s s i l  f u e l s ,  

e s p e c i a l l y  with regard t o  thermal uses.  

For thermal uses ,  t h e  pene t ra t ion  of e l e c t r i c i t y ,  d i s t r i c t  

hea t ,  cogenerat ion,  heat  pump and s o f t  s o l a r  technologies  must be 

est imated.  The remaining energy demand i s  assumed t o  be m e t  by 

f o s s i l  f u e l s ,  and i s  converted t o  f i n a l  energy demand using exo- 

genously s p e c i f i e d  end-use e f f i c i e n c i e s  f o r  hea t ing  systems, 

b o i l e r s  and furnaces ( t h e s e  must-be given r e l a t i v e  t o  electri- 

c i t y ) .  E l e c t r i c i t y  can pene t ra te  i n t o  v i r t u a l l y  a l l  thermal 

uses;  t h e  p o t e n t i a l  market of t h e  o t h e r  a l t e r n a t i v e s  i s  r e s t r i c -  

t e d  t o  steam and low-temperature uses.  

The demand f o r  coke and f o r  petrochemical feedstocks i s  

c a l c u l a t e d  s e p a r a t e l y  i n  LNEDEE-2, s i n c e  they  account f o r  a major 

share  of t o t a l  i n d u s t r i a l  energy consumption. Coke demand i s  

r e l a t e d  t o  p ig  i r o n  production, which i n  t u r n  is r e l a t e d  t o  steel 

production; and petrochemical feedstock demand i s  d i r e c t l y  r e l a -  

t ed  t o  t h e  va lue  added of b a s i c  m a t e r i a l s  i n d u s t r i e s .  

Households and Services  

I t  i s  w e l l  known t h a t  i n  t h e  p resen t ly  developed coun t r i e s  

space hea t ing  accounts f o r  t h e  major share  of energy consumption 
household 

i n  the  / sec tor ,and  t h a t  with improved i n s u l a t i o n  t h i s  energy 

demand could be reduced cons iderably .  Especia l ly  bui ld ings  



constructed after the world's awakening to the energy crisis 

in 1973 have or will have better insulation. To capture this 

difference, pre-75 and post-75 buildings are treated separately 

in MEDEE-2. In addition, three types of dwellings are consid- 

ered: single housing units with central heating, apartments 

with central heating and dwellings with room heating only. This 

is done in order to capture the large difference in the average 

heat loss of these dwelling types. 

The change in the housing stock of the residential sector 

is determined from data on average family size and population, 

on demolition of existing dwellings by type and on construction 

of new dwellings by type. Allowance is made for the reduction 

of heat loss in old dwellings through retrofitting; the heat loss 

of post-75 dwellings is calculated from data on the average size 

and the specific heat loss (.per rnL) for each type of dwelling. 

Energy demand for water heating, cooking, air-conditioning 

and the electricity consumption of secandarqr appliances'(such as 

washing machine refrigerator, freezer, dish washer, clothes dry- 

er, vacuum cleaner) is calculated from exogenously specified own- 

ership fractions and/or average annual consumption rates. 

The change in the building stock of the commercial/service 

sector is calculated from data on the average floor area per 

worker and labor force and on the demolition of existing floor 

area. Allowance-is made for improving the insulation of old 

buildings. Besides thermal uses (space/water heating), two 

other end-use categories are distinguished, namely air condi- 

tioning and specific electricity uses, for which penetration 



and/or average consumption rates must be given. 

The energy demand calculations for this sector are gener- 

ally made in terms of "electricity equivalent". For air-condi- 

tioning, electricity is considered the only energy source; this 

is also true for heat pumps. In all other instances, the pene- 

tration of alternative sources, such as electricity, district 

heating, heat pumps, or soft solar technology, must be estima- 

ted; the remaining energy demand is assumed to be met by fossil 

fuels and converted to final energy demand using exogenously 

specified end-use efficiencies. The potential market for dis- 

trict heat is restricted to large cities, and the potential 

market for solar is restricted to post-75 single housing units 

in the case of space heating; penetration of solar technology 

for thermal uses in the commercial/service sector is also assum- 

ed to be feasible only in low-rise buildings. 

3.2 Input Data Requirements 

There are some 180 parameters in the input data files of 

MEDEE-2 serving to capture such essential features of the economy, 

demography, technology, lifestyle and various social and industrial 

activities of a country or region that have or, in the foreseeable 

future, are likely to have a bearing on the amount and pattern 

of its final energy consumption. These parameters are constants 

or variables. Constants are understood to comprise initial 

values as well as coefficients held constant in the model calcu- 

lations. Variables are time-dependent parameters for which 

scenario values have to be assigned for each model year. 

A complete listing of all the parameters and their definition is 



given i n  Appendix 11. This list r e f e r s  t o  t he  s p e c i f i c  

computer program (Holzl, 1980) used i n  the  present  assessment. 

4 .  Two Scenarios: Basic Elements 

The fu tu r e  evolution of world energy demand w i l l  be governed 

e s s e n t i a l l y  by t h r ee  bas ic  elements: population growth, economic 

growth and technological  developments. The l a s t  two elements 

among these ,  which a r e  t O  a c e r t a i n  ex ten t  interdependent,  

w i l l  a l s o  be influenced by t he  r e l a t i v e  a v a i l a b i l i t y  (o r  

s c a r c i t y )  of energy as  a source of power and its p r i ce s .  

The s t a r t i n g  po in t  f o r  I I A S A ' s  energy demand pro jec t ions  

1975-2030 i s  t h e  d e f i n i t i o n  of two scenar ios  (Chant, 1980) 

descr ib ing t he  evolut ion over t i m e  of population and economic 

growth i n  t h e  seven regions of t h e  world described i n  Figure 1 .  

The population projec t ions  common t o  both scenar ios  a r e  based 

on Keyfitz (1977). These scenarios a r e  l abe l l ed  High and L w  

i n  terms of two d i f f e r e n t  l e v e l s  of world economic growth, which 

a r e  conceived t o  cover a range of p laus ib le  economic develop- 

ments i n  t he  regions i n  a mutually consis tent  manner. 

The f igures  f o r  economic growth projec t ions  have been a r r ived  

a t  a f t e r  s eve ra l  i t e r a t i o n s  through t he  modeling loop of 

Figure 2 u n t i l  the  energy prices and the  investment require- 

ments of t h e  energy s ec to r  obtained f o r  t he  various world 

regions were considered t o  be cons i s ten t  with t h e i r  envisaged 



economrc growth r a t e s .  (See B a s i l e ,  1980, Chant 1980, Energy 

Systems Program Group 1981, f o r  a more d e t a i l e d  d iscuss ion . )  

Tables 2 ,  3 and 4 simply l i s t  t h e  p ro jec t ions  of population 

and GDP i n  var ious world regions t h a t  se rve  as  b a s i c  inpu t s  

t o  t h e  energy demand assessment t o  be discussed. The popula- 

t i o n  p ro jec t ions  f o r  t h e  world a s  a whole a s  w e l l  a s  by groups 

of developed (I, I1 and 111) and developing ( I V ,  V ,  V I  and VII) 

Regions a r e  p l o t t e d  i n  Figure 5 .  Note t h a t  the  per iod of 

cons idera t ion  is one i n  which the  world population is  expec- 

t e d  t o  undergo a major t r a n s i t i o n ,  with a predominant inc rease  

occurr ing  i n  t h e  a reas  of t h e  p resen t ly  developing economies. 

Depletion of energy resources ,  inc reas ing  production 

c o s t s  and r i s i n g  p r i c e s  of energy commodities t r aded  i n t e r -  

n a t i o n a l l y  over  t h e  next 50 years  a r e  q u a l i t a t i v e l y  accounted 

f o r  i n  t h i s  assessment. (For a d e t a i l e d  d iscuss ion  with 

r e s p e c t  t o  t h e  two IIASA scenar ios ,  see Energy Systems 

Program Group, 1981). These i s s u e s  inf luenced t h e  p ro jec t ions  

of some scenar io  parameters of t h e  MEDEE-2 model, and 

occas ional ly  requi red  a modif icat ion of the  values used i n  

a previous i t e r a t i o n  of t h e  modeling loop of Figure 2 .  For 

our  p resen t  purpose, it should s u f f i c e  t o  p o i n t  o u t  two 

important r e s u l t s  of t h e  assessment. The b igges t  d i f f i c u l t y  

i n  energy supply,  which is t o  be f e l t  worldwide, w i l l  be t o  

meet the  demand f o r  l i q u i d  f u e l .  Fur ther ,  by 2030, the  

average f i n a l  energy production c o s t s  w i l l  increase  t o  about 

2.9 t o  4 .2  t i m e s  t h e  1972 va lues  (with t h e  corresponding 

p r i c e s  probably inc reas ing  t o  2 .4  t o  3 .0  times t h e  1972 

p r i c e s )  i n  t h e  var ious  world regions (Chant, 1980) .  



5. Application of MEDEE-2 t o  I I A S A  Regions I t o  V I  

5 . 1  Base Year Data/Inputs 

A s  is  evident from the desc r ip t ion  i n  Section 3 ,  assess- 

ment of fu tu re  energy demand following t he  MEDEE-2 approach 

requires  base year data  of a  l a rge  number of parameters a s  

we l l  as  projected values of these parameters t h a t  a r e  c o n s i s t e n t  

with the  bas ic  scenar io  elements (Sect ion 4 )  f o r  each world 

region. For some of these parameters, s t a t i s t i c a l  information 

d e t a i l e d  by countr ies  o r  by groups of countr ies  is ava i l ab le  

from UN, IBRD, FAO, IRF, OECD, ECE, e t c . ,  while f o r  o the rs  

t he  information is  e i t h e r  l imi ted  t o  only a  few count r i es  

(mostly contained i n  na t iona l  s t a t i s t i c a l  b u l l e t i n s )  o r  i s  

no t  documented a t  a l l .  

Overal l ,  t h e  da ta  base s i t u a t i o n  i s  considerably more 

s a t i s f a c t o r y  f o r  t he  developed Regions I ,  I1 and I11 than it 

is fo r  the  developing Regions I V ,  V and V I .  Therefore, i n  

t h e  case of the  developing regions more than of t he  developed 

regions,  w e  had t o  r e l y  on ex t rapo la t ion  of regional  averages 

from information on j u s t  a  few countr ies  (sometimes only on 

one) i n  a  given region, o r  on es t imates  we made on the bas i s  

of s ca t t e r ed  mater ia l  i n  the  l i t e r a t u r e  and from discussion 

with knowledgeable persons from count r i es  i n  these regions.  

I n  s p i t e  of these  d i f f i c u l t i e s ,  w e  f e e l  t h a t  t h e  base 

year  da ta  f o r  a l l  t he  regions represent  f a i r l y  w e l l  t h e  

regional  average s i t u a t i o n s  p reva i l ing  i n  1975.  One should 

keep i n  mind, however, t h a t  t h e  purpose of t h i s  exerc i se  was 

t o  conceptualize t he  present  energy demand pa t t e rn  i n  each 

world region and t o  a r r i v e  a t  p ro jec t ions  of t he  demands f o r  



s p e c i f i c  and i n t e r s u b s t i t u t a b l e  energy forms. Th i s  was 

achieved cons ide r ing  t h e  l i k e l y  e v o l u t i o n  of va r ious  socio-  

economic a c t i v i t i e s  i n  l i n e  w i t h  t h e  b a s i c  assumptions o f  

t h e  two IIASA s c e n a r i o s .  This  r e p o r t  documents t h e  complete 

s e t  of i n p u t  d a t a  f o r  t h e  base yea r  (1975) f o r  each world 

reg ion  a s  it w a s  used i n  t h e  I I A S A  a n a l y s i s  (Energy Systems 

Program Group, 1981) .  I t  is hoped t h a t  some of t h e s e  d a t a  

w i l l  be r e f i n e d  i n  due course ,  w i t h i n  IIASA o r  i n  similar 

s t u d i e s  o u t s i d e  the I n s t i t u t e ,  as improved and/or  more 

complete in format ion  becomes a v a i l a b l e .  With t h e s e  comments 

w e  now proceed t o  d e s c r i b e  b r i e f l y  how t h e  base  yea r  d a t a  

r e l a t e d  t o  v a r i o u s  groups of parameters  were obta ined .  

The s t a r t i n g  p o i n t  f o r  t h i s  e x e r c i s e  was t o  determine 

primary energy consumption i n  the form o f  bo th  commercial 

and noncommercial f u e l s .  These d a t a  a r e  l i s t e d  i n  Table 5 .  

The d a t a  on commercial energy consumption i n  Regions 11, 

I V ,  V and V I  a r e  based on World Energy Suppl ies  ( U N ,  1977 a; 

1978a) ,  and t h o s e  of Regions I and I11 a r e  de r ived  b a s i c a l l y  

from OECD Energy S t a t i s t i c s  (OECD, 1977) .  For noncommercial 

energy,  t h e  d a t a  on fuelwood a r e  based on  World Energy 

Supp l i e s  ( U N ,  1977a; 1978a) ,  and t h o s e  f o r  a g r i c u l t u r a l  and 

animal was tes  on t h e  e s t i m a t e s  by Pa r ikh  ('1978) coupled wi th  

i n fo rma t ion  on a g r i c u l t u r a l  p roduc t ion  given i n  FA0 (1977) .  

The n o n c o m e r c i a l  energy use  i n  Regions I and 111, a s  

compared t o  t h e  use  of commercial f u e l s ,  is  i n s i g n i f i c a n t l y  

s m a l l  and has  been neg lec ted .  



The MEDEE-2 c a l c u l a t i o n s  lead  t o  on ly  f i n a l  energy and 

no t  t o  primary energy. Thus, f o r , a d j u s t i n g  t h e  var ious  

base year  parameters t o  match t h e  a c t u a l  energy consumption, 

one needs t o  know t h e  f i n a l  consumption i n  t e r m s  of e l e c t r i c i t y  

a s  w e l l  a s  i n  n o n e l e c t r i c  energy forms. Such information 

is  r e a d i l y  a v a i l a b l e  f o r  Region I, f o r  most o f  Region I11 and 

f o r  p a r t  of Region I1 (Eas te rn  Europe) i n  OECD (1977) and 

ECE (1977) .  The missing information on t h e s e  and o t h e r  

reg ions  is ob ta ined  by assuming appropr i a t e  conversion 

(primary t o  secondary) and d i s t r i b u t i o n  (secondary t o  f i n a l )  

l o s s e s  t y p i c a l  of d i f f e r e n t  f u e l s ,  as w e l l  as an appropr i a t e  

f u e l  mix f o r  thermal e l e c t r i c i t y  (and, i n  t h e  case  of  

Region 11, d i s t r i c t  h e a t )  gene ra t ion  i n  t h e  va r ious  reg ions .  

The f i n a l  energy e s t i m a t e s  f o r  t h e  base year  a r e  l i s t e d  

i n  Table 6.  

Information on t h e  s e c t o r a l  d i s t r i b u t i o n  of f i n a l  

energy i n  Region I ,  i n  t h e  Eas t e rn  European p a r t  of 

Region 11, and i n  the  OECD s e c t i o n  of  Region I11 is  a l s o  

a v a i l a b l e  i n  OECD (1977) and ECE ( 1  977) . S i m i l a r  in format ion  

on t h e  developing reg ions  is  der ived  p a r t l y  from s e c t o r a l  

primary energy consumption d a t a  f o r  c e r t a i n  c o u n t r i e s  

( B r a z i l ,  Mexico, I n d i a ,  Pakis tan ,  Egypt, Saudi Arabia)  

(Vie i r a ,  1978; WAES, 1976; Par ikh ,  1976; Henderson, 1975; 

Pakis tan ,  1977; E l s h a f e i ,  1978; Saudi Arabia,  1977) and p a r t l y  

by a d j u s t i n g  t h e  l e s s  c e r t a i n  MEDEE-2 parameters t o  match t h e  

t o t a l  f i n a l  energy demand*. These estimates a r e  summarized i n  Table  7 

*A r e c e n t  p u b l i c a t i o n  by OECD (197913) g iv ing  information on energy 

consumption d a t a  f o r  s e c t o r a l  a c t i v i t i e s  i n  s i x t e e n  developing 

c o u n t r i e s  was n o t  a v a i l a b l e  a t  t h e  t i m e  of  t h e  assessment. 



I n  t h e  fo l lowing ,  t h e  base  yea r  i n p u t  parameters ( s e e  

Appendix I1 f o r  d e f i n i t i o n s )  f o r  MEDEE-2 a r e  d i scus sed  by 

groups covering:  (1 )  demography, (2) macroeconomics, and 

( 3 ) energy consumption by t h e  i n d u s t r y ,  t r a n s p o r t a t i o n  and 

household/service  s e c t o r s .  They are l i s t e d  i n  Table 8 ,  and 

t h e  corresponding sources  o f  in format ion  a r e  given below. 

I n  o r d e r  t o  o b t a i n  t h e  a p p r o p r i a t e  r e g i o n a l  va lues ,  a d d i t i o n a l  

c a l c u l a t i o n s  and/or e x t r a p o l a t i o n s  w e r e  necessary  i n  most c a s e s .  

5.1.1 Demography: (parameters  i n  Group 1 of  Table 8 )  

The sources  of in format ion  f o r  t h e  va r ious  parameters  

w e r e  a s  fa l low:  

Var iab le  Reference 

PO : U N '  (197733; 197813) 

PLF : UN (1976a) 

PARTLF : U S  (1976a) and Canada (1975) f o r  Region I 

CMEA (1976) f o r  Region I1 

ILO (1976) f o r  Region I11 

FA0 (1977) f o r  Regions I V ,  V ,  V I  

POLC 

PRUR 

CAPH 

: UN (1976b) f o r  Regions I V , V , V I ;  Paxton (1976) f o  
Regions I and 111; CMeA (1976) f o r  Region I1 

: UN (1976b) 

: ECE (1978a) f o r  Regions I ,  11, I11 

UN (1974) f o r  Regions I V ,  V ,  V I  

5.1.2 Macroeconomics (parameters  i n  Group 2 of  Table 8) 

The sou rces  of d a t a  were t h e  fol lowing:  



Variables  

Y 

Reference 

: UN ( 1 9 7 7 ~ )  , World Bank (19771, 

OECD (1979a) 

A l l  o the r  da ta  : UN (1977b) f o r  Regions I, 11, I11 

UN ( 1 9 7 7 ~ )  and d a t a  suppl ied  by 

Arab Fund (1979) f o r  Regions I V ,  

V and V I  

5.1.3 Energy Consumption i n  Sectors  

I. Indus t ry  (Agr icul ture ,  Construct ion,  Mining and 

Manufacturing) 

(i) Parameters i n  Groups 3 . l a  and 3.lb i n  T a b l e  8. 

The d a t a  f o r  Region I are based on estimates f o r  t h e  U . S .  

made by Lapillonne (1978b) who used t h e  information given i n  

WAES (1976) and Doblin (1978) . The values es t imated  f o r  

Region I11 a r e  based on t h e  d a t a  f o r  Aust r ia  ( F o e l l ,  1979),  

France (Lapi l lonne,  1 9 7 8 ~ )  and t h e  U.S. The es t ima tes  f o r  

Region I1 were made p a r t l y  on t h e  b a s i s  of da ta  contained i n  

Vigdorchik (1976) and USSR (1976) and p a r t l y  by intercomparison 

with Regions I and 111. For Regions I V  and V, t he  values 

were i n  genera l  der ived by combining t h e  s e c t o r a l  energy 

consumption da ta  of a few c o u n t r i e s  (v iz .  of B r a z i l  (Vie i ra ,  

1978) f o r  Region I V ,  and of Ind ia  (Parikh,  1976) and Pakis tan  

(1977) f o r  Region V )  f o r  recent yea r s  and t h e  corresponding 

value-added con t r ibu t ions  t o  r e spec t ive  na t iona l  GDPs (UN, 

1 9 7 7 ~ ) .  The d a t a  f o r  Region V I  were es t imated  by a d j u s t i n g  

t h e  values obta ined  f o r  Egypt from t h e  energy consumption d a t a  

given by E l s h a f e i  ( 1  978) i n  the  l i g h t - o f  those f o r  Regions I V  and V. 



The energy i n t e n s i t y  v a l u e s  f o r  a g r i c u l t u r e  (EI .  AGR. MF 

and E I .  AGR. EL) i n  Regions I V ,  V and V I ,  were a l s o  a d j u s t e d  

t a k i n g  i n t o  account  t h e  e x t e n t  o f  farm mechanization and 

i r r i g a t i o n  (FAO, 1977) i n  t h e s e  reg ions .  The energy i n t e n s i t y  

of mining i n  Region V I  w a s  e s t ima ted  from t h e  d a t a  given by 

Chapman and Hemming (1976) and Saudi Arabia  (1977) . 
( i f )  Parameters i n  Group 3 . l c  and 3 . l d  i n  Table 8 

These parameters  a r e  used t o  p r o j e c t  f u t u r e  changes i n  

energy i n t e n s i t y  of va r ious  i n d u s t r i a l  a c t i v i t i e s  r e l a t i v e  

t o  t h e  base-year va lues .  Each o f  t h e  parameters  i s  by d e f i n i t i o n  

equal t o  u n i t y  i n  t h e  base  yea r .  

(iii) Parameters  i n  Group 3 . l e  i n  Table 8 

A t  t h e  t ime the p r e s e n t  se t  o f  model runs  w a s  c a r r i e d  o u t ,  

d e t a i l e d  in format ion  on these parameters  w a s  a v a i l a b l e  t o  us  

o n l y  f o r  t h e  U.S. (APS, 1975; Lovins, 19771, b u t  w e  had some 

p a r t i a l  in format ion  on t h e  USSR (Vigdorchik,  1976).  This  is  

t h e  b a s i c  in format ion  used f o r  t h e  estimates of t h e s e  parameters  

i n  a l l  r e g i o n s ,  a l though  some ad jus tments  were made t o  account  

f o r  t h e  d i f f e r e n t  climatic c o n d i t i o n s  i n  t h e  r eg ions .  De ta i l ed  

in fo rma t ion  r e c e n t l y  publ i shed  f o r  t h e  U.K. i n  (Leach, 1979) 

i n d i c a t e s  s l i g h t l y  h i g h e r  v a l u e s  f o r  STSHI and STI, b u t  t h e  

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

( i v )  Parameters  i n  Group 3 . l f  i n  Table 8 

Among t h e s e  parameters ,  r e l a t i n g  t o  t h e  p e n e t r a t i o n  of 

a l t e r n a t i v e  energy sou rces  i n t o  t h e  thermal  energy market ,  

ELPIND i s  by d e f i n i t i o n  z e r o  f o r  t h e  base  yea r .  
< 



H P I ,  SPLT and SPHT a r e  zero i n  1975 i n  a l l  regions,and consequent- 

l y  EFFHPI and PIDS a r e  i n e f f e c t i v e .  I D H  has a l a r g e  value f o r  

Region I1 (Vigdorchik,l976),  but  was considered n e g l i g i b l e  f o r  

o the r  regions.  ICOGEN a p p l i e s ,  a s  a  s i g n i f i c a n t  base year para-  

meter, t o  Region I11 only where cogeneration is used apprec iably  

i n  c e r t a i n  coun t r i e s  ( i n  p a r t i c u l a r  UK, FRG, Sweden). EFFCO 

and HELRAT a r e  s i g n i f i c a n t  only when ICOGEN has  a  non-zero va lue .  

The l i s t e d  va lues  f o r  t h e s e  parameters a r e  based on Leach(1979). 

EFFIND represents  t h e  average value of t h e  f o s s i l  f u e l  e f f i c i -  

ency f o r  a l l  f o s s i l  f u e l s  ( o i l ,  gas ,  c o a l )  and a l l  thermal pro- 

cesses  (low temperature h e a t ,  steam, furnace h e a t ) .  It i s  d i f f i c u l t  

t o  spec i fy  a regional  value of t h i s  parameter as the  combustion 

e f f i c i e n c i e s  of gas ,  o i l  and coa l  d i f f e r  g r e a t l y  among each o t h e r  

and s i n c e  t h e  shares  of these  sources vary between count r ies .  

EFFIND, t h e r e f o r e ,  i s  l a r g e l y  of i n d i c a t i v e  value.  The f o s s i l  f u e l  

e f f i c i e n c y  va lues  i n  t h e  l i t e r a t u r e ( e . g . ,  E u r o s t a t ,  1978; Beschinsky 

and Kogan, 3976),expressed r e l a t i v e  t o  t h e  e f f i c i e n c y  of  e l e c t r i c i t y ,  

vary between 30-80% f o r  t h e  developed regions ;  they  a r e  i n  t h e  lower 

range f o r  high-temperature processes and i n  t h e  upper-range f o r  low- 

temperature processes.  The va lues  a r e  genera l ly  expected t o  be lower- fc  

t h e  developing regions ,  where t h e  equipment is  no t  t h e  most modern . 

and is  a l s o  o f t e n  no t  w e l l  maintained. The e f f i c i e n c y  would be 

the lowest i n  Region V, where coa l  i s  s t i l l  used i n  l a r g e  pro- 

por t ions .  The values l i s t e d  f o r  EFFIND i n  Table 8 were es t imated  

(and, i f  necessary,  ad jus ted )  i n  the  l i g h t  of t h e  above cons ide ra t ion .  

(V )  Parameters i n  Groups 3.19 ana 3. lh  i n  Table 8 

A s  ind ica ted  i n  Appendix 11, t h e  parameters of Group 3.19 

a r e  t h e  f ixed  c o e f f i c i e n c i e s  C ( 1  ) and C ( 2 )  of t h e  expressions 

C ( 1 )  + C ( 2 )  x X r e l a t i n g  t h e  q u a n t i t a t i v e  product ion of petrochemical 



feeds tocks  (based on l i q u i d  f u e l  on ly)  and steel t o  t h e  value- 

added c o n t r i b u t i o n  of the  b a s i c  m a t e r i a l s  i n d u s t r i e s  i n  each 

region.  I n  p r i n c i p l e ,  t hese  c o e f f i c i e n t s  can be determined on 

t h e  b a s i s  of t h e  a c t u a l  product ion d a t a  over t h e  l a s t  few y e a r s ,  i f  

i n  t h e  s c e n a r i o s  t h e  p a s t  t r e n d s  are assumed t o  cont inue .  

A l t e r n a t i v e l y ,  one could d e f i n e  t h e  c o e f f i c i e n t s  independent ly  

of  t h e  p a s t  d a t a  and only  a d j u s t  them t o  t h e  b a s e ~ e a r  product ion  

values .  

I n  t h e  p r e s e n t  s e t  of  MEDEE-2 runs ,  CFEED(1) i s  assumed 

t o  be zero i n  a l l  t h e  reg ions  except  f o r  Regions I1 and V I ,  and 

CFEED(2) w a s  determined s o l e l y  on t h e  b a s i s  of  t h e  1975 va lues .  

For Regions I1 and V I ,  the c o e f f i c i e n t s  were f i x e d  i n  a similar 

manner: they  were assumed t o  c o n s t i t u t e  an i n c r e a s i n g  pro- 

p o r t i o n  of  t h e  petrochemical component i n  t h e  va lue  added of 

b a s i c  m a t e r i a l  i n d u s t r i e s  of  Region I1 and a d e c l i n i n g  p ropor t ion  

i n  Region V I .  C o e f f i c i e n t s  CPST( I )  and CPST ( 2 )  were determined 

l ikewise  f o r  a l l  reg ions ,  except  f o r  Region 11, by assuming 

CPST(1) t o  be zero.  For Region 11, t h e  two c o e f f i c i e n t s  were 

ad jus t ed  t o  t h e  base-year d a t a  under the assumption t h a t  t h e  

p ropor t ion  of t h e  steel-making component of  t h e  b a s i c  ma te r i a l  

i n d u s t r i e s  decreases  with  t i m e .  The base-year product ions  

of  l i q u i d  fuel-based petrochemical  feeds tocks  and of  s teel  

i n  t h e  va r ious  reg ions  were es t ima ted  b a s i c a l l y  from t h e  da ta  

given by t h e  fo l lowing  sources:  

Feedstocks t OECD (1977) f o r  Regions I ,  I11 

Product ion UN (1977a; 1978a) f o r  o t h e r  r eg ions  

S t e e l  UN (1977b) f o r  Regions I ,  11, I11 

Product ion UN (1975; 1977d) f o r  Regions I V ,  V, V I  

The parameter IRONST w a s  e s t ima ted  f o r  a l l  t h e  reg ions  from 

t h e  d a t a  on p ig- i ron  and steel  product ion (UN, 1975; 1977b; 1977d).  



The EICOK and BOF es t imates  f o r  Regions I and I11 a r e  based on 

the  da ta  f o r  the  U.S. and Japan (Doernberg, 1977) and France 

(Lapillonne, 1 9 7 8 ~ ) .  For  Region 11, such estimates were obta ined  

by comparison with the  va lues  f o r  Regions I and I11 and tak ing  

i n t o  account t h e  coke production da ta  given i n  (UN, 1977b). For 

Regions I V ,  V and V I ,  BOF w a s  assumed t o  be u n i t y  i n  1975, whereas 

t h e  estimates f o r  EICOK were based e s s e n t i a l l y  on t h e  d a t a  on 

pig-iron production and coke consumption of a few c o u n t r i e s  

(UN, 1975; 1977d; Vie i ra ,  1978; Parikh,  1976; E l s h a f e i ,  1978). 

11. Transportat ion 

(i) (Parameters i n  Group 3.2a i n  Table 8 )  

The c o e f f i c i e n t s  CTKFRT(1) and CTKFRT(2) f o r  Region I have 

been taken t o  be t h e  same as w e r e  der ived  by Lapi l lonne (197813) 

f o r  the  U.S., on the  b a s i s  of t h e  h i s t o r i c a l  da ta  f o r  1950-1975 

(U.S. 1976a,b) . For Region 11, these  c o e f f i c i e n t s  were es t imated  

by assuming a slower growth of f r e i g h t  t r a n s p o r t a t i o n  a c t i v i t y  

i n  r e l a t i o n  t o  t h e  growth of value-added from the  nonservice 

sectors and by ad jus t ing  them t o  match the  base-year d a t a  on 

f r e i g h t  t r a n s p o r t a t i o n  (CMEA, 1976) and GDP formation. For 

Regions 111, I V ,  V and V I ,  CTKFRT (1  1 w a s  assumed t o  be zero; t h e  

values of CTKFRT(2) were worked o u t  on the  b a s i s  of es t imated  

t o t a l  f r e i g h t  t r a n s p o r t a t i o n  a c t i v i t y  i n  1975 i n  each region 

and the  corresponding GDP formation da ta .  F re igh t  t r a n s p o r t a t i o n  

on t r a i n s  is given i n  d e t a i l  i n  (UN, 1977b). In'formation on 

f r e i g h t  t r a n s p o r t a t i o n  by t r u c k ,  barge and p ipe l ine  f o r  s e v e r a l  

coun t r i e s  i n  each region was gathered from various n a t i o n a l  

s t a t i s t i c s  and o t h e r  sources ,  i n  p a r t i c u l a r  IRF (19761, WAES (19761, 



Europa (1976) and WFB (1974). This information served to estimate 

the total freight transportation activity in groups of countries 

in each region, the latter values were then extrapolated to the 

regional level by GDP weighting. Often, data on freight transpor- 

tation were not given in ton-km but had to be estimated from 

information on total tons transported, number of vehicles, 

vehicle-km, average distance travelled per vehicle, lenghts and 

diameters of pipelines, etc. 

Coefficients CMISMF (I) and CMISMF(2) refer to motor fuel 

consumption for miscellaneous transportation activities including 

military and international transportation. In MEDEE-2, these 

activities are assumed to vary linearly with GDP. Data necessary 

for estimating these coefficients are generally not available 

except for the U.S. in Region I. The coefficients for Region I 

used here are based on the estimates made by Lapillonne (1978b) 

and are in agreement with the information given in WAES (1976). 

For other market economy regions,ClYISMF (1) is assumed to be 

zero, as for Region I, and the values of CMISMF(2) have been 

chosen in the light of information on international travel/freight 

transportation and keeping in view the expenditures (as fraction 

of GDP) on military activities in different regions relative to 

that in the United States (U.S., 1976a). For Region 11, it is 

assumed that the present per-capita level of motor fuel consumption 

for these activities is comparable to that in Region I. It is 

further assumed that the absolute demand for such activities will 

grow more slowly than GDP, in view of the relatively faster growth 

of GDP expected for this region among the developed regions. We 

realise that our input values of CMISMF(1) and CMISMF'(2) for various 



regions are particularly uncertain, but this has been due to the 

present limitations of data availability. 

(ii ) (Parameters in Group 3.2b in Table 8) 

These parameters refer to fractional shares of different 

modes in total freight transportation. The parameters in paren- 

theses represent certain subcategories of the preceding mode. The 

values for these parameters were obtained simultaneously with those 

of total freight ton-km discussed earlier in connection with the 

CTKFRT coefficient, and the same sources of data apply. Subcate- 

gory TRUL was not considered separately except for Region I. 

(iii) (Parameters in Group 3.2~ in Table 8) 

The values of the first four of these parameters for Region 

I are the same as those derived by Lapillonne (1978b) on the 

basis of data given in U.S. (1976a), ATA (1975) and FEA(1974a). 

Estimates of these parameters for Region I11 were obtained on the 

basis of data given in W A F S  (19761, Goen(1975), Japan (19781, 

CEC (1978) and Lapillonne (1978~). The values chosen for Region I1 

are similar to those for Region I as the average distance per 

freight movement is similar. The values used for Regions IV, V 

and VI are identical with those for Region 111. 

Parameter DTRUL applies only to Region I, where local truck 

movements are considered separately from long-distance hauls. 

The value of parameter DPIP is based on information given in 

ECE (1976). Energy consumption due to pipeline transportation 

is significant only in Region VI, and was neglected for other 

regions. 



Not included in Group 3.2~ are the efficiencies of electric 

and steam-operated trains. These efficiencies were internally 

fixed within the model as 1/3 and 3 times,.respectively, the 

efficiency of diesel trains. 

(iv) (Parameters in Groups 3.2d to 3.29 in Table 8) 

The parameter values for Region I in these four groups 

were obtained on the basis of data in U.S. (1976a), Hirst (1974a,b), 

IEA (1976), ATA (19751, FEA (1974a1, WAES (1976), Hittman (1974) 

and are, in general, the same as were used for the U.S. study 

in Lapillonne (197833). The information for Region I11 was derived 

on the basis of Goen (1975), Japan (1978), WAES (19761, UN (1977b), 

IRF (1976) and by comparison with the data for Region I. The 

input data for Region I1 are based partly on UN (1977b1, CMEA 

(1976), USSR (19761, Styrikovich (1979) and partly on intercompari- 

son with Regions I and 111. 

For Regions IV, V and VI the main sources of information 

were, in addition to a few national statistical publications, 

UN (1977b) , IRF (19761, Europa (1974) , WFB (19741 and Arab Fund 

(1979). Some of the information available was limited to a few 

countries in each of the developing regions, and was extrapolated 

to obtain representative regional values also on the basis of 

other parameters and under consideration of similarities between 

countries or groups of countries. 

For most regions, except for Region I and partly Region 111, 

load factors and urban travel were estimated essentially on a 

judgemental basis in consultation with some experts from various 

regions. The load factors for the developing regions were chosen 



to correspond to trains and vehicles of similar average sizes 

as are used in Region 111. This was necessary in order to make 

use of the vehicle efficiency data established for Region 111 

as the corresponding information for Regions IV, V and VI was not 

readily available. 

111. Households and Services (parameters in Group 3.3a to 

3.3e in Table 8) 

Detailed information on the distribution of energy consump- 

tion in the household and service sectors is generally scarce, 

except for the U.S. and a few countries in Region 111. Still, a 

large number of parameters are needed to conceptualize the patterns 

of energy consumption in these sectors and to project the future 

energy demand by assuming a plausible evolution of various acti- 

vities in relation to the projected population and economic growth. 

The values for the parameters in Table 8, Group 3" are based on 

available data wherever possible, on extrapolations from the 

data of certain countries, and on more general studies related 

to energy consumption in this field. 

Specifically, the values of these parameters for Region I 

are based on the estimates made by Lapillonne (1978b) for the 

U.S. on the basis of data given in U.S. (1976b), FEA (1974b), 

SRI (1972), SPP (19751, and Hirst and Jackson (1977), Beller 

(1975), WAES (1976), Salter (19761, and on additional data 

given for Canada in WAES (1976). The corresponding estimates 

*except for subgroup 3.3c, which is only relevant for the prejec- 

tions . 



for Region I11 were made by extrapolation from the information 

in some Region I11 countries given in CEC (19781, Lapillonne (1978c), 

WAES. (1976), Foell (1979), and by comparison with the values found 

for Region I -- taking into account similarities and differences 
in lifestyle and technology as described in various comparative 

studies between the U.S. and Japan, the FRG, Sweden in Doernberg 

(19771, Goen (1975) and Schipper and Lichtenberg (1976) . For 

Region 11, some values were established from UN (1977b), ECE (1978a), 

ECE (1978b), CMEA (19761, USSR (1976); others were derived by com- 

parison with Regions I and I11 and by cross-checking against the 

useful energy balance by process and energy source given for the 

USSR in Vigdorchik (1976), against the final energy consumption 

statistics given in ECE (1977), Melentiev (1977) and Petro Studies 

(1978), and against typical efficiencies as are giver? in Zurostat 

(1978) and Beschinsky and Kogan (1976) . 

For the developing regions, our estimates were based on the 

geographical locations of these regions, sizes of dwellings in 

various countries (IBRD, 1976), scattered information on the 

pattern of energy use in the domestic sector and on the sectoral 

distribution of energy consumption in various countries (e.9. 

Makhijani and Poole 1975, Parikh 1978, McGranahan and Taylor 

1977, WAES 1976, Vieira 1978, Parikh 1976, Henderson 1975, Revelle 

1976, Pakistan 1977, ~lshafei 1978)*; discussions with persons from 

these regions, and intercomparison with data for other regions. 

*Some useful information is.also given in a recent publication 

by Cecelski et a1 (1979). 



The values for DW-75 listed in Table 8 correspond to the 

data on population (PO) and average household size (CAPH). The 

value of CPLSER is determined on the basis of the value of 

'PYSER' and the fraction of labour force employed in the service 

sector. Information on the share of the service sector in the 

labour force was derived from the data in IBRD (1976), CMEA (1976), 

and ILO (1976). 

Parameter TAREA-75 corresponds to the service sector area 

in 1975. For Regions I and 111, it represents the area of 

establishments related to trade and catering, business and 

social and governmental services. For other regions, this defini- 

tion was not applied due to the complete lack of data. Instead 

the values used for this parameter are, in combination with those 

of some other parameters, only a way to conceptualise the present 

energy requirements of the service sector. 

The parameters in Group 3c of Table 8 are intended exclu- 

sively for projections and do not serve to describe the pattern 

of energy consumption in the base year. 

5.2. Detailed Scenario Projections 

The projection of final energy demand in the two IIASA 

scenarios is based on the formulation of detailed scenarios 

describing plausible evolutions of the variable parameters of 

MEDEE-2 listed in Appendix 11. There is no universally accepted 

method for projecting the evolution of various socioeconomic 

indicators and related technological parameters over a period 

of several decades. The econometric approach based on extra- 



polations from past trends usually works well for short-term 

projection, but cannot be usefully applied over such long inter- 

vals. Fifty years is a short period in the history of mankind, 

but a fairly long time when one considers that during such a 

period in the coming years certain economies will, in all likeli- 

hood, change their status from developinq countries to one of the 

present-day developed countries, while some others may be forced 

to reorientate substantially their economic structures and the 

lifestyles of their populations in the face of a growing scarcity 

of natural resources (including energy) and under tightening 

environmental constraints. 

In our opinion, the past trends, although useful as a general 

guideline, cannot be relied upon heavily for making medium- to 

long-term projections in a rapidly changing world situation. This 

goes notwithstanding the fact that there is an acute shortage of 

disaggregated relevant data; sufficiently detailed data are 

available only for a few countries (mostly developed) and, even 

then, such data have been compiled only in recent years. The 

approach followed here is, therefore, one of scenario assumptions, 

developed on the basis of judgements guided by past trends, 

interregional and intercountry comparisons whenever appropriate, 

estimated relationships reflecting the interdependence between 

various economic and social activities, and estimated prospects 

of technological developments. Of course, these scenario assump- 

tions and the resulting sectoral and subsectoral energy demand 

projections are not deterministic; they should simply be consid- 

ered as guidelines for understanding the nature of future energy 

demand. 





The detailed scenario assumptions to be described in 

this section are the final set of MEDEE-2 inputs we arrived at 

after going through the iterations of the IIASA modelling loop 

described earlier (see Section 1). In the final stages of these 

iterations, the energy demand (total as well as for some broad 

sectors, such as transportation, household, agriculture and 

industry) was also analysed (Chant 1980) in terms of the elasti- 

cities implied (energy price elasticity, income elasticity, 

elasticity of substitution) to insure consistency of the aggre- 

gate results. 

The values of variable scenario parameters of MEDEE-2 used 

in the present assessment are listed for the years 2000 and 2030, 

along with those for 1975, in Tables 9.1-9.3. The parameters 

are presented in several groups to help understand the assumed 

variations of somewhat similar parameters within each region 

and also to allow interregional comparigons. (Although the 

values for the intermediate years 1985 and 2015 were also speci- 

fied in the actual model runs, these are not listed here for the 

sake of brevity). In the following paragraphs we will make some 

general comments about the considerations underlying the assiqn- 

ment of specific values to the parameters in these different 

groups. 

5.2.1 Demography (Table 9.1) 

The parameter projections in this group are based on Keyfitz 

(1977) and on extrapolation of past trends and the available UN 

projections for the next 10 to 25 years (UN 1974, 1976b). 



5.2.2 Macroeconomics (Table 9.2) 

In order to project the GDP formation structure and the 

composition of the value added by manufacturing industries for 

the developing regions (IV, V, VI), we have sought guidance 

from the observed evolution patterns in the historical data 

(covering the period 1960-1975) for a number of individual 

countries and groups of countries at different stages of develop- 

ment (see UN 1977b,c), from the analysis of past data (for 1950- 

1970) for several countries made by Chenery and Syrquin (1975), 

and from the short-term development plans of a few countries. 

The main features of the assumptions made concerning GDP 

formation in these regions are the following: the share of 

agriculture decreases while still allowing a slow gradual improve- 

ment in per capita agricultural GDP with increasing per-capita 

total GDP; the share of manufacturing increases with the increase 

being relatively higher in the High Scenario than in the Low 

Scenario; and the service sector share increases in Regions V 

and VI (where it was quite low in the base year), but decreases 

slightly in Region IV. The mining sector contributes only 2%-3% 

to the GDP of Region IV and V all along, whereas its share in the 

GDP of Region VI is projected to decrease from 51% in 1975 to 

9% in the High scenario and about 18% in the Low scenario by 

2030. The value added by the mining sector in this region is 

mainly governed by the oil and gas extraction activities; it 

has been adjusted accordingly in each scenario to correspond to 

the envisaged production rate necessary for meeting both the 

domestic consumption and the export demand. It is also assumed 



that Region VI will undergo major industrialisation within the 

next 10-25 years with the help of its oil revenues. With respect' 

to the composition of the manufacturing industries, our projections 

are based on the hypothesis that the countries at a low level of 

industrial development have a high share of consumer goods 

industries, but as the industrial infrastructure develops more 

emphasis is placed first on expanding the basic material 

and later on promoting the sophisticated machinery and equipment 

industries. This hypothesis is based on the observed pattern of 

manufacturing activities in various countries at different, 

stages of development. 

The situation is different in the developed Regions I and 

111. There the GDP formation structure, as it appears on the 

aggregated level considered in MEDEE-2, remained practically 

unchanged during the period 1960-1975, whereas in Region I1 the 

only significant change in this period was a decline of the agri- 

cultural share* from 32% to 15% and an increase in the industry 

(mining, manufacturing and energy sectors) share from 41% to 57%. 

"~hese shares are based on values of GDP which do not include 

nonproductive services, e-g., social and administrative services. 

If the contribution of such nonproductive services is also in- 

cluded in GDP the shares of sectors will be somewhat different. 

It was estimated that the inclusion of nonproductive services in 

GDP of 1975 would lower the shares of agriculture and manufacturing 

by a factor of 1.35, i.e. to 11% and 3 8 % ,  respectively. These 

numbers can be compared to the GDP shares in market economy 



The shifts in the structure of GDP formation assumed in the 

light of a retarding overall economic growth can be qualitatively 

described as follows: For Region I, the service sector share is 

assumed to increase slightly and the manufacturing share is 

assumed to decrease roughly by the same &mount (the change is 

insignificant in the Low scenario); GDP fomtion structures 

assumed for Regions I1 and I11 gradually shift toward the pattern 

of Region I as these regions proceed to a higher level of economic 

development. All three regions are assumed to give higher emphasis 

to the development of machinery and equipment industries than to 

the basic materials and consumer goods industries. Only minor 

shifts are assumed in the GDP shares of construction and energy 

sectors in all the regions. The share of agriculture in GDP is 

assumed to decrease in all three regions in line with past trends; 

however, this decrease'is large only in the case of Region 11, 

whose share was large in the base year and which is projected 

to have a higher overall economic growth in each scenario than 

either of the two other developed regions. 

5.2.3 Energy Consumption in Sectors 

I. Industry (Table 9.3.1) 

We have assumed that there will not be any significant changes 

in the energy intensity of agriculture and construction in the 

developed Regions I and 111. This is because it was difficult 

to estimate the net effect of two oppositely acting factors: 

the likely improvements in the efficiencies of equipment used in 

these sectors, and a probable further, albeit small, increase in 

the mechanisation of such activities. In Region 11, the energy 



intensity of agriculture and construction activities are assumed 

to decrease slightly, given a sometimes inefficient use of the 

relatively heavy equipment employed at present. Over the long 

run, therefore, efficiency improvements are expected to more than 

counterbalance the effect of increasing mechanisation. As the 

mining sector in Regions I, I1 and I11 is not considered separately 

but as part of the manufacturing and energy sector activities 

its energy intensity is not given explicitly. 

At the present time, agricultural activities in all the 

developing regions are largely carried out using traditional 

methods based on human and animal labour. More or less the same 

is true for construction and nonpetroleum mining activities, at 

least in the countries of Regions V and VI. One may expect 

increasing mechanisation of such activities with further develop- 

ment and a correspondingly greater demand for quality and quantity 

of sectoral products. In the case of agriculture, for example, 

considerable and rather rapid mechanisation is necessary in order 

to obtain higher outputs from the limited resources of arable 

land supplying a rapidly growing population with more and better 

food. The projected changes in energy intensity are based on 

our estimates of the energy requirements of field equipment 

(tractors and other appliances) and of irrigation water-pumping 

units, under the assumption that by 2030 agricultural activities 

in the developing regions will be mechanised to an extent compar- 

able to the present level of mechanisation of the developed 

countries. Mechanisation is also assumed to increase in the con- 

struction activities in Regions V and VI, but to relatively lower 

levels than those found in the developed regions. As for the 



mining sector, the changes assumed take into account differences 

in the nature of mining activities and in the working condi- 

tions in the various regions, and reflect a likely future 

improvement. 

It may be mentioned here that there are considerable un- 

certainties in the base year data of energy intensity of agri- 

culture, construction and mining activities of almost all regions, 

both developed and developing. The assumed changes in the energy 

intensity of these sectors should, therefore, be considered 

as qualitative indicators of a likely trend. 

MEDEE-2 considers manufacturing activities by only three 

broad categories: basic materials industries, machinery and 

equipment industries, and consumer goods (nondurable) industries. 

Each category covers the manufacturing of a variety of products 

so that its composition is not uniform for all the regions; and 

even within a single region the composition cannot be assumed 

to remain constant all the time. The energy intensity of each 

category is thus affected by changes in composition as well as 

by changes and improvements in technology. The parameters of 

group 3.ld in Table 9.3.1 are intended to project the changes in 

energy intensity of each category covering both the above aspects 

The data on energy consumption of various manufacturing 

industries in different countries over the last 15-20 years 

(e.g. for U.S., France, F.R.G., Austria, see Doblin (1978), 

Lapillonne (1978c), Schaefer et al. (19771, Foe11 (1979) ) reveal 

a gradual reduction in energy intensity over time. This is, 

in general, due to a reduction in the use of fossil fuels (per 



unit of output), while the specific use of electricity (per unit 

of output) by most of the industries has actually been increasing. 

The past increases in the use of electricity in the above 

countries were generally due to increasing automation. As auto- 

mation in the developed regions has already reached a high level 

and as, different from the past decades, electricity prices are 

expected to rise in the coming years, it is assumed that the use 

of electricity (per unit of output) for specific purposes will 

also decrease in the future, although not as fast as the use of 

fossil fuels. For the developing regions, where automation is 

expected to continue to climb, the energy intensity of manufacturing 

activities with respect to specific uses of electricity is assumed 

constant. 

The projected changes in energy intensity of manufacturing 

activities in various regions are based, in general, on considera- 

tions of the present status of the technology in each region, 

rates of increase in industrialisation (high growth allows more 

rapid incorporation of new technologies) and the prospects of 

technological improvement in line with past trends. 

Thermal energy requirements of industry are, at present, 

normally met by direct use of fossil fuels (coal, oil, gas). 

The only exception is Region 11, where a large fraction of the 

industrial steam demand is supplied by district heat systems 

based on both cogeneration plants and large boilers. This develop- 

ment has been due to central planning and considerable 

concentration of industry into just a few industrial centers. 

Application of such district heat systems in Region I1 is expected 



to grow further, because of the economic use of low-grade fuels 

in such systems. Other regions are also expected to employ such 

centralised heat supply systems to some extent, even though 

their industries are relatively more widely scattered. Similarly, 

the decentralised use of cogeneration systems in industrial plants 

is expected to increase in Region I11 and to be applied in other 

regions. Other energy saving technologies, such as soft solar 

devices and (electric) heat pumps, are practically not in use 

now in any region; they, too, are expected to be applied more 

heavily as the capital cost of such systems reduces with R&D 

and mass production. Electricity use for thermal processes is 

assumed to increase only modestly above present-day levels; al- 

though it is a very clean, efficient and easy-to-handle form of 

energy, the high losses incurred in the conversion from primary 

fuels to secondary energy would be in conflict with the need to 

conserve primary fuels. Despite the penetration of alternative 

energy sources assumed, a large share of the thermal energy for 

industry will have to come from the direct use of fossil fuels 

even by 2030, so that improvements in efficiency of fossil 

fuel appear mandatory. Some such improvements have been assumed 

to materialise in line with past trends. 

The present use of coke per ton of pig-iron produced varies 

considerably from country to country. So far, the lowest consump- 

tion was achieved by the Japanese steel industry where the con- 

sumption decreased to about 390 -kg per ton of pig-iron in 1972 

(see Doernberg, 1977). However, after the oil crisis, coke con- 

sumption in Japan again increased as fuel oil injections were 

lowered; in 1975 the consumption was 440 kg per ton of pig-iron. 

Despite this short-term reversal in the trend of the Japanese 



steel industry, we have assumed that future technological 

improvement will permit reduction in coke use to about 400 kg 

per ton of pig-iron in the various world regions. The changes 

assumed for other parameters related'to steel production are 

based on discussions with technologists and on interregional 

comparison. 

11. Transportation (Table 9.3.2) 

The evolution of the modes of freight transportation assumed 

to occur in the various regions is based on consideration of 

past trends, regional characteristics, interregional comparison, 

existing infrastructure and relative costs of expanding road or 

railway networks as well as need to promote less energy intensive 

modes of transpoftation in the future. These essentially judg- 

mental projections were developed in the light of the above con- 

siderations. No change has been addumed (except for Region 11) 

in the energy intensiveness of various freight transportation 

modes. This does not mean that efficiency improvements will not 

occur but that their effect will largely be counterbalanced by 

lower capacity utilization resulting from the need of quicker 

service. 

Data for passenger transportation in the U.S., covering the 

period 1950-1974 (U.S. 1976a), indicates that the total distance 

travelled per person and per year has been increasing somewhat 

faster than the increase in per-capita private consumption 

expenditure. Such a rapid increase has apparently been due to 

the greater number of cars and the rapid expansion of air travel 

in recent years. With car ownership practically saturated, 



any further increase in the average distance travelled per person 

and per year will mainly depend on a further increase in air 

travel. This is a shift away from the past trend and towards a 

gradual development of saturation effects in personal travel in 

this region. In Regions I1 and I11 as well as in the developing 

regions, car ownership is still far from saturation and air travel 

is low; both of them are expected to expand in the future, resulting 

in a high growth of passenger transportation activity. However, 

some saturation effects in Region I11 may become apparent towards 

the end of the study period. The past U.S. trend has been taken 

as a general guideline for projecting passenger travel in the 

developed Regions I1 and 111, although some adjustments were 

necessary in view of the differences in travel distances, settle- 

ment patterns, and other local conditions. As for the developing 

countries, intercity travel (parameter DI) is assumed to increase 

roughly in proportion to the per-capita private consumption ex- 

penditure. The relative increase in urban travel is assumed to 

be lower than that in intercity travel for all the regions, except 

for Reqion I11 where the current trend of suburban expansion is 

expected to continue. 

Among the parameters related to car travel (Group 3.2e), car 

ownership (i.e., the inverse of parameter CO) is assumed to 

increase in the developing regions in proportion to both GDP/capita 

and the fraction of population living in urban areas. Relatively 

lower growth rates of car ownership are assumed for the developed 

regions where saturation effects are expected to play a varying 

role. The share of cars in urban travel is assumed to decrease 

or remain constant in-the developed regions due to the promotion 
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of mass transit systems. In the developing regions, the increase 

in car ownership would favour a heavier use of cars for urban 

travel, but road congestion in the overcrowded cities would have 

the opposite effect. Thus a significant increase in the use of 

cars for urban travel is assumed only for Region VI, where enough 

resources are available to modernise the road network. Load factors 

of cars are expected to decrease with increasing car ownership 

almost everywhere, particularly in the developing regions. Some 

use of electric cars for urban travel, to varying extents in 

different regions, is also envisaged in the future. 

The scenario assumptions about various modes of intercity and 

urban travel (Groups 3.2e and 3.2f) are based on considerations 

similar to those discussed in connection with modes of freight 

transportation. Additional factors, such as personal convenience, 

flexibility, and speed of travel were also accounted for by the 

mass transit modes chosen and the share of airplanes in intercity 

travel is assumed to increase everywhere. The share of intercity 

buses, on the other hand, is expected to decrease in all regions 

except in Region 11. The load factors of mass transit modes 

(except for airplanes) are assumed to remain constant in Regions I 

and 111, where they are already quite low. In all the other regions, 

they are assumed to decrease from the present, high, level to 

relatively more comfortable standards as the service will cer- 

tainly be improved with further development in these regions. 

The specific energy consumption of cars is expected to go 

down in all the regions, due to rising gasoline prices and the 

initiation (or contemplation) of fuel economy standards in 

several countries. The assumed drop in future fuel consumption 



is most strongly pronounced in Region I, whose present automobile 

fuel consumption is very high, compared to that in other regions. 

Significant reductions in the energy intensity of airplanes are 

also expected in Regions I and 11, in view of the importance 

of domestic air travel in these regions. Some such reductions 

in other regions, though probable, have not been taken into account, 

since the share of air travel in intercity travel in Regions 111 

through VI is much smaller than in Regions I and 11. The specific 

energy consumption of other passenger transport modes in Regions 

I and I11 and the respective load factors were held constant in 

the present assessment. Actually, one should expect vehicle 

efficiencies to improve and the load factors to decline further; 

since the two effects would thus partly balance each other they 

were not considered separately. In the developing regions a trend 

towards larger vehicles was assumed to offset improvements in 

vehicle efficiencies. In Region 11, improvements in these modes 

were considered after discussions with experts from this region, 

where reliance on mass transit and trains in particular, counts 

more heavily than in the other regions. 

111. Households and Services (Table 9.3.3) 

As was mentioned in Part I11 of Section 5.1.3, a large 

number of parameters are used in MEDEE-2 to conceptualise the 

likely evolution of energy consumption associated with various 

activities in the household/service sector. The scenario assump- 

tions concerning the changes in the values oi the various para- 

meters in 2 0 0 0  and 2 0 3 0  in relation to those in 1975 are detailed 

in Table 9.3.3 for both the High and the Low scenarios. Some 

general considerations underlying these assumptions and largely 



applicable to all the regions are: 

(i) a continued trend towards a relatively more comfortable living 

(e.g. by larger houses, more centrally heated dwellings, more 

air-conditioning, a larger'use of hot water, additional electrical 

appliances in households, etc.) and provision of better amenities 

in the service sector (viz through increased supply of space/water 

heating, air-conditioning, lighting and electrical equipment) with 

increasing levels of GDP/cap; 

(ii) increasing shares of electricity with time (and affluence) 

in the provision of thermal energy requirements (cooking, space/ 

water heating) of households and services, in line with past 

trends; 

(iii) increasing emphasis on improved insulation of buildings 

(both new and old) in regions where space heating is an impor- 

tant energy consuming activity; 

(iv) gradual introduction of soft solar devices for space and 

water heating in both households and service sector buildings 

leading to a considerable buildup by 2030; 

(v) some improvement in the fossil fuel efficiencies of various 

thermal devices and, in addition, gradual introduction of heat 

pumps in places where electricity is to be used for supplying 

thermal energy; 

(vi) introduction or increased use of district heat in regions 

where settlement patterns and energy requirements favour district 

heating systems; 



(vii) saturation of energy requirements of certain activities, 

e.g. of cooking energy per dwelling, or of useful thermal energy 

per m2 of floor area under given climatic conditions. 

Although regional characteristics, such as climatic condi- 

tions, people's cooking and living habits, construction styles 

of buildings, etc., have to be taken into account in projecting 

the likely evolution of various parameters, considerable insight, 

at least in respect of regions at lower levels of GDP/cap, may 

be obtained by comparing the base-year data (or estimated base 

year values of various parameters) of different regions at var- 

ious stages of development. Our projections of scenario para- 

meters draw heavily upon such interregional comparisons. 

Noncommercial fuels play an important role in meeting the 

household energy requirements of the developing regions, partic- 

pularly of Regions IV and V. (Among the developed regions, only 

Region11 has a significant contribution of noncommercial fuels.) 

Although the use of such fuels, particularly that of firewood 

obtained by indiscriminate cutting of forests, has been increas- 

ing in the developing regions in the recent past, we believe that 

measures will soon be adopted to check the deforestation problem 

in these regions. Accordingly, it has been assumed that the use 

of noncommercial fuels in the various regions (including Region 11) 

will not be significantly different in 2000 and 2030 from what it 

was in 1975. However, the efficiency in using such fuels is 

assumed to increase in the developing regions by as much as a 

factor of 2, due to the introduction of better stoves and other 

devices in rural areas. 



5.3 Projected Final Energy Demand 

This section is devoted to the salient features of the 

final energy demand projected for the years 2000 and 2030 in the 

various world regions, resulting from the detailed scenario 

assumptions spelled out in Tables 9.1-9.3 and briefly reviewed 

in the preceding section. 

The evolution of final energy demand in Regions I through VI 

in the High and the Low scenarios is shown in the projections 

in Table 10, also incorporating the share of electricity in 

final energy demand. It is worth noting that the demand for 

final energy rises much more rapidly in the developing regions 

than in the developed regions. In the High scenario, 1975-2030, 

the demand is projected to increase by factors of 10.6 to 14.9 

for the developing regions (IV, V, VI) but by factors of only 

2.0 to 3.2 for the developed regions (I, 11, 111). The corresponding 

increases in the Low scenario are by factors of 6.6-7.9 and 1.4-2.3, 

respectively. Among the developing regions, the highest increase 

in final energy consumption in both the scenarios is projected to 

occur in Region VI, which had also been assigned higher economic 

growth (relative to the 1975 level) than Regions IV and V (see 

Table 3). Similarly, Region I1 among the developed regions -- 
which was assigned the highest relative increases in economic 

development in the basic scenario definitions of Table 3 -- is 
the region projected to have the largest increases in final energy 

consumption as is shown in Table 10. 

The share of electricity in final energy is projected to 

grow in all the world regions in both scenarios, reaching, by 
- 

2030, levels of 20-23% in the developed regions (from 10-13% 







This is due to a considerable increase in freight 

transportation, projected to grow with industrial output, as 

well as to an expected increase in personal travel and a 

reduction of average load factors. Among the developed regions 

the relative shares of transportation and industrial activities 

are markedly different in Regions I plus 111 (essentially OECD 

countries) and Region 11, mirroring the differing emphasis 

on industrial activity and personal transportation in the two 

types of economies. 

I Energy Demand of Industries 

Industrial energy use is a major portion of the total 

consumption in every world region today; the scenario assumptioas 

do not lead to major departures from that. Energy as a factor 

of production, as an "input" to productive output, is an 

indispensable commodity--qualitatively different from the energy 

used by households or that consumed in traasportation activities. 

Yet, despite its firm footing in virtually all of the world's 

economies, industrial energy demand trends and possibilities 

span an impressively wide range. The scenario assumptions of 

Section 5.2.3 (see also Table 9.3.1) were based on considerations 

of such trends and appropriate possibilities in the techno- 

economic environment of the various world regions. 

Manufacturing activities account for a lion's share of 

the industrial energy consunption (see Table 13). In 1975 the 

share of manufacturinq activities, including coke use in the 

steel industry and feedstock inputs to petrochemical industries, 

out of total industrial energy consumption was 90 to 97% for 

Regions I to V in spite of considerable differences in the com- 

position of their economic structure. In Region VI this share 
was relatively smaller--about 62%--due to the exceptionally low 



level of manufacturing activity and the dominance of oil and 

gas production activity in the industrial sector of this region. 

The scenario assumptions of changes in economic structure, 

composition of manufacturing activities and technological 

coefficients result in projections for the years 2000 and 2030 

for which the share of manufacturing in the industrial energy 

consumption varies between 76 and 90% in all world regions. 

Table 14 lists the present and projected final energy 

demand of the manufacturing sector in different world regions 

and also indicates the shares of electricity and coke plus 

feedstocks (essentially liquid fuel based, used in petrochemical 

industries) in this demand. It is seen that the share of 

electricity in manufacturing energy demand increases in all 

regions, reaching levels of 20-25% in 2030 as against 11-15% 

at the present time. The share of coke plus feedstocks also 

increases in all the regions (except in Region VI where petro- 

chemical feedstock production for export purposes is an important 

activity at present) from about 13-28% in 1975 to 20-33% 

by 2030. Various factors are responsible for these changes. 

Some of the more important ones are assumed to be the following: 

i) a greater reduction in the energy intensity of manufacturing 

activities with respect to useful thermal energy than 

with respect to specific uses of electricity (e.9. motive 

power, electrolysis, lighting), ii) penetration of 

electricity in the useful thermal energy market of the 

manufacturing process, iii) a relatively small reduction 

in the demand of coke per ton of pig-iron production in 

the developed regions and iv) increasing importance of the 



basic materiakindustries in the manufacturing sectors of the 

developing countries. 

We will now look into the changes in energy intensity 

of the manufacturing industries (excluding the use of coke in 

steel industry and that of liquid fuels for feedstock production) 

that result from our scenario assumptions of Table 9.3.1 and 

indicate as to what extent the shifts assumed to occur in the 

great variety of manufacturing activities in the world regions 

are responsible for these changes. The requirements of energy 

for a given mix of manufacturing activities can be reduced in 

various ways: by incorporating better machinery and processes 

(which reduces the energy intensity of these activities), 

by increasing the shares of electricity, district heat and soft 

wolar energy in meeting the demand for thermal processes (which 

reduces conversion losses), by making increased use of cogenera- 

tion and heat pumps (which reduces the requirements of final 

energy) and by improving the efficiency of fossil fuel con- 

version to process heat (which also reduces conversion losses). 

Table15 and 16 recapitulate some of our ptevioulsy described 

assumptions (see Tables9.2 and 9.3.1) for the year 2030, 

according to the High scenario, in aggregated and/or more 

transparent form. The data for 1975 (column 1, Table 15) show 

considerable differences in the average useful energy intensity 

of manufacturing activities in the various world regions. 

These differences are partly due to different mixes of com- 

ponent activities and partly due to differences in processes, 

technologies and the extent of automation. 



These projections (Table 15) in general indicate a 

greater potential for reduction of energy intensity in the 

developed regions than in the developing regions. These re- 

ductions -- which are in part due to structural changes in 
manufacturing -- are especially large in Regions I1 and I, but 
not so large in Region I11 where manufacturing activities have 

already undergone considerable modernization. The largest 

structural changes in the manufacturing sector are assumed 

for the developing regions (see Table 9.2), where both the most 

energy-intensive basic materialsindustries and the least energy- 

intensive machinery and equipment industries grow relatively 

faster than the nondurable goods industries; this has a balancing 

effect on the overall energy intensity of manufacturing. 

As was mentioned in Section 5.2.3, Part I, the penetration 
*. 

of various more efficient energy forms as well as of cogenera- 

tion and heat pumps in the industrial heat market was projected 

in the light of regional differences in settlement patterns, 

past practices, current technological trends, geographical 

conditions, etc. All these technological changes essentially 

aim at reducing the demand of fossil fuels for industrial 

process heat. Yet, in spite of our rather optimistic assumptions 

of Table 16, more than 80% of the industrial process heat require- 

ments in all the regions except in Region I1 would still have 

to be met by fossil fuels in 2030 in the High scenario (see 

Table 17). Note again that improvements in the average effi- 

ciency of fossil fuel use of the order of 20% are also assumed 

to be possible over the next 50 years (see Table 9.3.1, Group 

3.lf). Table 17 lists the shares of various energy sources 



(fossil fuels, electricity, district heat, soft solar) in the 

heat demand of manufacturing industries resulting from the 

assumptions of the High scenario. 

The overall effect of these technological developments, 

better practices and structural changes is a reduction in the 

average final energy intensity of manufacturing activities 

(excluding feedstocks and the use of coke in the steel industry) 

by about 35 to 55% in the various world regions for the High 

scenario, as is shown.in Table 18. The effects of structural 

changes are not very large,as in Table 15, due to the high 

sectoral aggregation. A larger reduction in final energy 

intensity,as compared to that in useful energy intensity, 

is due to higher final-to-useful energy conversion efficiency, 

assumed to improve by 20-30%. 

At present, use of coke in the steel industry amounts to 

2-11% of the final energy requirements of manufacturing activi- 

ties in the various world regions. The consumption of coke per 

ton of pig-iron produced varies considerably from country to 

country. Estimated regional averages for 1975 are between 5OOkg 

in Region I11 (WE/JANZ) and lOOOkg in Region VI (ME/NAf). The 

scenario assumptions of Table 9.3.1, Group 3.lh, imply reduc- 

tion in coke consumption of 20-60% in the various world regions. 

The share of coke for the steel industry in the industrial final 

energy demand of the regions changes only slightly except for 

Region 11) over a period of 50 years and stays within a range 

of 2-10% in both the High and the Low scenarios. In Region 11, 

this share would change from 11% in 1975 to about 4.5% in 

2030. 



A few words are here in order about the share of agri- 

culture in the industrial energy demand. Agriculture in 

developing regions, based largely on traditional farming 

practices, is currently far less energy intensive than that 

in developed regions. According to the economic projections 

of the scenarios (see Table 9 . 2 ) ,  the agricultural GDP in 

Regions IV, V and VI is expected to increase by a factor of 

3 . 7  to 4 . 5  over the next 5 0  years; the expected increase would 

be 2 . 2  to 2 . 5  times in Regions I, I1 and 111. The implications 

of these projections in energy terms can be seen in the para- 

meters of Table 19. 

Consider arable land in developing regions. There is not 

much potential for expanding arable land area in ~egions IV, 

V and VI where the present per-capita availability of arable 

land is about 0 . 3 4  ha compared to 0 . 6 2  ha in the developed Regions 

I, I1 and 111. If no significant new area is brought under 

cultivation, the per capita arable land availability will de- 

crease over the next 50 years to 0.14 ha in the developing 

regions and to 0.46 ha in the developed regions. 

The limits on arable land expansion imply that essential 

agricultural productivity improvements must come from increases 

in the use of fertilizers, irrigation and farm mechanization. 

But surface water is in short supply and precipitation is not 

adequate in most areas; increasing use will therefore have to 

be made of underground water. 

Taking these factors into account, the energy intensity 

of agriculture (including mechanization and irrigation, but 



not including energy used to produce fertilizers) in Regions IV, 

V and VI was assumed to increase by a factor of 10 over the 

next 50 years (see Table 9.3.1, Group 3.1~). Thus by 2030 the 

average energy intensity in these regions would be about the 

same (2.8 kWh/$VA) as the present average value for the de- 

veloped regions. The final energy used in agriculture would 

increase for the High and Low scenarios by about 45 and 37 times 

the 1975 level in the developing regions and by just 2.4 and 2.0 

times in the developed regions. The share of agricultural acti- 

vities in industrial energy consumption in 2030 is thus found 

to lie in the range of 3 to 5% in all regions except V where 

it amounts to 10% for the High scenario and 15% for the. Low 

scenario. (The shares in all the regions in 1975 were in the 

range of 1 to 4 % . )  

Energy needed for fertilizer production is counted in 

this analysis in the basic materials manufacturing sector. 

F O ~  Regions IV and V those sectors 

are projected to increase in output by 2030 to about 10-20 

times their 1975 levels. These increases should easily 

encompass the energy demand for chemical fertilizer, which may 

increase by a factor of 5-10 in the same period. 

I1 Energy Demand of Transportation 

Transportation activities take an appreciable share of 

the total final energy (see Table 121. In 1975 this share was 

about 20% in Regions I1 and 111, 30% in Regions I and V, and 40% 

in Regions IV and VI; for the world as a whole, the share was 

about 24%. Of course, the ways in which this energy is used 



(the mix of transport modes--cars, buses, trains, trucks, planes-- 

and the fuels used) vary considerably from country to country. 

~ u t  the end result is usually a large share of energy use in 

transport; and it has been growing. 

The analysis reported here foresees some changes in this 

picture--relatively slower growth in personal travel in devel- 

oped regions (except for air travel)--moderately increased use 

of public transportation for urban travel (a consequence of 

growing urban traffic congestion), and greater economies of 

gasoline consumption (see Table 9.3.2). These assumed changes 

are due to relative price increases, chanqes in public percep- 

tions about energy availability (which may or may not be accom- 

panied quickly by price changes), and government mandates. 

The results are strikingly different in different parts 

of the world, as is shown in Table 20. Region I (NA) evidences 

the smallest relative increase in transportation energy use, 

although the hi@h mobility, great distances, and large (but 

slowly shrinking) cars of the U.S. and Canada, keep the absolute 

level of energy use high. Howevever, the share of passenger 

travel in transportation activity declines considerably--from 

about751 in 1975, to 40-505, by 2030. In Regions I1 and 111, 

demand of energy for both passenger travel and freight trans- 

portation continues to increase steadily with only minor chanqes 

in the relative shares of these two activities in total trans- 

portation energy. It may be pointed out here that in Region 

I1 (SU/EE), transportation energy use is currently low compared 

to both NA and WE/JANZ, despite large distances. The main fact- 



ors for this contrast are the high share of rail in both 

freight and passenger transportation, and the emphasis on 

urban mass transit. Although a certain increase in car owner- 

whip and attendant increase in energy use for personal trans- 

portation is envisaged in SU/EE, the total increase is not so 

marked because in freight transportation no significant shift 

towards trucks is expected. 

In the developing Regions IV, V and VI, growth in trans- 

port energy demand is significantly higher, owing to greater 

freight transport accompanying growth in industrial and 

agricultural output,and to the fact that personal travel is 

far from the saturation mark. Further, the share of passenger 

travel in transportation energy demand increases in all devel- 

oping regions, although the change is not as large in Region 

IV (LA) as in the other two regions. 

Table 20 also shows the share of electricity in transpor- 

tation energy demand resulting from the scenario assumptions 

of Table 9.3.2. In Regions I, IV, V and VI, this share incre- 

ases from a very low level of 0.1-0.55 in 1975 to a modest 

level of 1.0-1.5s by 2030. The same share in Region I11 would 

increase from about 2% -in 1975 to 3-4% in 2030, whereas for 

Region 11, the projected increase over the same period, is 

from an already high level of 4% to a still higher level of 9%. 

Passenger Travel 

Consider the relative levels of passenger transport activ- 

ity around the world in 1975. Total passenger travel (inter- 



city plus urban) in North America in 1975 was some 4,100 bil- 

lion passenger-kilometers (population 237 million); in ~egion 

I1 it was 1,700 (population 363 million); in ~egion I11 over 

5,000 (population 560 million). The total activity for devel- 

oping Regions IV, V and VI together was only 3,000 billion 

passenger kilometers, for 1,874 million people. But this seems 

sure to change. Passenger travel in the developed regions is 

expected to be nearing saturation levels--further increases 

will probably be relatively modest. (There are limits--of 

income and time--to how much one can travel.) This effect is 

especially pronounced in Region I. RegiorsI and I11 together 

show only a 1.2 to 1.6%/year growth in total passenger travel 

according to the MEDEE-2 runs for the two scenarios to 2030, 

while the developing Regions IV, V and VI together increase 

their personal travel amount by 3.9 to 4.4%/year. The Region 

I1 growth rate is projected at 1.9 to 2.4%/year. 

But the types or modes of travel matter also--as do rela- 

tive load factors. Table 21 summarizes, for the High scenario, 

the results of an array of assumptions for urban and intercity 

mobility, relative growth of different transport modes, and 

expected changes in load factors around the world (see Table 

9.3.2). It is apparent in Table 21 that passenger travel in 

NA is assumed to shift away from automobiles and towards planes 

in the scenarios. Still, by 2030 the car would account for 73% 

of total passenger kilometers, compared to 50% or less in other 

regions. In general, developed regions are projected to contin- 

ue observed tendencies toward relatively more air and (except 

NA) car travel, while developing regions reflect expected shifts 



towards cars (noticeably) and trains (less noticeably) and away 

from today's large fraction of bus travel (roughly 60% in devel- 

oping regions compared to less than 20% in developed regions. 

Automobiles 

Cars consume prodigious amounts of energy. More precisely, 

they consume prodigious amounts of petroleum--a particularly 

important distinction. 

In North America, total automobile travel (intercity and 

urban) is assumed to grow from 3,800 billion passenger-kilometers 

in 1975 (that is equivalent to four automobile trips coast to 

coast across the United States per person per year) to about 

6000 by 2030.   his average growth rate of just 0.8$/yr indicates 

a leveling-off in the so-far continuously increasing automobile 

use in this region. The Region I11 growth in total car travel, 

by contrast, is assumed to be 1.6-2.45/year; while in 3egion I1 

it is assumed to be 2.1 to 2.78/year. In the developing Regions 

IV, V and VI the corresponding rates are between 4 and 6%/year-- 

even though the assumptions restrict urban car travel, because 

of city traffic congestion, to 35-50s of all urban passenger 

travel. 

Assumptions for car ownership and usage vary widely among 

regions, as recorded in Table 9.3.2, Group 3.2e. Car ownership 

is thought to be nearing limits in North America , as is the dis- 

tance travelled per car. Region IV, Latin America, is assumed 

to approach the present statistics of Region I11 by 2030, whereas 

the figure for Region V in 2030 may be comparable to Region IV 



today. The relatively high growth in Regions IV,V and VI car 

ownership in the scenarios results from assumed higher growth 

in GDP/cap and anticipated increases in urbanization. 

Region I1 ( S U / E E ) ,  has now low car ownership and high 

distance travelled per car--figures more common to developing 

regions. The scenario projections for this region, maintain 

that automobile ownership will continue to be low, reaching only 

half of the present WE/JANZ level by 2030. This reflects the 

explicit desire in this region to develop public transport 

facilities, to minimize the need for private automobile use, 

and thus to minimize liquid fuels requirements. 

Energy use in vehicles can be reduced significantly by 

increasing load factors (average number of passengers per trip, 

or passenger-kilometers divided by vehicle-kilometers) and by 

improving the vehicle's energy-using efficiency (see Table 

9.3.2, Groups 3.2f and 3.29). Load factors for automobiles are as- 

sumed to hold about constant in the scenario cases in the developed 

regions, but are reduced somewhat in the deveioping regions as cars 

become more common and family sizes shrink. However, the largest 

factor by far in reducing potential per-kilometer energy use in 

cars is efficiency improvement. The lion's share of this poten- 

tial is found, not surprisingly, in North America. 

Electric cars offer a potential for reduction of motor fuel 

use in automobiles. Electric cars, assumed to be three times 

as efficient as internal combustion engine automobiles, neverthe- 

less would consume about the same total primary energy as conven- 



tional cars -- if, of course, the electricity would come from 
central station sources. It is assumed here (see Table 9.3.2, 

Group 3.2e) that by 2030 about 20% of urban car travel in the 

developed regions (I, I1 and 111) and perhaps 5% of urban car 

travel in the developing regions (IV and VI) might be accounted 

for by electric cars. 

As a result of these and other assumptions, automobile 

energy use declines sharply in Region I, and shows a modest 

decline (as a share of total transportation energy use) in 

Regions I1 and 111. Regions IV, V and VI contrast sharply with 

these results, increasing in total automobile energy use markedly, 

largely because of the low level of use today. 

Table 22 shows these projections for automobile energy use 

in the scenarios. The quantities are large, as can be seen. 

The gasoline consumption in cars in 2030 in Regions I through VI 

would amount to about 0.9 to 1.1 TlyYr/yr of oil. One must ask the 

extent to which alternative transport modes could replace the 

car, and with what energy consequences. 

Mass Transit 

For intercity trips, North Americans travel relatively less 

by car,in these projections over fifty years, than they do today. 

One reason is an assumed modest shift away from cars and toward 

mass transit for intercity travel. In other regions, the shift 

assumed is actually toward cars for intercity travel, but trains 

continue to play a very significant role in Regions 11, II1,V and 

VI--by 2030, 35 to 40% in Region 11, 20 to 35% in Region 111, 



16% in Region V, and 20% in Region VI, from 53%, 42%, 26% and 10% 

in 1975. In Region I (and IV), train intercity travel is assumed 

to remain low -- 1% (6%) of all intercity travel in 1975 to 
about 2% (3%) in 2030 (see Table 21) . 

Travelers take to the air in greatly increasing numbers in 

these scenario projections for the developed market economies, 

both High and Low cases. The rate of growth is also high for 

developing regions, but from a much smaller starting amount. 

In Region IV intercity air travel would grow from 2.6% in 1975 

to 6-8s by 2030; in Regions V and VI the increase would be from 

1.5% in 1975 to 3-7s by 2030 in the scenarios. In North'America, 

airplane flights would account for as much as 30% of all inter- 

city travel in 2030 (from 7% today), while Region I11 would in- 

crease plane travel from 3.5% today to as much as 18% of all 

intercity travel by 2030 in the scenarios. In Region 11, air 

travel may account for as much as 27% of all intercity movements 

by 2030,from 20% today. 

Load factors for trains and planes (and buses) are assumed 

in most cases to be approximately constant or increase only 

marginally in Regions I and 111. This is hardly the case for the 

developing regions. There, overcrowding on buses and trains is 

the norm, not the exception. High population growth, coupled 

with the high mobility preferences accompanying income increases, 

keep the RegionsIV and V load factors high--although a gradual 

relaxation of the present overcrowding is assumed to occur in 

parallel with increasing per capita income and a slowing down of 

population growth. Load factors of 20 and 25 passenger-kilo- 



meters per vehicle-kilometer for buses and about 140 for trains 

are common for Regions I and 111. In Regions IV, V and VI the 

bus load factors oi typically 40 to 50 today drop to 20 to 40 

by 2030 in the scenarios, while train load factors fall from 

500 to 200-400*. The bus and train load factors in Region I1 

are also assumed to drop by a factor of 2 over the next 50 years 

and become comparable to those in Regions I and I11 (see Table 

9.3.2, Group 3.2f). 

Freight Transportation 

Freight transport is assumed to grow significantly in all 

world regions roughly in parallel with the activity levels in the 

agriculture, mining and manufacturing and energy sectors. It is 

12 a big business: some 5 trillion (10 ) ton-kilometers of freight 

in 1975 reaches 11 trillion in the Low scenario and 19 trillion in 

the High scenario for the developed Regions I and I11 by 2030; 

energy use increases by a factor of 2.4 to 3.9 over the 50-year 

period. (see Tables 20 and 23). Freight transportation activity 

is much lower in Regions IV, V and VI. These regions together 

had only about 2 trillion ton-kilometers of freight movement in 

1975; an increase of 6 to 10 times that level is projected by 

2030. Gradual shifts toward increasing freight transportation on 

trains in Regions IV and VI and with trucks in Region V are 

assumed. No significant change is assumed in the present distri- 

bution of freight transportation modes in the developed Regions 

*Of course, varying "vehicle" size among and even within regions 

increases the difficulties of drawing comparisons. 



I, I1 and 111. As a result of these assumptions, together with 

those concerning passenger travel, the share of freight movement 

in transportation energy would increase in Regions I and I11 and 

decrease, to varying extents, in other regions (see Table 20). 

111. Energy Demand of the Household/Service Sector 

Table 24 lists the final energy (commercial) demand projec- 

tions of the household/service sector in various regions. The 

evolution of energy demand in this sector markedly differs 

between the regions. According to these projections, the demand 

would increase by a factor of 7 to 12 in the developing regions 

(IV, V, VI), by a factor of about 2 in Regions I1 (SU/EEl and I11 

(WE/JANZ), and by less than 30% in Region I (NA) over the next 

50 years: The share of services, in the final energy demand of 

the household/service sector as a whole, seems to increase in 

all the regions with the largest increase occurring in Region VI 

and the smallest one in Region I. The use of electricity grows 

quite rapidly in both households and services so that an in- 

creasingly larger fraction of the demand of this sector will, in 

the future, have to be met by electricity in all the world regions; 
. . 

the share of electricity, in 2030, for variousworld regions, is 

projected to be in the range of 30-505 for the High scenario as 

against 7-28s in 1975. These projections are the net outcome 

of our assumptions concerning likely changes in the values of a 

large number of parameters (see Table 9.3.3) that were considered 

necessary to describe the evolution of energy demand of this sec- 

tor. In order to put these projections in proper perspective 

we will give here a brief overview of the above nentioned scen- 

ario assumptions in a relatively more aggregated form. 



In 1975 there were 266 million homes in Regions I and 111, 

45% of which centrally-heated houses and apartments. There were 

3.0 persons per household, on average. Housing construction in 

the scenarios is assumed to be tied to population growth (which 

is low), while allowing for further reductions in the assumed 

average number of persons per household by 2030: to 2.24 in 

Region I, and to 2.56 in Region 111. Almost all new residential 

dwellings are assumed to be centrally heated; many of them are 

also air-conditioned. In these two regions by 2030 about 90% 

of dwellings would be centrally heated in the scenarios, com- 

pared to 45% as of today. Air-conditioning would be available 

for 30 to 40% of dwellings, as against 12% in 1975. 

In Regions IV, V and VI taken together, the number of 

residential dwellings reaches about 1130 million by 2030, from 

360 million in 1975, with persons per household dropping from 

5.22 to 4.16. Space heating requirements being relatively small 

in these mostly warm regions, only about 259: of dwellings require 

space heat. By 2030, some 17 to 19% are assumed to use space 

heat, compared to 11% in 1975. 

Service sector floor area increases fairly briskly in Regions 

I and 111, reflecting the high growth of the total service sector 

in these regions. By 2030, from 1.7 to 2.1 times as much building 

area is in use, and to be energy-serviced, as in 1975 in these 

two regions; in Region I1 the increase is even larger, from 3.2 

to 4.4-fold. Two main factors--higher population growth, and 

improvement in the working conditions of service sector 

employees--cause the growth in service sector activity in develop- - 



ing regions to be even greater than in developed regions. Service 

sector floor area in these regions is about 6.0 to 7.5 times (by 

2030) that in 1975. 

Tables 25, 26 and 27 report some of the energy consumption 

figures associated with the household/service sector activity 

levels just cited. Readily apparent in all of these tables is 

that by far the largest energy-gorging device in buildings in 

developed regions is the space itself. Space heating (and to a 

lesser extent, air-conditioning) overwhelm other needs in resi- 

dences; in service sector buildings, energy consumption due to 

electrical appliances is also very high. In Regions I and 111, 

about 60% of useful energy in buildings goes to heating the in- 

side air; in the scenario projections here this number decreases 

to 40 to 50%, as var'ious energy-reducing measures are introduced. 

- 
Improved insulation in homes, old and new, can reap sub- 

stantial reductions in energy use. The assumptions in the 

scenarios of insulation improvements in new buildings plus 

retrofit of pre-1975 dwellings reduce the heat losses in dwel- 

lings in Regions I, I1 and I11 quite significantly.' Retrofitting 

of the pre-1975 housing stock is assumed to reduce their heat 

losses by 20-305 Jver the next 50 years. Post-75 dwellings are 

already designed to have 10-15% lower heat losses today;according 

to the assumptions used here, by 2030 the average heat losses of 

all post-75 dwellings would be only 50% of those in 1975. Further 

gains are difficult beyond certain initial savings. Rising prices 

and an assumed increasing public awareness of energy uncertainties 

(plus a fair measure of government-instituted standards) are 

assumed to lead to these results. 



Electricity used for appliances has grown by great leaps 

and bounds in recent years, usually much faster than rises in 

real income. Increased disposable income has to date seemed 

to go in rather large shares to "extras" such as dishwashers, 

color televisions, clothes dryers. In Region I, and to some 

extent in Regions I1 and 111, some flattening of this growth 

curve is postulated--appliance ownership saturates, and their 

energy efficiencies, in response to rising prices, improve. 

Relative increases in electricity consumption for household 

appliances (see Table 25) are much higher by 2030 in developing 

regions--being 3 to 5 times 1975 levels in Region IV, 5 to 10 

times in Region V and 6 to 17 times in Region VI -- mainly because 
the present levels are so low. Most houses which use electricity 

at all in these regions today use it only for lighting and a bare 

minimum of other activities. 

Another factor which is expected to play an important role 

in the future energy requirements of buildings in both the 

developed and developing regions is air-conditioning. Until 

now the extensive use of air-conditioning has been limited to 

Region I; scenario assumptions here project by 2030 considerable 

use of air-conditioning in several other world regions as well 

(see Tables 25 and 27) . 
At present the useful thermal energy requirements in the 

household/service sector are met essentially by fossil fuels and 

electricity in the developed regions and by fossil fuels and 

noncommercial energy in the developing regions. The scenario 



assumptions of Table 9.3.3 (Groups 3.3d, 3.3e) concerning the 

future use of noncommercial fuels, efficiency improvements in 

the use of ail fuels, and penetration of electricity, soft solar, 

district heat and beat pumps lead to the final energy demand 

patterns shown in Table 28. There, the large reliance on district 

heat in Region I1 is simply a logical extension of the present 

situation. Also, the higher fossil, and lower electric, shares 

in developing regions than in developed reflect the end-use pat- 

terns typical in buildings in these two kinds of regions. 

The extent of conservation implied in these projections 

may be judged from the fact that use of heat pufips in electrical 

heating to the extent of 40-501 in Regions I, I1 and I11 and 12% 

in Regions IV and VI as well as efficiency improvements of 10 to 

25% in the use of fossil fuels in different world regions, have 

been assumed possible by 2030. 

In spite of the unfavourable cost economics of present 

soft solar devices, we have introduced fairly aggressive build- 

up rate assumptions for soft solar systems in the household/se~ice 

sector in both the developed and the developing regions (see 

Table 9.3.3, Group 3.3d). For example, it has been assumed 

that 50% of all new (post-1975) single-family centrally heated 

homes and low-rise service sector buildings will install solar 

heating systems (the assumptions are 30% for Region I1 and 20% 

for Region VI). These systems will be 50 to 80% solar -- that 
is, requiring backup (oil, electric, gas) for 20% to 50% of the 

time. Further, it is assumed that by 2030 some 30 to 40% of all 

the households in Regions I, 111, IV and V, and 15-20% in 



Regions I1 and VI, would be using solar water heating systems. 

With these assumptions one finds that, by 2030, soft solar devices 

would support 10-11% of the household/service sector's space 

and water heating demand in the developed regions (I, I1 and 111) 

and about 148 of the corresponding demand in the developing 

regions (IV, V and VI) in both the High and the Low scenarios. 

The shares of soft solar in the total useful thermal energy 

demand (including cooking and air-conditioning requirements) 

will be even lower, as may be seen in Table 28 for the High 

scenario. 

The rather optimistic buildup rate assumptions for soft 

solar used in this assessment serve to explore a reasonable upper 

bound to what they could contribute in the energy mix. However, 

the ultimate soft solar contribution seems to be constrained by 

the size of the market -- the demands for space and water heat in 
detached houses or low-rise service sector buildings are not 

excessive. Moreover, in the developing regions, a large fraction 

of the useful heat demand of the household/service sector ori- 

ginates from cooking requirements. This fraction was about 82% 

in 1975 and remains as high as 59-64% by 2030. Further, in these 

regions most of the dwellings that need space heating are heated 

with only detached room heaters and this practice is expected 

to continue -- although at a lower level -- in spite of increased 
income levels, as the heating seasons and requirements are generally 

small. 

6. Concluding Remarks 

The projections of final energy demand till 2030 for six out 



of the seven comprehensive world regions considered'in IIASA's 

energy study (Energy Systems Program Group, 1981) and the 

various underlying assumptions have been discussed at some 

length. In evaluating them one has to appreciate that project- 

ing energy demand in a medium- to long-term time frame is a 

fundamentally complex issue, full of uncertainties and pitfalls. 

One gets a bare feeling of the difficulties and uncertain- 

ties involved in such an undertaking by looking at the various 

medium- to long-term energy demand projections available for 

one country, i.e., the U.S., whose present pattern of energy 

consumption is best understood and the relevant historical data 

of which are best documented. A number of recent primary energy 

projections for the U.S. are plotted in Figure 7 .  The wide 

variation in these projections speaks for itself aptly illus- 

trating the difficulties involved. Obviously, the game becomes 

more difficult and the uncertainties increase as the projections 

extend to larger world regions covering several countries, given 

an availability of data that is much less satisfactory than for 

the United States. Nonetheless, estimates of future energy 

requirements of the various world regions are essential for us 

to sense the kind and size of problems the world may have to 

face in the wake of dwindling global conventional fuel resources 

and in order to be prepared to meet the challenge. 

The assessments of final energy demand reported here re- 
- 

present such an effort. Of course, they are not predictions or 

forecasts; they simply describe a range of, in our judgment, 

realistic evolutions of future energy. demand in various world - 



regions that are consistent with a plausible range of world 

economic development and population growth. 

The world's energy demand increased more or less exponen- 

tially between 1950 and 1975 at an average growth rate of 

5% per year (see e.g. Doblin, 1979) . Obviously, this trend can- 

not continue in view of the limited resources of conventional 

fuels. Although there are sources of energy -- solar and nuclear 
(through breeding and fusion) -- that promise virtually unlimited 
supply, the present status and cost economics of these sources 

is such that they may, at best, be expected to play only a minor 

role in the next 15-50 year period. Therefore, energy conserva- 

tion leading to a shift away from the exponential energy growth 

trend of the last 30 years is indispensible, if one does not 

completely close ones eyes to the future. However, significant 

energy conservation is possible only in the most highly developed 

countries; most of the population in the developing world still 

lives at levels of energy consumption close to subsistence and will 

need increasing amounts of energy to improve its lot. The assess- 

ment of energy demand reported here is based on what we would 

consider optimistic, though not unrealistic, assumptions about 

measures of energy conservation and possible technological improve- 

ments. 

The extent of energy savings embodied in the two scenarios 

can be seen in Figure 8a, b,where final energy per unit of GDP 

is plotted against GDP per zapita for Regions I through VI. 

There the ratio of final energy demand to GDP is seen to con- 

tinue to decrease for the developed regions (I, I1 and 111) 



in line with the historical trends. On the other hand, the 

ratio continues to increase, at least initially, for all the 

developing regions, again in line with the historical trends, 

but flattens off later and even starts to go down in Regions 

IV and VI. These different trends in the developed and the 

developing regions are characteristic of economies that have 

already reached a high level of industrialization, but are still 

in the process of building up their industrial infrastructure. 

Globally speaking, the curves of Figure 8a, b imply a 

reduction of final energy per dollar of GDP from 0.91 in 1975 

to values of 0.53 and 0.62 in 2030 for the High and the Low 

scenarios, respectively. If only the developed Regions I, I1 and 

I11 are considered, the improvement is even more impressive: 

final energy per dollar of GDP decreases from 0.95 in 1975 to 

0.45 and 0.55 over a period of 55 years. By far the largest 

improvement is seen in Region I1 (SU/EE), where the overall con- 

servation resulting from various scenario assumptions amounts to 

61 and 54%. The corresponding figures for Region I are 59 

and 44% and for Region I11 (WE/JANZ) 45 and 33%. These improve- 

ments, seen in the light of real price increases of 3.0 and 2.4 

times the prices in the recent past (see Energy Systems Program 

Group 1981, Chant 1980) appear quite pronounced but not un- 

realistic. Some measures behind this trend have been reported 

here in detail. Indicators such as automobile efficiency, 

average transport load factors, home insulation, structural 

changes in industry and others have been cited to illustrate 

the extent of the energy-using improvements assumed. 



Another measure of the efficiency improvements assumed in 

the scenarios can be derived by calculating the final energy 

that would result by 2030 if the historical 1950-1975 final 

energy-to-GDP elasticity were to be applied for 1975 to 2030. 

Table 29 shows the differences between final energy calculated 

in this way and the final energy projections of the High and the 

Low scenarios. 

Savings of roughly 20 to 50% occur in each region. The 

demand reductions in Regions I to VI through conservation mea- 

sures embodied in the two IIASA scenarios thus represent a net 

final energy saving of 5.3 to 12.6 TWyr/yr by 2030. 

These amounts are certainly substantial. They underscore 

the aggressive conservation measures assumed in the sceanrios. 

They reflect the belief that vigorous action to increase energy 

efficiency and to improve energy.productivity is a necessity in 

any energy strategy -- short, medium- or long-term. Without such 

improvements, the adequate supply of energy necessary to meet 

the demand at the levels of world economic and population growth 

assumed would probably run into serious difficulties,and the two 

IIASA energy supply scenarios (Energy Systems Program Group, 

1981) might have proved to be infeasible. 
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Region I (NA) North America 

Region II (SU/EE) Soviet Union and Eastern Europe 

Region Ill (WEIJANZ) Western Europe, Japan, Australia. New Zealand. 
S. Africa. and Israel 

Region IV (LA) Latin America 

Region V (AffSEA) Africa (except Northern Africa and S. Africa), 
South and Southeast Asia 

Region VI (MEINAf) Middle East and Northern Africa 

Region VI I  (C/CPA) China and Centrally Planned Asian Economies 

Figure I. The IIASA World Regions 
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Table 2 Populat ion P ro jec t ions  by Resion 

6 .  
Populaticr.  (10 1 - -- 
Base 
Year Pro jec t i95 

Region 1975 2COO 2330 - 
I (NAI 237 2E4 315 
I1 (SU/EE) 363 436 G O  

I11 (WE/JANZ)' 5 60 680 767 
IV (LA) 319 575 79; 
V (Ai/SEA) 1,422 2,523 3,550 
V I  (ME/NAFI 133 247 - 2 c  2 2 5 

VII (C/CPA) 912 1,330 1.7;s 

World 3,946 6.033 7 , 9 7 6  - 
NOTES: 1975 d a t a  a r e  mid-year e s t h a t e s  from Unite6 N%tioris .;lontkiy 3 u l l e t i n  
of Statistics, January 1978. 
The same population. p r o j e c t i o n  is ch07e?or both s i g h  a n i  Lssr scer .ar ios.  
SOURCS: Keyfitz (1977). .. - 



9 Table 3: GDP Projections by Region (10 $75) 

Base Year Proiections 
Region ~ 1975 Hiqh Scenario Low Scenario 

2000 2030 2000 2030 

VII (C/CPA) 320 939 2450 690 1345 

world 6175 17172 39702 13096 22418 

Notes: GDP in constant 1975 U.S. dollars. 

Base year data are estimates fromUN (1977~). 

World Bank (1977) and OECD (1979a). 



3 Table 4 :  GDP/cap Projections by Region (10 $75) - Proiections 
Hiqh Scenario Low Scenario 

Reaions 1 9 7 5  

I (NA) 

11 (SU/EE) 

111 (WE/JANZ) 

IV (LA) 

V (Af/SEA) 

VI (ME/NAf) 

VII (C/CPA) 

World 

Note: based on Tables 2 and 3 .  



Table 5: Primary Energy Consumption, Electricity Generation and 

Noncommercial Energy Use in the Base Year (1975) by Region 

Primary Enerqy Consumption (GWyrL: Region 

I I I I11 IV V VI 

Solid 484 770 541 16 119 3 

Liquid 1167 635 1252 228 159 77 

Natural gas 763 374 238 48 20 43 

Hydro (primary equiv. ) 174 50 180 45 29 5 

Nuclear (primary equiv.) 6 6 6 45 1 1 0  

Total 2654 1835 2256 338 328 123 

Electricity Generation (GWyr): 

Hydro 58 17 59 15.1 9.9 1.5 

Conventional Thermal 
(from fossil fuels) 

Nuclear 2 1 2 15 0.3 0.4 0 

Total 260 158 241 28 26 5 

Noncommercial Fuels (GWyr) : 

Wood - 4 4 - 84 229 2 

Agricultural and Animal Wastes - - - 25 115 8 

Total - 4 4 - 109 344 10 



Table 6: Estimate of Final Energy Use by Energy Form and by 

Region in the Base Year (1975) 
(GWyr) 

Energy Form 
Region 

I I I I11 IV v VI 

coala 108 353 232 12 81 2 

oilb 951 428 979 189 138 7 0 

 as' 584 148 177 2 9 12 29 

Electricity 228 130 201 2 4 22 5 

District Heat - 218 - - - - 

Total 1871 1277 1589 254 253 106 

a includes coke consumption of the iron and steel industry. 

b includes feedstocks derived from crude oil. 

c includes manufactured gas. 



Table 7:Estimate of Sectoral Distribution of Final Energy Use 

in the Base Year (1975) 

Regions 
I I I I11 IV v VI 

Total Final Energy 1871 1277 1589 254 253 106 
(GWyr) : 

X electricity 12.2 10.2 12.7 9.6 8.7 4.4 

X district heat - 17.1 - - - - 

Industry (GWyr) 757 759 805 119 149 4 9 

X electricity 12.5 13.3 14.0 14.5 11.9 7.5 

% district heat - 22.4 - - - - 

~ousehold/~ervice 
(GWyr) : 573 293 471 31 28 15 

%electricity 23.3 6.9 17.6 22.7 13.6 6.6 

% district heat - 16.4 - - - - 

Noncommercial energy 
(households only) 

(GWyr) : - 44 - 109 344 10 



Table 8 : Base Year Data I Inputs 

Gmup I : h o g r a f h y  

Variable Reginn 
1 n 111 tv v vt 

PLF 0.64 0.64 0.63 . 0.542 0.538 0.52 3 
P A R ~ F  0.69 0.61 a 72 0.59 0.70s 0.512 
WLC 0.64 0.42 0.51 0.63 0.87 0.71 
PRUR* 0.24 0.41 0.29 0.40 0.78 0.55 
CAPH 2.98 3.7 9. 5.1 5.24 5.25 

Gmup 2 : Macroeconomics 

Vaxiable Region 
I n 111 IV v VI 

W A G  0.028 0.107 0.058 0.122 0.361 0.07 
W E  0.04 1 0.079 0.075 0.057 0.058 0.C65 
PYMIN f 0. 0. 0. 0 .E5 0.015 0.51 
WMAN 0.245 0.382 0.336 0.248 0. I66 0.078 
WEN 0.0% 0.042 0.046 0.025 0.016 0.007 
PYSER 0.648 0.39 0.485 0.523 0.384 0.27 

PVAIG 0.248 0.233 0.33 0.308 0.264 0.2 
PVAM 0.4 32 0.476 0.42 0.264 0.176 0.1 
PVAC 0.32 0.291 0.25 0.429 0.56 0.7 

1 TheValue~for these variables do not directly affect the calculations 
of the version of the MEDEE-2 model used for the present assessment, 
but they am used for propcting the evolution of other variables. 
outside the model calculations. 

tFor Regions I, I1 and 111, mining of coal, oil and 

gas is included in the energy sector and that of other 

materials is included under manufacturing of basic ma- 

terials. (see definition of sectors i n  Appendix 111). 
- 



101. 
Table 8 : Base Year Data I 111puts (conl'd) 

G m u p  ?.la: Energy Intensity of Agriculture, Construction, Mining 

Rep..on 
Variable 

I LI 111 1 v  v M 

Gmup lib: Energy Intensity of Manufacturing Industries 

G m u p  3 . 1 ~  : Change of Energy Intensity of Agr., Constr., Min- 

Va;iable Reeion 
I I1 I1 I 1 v  v VI 

CHACR.MF 
C H A G R . E L  
C H A G R . ? H  
CHCCN.MF 
CHc0N.U. 
CHcCN.m 
CH MIN. MF 
CHMIN.EL 
CHMIN.lH 

Group 3. Id : Change of Energy Intensity of Manufacturing Industries 

CH MAN. US 1. 1 .  1 .  1. 1. 1. - . .. -- - 
a: separate data werenot~avxiable to us; the corresponding 

requirements are accounted for elsewhere. . 
. --- 

b: the mining sector is not considered separate-Ffor Reg10nS It 11 

and I11 (see definition of PYMIN,PYEN,PY>IAN and PVAIG in ~ppendix 111.) -- 



Tablr.8 : Base Year Data / Inputs (cont'd) 

Group 3.le : Breakdawn of Useful Thermal Energy in Mmufacturing Industries 

Croup 3 . I f :  Penetration of Alternative Energy Sources and Efficiencies 

LLPIND* 
(HPI) 
EFFHPI 
IDH 
SPLT 
SPKT 
FIDS 
I(XX;EN 
EFFCOG 
HELR4 T 
EFFIND" 

*zero by definition, i.e. only penetration above levels 

reached today is considered 

**efficiency of fossil fuel use relative to electricity. 

'Values in parentheses are t o  be interpreted as fractions of the 
preceding category. 

Group 3 . l g :  Constanrs for h p c t i o n  of Feedstock Use and Steel Product~on 

Group 3.lh : Coke Use in Iron&Steel Industry 

1. 1. 
0.95 1.2 

900. 1 000. 



Table 8 : Base Year Data / illputs (mnt'd) 

Croup 3.2 : Tmsponation 

C.rn11p ?.Fa : mncrantr f n r  Prn,rcr~ng Frrigl~r 2nd M ~ c r  ~l'cm~[~nrtarir~n 

Variable . . . . Region 
1 I1 111 1 V V M 

Gmup 3.2b : Distribution of Freight Transportation by MO&* 

Variable - - .. . _ -  Region ... . - 
1 u 111 I v v M 

TRU 0.294 0.025 0 55 0615 0 45 0.426 
(nUI-1  (0.15) (0.) t 0.) ( 0.) (0.) ( 0.) 
FIX4 0.39 0.775 0.2 0 175 0.35 0.024 
( T R A U )  C 0.) (0.35) (0.3) (0.01) (0.15) (0.05) 
( TRASTF) (0.) (0.055) (0.1 (0.) (0.55) (0.) 
B4 0.164 0.05 0.1 0 I5 0.08 0.09 
PIP 0.2 12 0.15 0.05 CC6 0.12 0.52 

* v a l u e s  i n  p a r e n t h e s e s  a r e  t o  be  i n t e r p r e t e d  a s  

f r a c t i o n s  of t h e  p r e c e d i n g  c a t e g o r y .  

Gmup 3 .2~  : Energy Intensity of Freight Transportation Modes 

DTRU 400. 800. 800. 800. 800. 800. 
DTRUL 1100. 0. 0. 0. 0. 0. 
DTRAF 1 10. 100. 200. 200. 200. 200. 
D M  80. 100. 200. 200. 200. 200. 
DPlP 0. 0. 0. 0. 0. 70. 



104. 

Table 8 : Base Year Data I Inputs (cont'd) 

Gmup 3.2d : Total Distance Travelled per Person (IntercitylUlOan) 

Variable Re@.n.o 
I II n~ IV v VI 

Gmup 3.2e : Car Tnvel * 

Variable -- Region 
I n III IV v VI 

CO 2. 40. 5.2 1 25.64 268. 59.5 
DIC 7000. 5000. 5000. 6300. 6700. 6000. 
LFIC 2.6 3. 2.3 3.5 3.5 3. 
UC 0.966 0.4 0.7 0.3 0.33 0.3 
( U'=) [ 0.) (0.) (0.) (0.) (0.) ( 0.) 
LFUC 1.6 2.5 1.5 2 5 2.5 2. 

*values in parentheses are to be interpreted as fractions of the 
preceding category. 

Gmup 3.2f : Public Transpoflatlon * 

Variable 
Rerrion 

I I1 111 IV v VI 

LFP 
UMT 
( U r n )  

*values in parentheses are to be interpreted as fractions 

of the preceding category. 

Croup 3.2g : Specific Enetgy Consumption of Passenger Transportation Modes 

Redon 
Variable 

I II IU IV v VI 

GIC 
GUC 
ELUC 
DBU 
D W P  
DPLA 
D m  
ELMT 



Table 8 : Base Year Data / Inputs (cont'd) 

Gmup 3.3 : Household and Service Sector 

Group 3.3a : Impoltant Constants / Initial Values 

Ream 
Variable I II m N v VI 

TAREA-75 2720. 1500. 3000. 600. 1250. 180. 
CPLSER 1.2 1.028 1.2 1.534 1.536 0.824 
HAREAO 290. no. 135. 50. 15. 25. 

BYRNCF a 47.5 a 117. 370. 10.5 

a-noncommercial fuels a r e  nc t  cons ide red  i n  Regions I and 

111. 

Group 3.3b : a h e r  Farton Determining Present Useful Energg Consumption 

Redon 
Variable 

I 11 m N v VI 

COOKDW 
DWHW 
HWCAP 
DWAC 
ACDW 
ELAPDW 
PRED W( 1) 
PREDW( 2) 
-W( 3) 

AREAH 0.8 1. 0.7 0.8 0.35 0.7 
ELMO 120. 40. 40. 25. 1 5. 15. 
AREAAC 0.55 0. 0.05 0.05 0. 0.04 
ACAREA 70. 7 0. 70. 70. 70. 70. 
EFFAC 2. 2. 2. 2. 2. 2. 



Tabic 8 : Base Year Data I Inputs (cont'd) 

Gmup 3.3~ : Factors Relevant for Projection of  Useful Energy Consumption 

Reelon 
Variable I I1 m Iv v VI 

DEMDW 
NEWDW 1) 
NEWDW2) f 

not applicable 

for base year 

AREAL r 
DEMAR f not applicable 

for base year 

Gmup 3.M : Fenerradon of Alternative Energy Sources* 

Variable 
R d o n  

I U m N V VI 

(HPHS) 
EFFHPR 
DHPH 
sPSHt 
FDSHS 
s m  
FDHWS 0.7 0.6 0.7 0.8 0.8 0.8 
PLB 0.3 0.3 0.3 0.3 0.7 0.7 
SPSV -f 0. 0. 0. 0. 0. 0. 
FDFE 0.7 0.4 0.55 0.8 0.8 0.8 
CHGNCF a 1. a 1. 1- . 1. , 

a noncommercial fuels are not considered in Regions 

I and 111. 

f only relevant for post-75 buildings. 

values i n  parentheses are to be interpreted as fractions 
of the preceding category. 



Table 8 :  Base Year Data / Inputs (cont'd) 

Gmup 8.3e : Fossil Fuel Efficiencies (relative to electricity) 

Variable Region 
I I1 m Iv v VI 

a. noncommercial fuels are not considered in Regions 

I and 111. 
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1 2 8 .  

T a b l e  1 0 :  F i n a l  E n e r g y  i n  the Two S c e n a r i o s  (TWyr/yr )  

R e g i o n  

I (NA) 

( X  e l e c . )  

11 (SU/EE) 

( %  elec.) 

111 (WE/JANZ) 

( X  elec.) 

IV (LA) 

High 
2000  - 2030 - 

( X  elec.) (101 ( 1 2 )  ( 1 5 )  ( 1 2 )  ( 1 6 )  

v (AF/SEA) 0 . 2 5  1 . 0 6  3.17 0 . 8 0  1 . 8 8  

(% elec. ) (9) (-13) ( 1 6 )  ( 1 2 )  ( 1 5 )  

VI (ME/NAf) 0 . 1 1  0.58 1 .64  0 . 4 3  0 .87  

( X  elec.)  ( 4 )  ( 1 2 )  ( 1 7 )  ( 1 2 )  ( 1 5 )  

I + I11 3 . 4 6  5 .66  8.04 4 .65  5 . 6 2  

( %  elec.) ( 1 2 )  ( 1 7 )  ( 2 1 )  ( 1 7 )  ( 2 1 )  

IV+V+VI 0 . 6 1  2 .65  7 . 4 5  1 . 9 7  4.40 

(9: elec.)  ( 8 )  ( 1 2 )  ( 1 6 )  ( 1 2 )  ( 1 5 )  

T o t a l  5 . 3 5  1 0 . 6 9  1 9 . 6 1  8 . 7 9  1 2 . 9 8  

( %  elec.) ( 1 1 )  ( 1 6 )  ( 1 9 )  ( 1 6 )  ( 1 9 )  



Table 1l:Per Capita Final (Commercial) Energy Consumption, 

Two Scenarios 1975 to 2030 (kW/cap) 

Year High Scenario Low Scenario 
Region 1975 2000 2030 2000 2030 

I through VI 1.76 2.25 3.13 1.85 2.07 

NOTE: The figures are average rates of final energy use, 

averaged over the population and the year. 
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Table 13: Final Energy Projections for Industry (including 

coke and feedstocks, TWyr/yr) 

(TWyr/yr) 

LOW - 
Region 1975 2000 - - 2030 - 2000 - 2030 - 

I (NA) 0.76 1.31 1.91 1.08 1.31 

( % manuf . ) (92) (91) (89) (91) (90) 

11 (SU/EE) 0.76 1.49 2.64 1.35 1.85 

( %  manuf . 1 (92) (91) (90) (90) (88) 

111 (WE/JANZ) 0.81 1.55 2.27 1.18 1.46 

(X manuf.) (91) (89) (89) (90) (89) 

IV (LA) 0.12 0.48 1.23 0.33 0.72 

( %  manuf.) (90) (91) (90) (89) (87) 

V (Af/SEA) 0.15 0.67 1.97 0.47 1.02 

( %  manuf.) (97) (88) (82) (85) (76) 

VI (ME/NAf) 0.05 0.32 0.85 0.24 0.43 

(% manuf.) (62) (83) (86) (85) (80) 



Table 14: Final Energy Projections for Manufacturing 

(including coke and feedstocks, TWyr/yr) 

Region 1975 - 
I (NA) 0.70 

( %  elec.) (13) 

( %  coketfeedst.) (18) 

11 (SU/EE) 0.70 

( %  elec.) (12) 

(5 cokeufeedst. ) (20) 

111 (WE/JANZ) 0.73 

( %  elec.) (15) 

(5  coketfeedst.) (28) 

IV (LA) 0.11 

( %  elec.) (14) 

( 5  coketfeedst.) (22) 

V (Af/SEA) 0.14 

( %  elec.) (11) 

( %  coketfeedst.) (13) 

VI (ME/NAf) 0.03 

( 9 6  elec.) (12) 

( %  cokecfeedst.) (33) 

LOW - 
2000 - 2030 - 



TABLE 15 Projected Reduction in Average Useful energy Intensity of 
Manufacturing Industries, Sigh Scenario 

Useful Energy % Reduction Of ?hich ( s )  
Intensity In 2030 Gue To 
(kLvh/$'JA) Relative To Structural 

Region 1975 2030 1975 Changed 

I (NA) 8.66 6.06 30 8 
11 (SU/EEI 10.86 6.12 , 44 1 
111 (WE/JANZ) 4.20 3.21 24 4 
IV (LA1 5.81 4.51 22 4 
V (Af/SEA) 11.06 9.29 16 -3 
VI (ME/NAf) 7.68 4.96 35 -8 

a 
Structural changes are the result of modernization in the manufacturing 
activities. 
NOTES: Useful energy is, expressed as equivalent electricity requirement. 
Data are for manufacturing industries, excluding coke and petrochemical feed- 
stock use. 



T ; . e ~ ~  16 Assumed Penetratron of Electricity, District Heat, Cogeneration, 
Heat Pump and Soft Solar in Their Potential industrial Iieat 
Markets in 2030, High Scenario (% of potential industrial heat 
markets)= 

Soft Solar 
Elec- Distrlct Cogen- Heat b d  High 

:,.gion tricity Heat eration P u ~ p  Temp. Temp. 

i (NA) 0.10 0 0.50 0.50 0.15 0.05 
I! (SU/EE) 0.10 0. 8sb 0 0 0.10 0.03 
:rr (li'E/JANZ) 0.05 0.15 0.d 0.50 0.15 0.05 
:V (LA1 0.10 0.12 0.20 0.20 0.30 0.10 
v (Af/S!2A) 0.04 0.05 0.15 0. lo 0.30 0.10 
.:I (ME/NA~) 0.10 0.12 0.25 0.20 0.30 0.10 

a potential industrial heat markets: electricity, all process heat; district 
?.eat, steam and hot water; cogeneration, low temperature steam and hot water; 
hea t  pump, steam and hot water demand met by electricity; and soft solax, 
steam and hot water. 
L 
In Region I1 district heat and in Region 111 on-site cogeneratzon were al- 

ready supplying 69% and 30% of their respective potential markets in 1975. 
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TABLE l6 Average Final Energy Intensity of Manufacturing Activities 
(excluding feedstocks and coke) 

Energy Intensity Reduction 
High Scenario Due To 
(kFlh/SVA) Relative Struchral 

Region 1975 2030 Decrease ( % I  Change (3) 
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Table 20: Projections of Transportation Final Energy Demand 

(TWyr/yr) 

High LOW - 
Regions 1975 - 2000 - 2030 - 2000 - 2030 - 

I (NA) 0.54 0.65 1-01 0.56 0.68 

(% elec.) (0.1) (0.6) (1.1) (0.7) (1.5) 

(X passenger) (74) (48) (39) (54) (49) 

(I$ elec.) (4.0) (6.4) (8.9) (6.3) (9.2) 

(X pas.) (25) (30) (27) (28) (28) 

111 (WE JANZ) 0.31 0.71 1.11 0.53 0.69 

( X  elec.) (1.9) (2.2) (3.1) (2.6) (3.9) 

(X pas.) (60) (59) (54) (58) (56) 

IV (LA) 0.11 0.41 1.15 0.30 0.73 

(X elec.) (0.2) (0-4) (1.4) (0.4) (1.5) 

(% pas.) (31) (33) (35) (35) (38) 

V (Af/SEA) 0.08 0.27 0.91 0.22 0.61 

(X elec.) (0.5) (0.8) (1.5) (0.8) (1.6) 

(X pas.) (40) (45) (55) (47) (59) 

Vi (tlE/NAf) 0.04 0.20 0.61 0.14 0.31 

(.? elec.) (0.1) (0.2) (0.9) (0.2) (1.0) 

( 5  pas.) (20) (23) (34 (26) (34) 
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%LE 22: Energy Use by Automobiles i n  Six World Regions 

Base 

Region 
Year Hich  Scenario Low ~ c e n a r l o  
1975 20M3 2030 2000 2030 

1 (NA) 
Energy used by cars  (GWyr/yr) 364 205 194 203 201 
A s  share  of  t o t a l  t ransportat ion 
energy (%) (67) (321 ( 1 9 )  ( 3 6 )  ( 2 9 )  

11 (SU/EE) 
Energy used by cars  (Ghlyr/yr) 26 45 63 42 50 
A s  share  of t o t a l  t ransportat ion 
energy ( 2 )  ( 1 1 )  ( 1 1 )  (81 ( 1 1 )  (91 

111 (WE/JANZ) 
Energy used by cars  (GP?yr/yr) 111 214 249 168 179 
A s  share  of t o t a l  t ransportat ion 
energy ( t )  (351 (301 ( 2 2 )  ( 3 2 )  ( 2 6 )  

IV (LA) 
Energy used by cars  (Gliyr/yr) 20 82 238 67 179 
A s  share  of t o t a l  t ransportat ion 
energy (%) ( 1 9 )  ( 2 0 )  ( 2 1 )  (22 )  ( 2 5 )  

V (Af/SEA) 
Energy used by cars (CTTyr/yr) 17 67 277 60 216 
A s  share  of t o t a l  t ransportat ion 
energy ( 2 )  ( 2 2 )  ( 2 5 )  ( 3 0 )  ( 2 7 )  

V I  (ME/NAf) 
(361 

Energy used by cars  (Gliyr/yr) 6 2 7 108 22 67 
A s  share  of t o t a l  t ransportat ion 
energy (.dl (131 ( 1 3 )  ( 1 8 )  (161 ( 2 1 )  



Table 23: Projections of Freight Transportation Activity 

12 (10 ton-krn) 

LOW - 
Region 1975 - 2000 - 



Table 24: Projections of Final Energy Demand* in the Household/ 

Service Sector 

Region 

(TWyr/yr) 

High - Low 

1975 - 2000 - 2030 - 2000 - 2030 - 
I (NA) 0.57 0.66 0.74 0.62 0.64 

( %  elec.) (23) (39) (50) (37) (46) 
. . 

( %  serv.) (28) (30) (33) (27) (28) 

11 (SU/EE) 0.29 0.48 0.69 0.44 0.55 

(X elec.) (7) (21) (33) (17 (26) 

( %  serv.) (25) (28) (35) (26) (29) 

111 (WE/JANZ) 0.47 0.78 1.00 0.69 0.84 

( %  elec.) (18) (28) (41) (28) (37) 

( %  serv.) (14) (15) (19) (15) (17) 

IV (LA) 0.031 0.11 0.26 0.10 0.21 

( %  elec.) (23) (33) (48) (28) (43) 

(X serv.) (10) (12) (15) (12) (20) 

V (Af/SEA) 0.028 0.12 0.30 0.11 0.25 

( 5  elec.) (14) (19) (32) (16) (22) 

(X serv.) (9) (12) (16) (10) (12) 

( 9 6  elec.) (7) (22) (43) (19) (31) 

( %  serv.) (7) (19) (32) (18) (29) 

* The figures in this table refer only to the demand of commercial 
;nto 

energy. These figures have been arrived at after takinglaccount 

the requirements of households that are/would be met by noncom- 

mercial fuels. 
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I 
I TABLE 26: Household Use of Electricity, 1975 and Scenario Assumptions 

(10' khlhousehold) 
I 
! 
! 
I Base 
I Yeas High Scenario Low Scenario 
Region 

I 
1975 2000 2030 2000 2030 

I I (NA) total electricity 9.4 13.0 15.0 11.9 12.9 1 (t thermal uses)a ( 5 9 )  ( 5 2 )  ( 4  7) (561 (521 
11 (su/EE) total electricity 1.2 3.9 6.5 3 .O 4.3 

(% thermal uses) ( 2 5 )  ( 2 6 )  ( 2 3 )  ( 2 9 )  ( 3 0 )  
I11 (WE/JANZ) total elec. 3.1 6.0 9.1 5.3 7.1 

( %  thermal uses) ( 3 8 )  (391 ( 3 4 )  ( 3 8 )  (36) 
IV (LA) total electricity 0.7 1.9 4.2 1.4 2.7 

(Z  thermal uses) (31 ( 1 1 )  ( 2 0 )  (13)  (21 )  
/ V (Af/SEA) total electricity 0.05 0.2 0.5 0.1 0.3 

( I ) ;  thermal uses) (1) ( 4 )  (8) ( 3 )  ( 1 1 )  / VI (ME/NAf) total electricity 0.2 1.2 4.3 0.9 1.8 
! (% thermal uses) ( 9 1  (221 (231 (191 ( 3 3 )  
! 
! a 
! Thermal uses include air-conditioning. 
NOTES: Only for Region I (NA) were sufficient statistics available; for 
:other regions estimates come from partial data and/or data for selected 
!countries. 
'consumption of electricity per household for specific uses (lighting, elec- I .  
trlcal appliances) is a direct assumption; consumption for thermal uses re- 
lsults from separate assumptions on useful energy consumption for space heat- 
/ing, water heating, cooking, and air conditioning and from assumed penetra- 

I 'tion of electricity into these markets. 
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' Region 

Sector Heat Market 

( X  of total useful thermal energy) 

High Scenario 

2000 2030 - - I NCE FF EL OH SS 

I - 
' 1 In 1975 ,  noncommercial energy share is estimated to be 7, 39, 68 . 

and 9% in Regions 11, IV, V and VI, respectively. The Low 

scenario shares are quite similar to those in the High scenario. 

2 The share of district heat in Region 11 was already 25% in 1975. 

NCE = noncommercial enerqy sources 

FF = fossil fuels (for Regions IV, V and VI, this column includes 

the fossil fuel equivalent of charcoal/wood and biogas to 

be supplied as commercial fuel) 

EL = electricity 

DH = district heat 

SS = soft solar 
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Appendix I 

The Seven world Regions .;I L?e IX.:.SA Zr::rc~ 
Systems Pxc;r.lin 

REGION I: NORTA A i i R I C A  (NA) 

Highly developed market economies with energy rascurcos. 

Canada 
United S ta tes  of America 

REGION 11: THE SOVIET UNION AND EASTEFA EL'XaPE (SU/EX) 

Highly developed centrally-planned e c o n 5 z . i ~ ~  with enerF;T resources. 

Albania 
Bulgaria 
Czechoslovakia 
German Delnocratic Republic 
Hungary 
Poland 
Romania 
Union of Soviet  S o c i a l i s t  Republics 

REGION 111: M. EU?.OPZ, JAPLY, AlJSTRdLIA, ::EX Z51i.:1?D, S. .qXICZ., a7SJD 
ISPAEL (WE/JANZ) 

Highly developed market economies with r e l a t i v e l y  lo~rr energy resources. 

Member countr ies  of the European ComuniQ' 

Belgium I t a l y  
Denmark Luxedcurg 
h-ance Netherlends 
Germany, Federal Republic of Unlted Kinqdom 
Ireland 

Other Western European Countries 

Austria 
Cyprus 
Finland 
Greece 
Iceland 
Norway 

Portugal 
Spain 
Swedfn 
Switzerland 
Turkey 
Yurjorlavia 

Others 

Austral ia  
I s r a e l  
Japan 
New Zealand 
South Africa 



Cevelc?ing c ~ = : - . m i f ~  x i t i ?  jc,:e energy resources and s igni f icant  p ? u l a t i o n  
y9.:.Tk. 

;.rpzr.tina 
3aka2as 
Belize 
Sol ivis  
Brazil 
Chile 
Colombia 
Cssta Rica 
Cuba 
Dominican Republic 
Ecuador 
E l  Salvador 
Guadelou~e 
Guatemala 
Guyana 
H a i t i  

Bonduras 
Jamaica 
Nartinique 
Mexico 
Netherlands Ant i l les  
Nicaragua 
Panama 
Paraguay 
Peru 
Puerto Rico 
Surinam 
Trinidad and Tobago 

Uruguay 
Venezuela 
Other Caribbean 

?ZC-ION V: LTICA (EXCTT N O Y Z ~ Z ? ~  AFRICA RND SOUTH .LFRICA), 
S o b 3  SJGTEAST ASIA (A~-/SEA) 

Slowly devdoping ecorromies with scne energy resources and s ign i f i can t  popu- 
l a t i o n  growth. 

Africa 

Angola 
Benin 
mtswana 
Burundi 
Cameroon 
Cape Verde 
Central African Republic 
Chad 
CoIlgo 
Ethiopia 
Gabon 
Gmbia 
Ghana 
Guinea 
G o i n e a  Bissau 
1'7ory Coast 
Kaya  
Losotho 
L i b r i a  
;4?.ds;asczr 
113 i zwi 
:,lali 

:.:a1 t a  

Mauritania 
Mauritius 
Morocco 
I4ozambique 
Namibia 
Niger 
Nigeria 
Reunion 
Rhodesia 
Rwanda 
Senegal 
S i e r r a  Leone 
Somalia 
Sudan 
Swaziland 
Tanzania, Uriited Republic of 
Togo 
Tunisia 
Uganda 
Upper Vol t a  
Western Sahara 
Zaire 
Zambia 



Afghanistan 
Bangladesh 
'Brunei 
Burma 
Comoros 
Bong Kong 
India 
Indonesia 
Korea,. Republic of 
Macau 
Malaysia 

Xe~a: 
p=:<istcfi 
T;a>:1-. :iew Winfa 
R:J.li;_?i::?r 
Sin.q%?@re 
S r i  La?::a 
Tap,:.%- 
Thailand 

(South) ~ ~ ~ ~ . : ~ ~  

West Souch Asia 2 . e . s .  

REGION V I :  MIDDLE EAST AND NO?.'=-EE-QU AFRICA (PE/iiiif) 

Developing economies with large energy ressurces. 

Member Countries of the Organizaticn of Z.rsb Pet .coi~.~-  P:<.;ol-ti;,c Csr:ntries 
(OAPEC) 

Algeria 
Bahrain 
Egypt 
Iraq 
Kuwait 

Libyan Fzab 3epublic 
Qatar 
Saudi Szzniz 
Syrian iLrab Rep>&lic 
United F z a h  Z;lirazes 

Iran 
Jordan 
Lebanon 
Oman 
Yemen 
Yemen, People's Democratic Repllblic of 

REGION V I I  : CHINA AND C E W I - P L A i i T i E D  AS IAN ECOI:C,FIIXS (C/C?R) 

Developing centrally-planned economies with enerT] resources. 

China, People's R e ~ u b l i c  of 
Kampuchea, Democratic (formerly Car5cCia) 
Korea, Democratic Republic of 
Laos, Pecple 's  Democratic Republic of 
Mongolia 
V i e t - N a m ;  S o c i a l i s t  Republic of 



APPENDIX I1 

Definition of Parameter Variables* 

Variable Unit - Explanation 
PO lo6 Total population 

PLF fraction Share of population of age 15-64 in the 

total population (potential labor force) 
PARTLF fraction Share of potential labor force actually 

working 

POLC fraction Share of population living outside large 

cities (the definition in terms of city 

size varies from region to region; the 

variable is used to determine the appro- 

ximate potential market for district 

heating and mass transportation systems) 
PRUR fraction Share of rural population (according to 

UN definition; the variable was not used 

in the present version of MEDEE-2, but was 

considered outside the model for estimating 
some other parameters. 

CAPH persons Average household size (the number of 
Per 
household dwellings is calculated as PO/CAPH, i.e. 

the term household is used in the sense 

"persons living together in, one dwelling"). 

*Constantsand initial values are marked by and i, respectively; 
the values of all other variables have to be specified for each 
point in time considered. The names correspond in general to 
those used in the MEDEE-2 code; if not, the name used in the 
program is shown in parentheses. 



Variable 

Group (a) : 

PYAG (YREL (1) ) 

PYB(YREL(2)) 

PYMIN (PREL (3) ) 

PYMAN (YREL (4) 

PYEN (YREL ( 5 )  f 

PYSER(YREL(6) ) 

PVAIG (VAREL (1) ) 

PVAM(VAREL ( 2 ) 

PVAC (VAREL ( 3 ) 

PVAMIS (VAREL ( 4 ) ) 

Group (b) : 

I 

(IB) 

(IM) 

P 

(PCDG) 

(PCNDG) 

(PCSER) 

~ r o u ~  (c): 

Unit - Explanation 

109$75 Total GDP 

Distribution of GDP formation by 

kind of economic acticity; sec- 

tors considered: agriculture, 

construction, mining, manufac- 

turing, energy, services 

Distribution of manufacturing 

value added; sectors considered: 

basic materials, machinery and 

equipment, nondurables and mis- 

cellaneous industries 

Share of GDP spent on investments 

(I), and distribution of invest- 

ments among construction (IB) and 

machinery and equipment ( (IM) 

Share of private consumption ex- 

penditures in total GDP (P) , and 
distribution of private consump- 

tion among durable goods (PCDG) , 
nondurable goods (PCNDG) , and 
services (PCSER) 

Coefficients of linear equations 

to determinethe GDP formation of 

6 major economic sectors and the 

value added contributions of 4 

aggregated manufacturing sectors 

as a function of total GDP and 

the structure of GDP expenditure; 

the parameters in group (b) and 

(c) need only be specified if the 
parameters in group (a) are not 

specified. 



Variable Unit - Explanation 

103kcal/$v~ Specific energy consumption 

(for M F ,  TH); per dollar value added by 

kWh/$VA sector and energy form in 

(for EL) the base year. 

Sectors: AGR = agriculture, 

CON = construction, M I N  = 

mining. 

Enerqy forms: MF = motor 

fuel, EL = electricity; TH = 

thermal uses (final energy). 

103kcal/$v~ Specific energy consumption 

(for M F ,  US); per dollar value added by 

kWh/$VA manufacturing subsector and 

(for EL) energy form in the base year. 

Sectors: BM = basic mate- 

rials, NE = machinery and 

equipment, ND = nondurables. 

Energy forms: IT3 = motor 

fuel, EL = electricity, US = 

thermal uses (useful energy). 

Ratio of energy intensity in 

the current year relative to 

the base year by sector and 

by energy form (same sectors 

and energy forms as above) 

Ratio of energy intensity in 

the current year relative to 

the base year in the manufac- 

turing sector, by energy form 

(same energy forms as above; 

the same factor is applied to 

all manufacturing subsectors). 



Variable 

PUSIND' (I, J) 

Sectors : 

I = 1  

1 = 2  

1 = 3  

1 = 4  
Process 
Categories: 

J = l  

J = 2  

J = 3  

LTH 

Unit - Explanation 

fractions Share of useful thermal energy demand 

of manufacturing sector I for process 

category J 

Basic materials 

Machinery and equipment 

Non-durables 

Miscellaneous manufacturing industries 

Steam generation 

Furnace/direct heat 

Space/water heating 

fractions Share of useful thermal energy demand 

in manufacturing for steam generation 

and space/riater heating together (STSHI) 

and for steam generation only (STI) . 
(Note: 1-STSHI represent the share of 

useful energy demand for furnace/direct 

heat, but excluding the use of coke for 

iron ore reduction and electrolysis). 

These two variables must be specified 

only if the array PUSIND is zero. 

fraction Share of low-temperature steam in the 

(relative total steam demand of the manufacturing 

to STI) sector. 

ELPIND (J) , fraction Share of useful thermal energy demand 

J=1,2,3 in manufacturing for process category J 

that is supplied by electricity (must be 

specified if PUSIMD # 0) 

ELPIND ( 4 )  fraction Average electricity penetration into 

thermal uses in manufacturing (must be 

specified only if PUSIND = 0) 

(HPI) fraction Contribution of heat pumps to low- 
temperature use of electricity 



Variable Unit - Explanation 

EFFHP I thermal energy Coefficient of performance of 
extracted 
electric energy 
n u t  j (electric) heat pumps in industry 

IDH fraction Share of the manufacturing demand for 

steam and hot water that is supplied 

by district heat 

SPLT 

SPHT 

FIDS 

fraction 

fraction 

fraction 

ICOGEN fraction 

EFFCOG fraction 

Share of the manufacturing demand for 

low-temperature steam and for hot water 

which is supplied by solar systems 

Share of the manufacturing demand for 

high-temperature steam that is sup- 

plied by solar systems 

Approximate share of useful thermal 

energy demand that can be met by a 

solar installation (i.e., 1-FIDS de- 

termines the backup requirements) 

Share of the manufacturing demand for 

low-temperature steam and hot water 

which is supplied by fossil fuels, 

but with cogeneration of electricity 

System efficiency of cogeneration, 

i.e. ,. (heat+electricity output) / 
(heat content of fuels used) 



Variable Unit - 
HELRAT kWh steam 

kwh electricity [ 
EFFIND (J) , fraction 

I 
J=1,2,3 

EFFIND (4) fraction 

6 CFEED(I)' 10 tons 

CFEED (2) tons/103$~~ t 
CPST (1) 6 10 tons 

BOF fraction 

Explanation 

Ratio of heat to electricity in the 
output of cogeneration systems 

Average efficiency of fossil fuel 

use for thermal process J in manufac- 

turing relative to the efficiency of 

electricity (must be specified if 

PUSIND # 0) 

Average efficiency of fossil fuel 

use in thermal processes relative 

to the efficiency of eiectricity 

(must be specified only if PUSIND = 0) 

Constants used to project the feed- 

stock requirements of the petro- 

chemical industry 

Constants used to project the amount 

of steel produced 

Share of steel produced in non- 

electric furnaces (the electricity 

requirements for electric steel- 

making must be reflected in EI.BM.EL 

for the base year, and in CH.MAN.EL 

for the projections) . 



Variable 

IRONST 

EICOX 

CTKFRT ( 1) 

CTKFRT ( 2 

CMISMF (1) ' 

CMISMF ( 2 )  

TRU 

FTRA 

(TRAEF) 

(TRASTF) 

BA 

PIP 

Unit - 

[ tons of pig iron ton o steel ] 

kg coke 
ton of pig iron] 

fraction 

fraction 

(rel. to TRU) 

fraction 

fraction 

(rel. to FTRA) 

fraction 

(rel. to FRTRA) 

fraction 

fraction 

Explanation 

Tons of pig iron input per ton of 

steel produced (the residual is 

assumed to be scrap) 

Coke input in blast furnaces per 
unit output of pig iron 

Constants used to project the total 

demand for freight transportation 

Constants used to project the total 

motor fuel demand for international, 

military and misc. transportation 

Share of trucks in the total.demand 

for freight transportation 

Share of local truck transportation 

in the total freight transportation 

performed by trucks (the residual 

is assumed to be long-distance hauls) 

Share of rail in the total demand 

for freight transportation 

Share of electric freight trains 

in the total freight transportation 

by rail 

Share of steam freight trains in 

the total freight transportation. 

by rail 

Share of inland waterways or coast- 

al shipping in the total demand 

for freight transportation 

Share of pipelines in the total 

demand for freight transportation 



Variable 

DTRU 

DTRUL 

DTRAF 

DBA 

DPIP 

DI 

co 

DIC 

Unit - 
kcal/ton-km 

population 
number of cars 

km/yr/car 

I 

Explanation 

Energy intensity of trucks (average or, 

if TRUL # 0, long-distance) 

Energy intensity of trucks for short 

hauls (only relevant if T R U L  # 0) 

Energy intensity of diesel freight 

trains (tha energy intensity of electric 

and steam trains is assumed to be lower 

and higher, respectively, by a factor 

of 3) 

Energy intensity of inland waterways ' 

and coastal shipping (only motor fuel 

considered) 

Energy intensity of pipelines (only 

motor fuel considered) 

Average intercity distance travelled 

per year per person (applies to the 

total population) 

Average intracity distance travelled 

per day per person (applies only to the 

population living in large cities1 

Inverse of car ownership 

Average intercity distance driven per 

year per car (one must be careful 

that the average distance driven in 

intracity travel as implied by the as- 

sumptions on PO, POLC, DU, UC, L F U C  to- 

gether with the assunption on D I C ,  

matches the total average distance 

driven per year per car) 



Variable 

LFIC 

Unit - 
persons per c a r  

Explanation 

Average load f a c t o r  of c a r s  i n  i n t e r -  

c i t y  t r a v e l  

f r a c t i o n  Share of c a r s  i n  t h e  t o t a l  demand f o r  

i n t r a c i t y  passenger t r anspo r t a t i on  

f r a c t i o n  

( r e l .  t o  UC) 

Share of e l e c t r i c  c a r s  i n  t h e  t o t a l  

i n t r a c i t y  c a r  t r a v e l  

persons -pe r  c a r  Average load f a c t o r  of c a r s  i n  i n t r a -  

c i t y  t r a v e l  

f r a c t i o n  PBU Share of buses i n  i n t e r c i t y  passenger  

t r a v e l  excluding t r a v e l  by c a r  

PTRA f r a c t i o n  Share of t r a i n s  i n  i n t e r c i t y  passenger  

t r a v e l  excluding t r a v e l  by c a r  

(TRAEP ) f r a c t i o n  

(rel .  t o  PTRA) 

Share of electric t r a i n s  i n  t h e  t o t a l  

i n t e r c i t y  t r a v e l  by t r a i n  

(TRASTP) f r a c t i o n  

( r e l .  t o  PTRA) 

Share of steam t r a i n s  i n  t he  t o t a l  

i n t e r c i t y  t r a v e l  by t r a i n  

Share of a i r  planes i n  i n t e r c i t y  pas- 

senger t r a v e l  excluding t r a v e l  by car 
PLA f r a c t i o n  

persons per  bus LFBU Average load f a c t o r  of buses ( i n t e r -  

c i t y )  

LFTRA persons per  t r a i n  Average load f a c t o r  of t r a i n s  ( i n t e r -  

c i t y )  

LFP f r a c t i o n  Average capac i ty  u t i l i z a t i o n  f a c t o r  

of a i r  planes 

UMT f r a c t i o n  Share of mass t r anspo r t a t i on  systems 

i n  t h e  t o t a l  demand f o r  i n t r a c i t y  

passenger t r anspo r t a t i on  

(UMTE) f r a c t i o n  Share of e l e c t r i c  mass t r a n s i t  i n  

( r e l .  t o  UMT) t h e  t o t a l  i n t r a c i t y  mass t ranspor ta-  

t i o n  (1-UMTE is  t h e  share  of buses) 



Variable Unit - Explanation 

LFMTB persons per bus Average load factor of nonelectric 

mass transit systems (intracity) 

LFMTE per- per vehicle Average load factor of electric 

mass transit systems (intracity) 

GIC liter/100 veh-km Specific gasoline consumption of 

cars in intercity travel 

GUC liter/100 veh-km Specific gasoline consumption of 

cars in intracity travel 

ELUC kWh/veh-km Specific electricity consumption 

of electric cars (intracity travel) 

DBU liter/100 veh-km Specific diesel consumption of 

buses (intercity) 

DTRAP kcal/train-km Specific fuel consumption of diesel 
passenger trains (intercity) 

DPLA kcal/seat-km Specific energy consumption of 
air planes 

DMT liter/100 veh-km Specific diesel consumption of 

buses (intracity) 

Specific electricity consumption 

of intracity mass transportation 

systems 



Variable Unit - Explanation 

DD' degree-day The definition in the U.S. Statistical 

Abstract (see U.S. (1976a), p. 178) is 

as follows: "A unit, based upon temper- 

ature difference and time, used in esti- 

mating fuel consumption and specifying 

nominal heating load in winter. For any 

one day, when the mean temperature is 

less than 6 5 O ~  there exist as many de- 

gree days as there are Fahrenheit de- 

grees difference in the temperature be- 

tween the average temperature for the 

day and 65OF." The definition used here 

differs in that it is (i) based on Cel- 

sius degrees, with the threshold being 

18O~; (ii) based on monthly average 

temperature; (iii) averaged over a re- 

gion (weighted by population) by selec- 

tion of a few representative cities. 

Our values are therefore rough approxi- 

mations. 

fractions 

I 
Share of dwellings (service sector floor 

ARSH~ """' I area) which is in climatic conditions 

where heating is required 

' 6 D W - ~ ~ ~ ( D W )  10 dwellings Total stock of dwellings in the base 

year (1975) 

103kcal/yr/ ,Specific space heat requirements of pre- 

dwelling 

t 

75 dwellings (useful energy); 1 = single 

family house with central heating; 

2 = apartment with central heating; 

3 = dwelling with room heating only 



Variable 

TAREA- 7 5 (TAR-) 

COOKDW 

D m  

HWCAP 

DWAC 

ACDW 

ELAPDW 

Unit - 

6 i o  tce 

fraction 

fraction 

Explanation 

Total floor area of service sector 

buildings in the base year 1975 

Constant used to project the service 

sector share in the total labor force 

Specific heat requirements of pre-75 

service sector buildings (useful 

energy) 

Amount of noncommercial fuels used 

in the base year (1975); noncommer- 

cial fuel use is considered only in 

the household sector in the model 

Specific energy consumption for 

cooking in dwellings (useful energy) 

Share of dwellings with hot water 
facilities 

Specific energy consumption for.water 

heating per person (useful energy) 

Share of dwellings with air- 

conditioning 

Specific cooling requirements per 

dwelling 

Specific electricity consumption per 

dwelling (for uses other than space 

heating, water heating, cooking and 

air-conditioning) 



Variable Unit - 

fractions 

Explanation 

I 
Distribution of pre-75 dwellings per 

type (definition of dwelling types 

as for SHDWO above) 

AREAH fraction Share of service sector floor area 

(in cold climates) actually heated 

ELARO kWh/yr/m 2 Specific electricity consumption in 

pre-75 service sector buildings 

AREAAC fraction Share of air-conditioned service sector 

floor area 

ACAREA 10~kcal/~r/m~ Specific cooling requirements in the 
service sector 

thermal energy Coefficient of performance of (electric) 
extracted I air-conditioners electric energy 
input 

DEMDW fraction Average demolition rate of dwellings 
over a 5-year period between the pre- 

vious and the current model years 

fractions 

Distribution of dwellings, constructed 

between the previous and the current 

model years by type (definition of 

dwelling types as for SHDWO above) 



Variable 

DWS (1) 

DWS (2 )  

DWS (3) 

AREAL 

DEMAR 

HAREAN 

ELARN 

ISOSV 

Unit - Explanation 

Average floor area heated in post-75 dwel- 
2 m /dw lings (definition of dwelling types as for 

SHDWO above) 

kcal/h/ Specific heat loss rate in dwellings built 

m2/Oc after 1975 (definition of dwelling types as 

for SHDWO above) 

I 
Reduction of the average space heat demand 

fractions of pre-75 dwellings in the current year 

relative to that in the base year due to 

better insulation (definition of dwelling 

types as for SHDWO above) 
2 m /worker Average floor area per worker in the service 

sector 

fraction Average demolition rate of the floor area 

of service sector buildings over a 5-year 

period between the previous and the current 

model year 

103kcal/ Specific heat requirements of post-75 ser- 

Yr/m2 vice sector buildings 

k ~ h / ~ r / m ~  Specific electricity consumption in post-75 

service sector buildings 

fraction Reduction of the average heat demand in 

pre-75 service sector buildings in the 

current year relative to that in the base 

year due to 'better insulation 



Variable Unit - Explanation 

ELP.H.SH (ELPHS (11 ) Electricity penetration into 

ELP.H.HW(ELPHS(2) ) fractions thermal uses in the household/ 

ELP.H.CK(ELPHS(3)) service sector. The categories 

ELP.S.TH(ELPHS(4) ) are: H.SH = space heating (house- 

holds); H.HW = water heating 

(households); H.CK = cooking 

(households); S.TH = thermal uses 

(service sector) 

EFFHPR 

DHPH 

fraction Contribution of heat pump to elec- 

tric space and water heating in 

the household/service sector 

rthermal energy 1 Coefficient of performance of 
extracted 
electric energy 1 (electric) heat pumps in the input household/service sector 

fraction District heat penetration into 

space and water heating of dwel- 

lings and thermal uses in the 

service sector (large cities only) 



Variable Unit - 
SPSH fraction 

FDSHS fraction 

SPHW fraction 

FDHWS fraction 

PLB 

SPSV 

FDHS 

fraction 

fraction 

fraction 

CHGNCF 

Explanation 

Solar penetration into space heating in 

post-75 single family houses with central 

heating 

Approximate share of space heat demand in 

households that can be met by a solar in- 

stallation (the residual must be covered 

by a backup system) 

Solar penetration into water heating in 

dwellings (total demand) 

Approximate share of the hot water demand 

that can be met by a solar installation 

(the residual must be covered by a backup 

system) 

Share of low-rise buildings (e.g., up to 

3 floors) in the total service sector floor 

area 

Solar penetration into thermal uses in post- 

75 low-rise buildings of the service sector 

Approximate share of thermal energy demand 

in the service sector that can be met by a 

solar installation (the residual must be 

covered by a back-up system) 

Ratio of the amount of noncommercial fuels 

used in the current year relative to that 

in the base year 



Variable Unit - Explanation 

EFF.H.SH(EFFHS (1) ) Efficiency of fossil fuel use 

EFF.H.HW(EFFHS(2) ) fractions relative to that of electricity 

EFF.H.CK(EFFHS ( 3 )  ) use for thermal uses in the house- 

EFF.S.TH(EFFHS(4)) hold/service sector (definition of 

categories as for ELP.X.YY above) 

EFFNCF fraction Efficiency of noncommercial fuel 

use relative to that of thermal 

electricity uses 



Appendix 111: Definitions of ~acro-Economic Sectors in Terms of 

ISIC* Categories 

Agriculture 

Construction 

Mining 

Manufacturing 

Energy 

Regions I, 11, I11 Regions IV, V, VI 

ISIC 1 ISIC 1 

ISIC 5 ISIC 5 

--- ISIC 2 

ISIC 3 ISIC 3 

-1SIC 353,354 

+ISIC 2 

-1SIC 21,22 

ISIC 4 

+ISIC 2 1,22 

+ISIC 353,354 

Services** ISIC 6,7,8,9, 

ISIC 4 

ISIC 6,7,8,9 

Manufacturing subsectors: 

Basic materials ISIC 341,351,352,36,37 ISIC 341,351,352, 

+ISIC 2 +ISIC 353,354 

-1SIC 21,22 +ISIC 36, 37 

Machinery 8 equip.ISIC 38 ISIC 38 

Nondurables ISIC 31,32,33,342,355,356,39 ISIC 31,32,33 

+ISIC 39. 
* International Standard Industrial Classification of all Economic 
Activities, Statistical Paper Series No. 4 Rev. 2, UN New York (1968) 

* *  For Region 11, a rough estimate of services belonging to the 
nonmaterial sphere has been included. 




