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ABSTRACT 

Prepared f o r  t h e  Agency f o r  I n t e r n a t i o n a l  Development i n  response t o  a 

r e q u e s t  by Congress, t h e  r e p o r t  i d e n t i f i e s  t h e  energy needs, uses ,  and 

resources  i n  t h e  developing c o u n t r i e s  o f  t h e  world and examines t h e  energy 

o p t i o n s  a v a i l a b l e  t o  them f o r  t h e i r  continued s o c i a l  and economic growth. 

I f  t r a d i t i o n a l  p a t t e r n s  o f  development a r e  t o  cont inue,  o i l  consumption 

i n  t h e  non-OPEC LDCs w i l l  grow s t e a d i l y  t o  become comparable wi th  c u r r e n t  

U .S. consumption between 2000 and 2020. Attempts t o  e x p l o i t  indigenous 

hydrocarbon resources  even i n  thqse  LDCs w i t h  untapped r e s e r v e s  w i l l  be 

l i m i t e d  by shor tages  of c a p i t a l  and t e c h n i c a l  manpower. I n  t h e  absence o f  

major a c t i o n s  t o  r e p l a c e  noncommercial f u e l s  o r  t o  inc rease  t h e  e f f e c t i v e n e s s  

wi th  which they a r e  used, a l a r g e  f r a c t i o n  o f  t h e  3-4 b i l l i o n  LDC 

r u r a l  populat ion i n  t h e  year  2000 w i l l  n o t  be a b l e  t o  r a i s e  t h e i r  energy 

usage above subs i s tence  l e v e l s .  

There is a wide v a r i e t y  o f  s o l u t i o n s  t o  these  problems, many of  them 

emerging d i r e c t l y  from t h e  changed economics o f  ,energy.  or‘ example, most 

LDCs have n o t  adequately explored and developed. t h e i r  own indigenous resources ;  

i n  v i r t u a l l y  a l l  energy conversion and u t i l i z a t i o n  processes .  t h e r e  a r e  

o p p o r t u n i t i e s  f o r  improvements i n  e f f i c i e n c y  and s u b s t i t u t i o n  o f  renewable 

energy forms. I n  v i r t u a l l y  a l l  t h e s e  areas t h e r e  are o p p o r t u n i t i e s  f o r  

e f f e c t i v e  a s s i s t a n c e  a c t i v i t i e s .  
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EXECUTTVE SUMMARY 

A. BACKGROUND AND CONCLUSTONS OF THE 'REPORT 

This repor t  examines the'  future energy requirements of the  non-OPEC 
* 

developing countries. T t  was commissioned by the U.S. Agency f o r  International 

Development i n  response t o  the Internat ional  Development and Food Rssistance 

Act of 1977 which authorizes the' president to carry out  "studies to identify * * 
the energy needs, uses and resources which e x i s t  i n  developing countries." 

The repor t  assesses the energy supply-demand s i tua t ion  i n  the non-OPEC 

developing countries through the year 2000; reviews energy requirements t o  

s a t i s f y  basic human needs; iden t i f i e s  the major energy problems t o  be overcome; 

and f ina l ly ,  describes a taxonomy of solut ions t o  those problems upon which 

energy assistance programs can be based. 

The general picture t h a t  emerges from the analysis ,  although uncertain 

i n  many respects,  r a i ses  serious concerns about the development prospects 

of the many energy-poor countries of the world. I f  t r ad i t iona l  pa t terns  of 

development a re  t o  continue, o i l  consumption i n  the non-OPEC LDCs w i l l  grow 

s teadi ly  (even i f  energy is used more e f f i c i en t ly  i n  response t o  increased 

cos t )  t o  become comparable with current  U.S. consumption between 2000 and 

2020. It is  l ike ly ,  however, that world petroleum production w i l l  peak 

and pr ices  w i l l  increase subs tant ia l ly  well before t h a t  time. Attempts t o  

exploi t  indigenous hydrocarbon resources even i n  those LDCs with untapped 

reserves w i l l  be limited by shortages of cap i t a l  and technical manpower. In 

the absence of major act ions to increase the effectiveness with which 
*** 

noncommercial fue l s  a r e  used o r  t o  replace these fue ls ,  a large f rac t ion  of 

the 3-4 b i l l i o n  LDC rural pofiulation i n  the year 2000 w i l l  not be able to r a i s e  

t h e i r  energy usage above subsistence levels .  

There is a wide var ie ty  of solut ions to these problems, many of them 

emerging d i rec t ly  from the changed economics of energy. For example, most 

* 
In t h i s  summary we use the terms "developing country" o r  " less  developed 
country'  (LDC) interchangeably t o  r e f e r  to the 88 poorest countr ies  of the 
world. They a r e  l i s t e d  i n  Table B-1, page 14 .  

** 
Public Law 95-88 ,. August 3, 1977, Section 114 (b) 1. 

*** 
"Noncommercial" o r  "traditional1'  f u e l s  a r e  ones not generally bought and 
sold (though they a r e  i n  some instances) and i n  widespread use i n  r u r a l  
pre-industrial economies. They include wood, dung, and agr icul tura l  waste. 

- x i i i  - 



LDCs have not explored and developed t h e i r  own indigenous resources 

adequately; i n  v i r t u a l l y  a l l  energy conversion and u t i l i z a t i o n  processes 

there  a r e  opportunities fo r  improvements in  efficiency. More d i f f i c u l t  t o  

implement, but necessary i n  the long term, i s  the  conversion t o  dependence 

on renewable energy sources and movement toward national s t r a t eg ies  which 

can accomplish economic and soc ia l  development with lower energy require- 

ments. In v i r t u a l l y  a l l  of these areas there a r e  opportunities for  ef fec t ive  

ass is tance  a c t i v i t i e s .  

THE LDC ENERGY CRISIS 

A s  a group the  non-OPEC developing countries have seen delays and even 

reversa ls  of t h e i r  economic and socia l  progress a s  they have sought t o  adapt 

t o  the  higher pr ices  of petroleum. Some have h a d . l i t t l e  choice but  t o  reduce 

imports a t  the c o s t  of economic growth. Others have had t o  decrease food 

production because of the  lack of petroleum-based f e r t i l i z e r s  and fue l s  t o  

operate i r r i g a t i o n  systems. Those able t o  borrow f o r  payments f o r  imported 

energy a r e  incurring unmanageable debts.  

,Less widely acknowledged is the second "energy c r i s i s "  coming from 

diminishing supplies of t r ad i t iona l  fuels--wood, dung, and straw; 1n 

the  face of increased deforestat ion,  the  increasing diversion of fuelwood and 

charcoal t o  urban areas (where it i s  replacing more expensive kerosene), and 

the  increased pressures of population growth, the  ecosystem which supported 

v l l l a g e  l i f e  is breaking down. 

These two c r i s e s  a r e  closely linked because i n  the  modern development 

process the  s h i f t  from noncomercial fue ls  t o  o i l  has been the key t o  

emergence from subsistence t o  modern means of production. 

The U.S. In te res t  

These LDC energy "crises" have a bearing on a number of U.S. in te res t s .  

The sucseee of forcign sooiotancc efforts te j.ncrr?n..rr! +.he xt.nndn~:~qs 

of l iv ing  of the ru ra l  and urban poor w i l l  depend on the ava i l ab i l i ty  

of an adequate supply of affordable fuels .  

- xiv - 



Increased competition f o r  world o i l  suppl ies  between the  advanced 

i n d u s t r i a l  count r ies ,  OPEC and the  non-OPEC LDCs, c a r r i e s  with it 

the  p o t e n t i a l  f o r  increased g loba l  p o l i t i c a l  and economic i n s t a b i l i t y .  

Worldwide concern f o r  t he  e f f e c t s ' o f  t h e  increasing concentration 

of carbon dioxide i n  t h e  atmosphere is  r e l a t ed  t o  the  rap id  growth 

of t o t a l  energy consumption i n  t h e  LDCs and t h e  almost t o t a l  

dependence of t h i s  growth on carbon..based fue ls .  

The l a rge  c a p i t a l  requirements of energy resource development, 

production, and d i s t r i b u t i o n  w i l l  impose an increasing burden on 

the  i n t e rna t iona l  monetary system. 

C. THE CURRENT ENERGY SITUATION 

Non-OPEC developing count r ies  contain 41% of  t h e  world's population and 

consume 9% of t h e  'world's commercial energy. P r i o r ' t o  t h e  1973 increase i n  

o i l  p r i ce s ,  t h e i r  energy growth was r ap id ,  up 2.50% from 1970 t o  1974. S t i l l ,  

t h e i r  per  cap i t a  energy consumption i n  1974 averaged l e s s  than 6% of t he  

U.S. l eve l .  This includes both commercial and noncommercial f ue l s .  Per  

cap i ta  consumption v a r i e s  from 16% of t h e  U.S. value i n  t h e  i n d u s t r i a l  and 

o i l  exporting developing count r ies  (75% of which- i s  commercial) t o  5% i n  the  

remaining non-OPEC LDCs (only 10% of which i s  commercial). The per  c a p i t a  

consumption l e v e l s  f o r  t h i s  l a t t e r  group, who make up 75% of the  non-OPEC LDC 

population, i s  s u f f i c i e n t  only to  s a t i s f y  bas ic  requirements of subsistence. 

Dependence on O i l  and Balance of Payments 

Petroleum based f u e l s  accounted f o r  a t  l e a s t  90% of commercial energy 

use i n  two-thirds of  t he  o i l  importing LDCs. A s  a qroup these countries 

imported o i l . i n  1975 a t  an average d a i l y  r a t e  of 2.7 mi l l ion  b a r r e l s  a t  a cos t  

of $12.5 b i l l i o n ,  which amounted t o  7% of  t h e  t o t a l  value of t h e i r  annual 

exports. A t  t he  same time, outstanding disbursed debt  increased from 12% of 

GNP i n  1974 t o  15% of GNP i n  1976. Debt se rv ice  requirements increased from 

8.5 t o  10% of t o t a l  annual export  value.  For Braz i l ,  Mexico, Chile,  Egypt, 

Pakistan, and Zaire t h i s  f i gu re  exceeds 30%. 

GNP growth r a t e s  have a l so  slowed dramatically--down from an average 

of  7.6% t o  3.0% between 1973 and 1975. According t o  t h e  World Bankj ' the 

e f f e c t s  of these o i l  r e l a t e d  d i s loca t ions  w i l l  be f e l t  most severely by t h e  

lowest income IDCs. I t  i s  pro jec ted  t h a t  t h e  per  cap i t a  income of more than 



b i l l i o n  people i n  these countries w i l l  increase from its 1975 value of $150 

t o  only $180 by 1985, even under optimist ic  assumptions regarding development 

assistance and trade l ibera l iza t ion .  

D. PROSPECTS FOR LDC ENERGY SUPPLY AND DEMAND 

Demand Projections * 

The fu ture  demand fo r  commercial fue l  was estimated based on assumed 

GNP growth ra te s  and correlat ions between energy demand, GNP growth and 

energy prices.  Noncommercial energy consumption was based on crude estimates 

of current consumption l eve l s ,  subsistence energy requirements and populaffon 

growth projections. GNP growth ra te s  a r e  lower than pas t  expectations but  

higher than the present r a t e s  which r e f l e c t  post-1973 prices.  The r e s u l t s  

a r e  shown i n  Figure' 1. The 2020 ,project ions a r e  intended only' t o  identify 

the major charac ter is t ics  of the  longer term energy demand s i tua t ion .  

The Outlook 

With anticipated growth, everi a t  high energy pr ices ,  some..Ume between 

2000 and 2020, LDC t o t a l  o i l  demand w i l l  probably exceed the current  r a t e  

of U.S. o i l  consumption (18 mil l ion ba r re l s  per day) . In s p i t e  of a three- 

fo ld  increase ' in 'coal  and-natura l  gas, o i l  w i l l  s t i l l  account f o r  55% of 

t o t a l  enexgy denlqnds' i n  the LDCs in 2000. Nonco~exc ia l  4 u 4 '  use will. a l so  growcu, 

and without a dramatic increase i n  the. efficiency of use, shortages w i l l  become 

more severe, w i t %  accompanying environmental damage. The more industr ial ized 

developing countries together w i l l  continue t o  account fo r  the same share ul: 

o i l  use i n  the year 2000 as they do now, about 45%. Since o i l . a v a i l a b i l i t y  

a t  pr ices  affordable by a large f rac t ion  of these countries i n  the   ear 2000 

is  problematic, it may be impossible to r a i s e  the standard of l iv ing  i n  the 

lower income LDCs even t o  minimally acceptable levels .  

* 
For each of the  country groups, projections were made of fu ture  demand f o r  
"primary commercial energy " , usilly ac tua l  19'15 consuwpef on ao a E tartiny 
point  and assuming a continuation of current  trends i n  the r a t e  of GNP growth 
and the r a t i o  of t h a t  r a t e  to. the growth r a t e  f o r  energy. (The "income 
e l a s t i c i t y "  was estimated for  o i l  t o  be from 0.8 to  1.1 f o r  d i f f e ren t  
country groups i n  d i f f e r e n t  time periods, f o r  e l e c t r i c i t y ,  between 1.0 and 
1.8, w i t h  comparable values for gas and coal.  Ass%liled QNP growth rangc from 
3.6 percent t o  6.3 percent u n t i l  1990, and from 2.8 percent t o  5.4 percent 
khereafter. These a r e  conservative assumptions, leading to lower projections 
of fu ture  demand than o ther  recent analyses.) For noncommercial energy, 
population estimates were multiplied by a minimum subsistence per capi ta  
consumption level .  



FIGURE 1 

TOTAL ANNUAL ENERGY 
CONSUMPTION PROJECTIONS 

FOR ALL NON-OPEC LDCs 
(CURRENT TRENDS CASE) 

World O i l  Supply and Non-OPEC LM3 O i l  Production - 
Vir tua l ly  a l l  es t imates  made under a va r i e ty  of assumptions show world- 

wide o i l  production peaking before 2000 and by t h e  year  2020 t o  be l e s s  than 

it i s  today. The WAES* study, f o r  example, using a projected annual addi t ion  

t o  non-Communist world reserves  of 20 b i l l i o n  b a r r e l s  (which would mean new 

discoveries  by the  year 2000 equal t o  t h e  e n t i r e  remaining reserves  of OPEC 

i n  1975) es t imates  annual production i n  t he  year 2000 of 70 mil l ion  b a r r e l s  

per  day. The o i l  demand by the  non-OPEC LDCs noted above would call f o r  t h e i r  

receiving one b a r r e l  o u t  of every f i v e  of t h i s  non-Communist world supply. 

* Workshop on Al te rna t ive  Energy S t r a t eg i e s ,  Energy: Global Prospects 1985-2000, 
McGraw H i l l ,  N.Y., 1977. 



Some 7% of the world's present crude oil reserves, or 44 billion barrels, 

is located in the non-OPEC LDCs. It is concentrated, however, mainly in 

Mexico, Oman, Egypt and a few other countries. Past exploration has been very 

limited in most of the non-OPEC LDCs. Their drilling density has 

averaged only 1% of the U.S. in spite of the fact that they have approximately 

half of the world's total prospective area for petroleum. In 1977, the non- 

OPEC LDC additions to reserves was'16% of the world's total. Although virtually 

all of this came from new discoveries in Mexico, it reinforces the speculation 

that proven oil reserves in the non-OPEC LDCs is likely to undergo a dramatic 

increase with further exploration. Even so, many of the poorer LDCs are still 

likely to have to continue to reJy Qn imparted oil fnr t , h ~  fnrseeahlq futurq. 

Natural Gas 

1n 1977, the LDCs produced 5% of the world production while accounting 

for 15% of the net world additions of natural.gas. On a worldwide basis 

this more than made up for the declines in reserves in the developed countries. 

Like oil'however, production and reserves of.natura1 gas are concentrated in 

only a few developing countries. Huge quantities are flared for lack of in- 

vestment capital for distribution systems--a situation likely to limit the use 

of natural gas in the LDCs in the near future. 

Coal 

Although exploration for coal in most of the LDCs has been essentially 

nonexistent, geologists speculate that supplies of coal and liqnite may be 

widespread throughout the world. Eighty percent of current coal production 

in non-OPEC LDCs is confined to three countries--India, Korea and' Yugoslavia-- 

amounting to 5% of total world production. If they can obtain the financing 

and other infrastructure support, many more LDCs will be able to use their 

coal resources more extensively. 

Electricity Supply 

~lectrlcity growth rates in virtually all the LDCs exceeded the average 

U.S. value of 7% for the period 1970-1975. For all but a few countries the 

bulk of the increase in production relied on hydropower and oil sources. Hydro- 

power now accounts for 50% of elect-ricity supply in these countries. Nuolcar 

and geothermal account for less than 3% and are confined to five of the countries 



i n  t h i s  group (Argentina, Spain, India ,  Pakistan and Mexico). Coal i s  used 

t o  supply e l e c t r i c i t y  only i n  India  and a few o ther  developing countr ies .  

Increasing fu tu re  e l e c t r i c  generating capaci ty  w i l l  be l imi ted  by a lack of 

c a p i t a l  and remaining e a s i l y  access ib le  hydropower s i t e s .  I n  t h i s  connection 

"mini-hydro" may have considerable p o t e n t i a l  i n  serving l o c a l  needs. 

Financing and Other Constraints  on LDC Energy Resource Development 

Annual investments i n  energy resources  i n  the  non-OPEC LDCS w i l l  have 

t o  increase 50% In r e a l  terms over cu r r en t  r a t e s  b y ' t h e  year 2000 f o r  energy 

suppl ies  t o  come near meeting LDC commercial energy demands. The t o t a l  

c a p i t a l  required f o r  t he  LDCs a s  a group t o  a t t a i n  t h i s  l lself -suff ic iency" 

is about $125 b i l l i o n .  Should t he  cur ren t  p o l i c i e s  con t ro l l i ng  t he  a l l oca t ion  

of c a p i t a l  funds t.o energy p ro j ec t s  be continued, over 33% of t h i s  amount 

would be required f o r  hydropower based e l e c t r i c i t y  development even though ' 

t h i s  source w i l l  account f o r  only 5% of t h e  addi t iona l  energy suppl ies  t h a t  

w i l l  be required.  O i l  w i l l  account f o r  40%, na tu ra l  gas 20%, and coa l  3%) 

of the  investment. A t  p resen t ,  only a few count r ies  have subs t an t i a l  access  

t o  p r iva t e  i n t e rna t iona l  investment--77% of  Eurocurrency, f o r  example, goes 

t o  s i x  count r ies .  Thus a cont inuat ion of  p resen t  publ ic  h d  p r i v a t e  lending 

p o l i c i e s  w i l l  make it d i f f i c u l t  f o r  t he  most severely impacted count r ies  t o  

improve t h e i r  ove ra l l  s i t ua t i ons .  The e f f e c t i v e  u t i l i z a t i o n  of new c a p i t a l  

inputs  may be se r ious ly  constrained by l imi t ed  knowledge of indigenous resources ,  

inappropriate  energy pr ic ing ,  and organiza t iona l  and i n s t i t u t i o n a l  cons t ra in t s .  

Opportunities t o  expand investment by in t e rna t iona l  companies i n  o i l ,  gas ,  

and coal  explorat ions and development w i l l  depend on the  a b i l i t y  of the 

companies t o  obtain secure and p r o f i t a b l e  agreements from LDC governments. 

E. NONCOMMERCIAL ENERGY SUPPLY 

Energy f o r  Basic Human Needs 

Two and a h a l f  b i l l i o n  of the  population i n  t he  LDCs continue t o  r e l y  

oli wood, dung, s t raw and human and animal power.to meet their bas ic  energy needs. 

The usefu l  work derived from these energy inputs ,  which goes almost exclusively 

t o  food production, processing and preparat ion,  i s  less than one qua r t e r  of t h a t  

which could be obtained were commercial energy sources used f o r  s imi l a r  t asks .  

Continuing suppl ies  of these  f u e l s  a r e  c r i t i c a l l y  dependent on a supporting 
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ecosystem ~h2,ch.  $s  kie$nq rap id ly  d i s rupted  due t o  increased population 

pressures .  Further ,  wood is  being increasingly d iver ted  i n t o  t he  urban 

market a s  kerosene p r i c e s  r i s e .  

Levels of Enerw and Subsistence 

From a number of  s t u d i e s  an approximate f i gu re  of 300-400 kilograms of  

coa l  equivalent  per  cap i ta  per  year has emerged a s  t he  minimum energy input  

needed t o  provide a subsis tence l e v e l  of food and s h e l t e r  i n  a r u r a l  agrar ian 

s e t t i n g ,  This represen ts  3% of t h e  per  cap i t a  energy consumption i n  t he  U.S. 

Increasing hea l th  and well-being a s  r e f l ec t ed  i n  reduced i n f a n t  mor ta l i ty  

r a t e s ,  increased l i f e  expectancies and l i t e r a c y  l eve l s ,  c o r r e l a t e  with 

increased energy use. Preliminary e f f o r t s  t o  analyze t h i s  r e l a t i onsh ip  by 

t h e  Overseas Development Council suggest t h a t  a doubling o r  t r i p l i n g  of 

energy use w i l l  be required t o  br ing the  lowest income LDCs up t o  the  l eve l  

necessary fo r  an adequate l i f e  with some opportunity f o r  emergence t o  

improved hea l th  .and well-being. 

Trad i t iona l  Energy Resources 

Although on a worldwide bas i s  we a r e  consuming only a f r ac t i on  of t o t a l  

annual growth of f o r e s t  resources ,  demand i s  expected t o  grow rapidly.  In 

some regions wood resources a r e  a l ready being overused, while i n  other, f o r e s t s ,  

i f  managed properly; can provide an increased amount o f  energy. The long- 

term trend f o r  f o r e s t  resources  is  no more encouraging than t h a t  f o r  o i l .  

Nearly a t h i r d  of t he  o r i g i n a l  t r o p i c a l  f o r e s t  a rea  has been destroyed 

within recorded h i s to ry ,  and it has been pred ic ted  t h a t  by t he  year 2000 

o r  sho r t l y  t h e r e a f t e r  v i r t u a l l y  a l l  humid t r o p i c a l  f o r e s t s  w i l l  have been 

transformed i n t o  d e s e r t  o r  unproductive wasteland. 

Dung is  increas ing ly  used a s  a f u e l  ins tead  of being returned t o  t h e  

s o i l  a s  a f e r t i l i z e r ,  while commercial f e r t i l i z e r s ,  which have increased 

r ap id ly  i n  p r i c e  s ince  1973, a r e  less ava i lab le .  S h i f t s  t o  higher produciiig 

c e r e a l  s t r a i n s  which produce l e s s  s t raw reduces t h e  amount of  a g r i c u l t u r a l  

waste f o r  use as f u e l  o r  i n  maintaining s o i l  qua l i t y .  

Given t h e  increasing demand f o r  f u e l s  i n  t he  r u r a l  a r ea s  of t he  LDCs 

and the  reduced supply, t r a d i t i o n a l  f u e l  use w i l l  have t o  be made more 

e f f i c i e n t ,  na tu ra l  resources  b e t t e r  managed, and a l t e r n a t i v e s  subs t i tu ted ,  

on a widespread b a s i s  before  the  end of  t he  century. 



Alternative courses of action fo r  the LDCs can take two forms: they 

can e n t a i l  changes i n  the energy support system fo r  grea ter  use of indigenous 

o r  p l e n t i f u l  energy resources and fo r  a l te rnat ive  energy conversion and end- 

use technologies, o r  they can involve modifications i n  socia l ,  regional 

and economic development. The former are' primarily technical and a r e  

expected t o  be eas ier  t o  implement. 

Energy System Solutions 

The benefi ts  of even a modest o i l  discovery would be so grea t  t h a t  o i l  

resource surveys would be a t t r a c t i v e  t o  a l l  the  o i l  importing LDCs, except 

for  those with the bleakest of geological prospects. Development of 

indigenous coal would permit i ts subs t i tu t ion  for  o i l  i n  e l e c t r i c i t y  

production, process heat and t r a ins .  Reforestation and biomass generation 

could provide increased ru ra l  energy suppl ies . .  Small o r  low grade deposits 

of o i l  and coal,  not formerly deemed commercially exploitable, may now become 

so in  the l i g h t  of increased energy prices.  

Accelerated use of e l e c t r i c i t y  produced from non-oil energy resources 

using large  sca le  systems can play a s ign i f i can t  ro le  par t icular ly  i n  the 

more industr ial ized developing countries. For the other  LDCs on-site e l e c t r i c  

systems such a s  mini-hydro, and small t o  medium scale  plants  using low grade 

coal ,  agr icul tura l  waste, wind and solar  may be-more appropriate, l e s s  cost ly,  

and involve l e s s  delay. Solar energy devices have a considerable potent ia l  

fo r  widely dispersed settlement pa t terns  provided high cap i t a l  cos ts  can be 

reduced, r e l i a b i l i t y  of systems improved, and ins t i tu t iona l  d i f f i c u l t i e s  

overcome. 

Numerous opportunities fo r  reducing e,nergy demand through increasing 

energy end-use ef f ic iencies  ex i s t  i n  the indus t r i a l  sector .  This sector  

consumes a t  l e a s t  30-40% of t o t a l  energy in  a l l  but a few LDCs. Poss ib i l i t i e s  

include modernizing ine f f i c i en t  f ac i . l i t i e s ,  switching from d i rec t  use of 

o i l  t o  non-oil based e l e c t r i c i t y ,  and developing on-site so lar  systems. 

Alternatives t o  o i l  in  the t ransport  of goods and people presents one 

of the d i f f i c u l t  problems f o r  a l l  countries. Solutions tha t  do e x i s t  a re  

long-term, involve mode s h i f t s  and changes i n  urban settlement pat terns.  

- xxi  - 



The near-term p o t e n t i a l  f o r  t ranspor ta t ion  energy saving i n  a l l  but  t he  most 

advanced LDCs w i l l  be small: Alcohol o r  e l e c t r i c a l l y  powered vehic les  must 

a l s o  be considered a s  longer term so lu t ions .  Increasing food production/ 

hec ta re  through g rea t e r  use of small  t r a c t o r s ,  i r r i g a t i o n  systems, f e r t i l i z e r s  

and pes t i c ides  e n t a i l s  no t  only g r e a t e r  use of energy, bu t  use of scarce 

o i l  resources.  Subs t i t u t e s  such a s  methanol use i n  t r a c t o r s  and wind powered 

pumps, although they have no t  y e t  gained wide acceptance, a r e  promising i f  

o i l  p r i c e s  continue t o  r i s e .  

U r h a n  systems using l e s s  energy in t ens ive  mater ia l s  and requi r ing  lower 

energy operat ing cos t  may o f f e r  s i g n i f i c a n t  energy savirlgs over t h e  next 

decade o r  two, due t o  t h e  rap id  urbanizat ion i n  many LDCs. Cluster ing of 

s t r u c t u r e s ,  design f o r  na tu ra l  heat ing and cooling, and g r e a t e r  use of 

renewable mater ia l s  pose no ser ious  technica l  problem but  a r e  l i k e l y  t o  meet 

s o c i a l  res i s tance .  S imi la r ly ,  t he  d i f f i c u l t i e s  i n  implementing "appropriate  

technologies" such a s  biogas systems i n  r u r a l  a reas  a r e  no t  pr imari ly  technica l ,  

but revolve around the  lack  of  i n s t i t u t i o n s  t o  i n t e g r a t e  and manage t h e i r  use. 

Developmental Solut ions 

Urban migration, import subs t i t u t i on ,  improved hea l th  and educational 

de l ivery ,  income redistribution--almost a l l  t h e  manifestat ions of progress 

in t h e  LDCs--have been h i s t o r i c a l l y  assoc ia ted  with sharply increased energy 

demands. More d i f f i c u l t  t o  implement than t h e  so lu t ions  discussed above a r e  

approaches t h a t  would change the s t ruc tura l ,  pa t.h of d ~ ~ r ~ l  n p m ~ ~ ~ t  i.n order  t~ 

meet na t iona l  economic and s o c i a l  development goals  with l e s s  energy use. 

Examples of  these  so lu t ions  would be s t a b i l i z a t i o n  of  t he  r u r a l  and handicraf t  

s e c t o r ,  development of energy e f f i c i e n t  decentral ized communities and 

adjustment of t h e  i n d u s t r i a l  mix t o  decrease dependence on imported energy. 

Long-term bene f i t s  may accrue t o  a l t e r e d  development s t r a t e g i e s ,  bu t  such 

s t r a t e g i e s  can be implemented only over long time periods.  

C. SOME FINAL CONSIDERATIONS 

The United S t a t e s  has a d i r e c t  i n t e r e s t  i n  a s s i s t i n g  t he  developing 

count r ies  i n  addressing t h e i r  energy problems. In  v i r t u a l l y  a l l  of the  

so lu t ion  a reas  discussed above the re  a r e  oppor tun i t ies  f o r  such ass i s tance .  



A paramount.concern i n  a r r iv ing  a t . a s s i s t a n c e  programs must be the  

perceptions of t he  LDCs. For example, most developing count r ies  a t t ach  

higher p r i o r i t y  t o  programs of increased resource production than t o  

programs of increased end-use eff ic iency.  On t he  o ther  hand, t he  p o t e n t i a l  

of small and medium sca le  energy technologies,  and the  r o l e  of energy 

conservation, a r e  general ly  not  adequately appreciated. 

The la rge  technica l  component of the problems we have addressed 

presents  an opportunity and a challenge f o r  U.S. foreign ass i s tance .  There 

i s  an opportunity t o  br ing the s c i e n t i f i c  and technica l  exper t i se  of the  

Western world t o  bear on a fundamental s e t  of problems of t he  developing 

world. But i n  approaching these problems we must no t  prejudge solut ions.  

Those so lu t ions  must der ive from a ca re fu l  ana lys is  of country needs and 

goals.  We must a l s o  bear  i n  mind t h a t  energy i s  important.only a s  it s a t i s f i e s  

s o c i a l  and economic needs. It dr ives  t he  machinery of a nat ion i n  a l l  i t s  

vas t  human, c u l t u r a l  and economic complexity. Programs of energy ass i s tance  

w i l l  succeed only i f  they a r e  conceived and implemented with due respect  

f o r  t h a t  complexity. 



CHAPTER A 

INTRODUCTION 

1. THE ENERGY PROBLEMS OF THE DEVELOPING COUNTRIES 

The consequences of the 1973 increases  i n  the p r i ce  of petroleum have 

raised energy t o  a p r i o r i t y  issue around the  world. Within a sho r t  period 

the cos t s  of energy, and even the p o s s i b i l i t y  of an eventual worldwide energy 

shortage, have become an immediate and pressing concern. Kowhere has the  

s i t u a t i o n  had a g rea t e r  impact than i n  the developing countries.'* While 

the i n d u s t r i a l  countr ies  have endured i n f l a t i o n  and r e l a t ive ly  high unemploy- 

ment over the  pas t  f i v e  years,  with few exceptions t h e i r  economies have 

continued t o  grow a l b e i t  a t  a reduced r a t e .  Most developing countr ies ,  however, 

have experienced pressing problems i n  accomodating t h e i r  economies t o  t h i s  

new s i tua t ion .  Taken *together with t h e i r  rap id ly  growing populations,  growing 

urbanization, high unemployment r a t e s ,  and recurr ing food shortages,  they a r e  

incurr ing , increasing d i f f i c u l t i e s  r e su l t i ng  from increased payments f o r  
2 

imported energy. Moreover, the economic and s o c i a l  progress most have 

struggled f o r  has been delayed, and i n  some cases reversed. Higher pr iced 

fue l s  needed f o r  i n d u s t r i a l  development have been purchased a t  t he  expense 

of economic growth, and food production has decreased because of the lack of 

energy intensive f e r t i l i z e r s  and fue l s  t o  operate  i r r i g a t i o n  systems. 

The energy s i t u a t i o n  of many of these nat ions is  such t h a t  the  

continuation of t h i s  " c r i s i s "  w i l l  leave them with a s e r i e s  of d i f f i c u l t  

challenges : 

The combination of increased cos t s  f o r  o i l  imports and debt 

s e rv i ce  payments w i l l  leave many of these countr ies  with a 

rap id ly  decl ining a b i l i t y  t o  finance needed investment t o  

s t imulate  economic growth o r  t o  provide f o r  even the minimum 

basic  human needs of a large segment of t h e i r  populations.  

Many of these countr ies  have seen ser ious  deplet ion of t h e i r  
3 

noncomercial energy sources,  causing major environmental damage 

and soc i a l  harm, which can only increase with higher p r i ce s  of 

kerosene. 

* Notes and References appear a t  t he  end of the  repor t ,  beginning on page 115. 
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The cur ren t  pa t t e rn  of economic development i n  a l l  the LDCs 

i s  increasing t h e i r  dependence on petroleum a t  a time when the 

world i s  beginning t o  reach l i m i t s  of petroleum production. 

Thus, i f ,  a s  many s tud ie s  have indicated,  increased competition 

f o r  world o i l  suppl ies  i n  the  post-1985 period leads t o  fu r the r  

rapid increases  i n  o i l  p r i ce s ,  the  current  unfavorable economic 

pos i t ion  of these countr ies  w i l l  be fu r the r  aggravated. 

Seen i n  t h i s  l i g h t  the  energy c r i s i s  of the developing world has 

t h ree  bas ic  components. 1) For t he  immediate fukure LDCs must maintain o i l  

imports--a problem measured i n  ba r r e l s  of o i l  and do l l a r s ,  2 )  The c lass ica l  

problem of providing the bas ic  needs f o r  surv iva l  t o  the r u r a l  and urban poor 

w i l l  be exacerbated--a problem measured, i n  ca lo r i e s  and d o l l a r s ,  3 )  Xn the 

long term a l t e r n a t i v e  energy suppl ies  must be provided t o  support nat ional  

economic and s o c i a l  development i n  an e ra  of increasing ccmpetition f o r  c a p i t a l  

resources--a problem measured i n  energy u n i t s ,  d o l l a r s  and s t r a t e g i c  terms. 

2. THE U . S .  INTEREST 

The energy s i t u a t i o n  i n  the LDCs d i r e c t l y  concerns t h e  United S ta t e s  

and o the r  advanced i n d u s t r i a l  countr ies .  Foremost is a humanitarian concern 

f o r  t he  l i v ing  conditions of the  very poor. Both the  urban and r u r a l  poor 

have been di'rectly and i n d i r e c t l y  a f f ec t ed  by the  reduction i n  economic output 

of many of the poorest  developed-countries which resu l ted  from forced 

reductions i n  imports of v i t a l l y  needed petroleum and pntro'cum.bared 

f e r t i l i z e r .  AssEstance p ro j ec t s  which were intended t o  br ing higher l i v ing  

standards ins tead  brought higher energy requirements. 

'l'he energy based d i f f i c u l t i e s  of the  more advanced developing countr ies  

w i l l  have an increased bearing on the  economic, soc i a l ,  p o l i t i c a l  and secu r i ty  

interdependence between these countr ies  and the  advanced i n d u s t r i a l  countr ies .  

This interdependence is manifest i n  i n t e rna t iona l  secur i ty  a l l i ances ,  t rade  

agrea~ellls Pur food,  manufactured goods and mineral suppl ies  and the  in t e r l ac ing  

p r i v a t e  s ec to r  arrangements involving growing f inanc ia l  obl igat ions.  Already 

the  p o t e n t i a l  i n s t a b i l i t i e s  brought about the  the i n a b i l i t y  of many of these 

developing countr ies  t o  compete e i t h e r  f o r  o i l  i n  the  internat ional  m r k e t  



o r  f o r  the  c a p i t a l  t o  finance energy a l t e rna t ives  have entered i n t o  the 

North-South dialogues and the dsscussions surrounding the  nonprol i ferat ion 

of nuclear weapons. 

F ina l ly ,  it is c l e a r  t h a t  energy consumption i n  the  developing 

countr ies  must inevi tab ly  grow subs t an t i a l l y  i n  the  face of t h e i r  rapidly 

growing populations.  To an overwhelming ex ten t  t h i s  w i l l  involve the  

burning of carbon-based fue l s ,  d i r e c t l y  r e l a t i n g  worldwide concerns fo r  

increasing l eve l s  of carbon dioxide i n  t he  atmosphere t o  energy development 

i n  the LDCs. 

Beyond these general concerns there  a r e  a number of spec i f i c  U.S. 

concerns and i n t e r e s t s  t i e d  t o  the  energy s i t u a t i o n  i n  the LDCs a s  i t ' i s  now 

developing. 

a With the  emergence of OPEC a s  a p o l i t i c a l  force,  the  dependence 

of many LDCs on imported o i l  has subjected them t o  a new s e t  of 

po ten t i a l  pressures  and cons t ra in ts .  These new forces  may be 

directed counter t o  U.S. i n t e r e s t s .  

a The U.S. has a s t rongly s t a t e d  i n t e r e s t  i n  reducing the p ro l i f e r a t ion  

of technology which can f a c i l i t a t e  the acquis i t ion  of nuclear 

weapons. The success of t he  U.S. i n  convincing the  advanced 

developing countr ies  t o  seek nonnuclear a l t e r n a t i v e s  t o  generate 

e l e c t r i c i t y  w i l l  depend on the  r a t e  of growth of e l e c t r i c  supply- 

demand gaps and on the  a v a i l a b i l i t y  of a l t e r n a t i v e  technologies 

and r,esources. 

World t rade  pa t te rns  i n  energy technologies and resources t h a t  may 

develop over the  next severa l  decades w i l l . a f f e c t  the  p o l i t i c a l  

development of LDCs and t h e i r  re la t ionship  t o  the  U.S. For 

example, coal  exports from the  U.S. would have a d i r e c t  bearing. 

on our r e l a t i ons  with these countries.  Likewise, t he  U.S. may . 

f i nd  i t s e l f  increasingly dependent on o i l  and gas imports from 

some LDCs where it i s  estimated t h a t  there  a r e  la rge  untapped 

reserves of  these fue l s .  



The U.S. h a s  a d i r e c t  i n t e r e s t  i n  t h e  a b i l i t y  of a number o f  

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

i n t e r n a t i o n a l  agenc ies  and p r i v a t e  banks. Th is  a b i l i t y  i s  

d i r e c t l y  t i e d  to  t h e  continued growth o f  t h e i r  economies 

which i n  t u r n  depends on  t h e i r  a b i l i t y  t o  a c q u i r e  t h e  necessary 

energy. 

Opportuni t ies  f o r  U.S. expor t s  t o  t h e  LDCs, and U.S. i n d u s t r i a l  

involvement genera l ly ,  w i l l  be s t r o n g l y  a f f e c t e d  by t h e  

economic h e a l t h  o f  developing c o u n t r i e s  and t h e  energy 

s o l u t i o n s  t h e y  choose. 

Formal recogni t ion  by t h e  U.S. of t h e  r e l a t i o n s h i p  between t h e s e  b a s i c  

O.S. i n t e r e s t s  and t h e  energy needs of t h e  LDCs i s  beginning t o  t ake  p lace .  

The I n t e r n a t i o n a l  Development and Food Assis tance Act o f  1977 provides  A I D  

w i t h  $18 m i l l i o n  f o r  "cooperat ive  programs wi th  t h e  developing c o u n t r i e s  i n  

energy product ion and conserva t ion ,  wi th  p a r t i c u l a r  emphasis on programs i n  

resea rch ,  development, and use  of smal l  s c a l e  d e c e n t r a l i z e d  renewable energy 

sources  f o r  r u r a l  areas1'. The a c t 4  a l s o  a u t h o r i z e s  t h e  Pres iden t  t o  c a r r y  o u t  

" s t u d i e s  t o  i d e n t i f y  t h e  energy needs, uses  and resources  which e x i s t  i n  

developing coun t r i es" .  This  r e p o r t  was prepared i n  f u l f i l l m e n t  o f  t h a t  

mandate. The Department of Energy i n  c o l l a b o r a t i o n  wi th  AID and t h e  S t a t e  

Department has a l s o  i n i t i a t e d  a program a t  t h e  r e q u e s t  o f  t h e  P r e s i d e n t  t o  

i d e n t i f y  programs t o  a s s i s t  developing c o u n t r i e s  t o  implement nonnuclear 

energy technologies. 

Energy h a s  a l s o  played a r o l e  i n  t h e  so-cal led  ~ o r t h - s o u t h  d ia logue  

between the ,developed and developing c o u n t r i e s .  The Conference on I n t e r n a t i o n a l  

Economic Cooperation (CIEC) included an  Energy Commission which agreed o n a  

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

coopera t ive  e f f o r t s  t o  expand energy conserva t ion ,  and a c c e l e r a t e  t h e  develop- 
6 . -  

ment of conventional and nonconventional energy s u p p i i e s  ...". However, an 

a t t empt  t o  e s t a b l i s h  a con t inu ing  coord ina t ion  o f  energy programs wi th  t h e  

LDCs through a n  I n t e r n a t i o n a l  Energy ~ n s t i t u t e  f a i l e d ,  p r i m a r i l y  through 

p r e s s u r e  by t h e  OPEC c o u n t r i e s  represented.  A s i m i l a r  i n i t i a t i v e  wi th in  t h e  

U;N. met t h e  same f a t e .  



3.  ENERGY AND TRADITIONAL DEVELOPMENT ASSISTANCE 

T r a d i t i o n a l  development s t r a t e g i e s  and t h e  . a ss i s t ance  support ing t h e s e  

s t r a t e g i e s  have emphasized t h e  adoption of economic and t echnolog ica l  p r a c t i c e s  

s i m i l a r  t o  those  employed by t h e  advanced i n d u s t r i a l  s o c i e t i e s .  We a r e  now 

beginning t o  understand t h a t  such s t r a t e g i e s  i m p l i c i t l y  assume t h e  a v a i l a b i l i t y  

of cheap energy--a s i t u a t i o n  which c h a r a c t e r i z e d  t h e  recen t  economic h i s t o r y  

of most i n d u s t r i a l  coun t r i es .  This  development s t r a t e g y  l e d  t o  an emphasis 

on c a p i t a l  and energy i n t e n s i v e  heavy i n d u s t r y ,  and t h e  high y i e l d  crop s t r a i n s  

r e q u i r i n g  heavy f e r t i l i z a t i o n  and energy i n t e n s i v e  i r r i g a t i o n .  It  i s  no t  

s u r p r i s i n g  t h a t  s i n c e  t h e  energy impl ica t ions  of development p l a n s  were n o t  

considered a  s i g n i f i c a n t  element i n  t h e  choice  o f  a l t e r n a t i v e s  they were a l s o  

absent  f r a n  t h e  planning of developmental a s s i s t a n c e .  

H i s t o r i c a l l y ,  development a s s i s t a n c e  concerned wi th  energy has  emphasized 

c a p i t a l  i n t e n s i v e  e l e c t r i c i t y  product ion f a c i l i t i e s - - l a r g e  h y d r o e l e c t r i c  

i n s t a l l a t i o n s ,  c o a l ,  nuclear  and o i l  f i r e d  e l e c t r i c  genera t ion  s t a t i o n s  and 

g r i d  syst.ems. Donor a s s i s t a n c e  has  taken t h e  form of loans  and g r a n t s  

covering f e a s i b i l i t y  s t u d i e s ,  c o n s t r u c t i o n ,  and manpower t r a i n i n g .  This 

s t r a t e g y  views e l e c t r i c i t y  product ion and d i s t r i b u t i o n  a s  c e n t r a l  t o  the .  

achievement of t h e  developmental goa l  of import s u b s t i t u t i o n  i n  t h e  organized 

s e c t o r  of t h e  economy. Rural  e l e c t r i f i c a t i o n  is  viewed a s  ins t rumenta l  i n  

d i v e r s i f y i n g  the base of x u r a l  economies. Up u n t i l  r e c e n t l y ,  e s s e n t i a l l y  

a l l  World Bank energy loans  w e r e  r e s t r i c t e d  t o  e l e c t r i c i t y  'production and 

d i s t r i b u t i o n  systems, a s  were most A I D  c a p i t a l  p r o j e c t s  u n t i l  t h e  e a r l y  1970 's .  

There has r e c e n t l y  been a  broadening of p o l i c y  a t  t h e  Bank, and A I D  has  

s u b s t a n t i a l l y  reduced i t s  c a p i t a l  investment program i n  l a r g e  energy systems 

over t h e  p a s t  yea rs .  Never theless ,  t h e  overwhelming f r a c t i o n  o f  donor t o t a l  

a s s i s t a n c e  i n  energy s t i l l  goes t o  t h e  e l e c t r i c a l  s e c t o r .  During t h e  pe r iod  

of 1970 t o  1977 t h e  World Bank inves ted  $4.4 b i l l i o n  i n  e l e c t r i c a l  systems 

i n  t h e  LDCs ( including OPEC c o u n t r i e s ) .  I n  1973 t h e  energy program represented 

1 2 %  of t h e  t o t a l  Bank lending,  a  f i g u r e  t h a t  inc reased  t o  16% i n  1977, and 

is expected Lu yo even higher  i n  t h e  f u t u r e .  Other i n t e r n a t i o n a l  agenc ies  

a c t i v e  i n  energy d i r e c t e d  development a s s i s t a n c e  inc lude  t h e  U..N., t h e  

I n t e r n a t i o n a l  Development Associa t ion,  t h e  Asia,  Inter-American, and Afr ican 

Development Bank and t h e  Arab Fund f o r  Economic and S o c i a l  Development. The 



r e c i p i e n t  c o u n t r i e s  s t r o n g l y  s u p p o r t ' t h e  continued focus  of t h e  Bank and 

o t h e r  a s s i s t a n c e  agencies  on t h e  e l e c t r i c a l  s e c t o r .  

Two important  changes i n  energy d i r e c t e d  f o r e i g n  a s s i s t a n c e  have taken 

p l a c e  wi th in  r e c e n t  years .  P a r t l y  i n  response t o  t h e  p o s t  1973 developments, 

t h e  World Bank now e n t e r t a i n s  loan  a p p l i c a t i o n s  f o r  development o f  o i l  and 

n a t u r a l  gas  rese rves .  It  i s  t h e  i n t e n t i o n  of t h e  Bank t o  leverage i ts own 

investments  by us ing  i ts  commitments t o  encourage commercial banks and o i l  

companies t o  commit t h e i r  own funds t o  such e f f o r t s .  This change i n  p o l i c y  i s  

l i k e l y  t o  mean t h a t  an  i n c r e a s i n g  f r a c t i o n  o f  World Bank funds i s  l i k e l y  t o  

s h i f t  from t h e  e l e c t r i c  s e c t o r  t o  resource  exp lora t ion  and development. Il'lie 

o t h e r  smal le r  development banks who have had s i m i l a r  r e s t r i c t i o n s  on energy 

loans  a r e  a l s o  d i s c u s s i n g  s i m i l a r  changes i n  pol icy.  

A second change has occurred i n  the  a t t e n t i o n  given to nonou~lvtll~Livrral, 

renewable, small  s c a l e  energy systems f o r  r u r a l  a r e a s .  Although a number of 

c o u n t r i e s  had received a s s i s t a n c e  f o r  p r o j e c t s  involving small  s c a i e  energy 

technologies  i n  connection wi th  improvements i n  a g r i c u l t u r a l  product ive  and 

v i l l a g e  s e r v i c e s ,  t h e  r o l e  o f  m a l l  s c a l e  energy supply systems i n  f u r t h e r i n g  

r u r a l  development was n o t  viewed a s  r e q u i r i n g  a s e p a r a t e  focus  u n t i l  t h e  

i n c r e a s e  i n  o i l  p r i c e s ;  Over t h e  p a s t  few years ,  however, a number o f  such 

a s s i s t a n c e  programs have been i n i t i a t e d  by t h e  U.N.,  a number of European 

c o u n t r i e s ,  and s e v e r a l  p r i v a t e  foundations.  Because a s s i s t a n c e  i n  t h i s  a r e a  

i s  r e l a t i v e l y  new, t h e  p r o j e c t s  so  f a r  have been mostly exp lora to ry  i n  nature .  

Some concern themselves wi th  what s p e c i f i c  technologies  should be considered 

under what ci.rcumstances, i n  what c o u n t r i e s  and f o r  what regions .  The Afr ican 

Bureau: of AID has  undertaken such an eva lua t ion  f o r  s e v e r a l  c o u n t r i e s  and i s  

prepar ing  t o  i n i t i a t e  a much l a r g e r  e f f o r t  f o r  o t h e r  A I D  c 0 u n t r i . e ~  i n  Afr ica .  

The I n t e r n a t i o n a l  Development Research Center  o f  Canada (IDRC).,  q semi-autonomous 

p u b l i c  corpora t ion ,  i s  e v a l u a t i n g  t h e  p o t e n t i a l  f o r  methane manufacturing 

anit appl j .ca t ion i n , m a i l a n d ,  S r i  Lanka, t h e  P h i l i p p i n e s  and.Korea. Others  

a r e  a s s e s s i n g  the  t e c h n i c a l  f a c t o r s  i'n developing new technologies  o r  v e r s i o n s  

o f  e x i s t i n g  technologies  s u i t a b l e  t o  t h e  cond i t ions  under which they w i l l  be 

used. Appropriate Technology I n t e r n a t i o n a l  i s  support ing such e f f o r t s  dea l ing  

wi th  non-oil based f e r t i l i z e r  product ion,  and o ther  such p r o j e c t s  involving 

s o l a r  u t i l i z a t i o n  a r e  rece iv ing  support  i n  t h e  U.K.,  etherl lands, and Sweden. 



Another component of the  small  s ca l e  o r  appropriate  energy technology is 

being emphasized i n  an attempt t o  br ing t r a in ing  i n  t he  use of such 

technologies t o  t he  g ra s s  roo t s  l eve l ;  t he  UNEP, f o r  example, has s e t  up 

prototype Rural Energy Centers i n  S r i  Lanka and Senegal. 

It  is  d i f f i c u l t  t o  es t imate  the  combined s i z e  of a l l  these  e f f o r t s ,  not  

only because of t he  d i v e r s i t y  of funding sources but  because of the d i f f i c u l t y  

,in separat ing "energy" p ro j ec t s  from water,  food and r u r a l  development 

p ro j ec t s  (on a worldwide bas i s )  . An upper bound wou,ld be about $35 mi l l ion  

and a lower bound $20 mi l l i on .  These numbers a r e  s i g n i f i c a n t  i n  two ways: 

' f i r s t ,  they represent  only a small  f r ac t i on  of the  investments i n  conventional 

e l e c t r i c i t y  f a c i l i t i e s ,  and second, none of t he  funds a r e  coming from the  . 

i n t e rna t iona l  banks. The l a t t e r  po in t  is  s i g n i f i c a n t  because of t h e  r o l e  

banks play i n  leg i t imiz ing ,  through f inanc i a l  support,  c e r t a i n  energy 

development paths.  

4. TOWARDS SOLUTIONS FOX ENERGY DEVELOPMENT 

I f  it is  c l e a r  t h a t  t h e  energy s i t u a t i o n  a s  it w i l l  develop i n  t he  LDCs 

must inev i tab ly  be considered a s  an i n t e g r a l  component of a l l  development 

ass i s tance  p o l i c i e s ,  it i s  a l s o  evident  t h a t  energy d i rec ted  a s s i s t ance  

must take i n t o  account the  development p r i o r i t i e s  of both donors and r ec ip i en t s .  

Development a s s i s t ance  p o l i c i e s  h i s t o r i c a l l y  have sought t o  d i r e c t  t he  bene f i t s  

of such a s s i s t ance  t o  t he  lower income LDCs i n  the  a reas  of  a g r i c u l t u r a l  

production, regulat ion of population growth, i n d u s t r i a l  development, regional  

development, i n s t i t u t i o n  bui lding,  and more recent ly  have been aimed a t  

s a t i s f a c t i o n  of  bas ic  human needs of t h e  r u r a l  and urban poor. Assistance 

e f f o r t s  i n  each of these  a r ea s  must now be re-examined i n  the  l i g h t  of t h e i r  

energy implicat ions but .without  misdirect ing the  p r i o r i t i e s  of LDC governments 

towards too much emphasis on energy and o ther  c a p i t a l  in tens ive  a c t i v i t i e s  

and away from those fundamental goa ls .  But because energy does play an. 

e s s e n t i a l  r o l e  i n  development, and because l a rge  amounts of c a p i t a l  w i l l  be 

required f o r  any . a l t e rna t ive ,  t he  forms of t he  energy ass i s tance  e f f o r t s  t h a t  

a r e  chosen w i l l  e x e r t  a pronounced inf luence on the  poor who have been the  

avowed t a r g e t  groups of our development assistarice.  



Even t o  begin t o  plan an energy .ass i s tance  e f f o r t  w i l l  r equi re  a much 

s t ronger  and more d i v e r s i f i e d  f ac tua l  b a s i s  of t he  energy needs and require- 

ments of t h e  developing count r ies ,  ind iv idua l ly  and co l l ec t i ve ly ,  than i s  

cu r r en t ly  ava i lab le .  We have only very l imi ted  knowledge of how energy 

u t i l i z a t i o n  is r e l a t e d  t o  s o c i a l  welfare  of t h e  lowest socio-economic groups, 

o r  o f  how energy production and u t i l i z a t i o n  i n t e r a c t  with GNP growth i n  t h e  

l e s s  i ndus t r i a l i zed  developing countr ies .  Data on p o t e n t i a l  energy resources 

i n  almost a l l  these  count r ies  is  e i t h e r  missing o r  meagre a t  bes t .  National 

and in t e rna t iona l  agencies have only s t a r t e d  t o  c o l l e c t  and assemble energy 

da t a  within the  p a s t  severa l  years ,  and s tud i e s  and analyses r e l a t i n g  energy 

to developlent a r e  j u s t  beqinninq to appear.  his armmints i n  l a rga  moanurr. 

f o r  the  s izeable  unce r t a in t i e s  i n  the  da ta  on energy supply and demand i n  

this repor t .  

5. THIS REPORT 

This r epo r t  was commissioned by t h e  Agency f o r  In te rna t iona l  

Development i n  response t o  a Congressional request  f o r  the  President  t o  undertake 

a review of developing country energy needs and resources.  In  l i n e  with the 

language used i n  the  au thor iza t ion  of funds by Congress f o r  A I D  f o r  energy 

r e l a t e d  a s s i s t ance ,  t he  perspect ive adopted is  that energy plays an e s s e n t i a l  

bu t  supporting r o l e  t o  development. This means not  only t h a t  fu tu re  energy 

demands i n  the  LDCs must be seen i n  terms of the  need of these count r ies  t o  

achieve economic and s o c i a l  development goa ls ,  bu t  the techni.cal means used t o  

supply t h i s  energy must themselves be support ive of such goals .  The study 

the re fo re  begins with a review and ana lys i s  of the  non-OPEC LDC energy 

supply/demand s i t u a t i o n ,  including fu tu re  a v a i l a b i l i t y  and demand f o r  

noncommercial f ue l s .  We next  examine t h e  t r a d i t i o n a l  ro l e  of energy i n  

development, and i t s  r o l e  i n  meeting bas i c  human needs. This is  followed by a 

study of  the  types of so lu t ions  ava i l ab l e  t o  t h e  LDCs. F ina l ly  we d iscuss  

b r i e f l y  t h e  presen t  conclusions which emphasize the  implicat ions of these 

assessments f o r  fu tu re  a s s i s t ance  a n t  i v i t  i e s  . 



This project  was directed by the Brookhaven National Laboratory but 

was structured i n  such a way a s  t o  draw on a wide spectrum of the development 

community. A s e r i e s  of workshops was held t o  c l a r i f y  key issues of energy 

i n  development assistance. Those workshops and t h e i r  par t ic ipants  a re  l i s t e d  

in  Appendix B. They provided material t o  t h i s  report .  A s e r i e s  of reports  

and issue papers was a lso  commissioned t o  c l a r i f y  cer ta in  issues and analyze 

pa r t s  of the problem. These are  a lso  l i s t e d  in Appendix B. 
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CHAPTER B 

ENERGY SUPPLY AND DEMAND I N  THE NON-OPEC DEVELOPING COUNTRIES 

1. INTRODUCTION 

1.1 The Analyt ical  Approach 

This chapter1 assesses  the  energy s i t u a t i o n  of  the  non-OPEC developing 

countr ies  through the  year 2000.  We have a l s o  extended our ana lys i s  t o  the year 

2020 i n  order  t o  i d e n t i f y  the  ma jo r ' cha rac t e r i s t i c s  of the  longer term supply- 

demand s i t ua t i on .  A basic  d i f f i c u l t y  which confronts any broad ana lys i s  of 

t he  energy problems of LDCs i s  the  tremendous d i v e r s i t y  of count r ies  re fe r red  

t o  as  "developing." To s t ruc tu re  our technica l  ana lys i s  i n  a way t h a t  

f a c i l i t a t e s  subsequent pol icy ana lys i s ,  we have grouped the  LDCs i n t o  s i x  

r e l a t i v e l y  homogeneous groups i n  terms of t h e i r  econmic  s t r u c t u r e  and resource 

pos i t ion .  These groups a r e  then used t o  bridge t he  gap between global  ana lys i s  

of world supply and demand, and the  s i t u a t i o n  of spec i f i c  count r ies .  No 

ana lys i s  of t h i s  scope can, of  course,  be construed t o  apply t o  any ind iv idua l  

country. Individual  country s i t u a t i o n s  w i l l  be used, however, t o  develop the 

perspect ive f o r  the  country. groups. 

A l a rge  f r ac t i on  of the  population of the " th i rd  world" depends f o r  
L i t s  energy needs on so-called norfcommercial fue ls .  These include wood, 

which has been ca l l ed  t he  poor man's o i l ,  a g r i c u l t u r a l  wastes and animal dung. 

Growing shortages of these f u e l s ,  and severe ecological  impacts of t h e i r  

increased use,  has created a second " c r i s i s "  i n  the  LDC energy s i t u a t i o n .  Thus, 

despiLe dllllosL coinplete lack of r e l i a b l e  information i n  t h i a  a rea ,  i n  

sec t ions  2 and 3 of  t h i s  chapter  we d e a l ,  i n  a necessar i ly  very approximate 

way, with supply and demand f o r  noncommercial fue ls .  

Throughout the  ana lys i s  one must be aware of t he  very l a rge  unce r t a in t i e s  

which r e s u l t  from two fac tors :  the  g r e a t  pauci ty  of r e l i a b l e  bas ic  da t a  and 

the  la rge  uncer ta in ty  of fu tu re  developments anfi conditions.  Nevertheless, 

there  a r e  important and firm conclusions t h a t  emerge from the  ana lys i s  de sp i t e  

these uncer ta in t ies .  This i n  i t s e l f  i s  an ind ica t ion  of the  ser iousness  of  

the energy problems of the  LDCs. 



1.2 The Outlook 

I n  t h i s  chapter  we take a conservative,  o r  op t imi s t i c ,  view of the  

energy supply problems of t he  LDCs a s  a group. The major f ea tu re s  of the fu ture  

s i t u a t i o n  t h a t  w i l l  emerge from t h i s  ana lys i s  a r e  a s  follows: 

A t  t he  h e a r t  of t he  commercial energy supply c r i s i s  is  petroleum 

supply 

Even with increased e f f i c i ency  of energy use,  LDC o i l  consumption 

w i l l  probably exceed 20 mi l l ion  b a r r e l s  per  day some time during 

t.he p e r i o d  2000-2020. (Current U . S .  consumption is  18 mi l l ion  

b a r r e l s  pe r  day. 

Hydrocarbon resources a r e  very unevenly d i s t r i b u t e d  among 

the  LDCs. Thus, even with extreme success i n  discovering and 

explo i t ing  new reserves ,  most of t he  LDCs w i l l  have t o  r e l y  on 

imports f o r  most o r  a l l  of t h e i r  o i l .  Even i f  worldwide suppl ies  

remain adequate (which appears u n r e a l i s t i c a l l y  o p t i m i s t i c ) ,  i n  t he  

l a t t e r  years  of t h i s  century t h e  c o s t  of o i l  imports w i l l  impose 

a s e r ious  financing burden on a l l  bu t  a few of t he  non-OPEC LDCs, 

and, i n  t h e  absence of  o f f s e t t i n g  ac t i ons ,  w i l l  s i g n i f i c a n t l y  r e t a rd  

t h e i r  economic and s o c i a l  development. 

8 Even those count r ies  with major untapped conventional energy sources 

may have se r ious  supply problems. I f  they now depend s i g n i f i c a n t l y  

on imported o i l ,  they may well  no t  have s u f f i c i e n t  c a p i t a l  tn 

develop those indigenous resources which l i e  untapped under t h e i r  

own s o i l .  

Unable t o  a f ford  o i l  o r  e l e c t r i c i t y ,  t he  majori ty  of the  

population i n  most LDCs w i l l  continue t o  use more and more 

noncommercial f u e l .  Without a dramatic increase i n  t he  

management of  these resources and i n  t he  e f f i c i ency  of  t h e i r  

use, there  w i l l  be severe shortages.  Serious deple t ion  has  

a l r e a d y  oclourrcd i n  some LUCs, warstning l i f e  i o i  a I I I ~ ~ U L  

f r ac t i on  of t he  world's populat ion,  destroying h a b i t a t s ,  

and causirlg s e r ious  eco logica l  damage on a vas t  sca le .  Without 

cheap loca l ly  ava i l ab l e  energy t o  supplement t h e i r  own human 

energy, much of t he  population w i l l  not  be able  t o  r a i s e  t h e i r  

standard of l i v i n g  even t o  minimally acceptable l e v e l s  by 2020. 



1.3 Cha rac t e r i s t i c s  of Non-OPEC Developing Countries 

The non-OPEC LDCs a r e  a highly d i spa ra t e  group of na t ions  t h a t  span 

a wide range of  per  cap i ta  income l e v e l s ,  income d i s t r i b u t i o n s ,  economic 

and s o c i a l  s t ruc tu re s ,  s tages  of development and p o l i t i c a l  systems. 

Gross National Product (or  a l t e r n a t i v e l y ,  Gross Domestic Product) ,  

the  usual measure of wealth and progress ,  provides a rough ind ica t ion  of 

r e l a t i v e  wealth, bu t  i f  f a i l s  t o  r e f l e c t  the  t r u e  s t a t e  of economic and 

s o c i a l  well-being among a l a rge  f r ac t i on  of the  lowest socio-economic groups 

i n  these count r ies  because subsis tence ag r i cu l tu re  and bar te red  goods a r e  

not  counted and because d i s t r i b u t i o n a l  pa t t e rns  a r e  not  indicated.  National 

aggregate f i gu re s  on GDP a l s o  obscure t he  l a rge  d i f fe rences  i n  income, welfare  

and energy use t h a t  charac te r ize  most countr ies .  For example, i n  Braz i l ,  

which has a r e l a t i v e l y  high GNP per  cap i t a  ($920) and high annual pe r  

cap i t a  commercial energy use (3  1/3 b a r r e l s  of o i l  equivalent  per  year i n  

1974)) it is estimated t h a t  30% of t he  population l i ved  below the  poverty 

l i n e ,  i n  t he  " t r a d i t i o n a l "  ~ e c t o r . ~  I n  India ,  t he  lowest 30% of the  

population i n  terms of income accounted fo r  only 13.5% of t o t a l  p r i v a t e  

consumption i n  1973/74. This same segment of  the  population had an average 

per  cap i t a  consumption of Rs 25/month, compared with t h e  R s  40.6/month which 

the  Indian government has designated a s  t he  poverty 1 i h e . l  And, a s  t he  

t ab l e s  i n  Appendix A i nd i ca t e ,  t h e  populations within most of t h e  count r ies  

have sho r t  l i f e  expectancies and high i n f a n t  mor ta l i ty  r a t e s  (with even worse 

s t a t i s t i c s  f o r  low income groups within t he  coun t r i e s ) .  I n  addi t ion ,  access  

t o  some of t he  "luxuries" of l i f e  (e.g. , e l e c t r i c i t y ,  medical c a r e ,  t r anspo r t ,  

education) i s  severely r e s t r i c t e d  f o r  t h e  v a s t  major i ty  of t h e  population 

due to t h e ' l a c k  of adequate i n f r a s t ruc tu re .  In  the  Phi l ippines ,  f o r  example, 

only 6.9% of the  r u r a l  dwellings a r e  e l e c t r i f i e d  compared with 60.4% of 

the  urban  dwelling^.^ According t o  World Bank d e f i n i t i o n s ,  one t h i r d  of t he  

t o t a l  population of  the LDCs and almost t h r ee  fou r th s  of  t he  population i n  

the 'Asian LDCs have incomes below $50/year. Even a f t e r  taking i n t o  account 

r u r a l  subsis tence and o ther  production not  included i n  t h e  na t iona l  accounts, 

t h i s  p laces  them below the  poverty l i n e  a s  defined by the  count r ies  themselves. 

(Country-by-country soc i a l  and economic da ta  a r e  given i n  Appendix A. 1 

Most developing count r ies  do not  have adequate physical  and s o c i a l  

in f ras t ruc ture- - t ranspor ta t ion ,  power communication, s a n i t a r y  se rv ices ,  medical 

services , e tc .  --to cope w i t h  Lheir rap id  populhtion growth and high r a t e s  of 



TABLE B- 1 

COUNTRY GROUPS 

Argentina 
Braz i l  
Chi le  
South Korea 
Singapore 
Spain 
Taiwan 
Uruguay 
Yogos l a v i a  

11. O i l  Exporters 

Ango l a  
Bolivia 
Congo 
WYPt 
Malaysia 
Mexico 
Oman 
Syrian Arab Republic 
Trinidad and Tobago 
Tunisia 

111. Balanced Growth Economies 

Colombia 
Greece 
India 
Pakistan 
Panama 

' Peru 
Phi l ipp ines  
Turkey 

I V  . ~ r h n a r y  Exporters 

BO tswana 
Guinea 
Guyana 
Jamaica 
Liber ia  
Mauritania 
Mbrocco 
S i e r r a  Leone 
Surinam 
Togo 
Sa i r e  
Zambia 

V-a. Aqricul tural  Exporters 

Costa Rica 
Dominican Republic 
Gambia 
Guatemala 
Honduras 
Ivory Coast 
Senegal 
sits Lanka 

V-b.  Other ~ g r i c u l t u r a l  

Afghanistan 
Bangladesh 
 eni in 
Burma 
Burundi 
Cameroon 
Central  African Empire 
Chad 
Cyprus 
E l  Salvador 
Eq.  Guinea 
Ethiopia 
F i j i  
Ghana 
Ha i t i  
Jordan 
Kenya 
Lebanon 
Lesotho 
Madagascar 
Malawi 
Mali 
Maurit ius 
Mozambique 
Nepal 
Nicaragua 
Nlyor 
Papua N. Guinea 
Paraguay 
Rwanda 
Somalia 
Ewacilnnd 
Sudan 
Tanzania ' 
Uganda 
Upper Volta 
Yemen A. Rep. 



urbanization. The absolute  l e v e l s  of  LDC economic a c t i v i t y  a r e  low and not  

highly monetized. Domestic savings r a t e s  a r e  below those i n  developed countr ies .  

The l imi ted  domestic purchasing power i s  concentrated i n  a small  segment of 

the population. Even the  most developed of t h e  LDCs have been unable by 

themselves t o  support the  l e v e l s  of investment i n  i n f r a s t ruc tu re  and productive 

a s se t s  necessary t o  generate  s e l f  -sustaining development. For example, i n  

1976, t he  f i v e  most i ndus t r i a l i zed  LDCs--Brazil, Mexico, t he  Phi l ippines ,  

Argentina and South Korea--accounted f o r  over 70% of  a l l  Eurocurrency bank 

c r e d i t s ,  and the  f i r s t  th ree  accounted fo r  j u s t  under 70% of publ ica l ly  financed 

bond i s suesS6  Combined with the  need t o  import bas ic  consumer and c a p i t a l  goods, 

the  inadequacy of indigenous investment has meant heavy LDC dependence on 

foreign currency flows (export earnings,  p r iva t e  debt  o r  equi ty  c a p i t a l ,  and/or 

o f f i c i a l  development a s s i s t a n c e ) . .  Unfortunately most LDC exports  a r e  

mineral o r  ag r i cu l tu ra l  commodities, which .are subjec t  t o  extreme p r i c e  i n s t a b i l i t y ,  

and o f f i c i a l  development a s s i s t ance  has been decl ining i n  r e a l  terms. Most 

n o n ~ i l  exporting LDCs can therefore  ne i the r  p r ed i c t  t h e  amounts of ex t e rna l  

c a p i t a l  flows nor be reasonably assured of t h e i r  adequacy. 

1.4 Country Groups - Contrasts  and S i m i l a r i t i e s  
7 

- We have separated t h e  88 nat ions analyzed i n  t h i s  repor t  i n t o  f i v e  r e l a t i ve -  
- 2 

l y  homogeneous groups which a r e  more cons is ten t  with t h e i r  development and energy 

choices than the usual  high, middle, and low income categories .  These new group- 

ings r e f l e c t  the  varying stage; and pa t t e rns  of development implied by per 

cap i t a  income, income d i s t r i b u t i o n ,  i ndus t r i a l i za t i on ,  urbanization and such 

s o c i a l  ind ica tors  a s  i n f an t  mortal i ty .  But they a r e  based pr imari ly  on charac- 

t e r i s t i c  economic and resource s t ruc tu re s  which determine the  bas ic  energy s t r a t -  

egies  which a r e  ava i lab le  t o  them.. 

A l l  t he  non-OPEC LDCs have been categorized a s  follows: (The members of 

each group a r e  shown i n  Table B-1) .  

r. Indus t r ia l ized  Countries (Those f o r  which the  i n d u s t r i a l  s ec to r  is 

the  l a r g e s t  s ec to r  i n  terms of percent  of Gross Domestic Product) 

~ n '  each of the  nine count r ies  categorized a s  " indus t r ia l ized" ,  i n d u s t r i a l  

a c t i v i t y  accounts f o r  a higher contr ibut ion t o  Gross Domestic Product than 

a g r i c u l t u r a l  a c t i v i t y .  Also, compared t o  other  LDCs, there  is  r e l a t i v e l y  l e s s  

t r a d i t i o n a l  handicraf t  production and r e l a t i v e l y  more "modern" industry.  HOW- 

ever,  t h e i r  modern (and prcdominantly urban) i n d u s t r i a l  s ec to r  usual1.y 



TABLE 8-2 

W I C  SoCIAG AND a K 3 H I C  INDICATOR3 - MEAN FIGURES (BY GROUP) 

C c ~ r c i s P  I n f a n t  % Mnfg Value 
Energy Crude M o r t a l i t y  . % Income % Incone Added ( I n  

6NP % U=ban- C a n e . q t i m  Death Rate Rate L i f e  Received Receivea Producers Arable  Land 
Per. Cap i t a  i z a z i o n  Per  Cap i t a  (per  1,000) (per 1,000) Expectancy by Lowest by Highast Values) t o  Export  % (sq.km 10-3) 

Gr0Uz.S -. 1 9 ~  u.s.$ (19151 (1975) (1975) (1970) (1975) 20% (1975) 5% (1975) GNP o f  GNP Per  Cap i t a  

I. I n d u s t r i a l i z e d  1120 6C. 1206 8 72 66 4.8 26 40 1 3  5.1 

11. O i l  
~ x ~ o r t e r s  739 5: 784 11 79 55 2.4 30 12 9.3 4 

111. Balanced 
Economies 225 2E 288 1 5  122 5 1  5 25 1 8  . 5 a .3  

IV. Primary 
Expor te r s  2 3  . 25 256 19  77 47 2.5 43.6 8.4 28.8 . 4.2 

V. A g r i c u l t u r a l  
~ x p o r t e r s  310 2: 266 12 81 57 6.4 22 5.9 7.9 3.5 

Other , . 
A g r i c u l t u r a l  1'7 1 5  84 2 1  130 44 6 21.3 6.9 13.1 4.2 

Source: Gordian A ~ s o c .  - P o p u l a t h  weighted averages  o f  country da ta .  



e x i s t  independently from the  t r a d i t i o n a l  urban and r u r a l  s ec to r s  and, a s  i n  

o ther  LDCS, t he  s o c i a l  i n f r a s t ruc tu re  and corresponding serv ices  have not  in-  

creased a t  a r a t e  commensurate with t h e i r  economic growth. 

A s  shown i n  Table B-2 t he  i ndus t r i a l i zed  LDCs have the  h ighes t  median GNP 

per  cap i ta  ($1120 ), the  lowest crude death r a t e  and i n f a n t  mor ta l i ty  r a t e ,  

t he  longest  l i f e  expectancy and the  most even income d i s t r i b u t i o n  of any group. 

They a l s o  have the  highest  percentage of t h e i r  populations located i n  urban 

a reas  (60%) and, no t  surpr i s ing ly ,  t h e  highest  commercial energy consumption 

per  cap i t a  (1206) A l l ,  i n t e r e s t i ng ly ,  a r e  coas ta1 ,na t ions  with s i g n i f i c a n t  

t r ade  a c t i v i t i e s .  A s  i n  t h e  o ther  o i l  importing groups, a l l  of the  i ndus t r i a l -  
8 

ized LDCs consume more energy than they produce. However, r e l a t i v e  dependence 

on imports and the  nature  of indigenous energy resources vary considerably. 

11. Current O i l  Exporters 

The o i l  exporting non-OPEC LDCs w i l l  be only b r i e f l y  addressed i n  

t h i s  report .  A few general  po in t s  a r e  re levant ,  however. F i r s t ,  because 

most of t he  present  non-OPEC o i l  exporting count r ies  (Oman being the  notable  

exception) face  s i zab l e  short-term debt se rv ice  and/or domestic publ ic  

spending needs, they a r e  l i k e l y  a s  a group t o  press  fo r  higher production 

and exports than does OPEC a s  a group. Longer-term, t h e i r  i n t e r e s t s  a r e  

more l i k e . 1 ~  t o  coincide with those of  OPEC. 

Second, the  group of o i l  expor te rs  i s  expected t o  broaden over t h e  

next few years  a s  LDCs receive r e l a t i v e l y  more explorat ion emphasis. Po t en t i a l  

short-run examples include Argentinh, Guatemala (presuming, a s  i s  expected, 

t h a t  the' j .~eforma f i e l d  extends southward i n t o  t h a t  country) , and possibly 

coas t a l  count r ies  of French West Africa (e .g. , Ivory Coast) . 
I 

$ird,  t he  two major (and r e l a t e d )  decis ions facing each country with 

p o t e n t i a l l y  expbrtable o i l  resources a r e  (1) the  r a t e  of development and use 

(domestic o r  export)  o f  such resources and (2)  t h e  r a t e  and pa t t e rn  of  use of 

the  publ ic  (and, t o  t he  ex ten t  con t ro l l ab l e ,  p r iva t e )  savings represented by 

the  excess of  government and company revenues over cos t s .  



111. "Balanced Growth" Economies (Those in which the industrial sector is 

relatively developed but not dominant in terms of contribution to GDP). 

There are several LDCs which have diverse and relatively substantial re- 

source bases but have not yet developed a specialized infrastructure which 

commits them to a particular development course. These countries are unique 

among LDCs in that they are typified by "balanced economies", and consequently 

have a considerable potential for flexibility in pursuing future development 

strategies. Most of the countries within the balanced economies category have 

already completed the primary and intermediate phases of import substitution, 

and are aftemptlnq, Often uiisuccessruiiy, ro :embark upun the Pl~idl sLdye uT 
becoming self-sufficient in the heavy industrial sector. 

All of the countries in the group are still essentially agrarian soc ie t ies  

in that the agricultural sector is of primary importance in determining the 

economic and social well-being of the population. For example, agricultural 

production still absorbs well over half of the total work force in India, 

Turkey, and Pakistan. In addition to direct agricultural labor, the rural 

sector provides employment opportunities in the service and cottage industries 

sectors, so that by far the vast majority of the population resides in and is 

dependent upon the rural economy. Nevertheless, problems with unemployment 

are severe in the rural sector. This is due in part to the lack of multiple 

cropping in most LDCs and the resultant disparity between the peak labor 

requirements of the harvest and the limited need for labor during tile rwnaillder 

of the year. The Indian Bhagavati unemployment Commission has estimated that 

among the totally unemployed in 1971, 85% were located in the rural areas. In 

addition, 87% of those who worked less than 28 hours per week and 86% of those 

who worked less than 14 hours per week were located in the rural sector. 
9 

IV. P,riniary Exporters (Countries in which, minerals account for the bulk 

of total exports and are.a major contributor to GDP) 

As a group, the Primary Exporters vary considerably from the industrialized 

LDCs and those with balanced economies. Their mean GNP per capita figure ($313) 

is considerably lower than the indystrialized and balanced economy countries, 

and they consume considerably less commercial energy. As would be expected, 

their export figure, as a percentage of GNP, is higher than the other LDCs. 

While their infant mortality rate is low (77 per 1,000 births), their mean 

life expectancy is low (47 years). These and other characteristics, however, 

vary considerably within the group. 



As might be expected, the percentage of GDP which can be attributed to 

mineral production is generally high and all of the countries export a large 

amount (60-80%) , if not the total amount, of the minerals produced. Zambia, 

for example, exported 60% of its cobalt, 95% of its copper, 75% of its lead 

and 60% of its zinc in 1974.. 

Although these countries on the whole are not large energy consumers, 

they still consume more energy than they produce. In fact, few of the countries 

produce any substantial amounts of energy; Surinam, Zaire and Zambia are ex- 

ceptions. Most of the energy produced is hydroelectric. Guinea, Jamaica, 

Liberia, Morocco and Surinam consume all the hydroelectric energy that they 

produce; Zaire almost meets its needs; Zambia produces more than it consumes. 

V. Agriculturally Oriented Economies (Countries in which agricultural 

output clearly dominates GDP). 

This group can be divided into two subcategories: the agricultural 

exporters and the basic agricultural economies (other Agricultural). 

The agriculturally oriented LDCs run as a belt up the eastern coast of 

Africa, across that continent to the tropical countries of Western Africa, 

comprise virtually all of the Central American nations, and are spotted through- 

out Asia and South America. Lying between the Tropic of Cancer and the Tropic 

of Capricorn, climatically they experience a full summer without winter. Mean 

temperatures of the warmest monyl are above 20°c, and for the coldest month 

are over 13O~. Rural land use and vegetation is &.mix between tropical woodland 

and grassland, grazing land including marginal farm land, equatorial forest, 

arable soils suited to intensive farming, and some areas with deciduous or 

coniferous forests. Most of the land,area is under shifting or marginal cul- 

tivation, and hunting, gathering and primitive cultivation are also prevalent. 

Nomadic herding is practiced within several'of the more northern African nations, 

and plantation crops are cultivated in dispersed pockets usually located in 

coastal areas. They are uniformly without significant cmercial quantities 

of mineral resources. 



FIGURE B-1 

R~LAT~CONSHIP OF PER CAPITA ENERGY CONSUMPTION TO PER CAPITA GNP 
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Demographically t h i s  group has a mean l i f e  expectation of 45 years  and 

within these  nat ions one f i nds  t he  lowest l i f e  expectancy f o r  the  world. In  

t h e  Central  African nat ion of Chad the  l i f e  expectqncy f o r  males $9 but  29 

years .  Five agrar ian  African economies have average l i f e  spans f o r  both men 

and women of l e s s  than 40 years,  seventeen s tand with l e s s  than 45 years.  Only 

with a few i s l and  nat ions and those i n  t he  Americas does t h i s  average climb 

subs t an t i a l l y  beyond f i f t y  years  and i n t o  t he  low s i x t i e s .  Abysmal a s  these  

s t a t i s t i c s  a r e ,  l i f e  expectancy and in fan t  mor ta l i ty  have been improving s ig-  

n i f i c a n t l y  with t he  a t tendant  fami l ia r  r e s u l t  of rapid population growth: 

2.4% pe r  year f o r  t he  group a s  a whole. 

The bulk of energy consumption by these  s o c i e t i e s  is of noncommercial 

f ue l s ,  pr imari ly  wood with some crop residues and animal wastes. The charac te r  

of t h i s  consumption w i l l  be discussed i n  a subsequent sect ion.  

A s  a group, these  agrar ian  economies can be divided i n t o  subgroups 

based on t h e  charac te r  of t h e i r '  economies and t h e  c l a s s i f i c a t i o n  of some 20 

percent of these  nat ions a s  exporters  of a g r i c u l t u r a l  commodities. The s t r u c t u r a l  

economic c h a r a c t e r i s t i c s  of a l l  of t he se  nat ions r e f l e c t  t h e i r  l imi ted  l eve l  of 

development and a continuing t i e  t o  t r a d i t i o n a l  subsis tence l eve l s  of production., 

But c a p i t a l  inflows generated by a g r i c u l t u r a l  exports  provide t h e i r  economies 

with some opportunity t o  mi t iga te  the  more severe impacts t h a t  r e s u l t  from 

the  need t o  import t he  c a p i t a l  goods and make t h e  investments required t o  

support the  growth of t h e i r  economies, A s  with the  primary (mineral)  

exporters ,  however, market p r i ce  f l uc tua t ions  have l ed  t o  "boom o r  bust"  

cycles ,  with a pa t t e rn  of i n f l a t i o n  followed by economic decl ine.  

1.5 The Current Energy S i tua t ion  

Although t h e  non-OPEC developing count r ies  contain 41% of t h e  world's 

population, they consume only 9% of i t s  commercial energy. However, non-OPEC 

LDC commercial energy consumption is increasing rap id ly ,  having r i s e n  250% 

between 1970 and 1974. Per cap i t a  energy consumption f o r  these count r ies  in- 

creased 175% over t h i s  per iod but  i n  1974 s t i l l  averaged only 400 kilograms 

of coa l  equivalent  (kgce) o r  l e s s  than 4% of t he  U.S. average per  cap i t a  use. 

The range of per c a p i t a  consumption between developing count r ies  is subs t an t i a l l y  

wider than the  d i f fe rences  between the  country groups, which range from 81 

kgce f o r  a g r i c u l t u r a l  non-exporters t o  1220 kgce f o r  t h e  i ndus t r i a l i zed  

developi~ly countr ies .  Individual country per  cap i t a  energy consumptions 



FIGURE B-2 

DISTRIBUTION OF WORLD COMMERCIAL 

ENERGY CONSUMPTION 

ANNUAL 'PER CAPITA CONSUMPTION 

V S .  TOTAL POPULATION 

(AREA GIVES TOTAL ENERGY) 

POPULATION (BILLION) 

~ o t e r  ~ e G e l s  '(:=I, (b) and (c) a r e  discussed in  Chapter C. 



are shown in ~igure B-1. Five of the nine industrialized and one of the 

eight balanced growth countries had per capita averages above 1000 kgce 

(three--Spain, Singapore, and Greece--being over 2000 kgce) while, at the other 

extreme, twenty of the thirty-eight agricultural economies, one agricul- 

tural exporter, and three of the twelve primary exporters had averages below 

100 kgce per capita. Three countries--Rwanda, Burundi, and Nepal--had averages 

of 10 kgce per capita, or less than one-tenth of 1% of the U.S..average. In- 

clusion of noncommercial primary energy, which accounts for over 90% of total 

energy in some low-income LDCs, lessens this gap somewhat: total per capita 

energy use then ranges from 480 kgce for agricultural nonexporters to 160.5 

kgce for industrialized developing countries. Figure B-2 shows energy distrib- 

ution for the world, indicating the number of people living at various levels of 

energy consumption. Nearly 3/4 of the world lives at or below a level which 

provides "basic human needs" lo, even when noncommercial energy is taken into . 

account. 

Dependence on Oil 

Besides the relatively low levels of per capita energy consumption and the 

greater importance of noncommercial energy, there is a third important char- 

acteristic of LDC energy use: the high degree of dependence on oil. For the 

LDCs as a whole in.1975, liquid fuels accounted for 61% and natural gas 15% of 

total commercial energy use; but this is largely because a few very large LDCs 

(primarily India) have achieved ?elatively balanced energy economies. Of the 

oil importing countries, 29 of the 40 African LDCs, 12 of the 20 Western Hemis- 

phere LDCs, 2 of the 3 Mideast LDCs, and 5 of the 11 Asian LDCs depended upon 

liquid fuels for at least 90% of their commercial energy. In only four countries 

do liquid fuels represent less than 50% of total commercial energy consumption. 

India (23% oil) and Korea (48% oil) have the bulk of LDC coal reserves and 

have developed coal-oriented energy economies (accounting for 73% and 51% 

respectively, of fuel use.) Pakistan (40% oil) has exploited its natural gas 

(48% of total commercial energy). while Zambia (36% oil) has invested heavily to 

develop both indigenous solid fuels and hydropower (36% and 28%, respectively, 

of total cnmmercial e n e r g y ) .  

In 1975 the oil importing LDCs imported an average of 2.7 million barrels 

of oil per day or a total annual value, at $13 per barrel, of $12,8 billion 

(over 7% of their total export value). At the same time, non-OPEC LDCs have 

been investing heavily in the development of their energy resources and conversion 



Unit  

B a r r e l s  p e r  Day 
O i l  Equivalent  l a )  

Metr ic  t o n s  o f  
Coal Equivalent  (b) 

B a r r e l s  o f  O i l  
Equivalent  (c) 

Kilograms of  
Coal Equivalent  

K i l o c a l o r i e s  
p e r  .Day (a) 

Kilowatthours 
rQ 
c. 3 

10 watt-hours 
I 

K i l o c a l o r i e s  
3 

10  c a l o r i e s  

B r i t i s h  Thermal 
Uni t s  

K i l o j o u l e s  
3 

10 j o u l e s  

TABLE B-3 
STANDARD ENERGY CONVERSIONS 

(Equivalent  Values Lie  i n  V e r t i c a l  C o ~ - m s )  
Atbrev ia t  ion 

BDOE I - - - - - - - .013 1 1.6 2.74 

- - - 0.05 0.21 1 77.5 125 
MTCE 

212 I -  - 

BOE 

BTU 

KGCE 

(a )  Equ iva le r t s  i n  c t h e r  u n i t s  a r e  shown o n  a p e r  annum b a s i s .  For example, one b a r r e l  pe r  day 
of o i l ,  maintained f o r  a y e a r ,  equa l s  2-25 x l o9  k i l o j o u l e s .  

(b) One metrgc ton = 1000 kilograms = 2202 pounds = 1.1 s h o r t  tons. 
(c) .  One b a r r s l  of o i l  = 5.8 m i l l i o n  ETU. 

- - - - 1 53.5 2L2 l o 3  77.5 125 212 

x10 x10 x10 
3 

Source: Adopted from Energy Conversion Equivalents  Table,  S h e l l  L l t e r n a t i o n a l  Petroleum Co., Ltd. 
a s  g iven i n  WAES (Ref. 145. 



capac i ty .  This investment averaged $4.2 b i l l i o n  p e r  year  ( o r  7-8% of LDC 

g r o s s  f i x e d  c a p i t a l  investment)  over  t h e  pe r iod  1960-1974, wi th  t h e  l a r g e s t  

s h a r e  devoted t o  expansion of e l e c t r i c  power genera t ion  and d i s t r i b u t i o n  
11 

systems. 

Balance o f  Payments 

I n  s h o r t ,  t h e  p rospec t s  of t h e  developing n a t i o n s ,  which were n o t  

b r i g h t  be fore  thequadrup l ing  of o i l  p r i c e s ,  have s u b s t a n t i a l l y  worsened a s  

a r e s u l t  of r e c e n t  energy t r e n d s .  P a r t l y  a s  a r e s u l t  of t h e  inc reased  o i l  

import  burden, non-oil expor t ing LDCs have run l a r g e  balance o f  payments 

( c u r r e n t  account)  d e f i c i t s ,  have seen t h e i r  terms of t r ade12  d e t e r i o r a t e  

(from an  index of 100 i n  197'0 t o  87 i n  19761, and have incur red  inc reas ing  

amounts o f  d e b t  t o  f inance  decreas ing r a t e s  o f  economic growth. Thus f o r  

76 non-OPEC LDCs, ou t s tand ing  disbursed p u b l i c  deb t  inc reased  from 11.9% 

of GNP i n  1974 t o  15% of GNP i n  1976, whi le ,  a s  a r e s u l t  o f  t h i s  d e b t  i n c r e a s e  

and t h e  growing importance of p r i v a t e  lending a t  h igher  i n t e r e s t  r a t e s ,  deb t  

s e r v i c e  requirements inc reased  from 8.4% t o  10% o f  t o t a l  annual expor t  

values.13 For nine  c o u n t r i e s ,  1977 deb t  s e r v i c e  i s  es t imated to have 

represented over  20% of expor t  value:  Argentina (23%) , B r a z i l  (53%) , 
Chile  (37%, Egypt (30%),  Mexico (43%) , Pakis tan  (34%) , Peru (28%) , Uruguay 

(31%) ,  and Za i re  (42%). 

F i n a l l y ,  p a r t l y  a s  a d i r e c t  r e s u l t  of t h e  increased energy f inanc ing  

burden and p a r t l y  due t o  lower growth r a t e s  i n  developed c o u n t r i e s  fol lowing 

t h e  Arab o i l  embargo, LDC growth r a t e s  have slowed s u b s t a n t i a l l y .  The World 

Bank e s t i m a t e s  t h a t  LDC growth r a t e s  f e l l  by more t h a n  60%--from 7.6% t o  3.0% 

between 1973 and 1975, The World Bank a l s o  es t imates  t h a t ,  f o r  t h e  decade 

1975-85, t h e  pe r  c a p i t a  income of t h e  more t h a n  a b i l l i o n  people l i v i n g  i n  t h e  

low-income LDCs w i l l  i n c r e a s e  by on ly  20% (from $150 t o  $180) even under ve ry  

o p t i m i s t i c  assumptions regarding i n c r e a s e s  i n  o f f i c i a l  development a s s i s t a n c e  

t o  t h e  U.N. t a r g e t  l e v e l ,  combined wi th  t r a d e  l i b e r a l i z a t i o n ,  and o t h e r  

measures. 



TABLE B-4 

LDC COMMERCIAL ENERGY CONSUMPTION ASSUMPTIONS 
CURRENT TRENDS CASE . 

(a> Annual GNP Growth Rate: 

I n d u s t r i a l  and Primary Exporters  and O i  1 
Balanced Economies A g r i c u l t u r a l  Countr ies  Exporters  

. (b.1 Income E l a s t i c i t i e s  of Demand.by Type of Commercial Energy. 

I n d u s t r i a l  and Balanced Economies and A g r i c u l t u r a l  
O i  1 Exppr t i n g  - >-- 

Primary Exporters  Countr ies  

OIL 

ELECTRICITY 

NATURAL GAS. 

COAL - 

P r i c e  Elasticity of Demand f o r  To ta l  ~ommercinl  Energy: ( c )  

A l l  country  groups -. 3 

- - - - - - - - - - - - -  
( a )  Source: WAES (Reference 143, based on average o f  WAES High and Low 

e s t i m a t e s  ex t rapo la ted  t o  2020. 

(b) Gordian Associa tes  Inc . ,  based on World Bank (Reference 21) e l a s t i c i t y  e s t i m a t e s  
f o r  o i l  and g a s  and World Bank s t a f f  e s t i m a t e s  f o r  c o a l  and primary e l e c t r i c i t y .  

( c )  Based on World Bank s t a f f  ana lyses  t o  be published i n  mid-1978. 



2.  PROJECTIONS OF LDC ENERGY DEMAND 

2 . 1  Introduction 

I t  is a r i sky  time t o  make predict ions of fu ture  energy demand--even 

f o r  countr ies  where economies a r e  mature and understood and fo r  which 

the re  a r e  adequate data.  For the LDCs ne i ther  of those conditions preva i l  

and our estimates of fu ture  energy consumption should be t r ea t ed  a s  a means 

of adding some quan t i t a t i ve  dimensions t o  a s e t  of problems i n  order t o  under- 

stand them b e t t e r  r a the r  than a s  predict ions of the  fu ture .  

We have proceeded t o  estimate fu ture  energy demand fo r  both commercial 

and noncommercial fue ls  f o r  each of the country groups. Commercial fue l  

demand was estimated based on assumed GNP growth r a t e s  and cor re la t ions  be- 

tween energy demand, GNP growth and energy prices .  Noncommercial consumption 

was estimated on necessar i ly  very crude estimates' of minimum subsistence 

requirements. 

2 . 2  Basis fo r  Projecting Commercial Enerqy Demand 

For each of the  LDC country groups we have projected fu ture  demand f o r  

"commercial primary energy" : o i l ,  na tura l  gas, coal  and primary e l e c t r i c i t y  

(hydropower, nuclear,  geothermal and s o l a r )  . ~ n d e r  the assumption t h a t  there  

1s  a continuation i n  cur ren t  t r endso f  economic growth and the  re la t ionship  

between t h a t  growth and energy consumption. The assumptions used f o r  t h i s  

"current  t rends" case a r e  summarized i n   able B- 4. The primary sources of 
14 

data  a r e  t he  Workshop 011 Al ternat ive Energy St ra teg ies  , Gordian Assoc- 
16 

i a t e s  15, and The World Bank 

For each country group ac tua l  1975 f u e l  consumption was used a s  the 

s t a r t i n g  poin t .  The income e l a s t i c i t i e s  of energy demand shown in  the tab le  

a r e  the r a t i o s  of the assumed expected growth r a t e s  fo r  spec i f i c  fue l s  t o  the 

assumed GNP growth r a t e s .  1 / These income e l a s t i c i t i e s  were derived on the 

bas is  of the h i s t o r i c a l  development experience of individual  countr ies  (time 

s e r i e s )  and the re la t ionship  between countr ies  a t  d i f f e r e n t  leve ls  of 

economic growth (cross-sect ional)  . The trends in  income e l a s t i c i t y  over 

time take i n t o  consideration the f a c t  t h a t  income e l a s t i c i t y  of o i l  and gas 

consumption general ly  tends t o  r i s e  a s  per capi ta  income leve ls  increase from 

"low" t o  "middle", then typ ica l ly  decl ine a s  income r i s e s  t o  higher l eve l s .  

Income e l a s t i c i t y  of demand f o r  coal were derived from fu ture  year consumption 

estimates.  

- 27  - 



TABLE B-5 

ASSUMF.TIONS U-SED I N  OTHER LDC COMMERCIAL ENERGY PROJECTIONS 

TkTs WAES ( .a) 
Report  H i ~ h ' ~ )  Low Lamber t in i  (b) World Bank ~ e o n t i e t  s t r o u t  (e) W E C ( ~ )  

1. Annual G?;T 
growth r a t e s  
1975-85190 3.6-6.2% 4.4-7.2% 2.8-5.5% 4.5-5.5% 4.1-7.6% 1 5.4-7.1% 
1985 -2006 2.8-5.4% 2.1-6.5% 2.5-4.2% 

2. Pe r  Cap i t a  
GNP growth 
1975-85190 0.4-3.8% 1.7-3.7% 0.2-1.7% 1.7-4.6% 3.1-4.9% 
1985-20OC I 2.9% 

0.4-2.9% 0.8-2.3% 0.2-1.4% 

3. Income E las  t i c i t y  
of Demand 

I - O i l  .8-1.1 .85-1.1. 
N - G a s  .!?-1.2 
03 

1 
-Coal .4-1.7 - 

I 
-Primary E lec  . 1-1.8 1.15-1.8 
-Tota l  Primary 

Energy 1.05-1.3 1.0-1.2 

4.  P r i c e  E l a s t i c i t y  
of Demand 
ail -. 3 -. 1 4  -. 2 7 -. 05-(--11) 
-Tot a1 Primary 
Energy -. 3 -. 01 -. 1.3 -.3 

Sources.: 

(a)  W S  (Reference  20: 
(b) WSrld Bank, Lamber t in i  (Reference 16) 
( c )  World Bank [Reference 21) 
(dl  Leontief/U .N. (Reference  22 )  
( e l  A. Strout/MIT (Reference  23) 
(f) W3rld Energy Conference 1977  (Reference  24) 



The assumption was then made t h a t  energy p r i ce s  would increase i n  r e a l  

terms by 50% by 2 0 0 0  and 100% by 2020. A p r i c e  e l a s t i c i t y  of demand ( r a t i o  of 

the percentage change in  energy demand t o  t he  percentage change i n  energy p r i c e )  

of -0.3 was used t o  reduce t o t a l  commercial energy demand i n  t he  fu ture  

reference years.  

In  a number of ways these  assumptions a r e  conservative, leading t o  a low 

estimate of fu ture  LDC energy demand. As shown i n  Table B- 5, our assumed GNP 

growth r a t e s  a r e  on the  low s ide  of World Bank and o ther  estimates.  Further- 

more the  income e l a s t i c i t i e s  t h a t  we have used a r e  on the low s ide  compared t o  

t h e  other  values i n  the  t a b l e s  of Leontief and the  World Bank and o ther  re-  

cent  estimates.  F ina l ly ,  we have applied a generous p r i ce  e l a s t i c i t y  of demand 

2.3 Basis f o r  Projecting Noncommercial Energy Demand 

Later i n  t h i s  report  t he re  i s  a de t a i l ed  discussion of noncommercial 

energy, i t s  ro l e  i n  subsis tence and development, and the  shortcomings of data  

and project ions.  Though a few s tudies  have attempted t o  draw together  the  d is -  

jointed and thoroughly inadequate information ava i lab le  on noncommercial fue l  

use, they provide no r e a l  bas i s  f o r  an estimation of cur ren t  noncommercial 

energy use. For the  purposes of t h i s  report  we have assumed t h a t  the  per  

capi ta  use of noncommercial energy i s  400 kilograms coa l  equivalent  per  

year. This corresponds t o  about a ton of wood a year ,  o r  the equivalent of a 
18 

3 inch lump of coal per  person per  day. Other est imates  i n  the l i t e r a t u r e  

range from s l i g h t l y  l e s s  t o  several  times the  value used here f o r  per  capi ta  

consumption. Since cooking i s  an absolute  necessi ty  and it i s  knoyn t o  be 

provided by noncommercial fue l s ,  t h i s  per  capi ta  consumetion l eve l  is almost 

assuredly conservativc. The assumed population growth r a t e s  used t o  p ro j ec t  

noncommercial demand i n t o  the  future a r e  given i n  Table B-6 f u r  each country 

group. 
19 



TABLE B-6 

POPULATION GROWTH 
. ( m i l l i o n s )  

1 9 7 5  % 1 9 9 0  % 2000 % 2020 - - - - - - -  

I. I n d u s t r i a l  262  2 . 5  3 8 0 .  2 .4  4 8 0  2 .3  760 

11. O i l  E x p o r t e r s  1 3 4  2 . 5  1 9 4 '  2 .4  2 5 0 -  2.4 4ilo 

111. ~ a l a n c e d  784 2 . 5  1 1 4 0  2 .4  1 4 4 5  2 .3  2280  

IV.  P r i m a r y  E x p o r t  6 i  2 . 5  88 2 .4  1 1 0  2 . 3  1 8 0  

V. A g r i c u l t u r e  398  2.7 6 0 0  2 .6  770 2 . 5  1 2 6 0  

T o t a l  1 6 4 0  2 .6  2402 2 .6  3055 2 .5  4880  

SOURCE: G o r d i a n  Associates 



2.4 Tota l  P ro jec ted  Energy Demand 

The p r o j e c t e d  energy consumption f o r  t h e  va r ious  country groups is  

shown i n  Table B-7 and Figure  B-3. Three groups of f u e l s  a r e  dis t ingu ' ished:  

o i l , . o t h e r  commercial energy forms ( n a t u r a l  gas ,  c o a l  and primary e l e c t r i c i t y )  

and noncommercial f u e l s .  Under t h e  assumptions desc r ibed  above t h e  t o t a l  

commercial energy demand of t h e  non-OPEC LDCs i n c r e a s e s  from 9 .1  m i l l i o n  

b a r r e l s  per, day o f  o i l  equ iva len t  (MMBDOE) i n  1975 t o  26 MMBDOE i n  2000--a 

t h r e e f o l d  i n c r e a s e  over  t h e  period--corresponding t o  an annual r a t e  o f  

i n c r e a s e  o f  4.3% p e r  year .  Estimated LDC demand f o r  o i l  i n  t h e  year  2000 is  

14.4 MMBDOE, which is near  t h e  t o t a l  U.S. 1976 petroleum consumption of 

17 MMBDOE . ' 

I n  2000, i n d u s t r i a l i z e d  LDCs account f o r  43% and "balanced growth" 

c o u n t r i e s  another  26% o f  t o t a l  LDC o i l  demand. Their  r e s p e c t i v e  shares  f o r  

1975 were 45% and 24%. LDC o i l  use  grows s u b s t a n t i a l l y  d e s p i t e  a projecte'd 

t h r e e f o l d  i n c r e a s e  i n  c o a l  use ,  i n  primary e l e c t r i c i t y  (which s i n c e  it 

impl ies  a much more dramat ic  r i s e  i n  nuc lea r  power, may be  u n r e a l i s t i c ) ,  

and i n  n a t u r a l  gas  as wel l .  O i l  i s  p r o j e c t e d  t o  account f o r  55% o f  ccmmercial 

primary energy use i n  2000--if t h a t  much i s  a v a i l a b l e .  Thus, t h e  rise i n  

LDC demand f o r  o i l  i s  n o t  t h e  r e s u l t  of l ack  of development o f  a l t e h a t i v e  

conventional energy sources .  Noncommercial energy s t i l l  accounts f o r  38% of 

t h e  t o t a l  even though conserva t iye ly  es t imated.  

F i n a l l y ,  it is  important t o  note  t h a t ,  even given t h e  above growth r a t e s ,  

non-OPEC LDCs s t i l l  w i l l  account f o r  o n l y  a f r a c t i o n  of p r o j e c t e d  worldwide 

energy consumption i n  2000. "WAES" es t imates  t o  2000 y i e l d  a range o f  t o t a l  

commercial energy consumption by the "World Outside Communist Areas" (WOCA) 

of from 160 t o  207 MMBDOE. Pro jec ted  non-OPEC LDC consumption thus  would equal  

20-26% of WOCA commercial energy consumption compared t o  a c u r r e n t  share  o f  

18%. 

The d i s t r i b u t i o n  o f  f u t u r e  p e r - c a p i t a  energy consmpt ion  i n  t h e  non-OPEC 

LDCs is shown f o r  t h e  "cur ren t  t r ends"  c a s e  f o r  2000 i n  F igure  B-4 where 

i t  is compared wi th  t h e  c u r r e n t  d i s t r i b u t i o n .  Under t h e s e  assumptions, 

it is  only  t h e  i n d u s t r i a l i z e d  and o i l  e x p o r t e r  groups who make s i g n i f i c a n t  



TABLE B-7 

PRC);IECTED.(LIPC. ENERGY. CONSUMPTION CURRENT TRENDS. CZSE. 



FIGURE B-3 

TOTAL ANNUAL ENERGY CONSUMPTION PROJECTIONS BY LDC COUNTRY GROUPS 

(CURRENT TRENDS CASE) 

F IGURE B-4 

ANNUAL P E R  CAPITA ENERGY 
CONSUMPTION VS.  TOTAL POPULATION 

(CURRENT TRENDS CASE) 
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This study 

W A E S ~  

(C-1) High 

(D-8) Low 

TABLE B-8 

TOTAL COMMERCIAL ENERGY DEMAND PROJECTIONS FOR THE YEAR 2000 

NON-OPEC LDCS WORLD OUTSIDE COMMUNIST AREAS 

d 
( t o t a l  world) 

Total  Per Capita Total  - Per Capita 
Million b a r r e l s  kilograms coa l  
per day o i l  equiv equivalent  ' 

World Energy Conf. 
b 

(HS) "Indig. 
Supply" 3 3 

(H3) "Uncon- 
s t r a ined  50. 

(H5) "Con- 
strained'' 4 0 

2420 
( includes OPEC) 

Reference '24 
. . 

C 
. Reference 22 

& p l a t i o n  assumptions: 

Non-OPEC LDCs 3.1 b i l l i o n  
WOCA 4.5  b i l l i o n  
World 7.0 b i l l i o n  



progress on a per capita basis. For the other groups, energy growth i s  

due solely t o  increasing population. 

Even for the most advanced groups, however, the anticipated per capita 

consumption - i n  2000  i s  small compared t o  the developed countries. The 2000 

kgce per year typical of the industrialized and o i l  exporting LM3s i n  2000 

i s  a mere 15% of the present U . S .  per capita consumption. To ra ise  the energy 

budget of a l l  of the developing world t o  15% of the U.S .  per capita level  

would require almost twice as much energy as our "current trends" scenario 

anticipates. In Table B-8 we compare our p r o j e c t i h s  of t o t a l  and per capita 

energy demand with those of other sources. The table underlines the 

conservative nature of these projections. 

3.  WORLD AND LDC ENERGY SUPPLY 

3.1 Future World O i l  S U D D ~ V  
. . 

The future supply of o i l  on a worldwide basis i s  a subject of act ive 

conjecture and debate, but the debate can be carried out in  only the most 

approximate quantitative terms. Current estimates of ultimate recoverable 

conventional petroleum resources range between 1 2 0  0 and 2500. b i l l ion  barrels  

with an "average" estimate of around 1800 b i l l ion  barrels .  25 This estimate 

considers tha t  the present recovery r a t e  of 25% increases t o  40% by the end 

of .the century. I f  "unconventional sources" ( o i l  £ran offshore depths greater 

than 200m, t a r  sands, o i l  shale, etc.)  a re  included the t o t a l  r i s e s  t o  about 

2000 b i l l ion  barrels. 

With regard t o  the ra te  of additions t o  resources most experts are 

re la t ively  optimistic i n  the near term, anticipating a r a t e  of around 25-30 
2 5 

bi l l ion  barrels  per year .  (68-82 MMBO) . Additions t o  reserves in  1977 were 

50.4 b i l l ion  barre ls ,  a r a te  which most experts do not f e e l  can be sustained. 

Roughly half of these gross discoveries would derive from reevaluation of old 

deposits based on the prospective use of enhanced recovery techniques. The 

WAES study14 estimated additions t o  reserves over a longer term t o  range from 

a "low" of 1 0  b i l l ion  barrels  per year t o  a "high" of 20 b i l l ion  barrels .  To 

place these numbers in  perspective, it can be noted that  the former would 

correspond t o  the discovery of one Alaska every two years, the l a t t e r  a North 

Sea every two years. P.ut In other terms, were a discovery r a t e  of 20 b i l l ion  



b a r r e l s  t o  be maintained each year u n t i l  t h e  year 2000, the  t o t a l  o i l  

discovered would represen t  an amount equal t o  the e n t i r e  OPEC reserves  

remaining a t  t he  end of 1975. 

The u l t imate  l i m i t  on world o i l  resources means t h a t  t he re  must be a peak 

i n  production a t  some time i n  the  fu ture .  The exact  time of t h i s  peak 

depends on a va r i e ty  of f a c t o r s  including the  t o t a l  recoverable resources,  

discovery r a t e s ,  t echnica l  l i m i t s  on the  r a t i o  of production t o  reserves ,  t he  

developmental p o l i c i e s  of t he  la rge  producers and o ther  f ac to r s .  Under a 

range of assumptions on these  f ac to r s ,  and assuming a t o t a l  resource base of 

2000 b i l l i o n  b a r r e l s ,  v i r t u a l l y  a l l  es t imates  show world o i l  production peaking 

before  2000. By t he  year  2020, under most reasonable hypotheses, production 

w i l l  be considerably less than it is today. 

By t h e  year 2000 t h e  range of poss ib le  world o i l  production l e v e l s  i s  

very wide. For the  noncommunist a reas ,  the  WAES study i d e n t i f i e d  a range 

between 55 and 70 mi l l ion  b a r r e l s  per  day. 36 The "unconstrained" world 

demand f o r  t h a t  o i l  i n  2000 was estimated a t  75-90 mi l l ion  b a r r e l s  pe r  day 

ind i ca t i ng  t h a t  a supply-demand adjustment process,  os tens ib ly  operat ing 

through the  mechanism of higher  o i l  p r i c e s  would occur wel l  before  t h a t  time. 

Thus i n  the pos t  2000 period-,  a t  t h e  l a t e s t  f o r  most count r ies  ( t h e  exception 

being those with extremely l a rge  o i l  r e sou rces ) ,  a c e n t r a l  challenge w i l l  be t o  

convert  t h e i r  energy systems from an o i l  b a s i s  t o  o the r ,  presumably renewable, 

f ue l s .  

3.2 Future  Commercial Energy Supplies t o  t h e  LDCs 

Project ions of aggregate world energy suppl ies  a r e  d i f f i c u l t  and uncertain.  

Pro jec t ing  suppl ies  f o r  ind iv idua l  country groups, such a s  t he  non-OPEC LDCs 

i s  even more d i f f i c u l t ,  and even more uncertain than demand pro jec t ions .  For 

commercial energy supply, these  unce r t a in t i e s  a r e  of two kinds.  F i r s t ,  

es t imates  of proven reserves  and projected fu tu re  addi t ions  t o  reserves  a r e  



subjec t  t o  immense v a r i a b i l i t y .  Much of t he  developing world has not  been 

wel l  explored, and "f inds"  a r e  sudden. Smooth r a t e s  of growth do not  provide 

a good model of r e a l i t y .  Secondly, production is  f a r  from assured even f o r  

already proved reserves .  Production and d i s t r i b u t i o n  requi res  c a p i t a l ,  s k i l l e d  

manpower, and in f r a s t ruc tu re .  The f r a c t i o n  of reserves  t h a t  ac tua l ly  w i l l  be 

exploi ted by a given time i s  thus problematic. 

Today i n  Mexico and the  Middle East a l a rge  amount of na tu ra l  gas pro- 

duced i n  assoc ia t ion  with o i l  is burned (or  '!flaredv) a s  it is produced; 

testimony t o  lack of s torage,  u t i l i z a t i o n ,  o r  d i s t r i b u t i o n  f a c i l i t i e s ,  and 

ample demonstration of t h e  d i f fe rence  between reserves  and production. 

A s  a r e s u l t ,  most analyses of energy suppl ies  i n  t he  LDCs have been l imi ted  

t o  consideration of fu tu re  suppl ies  on t h e  bas i s  of l a rge  groups of count r ies ,  

and t o  discussions of annual addi t ions  t o  proven reserves ,  then u t i l i z i n g  
14 

simple r a t i o s  of reserves  t o  annual production. In  t he  WAES study,  

f o r  example, L D C ~  were simply divided i n t o  two groups: OPEC and non-OPEC 

developing countr ies .  Two assumptions were then made regarding annual 

f inding r a t e s  of 2 and 4 b i l l i o n  b a r r e l s  pe r  year f o r  t he  non-OPEC LDCs and 

annual production by t h i s  e n t i r e  group has been estimated on t h i s  ba s i s .  

The low f inding r a t e  permits an annual production of 6 MBD; the  higher f i gu re  

allows a production of almost 12 MBD. Although these fi.gures represen t  42% 

and 83% of t he  projected aggregate non-OPEC LDC o i l  demand given i n  t he  

previous sec t ion ,  t he  numbers a r e  misleading, f o r  a s  t he  WAES study goes on 

t o  note,  "most of t h i s  production i s  l i k e l y  t o  be l imi ted  t o  a few countr ies ."  

(These a r e  the count r ies  c l a s s i f i e d  a s  o i l  exporters  i n  Table ,El.) I t  has 

been estimated t h a t  " three  countries--Mexico, Braz i l  and Egypt--could account 

f o r  a s  much a s  40% of t o t a l  non-OPEC developing country o i l  production by 
27 

1985. Clearly t he  o i l  produced i n  those countr ies ,  beyond t h e i r  own needs, 

w i l l  not  necessar i ly  flow t o  o ther  non-OPEC LDCs. Much of t he  "excess'' 

production i n  Mexico, f o r  example, w i l l  probably go t o  t h e  US.  Thus, t h e  

conceptual model which groups the 'supply '  pkospects of var ious count r ies  

together--imposed by the  imposs ib i l i ty  of a l l oca t ing  pro jec ted  d i scover ies  



TABLE B- 9  

INDIGENOUS PRODUCTION OF C O W R C I A L  ENERGY 

MILLION BARRELS PER DAY OIL EQUIVALENT 

(1975)  

O i l  P r i m .  
Total Indust.  Export ~ a f  Exp . Agric -- -- 

O i l  3 . 5  ( 5 . 4 )  0.7 (2 .5 )  2.34 ( 1 . 0 )  O . P ( l . 3 )  0 .02 ( 0 . 1 )  .02 (0 .57)  

Coal 2 .4  (2 .5 )  0 . 7  (0;8)  0 .03  1 . 6  .02 .014 

Prim E l e c . 0 . 5  (0 .5 )  . 0 . 3  ( 0 . 2 )  0 .06 0 . 1 3  .02 .04 

Nat. G a s  1 . 0  (0 .7 )  0 .2  (0 .2)  0 .06 0 . 1  . 0 1  .05 

Total  7.4 ( 9 . 1 )  1 . 9  ( 3 . 7 )  3.0 ( 1 . 4 )  2 .2  ( 3 . 2 )  .07 ( 0 . 5 )  .12 (0 .64)  

Consumption f igures  from Table B-7 i n  paren thes i s  

Source: Gordian Associate,  using U.N.  "World Energy Supplies 19/1-1975". 
8 



t o  individual  countries--can give an overly opt imis t ic  assessment of the  

supply-demand p i c tu re  f o r  individual  countr ies .  Even la rger  uncer ta in t ies  

apply t o  estimates of addi t ions t o  coal  and na tura l  gas reserves because of 

the almost'complete lack of exploration f o r  coal  and na tu ra l  gas over the  

period when o i l  p r ices  were low. 

In the remainder of t h i s  chapter we describe the  cur ren t  s i t u a t i o n  

with respect  t o  development of commercial and noncommercial.energy resources 

i n  the non-OPEC LDCs. Given the  impossibi l i ty  of c rea t ing  c red ib le  projec- 

t i ons  of supply we then concentrate on those elements--primarily economic-- 

which w i l l  determine whether ava i lab le  resources a r e  indeed produced. 

As a po in t  of reference,  Table B-9 summarizes cur ren t  production l eve l s  

f o r  the various country groups. 

3 . 3  O i l  Reserves and Future Production 

The most important determinants of o i l  production i n  the non.-OPEC LDCs 

through 1980-90 w i l l  be  the  s i z e  and locat ion of proven reserves and cur ren t  

t rends i n  production. To some exten t  t h i s  w i l l  be influenced by .the world 
L. . 

supply-demand s i t u a t i o n ,  government p o l i c i e s  regarding r e s t r i c t i o n s  on pro- 

duction, and the  pa r t i c ipa t ion  of foreign companies. Beyond 1990, po ten t i a l  

production w i l l  a l s o  depend on the  ac tua l  resources base a s  it emerges, o i l  

exploration d r i l l i n g  cos t s ,  and the preva i l ing  economics of recovery and 

explo i ta t ion ,  po l i c i e s  . of p r iva t e  and in t e rna t iona l  l e n d i n g . i n s t i t u t i o n s ,  and 

the f inanc ia l  pos i t ions  of t he  individual  countr ies .  

Proved Crude O i l  Reserves, Production, and Additions t o  Reserves 
. . 

As ahnwn below i n  T a l e  B-10, some 7% of the  world's present  proved 

crude o i l  reserves,  o r  44 b i l l i o n  b a r r e l s ,  is i n  non-OPEC LDCs. Of the  

reserves i n  non-OPEC LDCs, 34 b i l l i o n  b a r r e l s  o r  7.7% are '  i n  o i l  exporting . . 

countr ies .  This group a l s o  accounts f o r  over 70% of non-OPEC LDC production. 

Wo countr ies ,  Mexico and Oman, account f o r  46% of non-OPEC LDC reserves;  

these two countr ies  p lus  Egypt account f o r  41% of production. 



TABLE B-10 

WORLD SHARE OF ESTIMATED PROVED CRUDE OIL RESERVES AS OF 1/1/78 

Non-OPEC LDCs 

LDC O i l  Expor ters  33.8 

Balanced Economies 5.5 

I n d u s t r i l i z e d  4.4 

primary Exporters  .2  

A g r i c u l t u r a l  Exporters  .02 

Basic  A g r i c u l t u r a l  .02 

B i l l i o n  B a r r e l s  

44.0 

Developed Countr ies  

Communist Areas 

OPEC 

63.9 

98.0 . 

439.9 

T o t a l  645.8 

Percen t  

7 

(5) 

(1) 

(1) 

Source: Gordian Associa tes  (Reference 28) 

TABLE B- 11 

WORLD SHARES OF ADDITIONS TO ESTIMATED CRllnE O I L  FESERVES 

BETWEEN 1/1/77 MID l./1/7R 

Non OPEC LDCs 

LDC O i l  Expor ters  +7.50 
Balanced Economies + .39 
I n d u s t r i a l i z e d  + .29 
Primary Exporters  - .35 
Agricul.  Exporters - .005 
Other A g r i c u l t u r a l  - . O 1  

B i l l i o n  B a r r e l s  pe rcen t  

+7.9 16 

Developed Countr ies  +1.6 

OPEC +40.9 - 
Subto ta l  +50 .'4 

Communist Areas - 3.1 
T o t a l  World t47.3 

Source: Gordian Associa tes  (Reference 281 



TABLE B-12 

DRILLING DENSITY I N  OIL-EXPORTING LDCS 

Mexico 

Oman 

W i s i a  

Egypt 

Malaysia 

Syria  

Brunei 

Angola 

Trinidad/Tobago 

Congo 

Bolivia 

Bahrain 

Petroleum 
Prospective Wells 
Area* ' Dr i l l ed  t o  Wells Per 
(thousand End of 1977 Prospec t ive ,  
square m i l e s  (thousands) Square Mile 

Source : Gordian Associates,  Inc. ( ~ e f e r e n c e  31) 

TABLE B-13 

B i l l i on  Cubic F e e t  Percent of World 

Non-OPEC LDCs 2 30 5 5.0 

O i l  Exporters 1448 3 . 3  

Balanced Economies 201 0.5 

Indus t r i a l i zed  52 3 1 .2  

Primary Exporters 24 0.05 

Agricul. Exporters - 
Other Agr icu l tura l  108 

Developed Countries 24106 

.OPEC 3897 

Communist Areas 12352 

World Total  43350 - 41 .- 

Percent 
of U.S. 
Density 



Distr ibut ion of O i l  Resources Among Countries 

Table B-11  lists the  1977 addi t ions t o  estimated o i l  reserves.  While 

the  non-OPEC LDC share of 1977 addi t ions t o  reserves suggest t h e i r  share of 

t o t a l  proved reserves is  increasing,  v i r t u a l l y  a l l  of t h e i r  addi t ions were 

due t o  Mexico's (conservatively estimated) addi t ion of 7 b i l l i o n  b a r r e l s  t o  

i t s  proved reserves.  Of the  e ight  o ther  LDCs whose contr ibut ion was 0.1 

b i l l i o n  b a r r e l s  o r  more, a l l  were small compared t o  Mexico. 
29 

Dr i l l ing  Densities and Wildcat Success Rates 

A s  noted above, geologically advantaged locat ions,  d r i l l i n g  dens i t i e s ,  

and t rends i n  wildcat  success a l l - e n t e r  i n t o  the  project ions of non-OPEC LDC 

o i l  reserves and production. 

While OPEC countr ies  have 4 mil l ion square miles of petroleum prospective 

a rea  (sedimentary basins  onshore plus  offshore to"200 meters depth) and the  

US 3 mill ion,  the non-OPEC developing countr ies  a s  a whole have some 13  

mil l ion.  square miles,  d i s t r i bu ted  a s  follows : Latin America, 4 ..5 mil l ion;  

Africa,  3.6 mil l ion;  Mideast, 2.8 mil l ion;  and Asia, 2.0 mil l ion.  

Within each of these a reas ,  however, the  d r i l l i n g  densi ty  ( t he  t o t a l  

number of wel ls  d r i l l e d  i n  t h i s  century per  square miles of petroleum 

prospective a rea)  averages only 1% of U.S. d r i l l i n g . d e n s i t y  (African and 

Mideast LXs ,  0.1%; Asian LDCs, 0.7%; and Lat in American LDCs, 2 % ) .  

In  f a c t  a s  shown i n  Table B-12., only three  of t he  oil-exporting LDCs 

have d r i l l i n g  dens i t i e s  comparable t o  the  US¶ TrinidadLTobago (90% of US), 

Bahrain (85%), and Brunei (32%). Mexico, where considerable reserves 
. . 

addit ions are-expected, has had only 5% of US. densi ty .  Similar  dens i t i e s  

hold f o r  Argentina, French West Africa,  and' other  areas  of growing i n t e r e s t .  

Non-OPEC LDCs a s  a whole a l s o  improved t h e i r  wildcat  wel l  success 

rates e igh t  percentage poin ts  between 1975 and 1977 (from 22% t o  30%).  O i l  



exporters d r i l l e d  55 successful exploratory wells  f o r  a success r a t e  of 47%. 

LDC balanced economies improved t h e i r  r a t e  to 40% from 15%, while o ther  

ag r i cu l tu ra l  LDCs improved t h e i r  r a t e  t o  25% from 10% (with completions i n  

Cameroon, Chad, and Tanzania). Indus t r ia l ized  economies, primary exporters ,  

and ag r i cu l tu ra l  exporters ,  however, remained constant o r  declined s l i g h t l y .  

Both the  LDC o i l  exporters and the  balanced LDC economies exceeded the  . 

world average of 30%. Pa r t i cu l a r ly  .high success r a t e s  were achieved by 

Angola (80%, Brunei (64%) , Tunisia (67%) , and Peru (49%) . 
While these data  reinforce the suggestion of a number of geologis ts  

t h a t  proven o i l  reserves i n  the non-OPEC LDCs wil l .undergo a dramatic 

increase should the  density of d r i l l i n g  increase,  they a l s o  make evident 

the f a c t  t h a t  some of the poorest of these countr ies  may not  share i n  

such f inds.  They a l so  suggest t h a t  incent ives  t o  i n t e rna t iona l  o i l  

companies t o  d r i l l  w i l l  play an important r o l e  i n . i nc reas ing  proven 

reserves.  It  should fu r the r  be noted t h a t  the above f igures  do not  include 

the  po ten t i a l  contr ibut ion of small  o i l . d e p o s i t s  which i n  the p a s t  have not  

been considered economic (defined a s  deposi ts  containing l e s s  than 10 

mil l ion b a r r e l s  of o i l  with an assumed r a t e  of recovery of 33,%) . Such "s t r ipper"  
. . 

. wells,  which produce only a few b a r r e l s  of o i l  per  day, have contributed 17% 
3 0 

of t o t a l  US crude' o i l  t o  date .  Up t o  now a de l ibera te  search f o r  small 

deposi ts  has not  been made. Their discovery is associated.with search 

f o r  la rge  deposi ts .  Should explnrat ion and d r i l l i n g  techniques undergo 

. subs t an t i a l  improvement 'and the. p r i c e  of o i l  increase there  would seem t o  
. . 

e x i s t  considerable po ten t i a l  f o r  such wells  t o  produce o i l  i n  s i g n i f i c a n t  

amounts f o r  some of the' non-OPEC countr ies  with more modest energy demands. 

3.4 ~ a t u r a i  Gas 

The non-OPEC developing countr ies  a s  a group produced 6.6 b i l l i o n  cubic 

f e e t  per  day of na tu ra l  gas i n  1977, o r  5% of world production. This 

compares with OPEC's 9% and the advanced i n d u s t r i a l  countr ies  share of 56%. 

Huge quan t i t i e s  produced i n  associat ion with crude o i l  a r e  s t i l l  f l a r ed  

or  re in jec ted  i n t o  o i l  fields to  maintain pumping pressure.  A s  shown i n  



Table B-13, gas  production i n  these count r ies  is  somewhat more uniformly 

d i s t r i b u t e d  than o i l  among the  d i f f e r e n t  country groups, the  two exceptions 

being the  primary and a g r i c u l t u r a l  exporters .  

Non-OPEC LDCs added 26.9 t r i l l i o n  cubic f e e t  (Tcf) t o  t h e i r  na tu ra l  

gas reserves  i n  1977 which was 15% of  world addi t ions ,  and the  non-OPEC LDC 

o i l  exporters  account f o r  88% of t h i s  addi t ion  t o  reserves  and have a r a t i o  

o f  reserves  added t o  production of 15.9 By con t r a s t ,  developed count r ies  

reserves  declined by 9.2 Tcf. (See Table B-14'.) 

Most gas p ~ o d u v l i u ~ ~  in these count r ies  is  remote trom population 

cen t e r s  where it might be consumed. These urban a r ea s ,  moreover,, l ack  l i n e s  

t o  d i s t r i b u t e  t he  gas. These p ipe l ine  networks a r e  not only c a p i t a l  in tens ive  

bu t  can be j u s t i f i e d  economically ~nlay where there  i.s same assurance there. 

w i l l  be a supply f d r  years  t o  come. Long d is tance  t r anspo r t  cos t s  f o r  na tu ra l  

gas i n  l i q u i f i e d  form a r e  a l s o  high. Increased shortages i n  t he  U.S. and 

some o the r  developed count r ies  where na tu ra l  gas i s  highly valued a s  an 

environmentally c lean f u e l  a r e  l i k e l y  t o  lead t o  g rea t e r  wil l ingness  t o  pay 

higher  p r i c e s  f o r  imported gas. This has renewed i n t e r e s t  i n  long d is tance  

'gas export  p ro jec t s .  

The usefulness  of na tu ra l  gas  i n  most o f  t he  non-OPEC developing 

count r ies  i s  not  l i k e l y  t o  be l imi ted  by supply i n  t h e  near fu ture .  Over 

a longer period of time, however, a s  intra-country p ipe l ines  a r e  b u i l t  and 

consumers s h i f t  t o  t h i s  f u e l ,  shortages a r e  l i k e l y  t o  r e s u l t .  The major 

quest ion facing most developing count r ies  i n  t h i s  group, therefore ,  is  

whether o r  not to r i s k  t he  'very l a rge  investment i n  na tu ra l  gas  d i s t r i bu t ion  

systems. This po in t s  up a f a c t  noted e a r l i e r  i n  t h i s  r epo r t ,  namely t he  

unique f ea tu re s  of o i l  a s  an energy c a r r i e r  f o r  most LDCs. 

3.5 Coal - 
Although i n  most of t he  advanced i n d u s t r i a l  count r ies  coa l  acted a s  

t he  t r a n s i t i o n  f u e l  from wood t o  o i l ,  t h i s  has not  been the  case i n  t he  

developing countr ies .  Coal is  used pr imar i ly  i n  connection with a few 

energy in t ens ive  i n d u s t r i e s  such a s  s t e e l  and t r anspo r t  systems (mainly i n  

Ind i a ) .  Exploration f o r  coa l  i n  most of  t he  non-OPEC count r ies  has been 

e s s e n t i a l l y  nonexis tent  u n t i l  recent  years  whensoi l  p r i c e s  quadrupled. In  

1975, c o a l  production i n  t he  non-OPEC LDCs a s  a group was equivalent  t o  2.5 

MMDOE. This comprised only 6% of  world production. As shown in Table B-15 



TABLE B-14 

WORLD SHARES OF ADDITIONS TO ESTIMATED GAS FG3SERVES 

BETWEEN 1/1/77 AND 1/1/78 

1977 G a s  A d d i t i o n s  
( t r i l l i o n  c u b i c  f e e t )  P e r c e n t  

Non-OPEC LDC 

LDC O i l  E x p o r t e r s  a +27.9 

B a l a n c e d  Economies - 3.8 

I n d u s t r i a l i z e d  + 0.2 

P r i m a r y  E x p o r t e r s  d 0 

A g r i c u l .  E x p o r t e r s  + 3 .5  

O t h e r  ~ ~ r i d u l t u r a l  f 0 

Developed C o u n t r i e s  - 9.2 

OPEC +196.5 

Communist Areas  + 2.0 

T o t a l  World T o t a l  A +216.0 

Source :  Gord ian  A s s o c i a t e s  ( R e f e r e n c e  28) 

Note:  A d d i t i o n s  n e t  a f t e r  s u b t r a c t i o n  of 1977 p r o d u c t i o n .  

a . ~ e x i c o  +18.0, ~ r i n i d a d / T o b a g o  +5.075, M a l a y s i a  +2.0,  S y r i a  +1.9,  
Egypt  +.4,  Congo Rep. +.0003, T u n i s i a  -2,  B r u n e i  - . IS .  

~ o l u m b i a  + l .  36, Greece -4.0, P a k i s t a n  -0.28, P e u r  -0.9. 

e ~ r g e n t i n a  +1.32, B r a z i l  +0.3,  S p a i n  -0 .3 ,  Taiwan - O i l ,  
Y u g o s l a v i a  -1.0. 

Morocco + O .  0 24. 

~ f g h a n i s t a n  -0.15, Sudan +O. 1, T a n z a n i a  +O. 05. 



TABLE B- 1 5  

1 9  76 WORLD COAL PRODUCTION 

% World 1976  1971-1976 1973-1975 
P r o d u c t i o n  P r o d u c t i o n  Annual  % Annual  % 

1976 MMBDOE I n c r e a s e  I n c r e a s e  

Non-OPEC LDCs 6; 4 2 . 5  5.4 7 .2  

O i l  E x p o r t e r s  0 .002 0.0007 - - 
B a l a n c e d  Economies 4.0 1 .74  6 . 7  8.8 

I n d u s t r i a l i z e d  2.0 

Primary E x p o r t e r s  - 
A g r i c u l .  E x p o r t e r s  - 
O t h e r  A g r i c u l t u r a l  - 

Developed  C o u n t r i e s  4 1  

OPEC 

Communist A r e a s  5 3 

T o t a l  1 0  0 3 9 . 5  2.5 3 .0  

S o u r c e  : World E n e r g y  S u p p l i e s  ( R e f e r e n c e  8) 



t h i s  production i s  confined t o  two groups--the i n d u s t r i a l  and balanced 

economies. Both show a small  increase  i n  annual percentage increase  i n ,  

coa l  production. India  continues t o  remain t he  dominant member of t h i s  

e n t i r e  group producing 52% of the  t o t a l  non-OPEC coa l  production. Korea 
, 

and Yugoslavia account f o r  an addi t iona l  28%. Noteworthy i s  the  f a c t  

t h a t  a l l  t h e  remaining groups produce e s s e n t i a l l y  no coal.  Coal comes i n  

many kinds and q u a l i t i e s .  Approximately one-third by weight of t h e  coa l  

production i n  t he  non-OPEC LDCs given above is  i n  t he  form of l i g n i t e ,  

whose hea t  value ranges between 33% and 50% of hard coa l .  

Most geological  experts  be l ieve  t h a t  abundant coa l  reserves  e x i s t  i n  

many p a r t s  of t he  world. The problem f o r  most developing count r ies  w i l l  

be t o  develop the  mines a f t e r  these  reserves  a r e  found. Entering too a r e  

t h e  associated manpower t r a i n i n g  requirements, t he  cos t s  and lead  times t o  

develop and upgrade r a i l  and f o r  barge t ranspor ta t ion  systems, o r  a l te rna-  

t i v e l y  t o  cons t ruc t  mine-mouth e l e c t r i c  generating s t a t i o n s .  In  t he  near  

term, it i s  c l e a r  t h a t  coa l  though abundant cannot be u t i l i z e d  t o  meet - 

energy demands i n  t he  overwhelming f r ac t i on  of non-OPEC LDCs. Over a 

per iod of s eve ra l  y e a r s ,  depending on t h e i r  obtaining su i t ab l e  f i nanc ing '  

and o ther  i n f r a s t r u c t u r e  inputs ,  coa l  production.should be ab ie  t o  be 

increased t o  a po in t  where it can meet a s i g n i f i c a n t  f r a c t i o n  of energy 

demands. 

LDCs a r e  concentrating t o  Varying degrees on increasing coa l  produc- 

t i on .  For example, s i nce  t he  Arab o i l  embargo, India  has increased 

production' a t  an annual r a t e  of 12%, and Coal India  Limited (CIL) has  

begun an ac t i ve  e f f o r t  t o  increase exports over t he  500,000 ton l e v e l  of 

1975. The government i s  inves t ing  i n  mine modernization, expansion and 

upgrading of t r ack  and r a i l c a r  capaci ty ,  and development of mechanized coa l  

handling f a c i l i t i e s  a t  t h e i r  coas t a l  por t s .  Korea; on t h e  o ther  hand, s o  

f a r  has taken l i t t l e  ac t ion  t o  r a t i o n a l i z e  i ts Balkanized coa l  indus t ry ,  

improve mine product iv i ty ,  o r  r a i s e  government cont ro l led  p r i ce s  which 

have severely l imi ted  t h e  p r o f i t s  of and investment i n  t he  industry ( p a r t  

of which is govel-nmsn t-co~lLrulled) . 



TABLE B- 1 6  

ELECTRICITY GROWTH I N  LDCS 

Ra t io :  
. . 

e a b Primary ~ l e c  . t o  
. T o t a l  Elec .  Consumption Primary E l e c  . Produc t ion  T o t a l  E lec .  

Growth Growth 
1970 1974 Rate  1970 1975 Rate  1970 1975 

i % % 

Indus  t . 171.3 "252.4 8 . 1  

O i l  Exp. 38.8 61.1 9 .5  

Bal  109.4 137.5 

Prim. Exp. 9 .3  17.4 

Agr i c  . 25.9 34. 7.0 1 2 . 1  . 15.0 4.3 0.47 0 .41  

T o t a l  354.7 502.4 9.1 196.4 264.7 6.2 0.55 0.48 

. . 
a 3 

Gwh = Gigawat t  - hour  = 10 Megawatt h o u r s  

Prbmry e l e c t r i c i t y  i n c l u d e s  hydropower, n u c l e a r ,  and geothermal.  ' 

1974 T o t a l  f i g u r e  was f i r s t  i n c r e a s e d  by t h e  c a l c u l a t e d  growth r a t e  t o  g e t  n v a l u e  f o r  1975. 

T h i s  was t h e n  d i v i d e d  i n t o  t h e  1975 pr imary  e l e c t r i c i t y  f i g u r e .  . 

Source :  U.N. [.Reference 321 



3.6 E l e c t r i c i t y  Supply 

The consumption of e l e c t r i c i t y  i n  LDCs has grown more rap id ly  than t h a t  

of any o the r  f u e l  and i s  expected t o  grow even more r ap id ly  i n  the fu tu re .  

E l e c t r i c i t y  is bel ieved t o  be a c r u c i a l  element of economic development, 

although i t s  appeal a s  a symbol of s o c i a l  progress,  p a r t i c u l a r l y  i n  r u r a l  

a reas ,  may play an equally important r o l e  i n  explaining the  11% annual growth 

r a t e  projected f o r  these  countr ies .  

Recent growth, though high i n  a l l  LDCs, is not  uniform among country 

groups. Table B-16 shows t o t a l  e l e c t r i c i t y  consumption i n  1970 and 1974, t he  

average growth r a t e ,  a s  wel l  a s  da ta  f o r  primary e l e c t r i c i t y .  The average 

e l e c t r i c  growth r a t e  i n  these countr ies  of 9% per  year  i s  t o  be compared t o  

t he  U S  f i gu re  i n  t h e  1963-73 period of around 7%. 

Primary e l e c t r i c i t y  includes only nuclear ,  hydropower, geothermal and 

solar--those sources of e l e c t r i c i t y  o ther  than generation by f o s s i l  f ue l s .  

This d i s t i n c t i o n  prevents double counting of primary resources ,  bu t  compli- 

c a t e s  t he  discussion of t h e  e l e c t r i c  s ec to r  ( t h e  o i l ,  gas and coa l  used t o  

generate e l e c t r i c i t y  i s  not  usual ly  dis t inguished i n  da ta  f o r  t o t a l  consump- 

t i o n  of those f u e l s ) .  

The growth r a t e  of t o t a l  e l e c t r i c  energy is  higher than t h a t  of primary 

e l e c t r i c  energy. This d i s p a r i t y  i n  growth r a t e  r e f l e c t s  an increas ing  gap 

between t o t a l  e l e c t r i c  energy requirements of LDCs and the  quant i ty  ava i l ab l e  

from hydropower. Table B-16 shows a l s o  t he  r a t i o  of primary t o  t o t a l  

e l e c t r i c  energy f o r  1970.and 1975. The proportion of primary e l e c t r i c  

energy t o  t o t a l  e l e c t r i c  energy has decreased by some 14% i n  the  per iod 1970- 
3 

1 'lhe laryesl. s i n g l e  incrcacc i n  primary el.ectricity, 38.7 Gwh x 10 , 
occurred i n  Braz i l  a s  a consequence of massive hydroe lec t r ic  development. 

Without t h a t  one country the  absolute  increase  i n  primary energy would have 

been only 30 Gwh x l o 3  and the annual growth r a t e  i n  primary e l e c t r i c i t y  

over t h i s  per iod 2.9% ra the r  than 6.2%. (The increase i n  Braz i l  was accom- 

panied by a very l a rge  e f f o r t  i n  t h e  construct ion of transmission systems.) 

Production of nuclear energy on a conunercial s ca l e  i n  t h e  LDCs has 

occurred i n  only s i x  countr ies ,  production f i gu re s  f o r  which a r e  shown i n  

Table B-17. 



TABLE B-17 

LDC NUCLEAR PRODUCTION - 1975 

E lec t r i c  Energy From Nuclear Power 
Country Gwh x l o 3  

Argentina 2.5 

Spain . 9.0 

India 2.6 

Pakistan .6 

Total 14.7 

Source: U.N. World Energy Supplies 1971-75. (Ref. 8) 

Froduction of e l e c t r i c i t y  from geothermal sources i n  the LDCs is 
3 

l imited t o  .5 x 10 Gwh. i n  Central  America, thus hydro production i n  1975, 

249 x l o 3 ,  accounted f o r  94% of a l l  LDC primary e l e c t r i c i t y .  

Hydropower 

Whether addi t iona l  hydropower resources can be developed i n  any spec i f i c  

country depends on topography, the d i s t r i bu t ion  of population centers  and indus t r i e s ,  

estimated e l e c t r i c  I nad qrowth, a l f e rna t ivc  investmen L u p p u ~  t u n i t i e s  ahd other  

l oca l  cha rac t e r i s t i c s .  Of t he  more general concerns, most important obviously i s  

the a v a i l a b i l i t y  of s i t e s .  Another i s  the r e l a t i ve ly  long ges ta t ion  period of 

conventional hydroelectrkc f a c i l i t i e s .  This may be a  s ign i f i can t  de t e r r en t  

to hydro supply when load i s  increasing rap id ly  a s  the  planned growth r a t e  of 11% 

implies a  doubling of demand i n  6.5 years.  Requirements fo r  i r r i q a t i o n  o r  

navigabi l i ty  may ser ious ly  l i m i t  the  a v a i l a b i l i t y  of the resource f o r  e l e c t r i c  

generat ion,  r e su l t i ng  i n  seasonal v a r i a b i l i t y  of power a v a i l a b i l i t y ,  possibly 

requir ing investment i n  stand-by e l e c t r i c i t y  production f a c i l i t i e s .  

Following the pa t t e rn  common t b  the explo i ta t ion  of a l l  na tu ra l  resources 

hydro development t o  da t e  has been a t  s i t e s  which a r e , l e s s  cos t ly  t o  exp lo i t  and 

nearer t o  load centers .  Remaining s i t e s  a r e  l i ke ly  t o  be more d i f f i c u l t . t o  



.develop and to require costly transmission systems connecting generating facilxk- 

ies with the points of use. 

These agruments are not generally applicable to "mini-hydro", that is 

small installations in the sub-megawatt range. Depending on local conditions, 

some hydropower production is likely to be available from installation of small 

low-head facilities supplying local villages and small industries and agrobusi- 

nesses and not integrated into a national grid. 

Geothermal Electricity 

The development of substantial geothermal sources of electric production 

in underdeveloped countries in the next 10 years seems improbable. As we have 

already noted, only in Central America has commercial exploitation of this 

resource for electric generation been successful to date. Even in the 

developed countries, experience with this resource is scanty. Furthermore, 

geothermal energy resources are highly localized and are not always near load 

centers. Finally, required technology is still in the developmental stage. 

Nuclear Power 

To date, nuclear power has augmented electricity supply only in the.indus- 

trialized group of the less developed countries. One significant reason for 

this, which is likely to remain effective into the foreseeable future, is the 

matter of scale.. Nuclear power plants in capacities less than 220 Mw (the 

rating of units operating in Spain and India) are not available. In fact, units 

that small are not available from manufacturers in the developed countries. 
33 

Installation of a unit as small as 220 Mw on a system of less than 2000 Mw cap- 

acity would be impractical from an engineering viewpoint. Such a system capacity 

implies an annual production of 10,000 Gwh. Besides those LDCs already operating 

nuclear plants perhaps as many as 20 more countries may have electricity needs in 

this range. Aside from problems of unit size and total capacity, the gestation period 



(10 yea r s  i n  the United.St;ates). fs l i k e l y  t o  LnhPb$,t nuclear.power p l a n t  addi t ions  

i n  context  of rap id ly  increasing loads. High c a p i t a l  cos t s  and the  necessar i ly  

l a rge  import requirements of nuclear power a l soa rgue  aga ins t  t h e  choice 

of nuclear .  And the quest ions of f u e l  supply, spent  f u e l  d i sposa l ,  and 

genera l  accep tab i l i t y  are f a r  from answered even i n  the  developed world. 

Nonetheless, nuclear  power s t i l l  has an aura of p r e s t i ge  f o r  many count r ies ,  

A l l  i n  a l l ,  increased primary e l e c t r i c i t y  production i s  unl ike ly  t o  

o f f e r  a so lu t ion  t o  planned rap id  expansion of e l e c t r i f i c a t i o n  i n  LDCs, a t  

l e a s t  under ex i s t i ng  p a t t e r n s  uL supply organisat ion.  

3.7 ~ o n c o m e r c i a l  Energy ~ u ~ ~ l ~  

For noncommercial energy the  s i t u a t i o n  is no l e s s  se r ious  f o r  lack of 

hard data .  The r e a l  p i c t u r e  of r u r a l  energy a v a i l a b i l i t y  must allow f o r  

one of t he  g rea t  i r o n i e s  of t he  world's energy d i s t r i b u t i o n :  those who have 

the  l e a s t  a l s o  use it with the  l e a s t  e f f ic iency;  i . e . ,  they receive t h e  

l e a s t  output  pe r  u n i t  of energy consumption?4 In  t he  use of most noncommercial 

f u e l s  i n  t he  t h i r d  world: wood, dung, and crop residues,  t h e  usefu l  work 

der ived from energy inputs  may average less than 5% compared with roughly 20% 

o v e r a l l  e f f ic iency  of use f o r  commercial energy. 

Meanwhile, t he  r e s u l t  of t h i s  p resen t  inef f ic iency  i n  t r a d i t i o n a l  energy 

use--coupled wi th  rap id  population growth and a lack of affordable  o r  ava i l ab l e  

commercial energy a l te rna t ives- - i s  a growing s c a r c i t y  of firewood that: is 

reaching c r i s i s  proport ions i n  l a rge  p a r t s  of South Asia, African count r ies  

bordering the Sahara from Senegal t o  Ethiopia,  the  Andian count r ies ,  Central  

America, and theCaribbean. 
35 

This shortage has  a d i r e c t  immediate impact on t he  d a i l y  l i f e  of t he  

90% of t he  inhabi tan ts  of these  count r ies  who r e l y  upon wood a s  t h e i r  primary 

f u e l  f o r  warmth, cooking, and cot tage industr ies--at  a r a t e  of more than a 

ton per person pe r  year  i n  most a reas .  



Envirorimental Corisequences 

The indirect longer term consequences of this energy shortage include a 

drastic alteration of the natural environment. In Nepal, it is not unusual for 

villagers to spend several hours each day trekking up to ten kilometers from 

home in search of firewood. In Niger, a manual laborer now typically spends a 

full quarter of his income to purchase firewood for his family. Around Ouagadougou, 

Upper Volta, the quest for wood has left a virtually treeless landscape of 70 km 

radius around the city. 
3 6 

The shortage and high price of wood has forced many people in these areas 

to turn to the use of animal dung for fuel and has intensified the use of dung 

in regions where it is a traditional fuel source, such as in India, Nepal, the 

Sahelian countries, Ethiopia, Iraq, and the Andean area. 35 Farmland is thereby 

robbed of badly needed nutrients, directly reducing future crop yields. The 

raking of mountain scrub and crop debris to use as fuel has had a similar effect 

in South Korea and eastern Nigeria and has simultaneously increased the dangers 

of flooding and landslides. 36 Increased siltation resulting from deforestation 

and erosion of the Himalayan foothills in Nepal and northern India has almost 

certainly contributed to recent incidents of serious flooding of the Indus, Ganges, 

and Brahrnaputra rivers. Indonesia's largest reservoir is rapidly filling in due 

to a siltation load that has increased more than sevenfold in recent years, due, 

again, in large part.to deforestation of its watershed. 37 

Deforestation 

The principal causes of deforestation are the clearing of land for 

agriculture and wood gathering for food. 35 Nearly a third of the original 

tropical forest area has been destroyed within recorded history, and it has 

been predicted that by the year 2000 or shortly thereafter virtually all humid 

tropical forests will have been transformed into deserts and unproductive 

wasteland. 38 Large parts of Indonesia now have less than an eighth of their - 
original forest cover. In the Philippines less than a fifth of the land area 

is still forested. Aerial photographic surveys show a 30% reduction in area 

of the Ivory Coast's dense rainforest during the decade from 1956 to 1966. 3 7 

At present rates of deforestation, the last trees would disappear from Niger 

within about'~~5Q'.~ears--even allowing for present reforestation programs. 3 9  

Different estimates of. world forest resources vary considerably. Table B-18 

quotes two sources on forest area, growing stock, and annual growth increment. 

If consumption becomes a significant fraction of the mount which grows each 



TABLE B-18 

WORLD FOREST RESOURCES 

Source: K. Openshaw (Reference 41) 

Region 

Developed 

Developing, not 
including CPE 
Asia 

CPE Asia (a) 

A l l  Developing 

World 

Total  Managed Estimated Estimated 
Forest  Forest Total  Growing ~ k u a l  
Area Area Stock Increment 

B i l l i on  hectares  ~ i l l i o i  m3 

1.7 1.3 156 2.5 

1.9 0.9 189 3.8 
. . 

0.1 0.. 1 ' 0.3 

2.0 1.0 . 200 4. 

3: 7 2.3 360 6.6 

Source: D. E. Earl  (p.  46, Reference 40) 

Developed 

Developing 

 or i d  

( a )  Central Planned Economics in A s i a  (China, N. Korea, Vietnam, Laos, and 
the  Khmer Rep) . 

- - 240 8..8 , 

- - 380 9.0 

3.8 - 620 17.8 ,. 



year,  then defores ta t ion  must be t h e  r e s u l t .  On a worldwide bas i s  these  

est imates  d i f f e r  by a f ac to r  of 3; from 6.6 t o  18 b i l l i o n  cubic meter per  

year.  World consumption est imates  by FA0 and o the r s  a r e  acknowledged t o  

be extremely conservative--they a r e  on the  order  of 1-2 b i l l i o n  M3--with 

varying proport ions a t t r i b u t e d  t o  use a s  fuel.(' A more recent  es t imate  
4 1 

is  t h a t  cur ren t  "ood consumption i s  about 7 b i l l i o n  M3 and is  expected t o  

grow t o  9 b i l l i o n  M3 by t h e  year 2000, aga ins t  an annual growth of 7-18 
3 

b i l l i o n  M , depending on which est imate  one chooses. .  The annual increment 

may be reduced i n  fu tu re  years  by des t ruc t ion  of t h e  growing s tock and ex- 

panding a g r i c u l t u r a l  land needs. 

Even i f  annual growth is  s u f f i c i e n t  f o r  consumption on a g loba l  ba s i s ,  

t h e  t r e e s  a r e  not always where t h e  people a r e .  The g r e a t e s t  f r a c t i o n  of 

t h i s  wood use is f o r  f u e l  i n  developing countr ies .  A s  a t t e s t e d  t o  above, 

defores ta t ion  and d e s e r t i f i c a t i o n  a r e  a grim f a c t  i n  many LDCs. 

3.8 Financing and 'o the r  Constraints  on'LDC Energy R ~ S O Q ~ C ~  Development 

Ava i l ab i l i t y  o f  c a p i t a l  w i l l  be c r i t i c a l  f o r  indigenous energy resource 

development i n  these  non-OPEC countr ies .  Annual investment i n  energy 

resource development i n  t he  non-OPEC LDCs would have t o  increase 50% i n  

r e a l  terms by 2000 to  meet LDC energy. needs. The presen t  uneven access 

by these count r ies  t o  i n t e rna t iona l  investment c a p i t a l  aggravates fur.#er 

t he  problem of uneven explorat ion of commercial primary energy resources.  

Futher,  p resen t  i n t e rna t iona l  publ ic  and p r i v a t e  lending p o l i c i e s  have 

r e su l t ed  i n  most inves tment ' cap i ta l  ava i lab le  t o  t h e  poorest  count r ies  being 

used f o r  t he  most c a p i t a l  in tens ive  energy development a l t e r n a t i v e  (primary 

e l e c t r i c i t y ) .  Consequently, t he  poorest  count r ies  have gained l e s s  usefu l  

energy per  d o l l a r  o f  investment than have t h e  bet ter- t i f f  count r ies  with 

access  t o  a broader range of c a p i t a l  sources.  

A continuation of p resen t  f inancing p o l i c i e s  w i l l  make it very d i f f i c u l t  

f o r  t he  worst-off LDCs t o  improve t h e i r  pos i t ion  a s  a group. Not only do 

these poorest  count r ies  have a dispfoport ionately small share  of t he  known 

cur ren t ly  economically recoverable commercial primary energy resources,  bu t  

these  count r ies  w i l l  continue t o  be i n  an energy-poor pos i t i on  even i n  those 

cases  where t h e i r  a c tua l  resource pos i t i on  i s  favorable,  because.present  

financing poliicies l i m i t  f u tu re  energy explorat ion i n  these count r ies .  



Energy Financing Requ i rhen t s  

It should be s t r e s sed  t h a t  t h e  development of even the  l e a s t  expensive 

commercial primary energy source is highly c a p i t a l  and foreign exchange in tens ive  

f o r  a l a r g e  f r ac t i on  o f  t he  non-OPEC IDCs. Table B-19 presen ts  t he  range of 

investment cos t s  t o  increase d a i l y  production capaci ty  by t h e  energy equivalent  

o f  one d a i l y  b a r r e l  o f  o i l .  Since energy f a c i l i t y  construct ion c o s t s  a r e  

pro jec ted  t o  continue t o  increase  f a s t e r  than the  general  i n f l a t i o n  r a t e  

p ro j ec t i ons  using these c o s t s  a r e  on the  whole conservative.  

Based on these  est imates  i n  Table B-19 and consumption pro jec t ions  

presented e a r l i e r  one can est imate  t he  aggregate investment necessary f o r  t h e  

non+OPEC LDCs t o  develop s u f f i c i e n t  indigenous commercial energy suppl ies  t o  

achieve, a s  a group, "net  self-sufficiencyw--which does not  a t  a l l  imply 

ind iv idua l  LDC se l f - suf f ic iency .  This assumes there  a r e  s u f f i c i e n t  economically 

recoverable resources i n  t he  ground t o  permit t he  adoption of such a goal.  

This requirement, shown i n  Table B-20 derived below, i s  approximately $125 b i l l i o n  

through t h e  year 2000. With a presen t  estimated investment l e v e l  of $4.2 b i l l i o n  

pe r  year ,  t h i s  would requi re  investment l e v e l s  t o  increase  t o  approximately 

$6 b i l l i o n  per  year i n  r e a l  terms (,an almost 50% increase by 2000). Accord.ing 

t o  cu r r en t  t rends ,  p ro jec t ions  over one-third of t h i s  amount would be 

required f o r  primary e l e c t r i c  power development even though it accounts f o r  

only 5% of t he  add i t i ona l  energy supply capacity.  O i l ,  coa1,and gas account 

f o r  40%, 21% and 3%, respec t ive ly ,  of  the  investment . required.  



TABLE B-19 

ESTIMATED INVESTMENT COSTS FOR NON-OPEC LDC ENERGY RESOURCE DEVELOPMENT 

(per incremental daily barrel of oil equivalent in 1976 dollars) 

Crude 0$1 Exploration, Development 
and Transport1 

~efinin~2 

Natural Gas Inland Distribution3 

Coal Exploration, Development, 
and Transport4 

Fossil-Fuel Electricity 5 

Primary ~lectricit~~ 

High Btu. Coal ~asification~ 

Oil sands7 

Source: Gordian Associates Inc. 

1. Costs are weighted onshore and offshore costs and vary by region from 
$3300 in North Africa to $7900 in Asia/Far East. 

2. Based on simple topping refinery of 3000 barrels per stream day. 

3 .  Exploration and development costs for associated gas are included in crude 
.oil development costs. . Costs for non-associated gas have not been estimated. 
,Costs vary from $1600 per daily barrel equivalent capacity in North Africa/ 

, ,Mid East to $3900 in ~sia/Far East. 

4. $3400 for strip mined coal and $6000 'for deep mined coal, assuming a 90% 
capacity factor for strip mines, 70% for deep mines, exploration costs of 
$4 per annual metric ton and inland transportation development costs of 
$24 per annual metric ton. 

5. Based on mine-mouth coal-fired plant without flue gas desulfurization 
($600/KW, 65% capacity factor = ,$2,00O/daily barrel equivalent generation. 
plus $6000 for transmission and $10,000 distribution). Included for illus- 
trative purposes only.. ' 

6. 'Estimated generation-transmission-distribution costs per daily barrel 
equivalent: nuclear light water, 41,000; hydro, 46,000; nuclear high 
temperature gao, 47,0001 nuclear heavy water, 56,000. 

7. Included for comparative.purposes only, baaed on USDOE cost estimates. Costs 
do not include gas distribution or refinery facilities. 



TABLE B-20 

PROJECTED NON-OPEC LDC ENERGY FINANCING REQUIREMENTS, 1975 - 2000 
(Miilion Barrels Per Day Oil Equivalent/Billion 1976 US Dollars) 

Oil : Oil : Primary 
Production Refining Coal .Gas Electric 

-L- - Total 

a 
2000 Capacity 14.4 14.4 7.8 2.1 . 1.5 

b 
1975 capacity 5.5 11.0 2.5 0.7 0.5 

8.9 3 . 4  5.3 1.4 1.0 20.0 MMBDOE 

Investment per 
Capacity $5000 $1800 $5000 $3000 $46000 
Daily Barrel 

Investment 
Required $44.5 $6.1 $26.5 $4.2 $46 $127.3 Billion 
(bill*on 1976$) 

a 
2000 capacity requirement equals projected gear 2000 non-OPEC LDC consumption 

(total of all country groups) .b 1975 capacity is actual reported projection cap- 
acity. Difference (additional capacity required) times capital cost per daily 
barrel capacity (from p~eceding tabie) equals investment required to have suffi- 
cient projection capacity to satisfy projected pear 2000 consumption. 



4 3 
Constraints Imposed by Present Financing Policies 

Of the five primary sources of LDC investment capital--domestic savings, 

private international (primary Eurocurrency) credit, private international 

equity (risk) capital, supplier credits, and public international credit 

(official development)--the share available to oil-poor non-industrialized 

LDCs is inordinately small for each source, except official development assis- 

tance and, to a lesser extent, supplier credits. The latter two sources, how- 

ever, have been available almost exclusively only for electric power. Each 

financing source is summarized briefly below: 

Domestic Savings rates are only 13% of GNP for low income LDCs (those 

with per capita GNP below $200) versus 19-21% for medium and high-income 

LDCS. Since GNP per capita is less than-one-fourth the average for the 

other countries, domestic savings per capita in the low-income countries 

are only about one-sixth the average level in other LDCs. 

Private International Credit is heavily concentrated in a few ceuntries-- 

primarily those with attractive oil or mineral resources and/or high 

and rapidly growing GNP per capita. For exaw'le, 77% of Eurocurrency 

bank credits outstanding to non-OPEC LDCs at the end of 1976 went to just 

eight countries; Mexico, ~hilip~ines, Brazil, Argentina, South ~orea, 

Taiwan, Peru, and ~ a l a ~ s i a . ~ ~  Thus, low-income LDCs other than India and 

one or two others have extremely limited access to the private international 

credit markets. Moreover, such financing as is available is likely to be 

short-term (under 5 years) and is unlikely to be available for high risk 

exploration or for long-term energy development projects. Finally, due to 

increasing concern that private lending institutions have overextended 

themselves to LDCs it is 1ikely.that the availability of such financing 

will be more limited in the future. 

International Equity Capital historically has been available in signifi- 

cant quantities only for oil (and more recently and to a lesser extent for 

uranium and exportale natural gas) exploration and development--in short, 

development of energy resources where a large international market exists. 

Most such capital has been invested by international energy companies in areas ; 
with significant known reserves and relatively developed economies. ~lio, 

such companies historically have refused to invest in many LDCs where 



they (a) were undble to negotiate satisfactory equity participation or 

other incentive arrangements or Cbl feared expropriation were they to 

be successful in the exploration phase. Most, (although not all), of the 

countries which have been bypassed by this process are low-income countries. 

International (developed country) supplier credits have been readily avail- 

able only for nuclear power plants. Aside from being very expensive, such 

plants are applicable only to relatively highly developed or relatively 

large LDCs because of minimum plant scale requirements, as discussed above. 

Only official development assistance has systematically favored the LDCs 

most In need. This assistance was rev.i.ewed in Chapter A in more detail. 

Such assistance has largely concentrated only on electric power development. 

For example, the World Bank historically has allocated well over 90% of 

its energy investment funds to electric power. Recently it has begun to 

allocate a somewhat larger share to coal mine development and has funded 

its first project in oil field development, wood energy plantations, pilot 

solar power projects, etc.? however, electric power still accounts for 

the bulk of its new commitments. 

impact of Financinq Constraints 

If present public and private financing policies are continued, it is 

likely that most of the low-income and perhaps many of the medium-income 

LDCs will be unable to,undertake the exploration necessary to ascertain 

their true resource base and, even in those areas where they have known 

resources, they will be unable to exploit all their reserves. This will affect 

total world energy supply-demand balances as well as those of the countries 

themselves. The following table suggests the magnitude of the problem: a 

mere six countries control 50% of all non-OPEC LDC financial reserves. The 

more than 70 countries which must share the other 50% account for 76% of 

known natural gas, 91% of hydro, and 18% of coal reserves. 



TABLE B-21 

DISTRIBUTION OF RESERVES BY AVAILABILITY OF FINANCIAL RESOURCES 

Percent  of Known Energy Reserves 

Percent  
of Funds 

Number of 
Countr ies  .- Natural  Gas Hydro Coal - 

6.7 8 .7  56.6 

24 .0  9.2 82 .O 

o t h e r  Cons t ra in t s  

Other c o n s t r a i n t s  t o  t h e  LDC energy resource  development a l s o  a r e  l i k e l y  

t o  opera te  unevenly t o  t h e  det r iment  o f  t h e  p o o r e s t  LDCs. A v a i l a b i l i t y  

of s k i l l e d  cons t ruc t ion  and opera t ing  manpower i s  l i k e l y  t o  be a more 

s e r i o u s  problem f o r  t h e s e  c o u n t r i e s .  Phys ica l ,  s o c i a l  and 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  bottlenecks--energy t r a n s p o r t  c a p a c i t y ,  government agencies '  

a b i l i t y  t o  d e a l  e f f e c t i v e l y  wi th  i n t e r n a t i o n a l  energy companies, a b i l i t y  t o  

p u t  toge ther  t h e  ex tens ive  o rgan iza t ion  necessary  t o  e s t a b l i s h  d e c e n t r a l i z e d  

v i l l a g e - l e v e l  energy sys tems , ' e t c . - -a l l  a r e  l i k e l y  t o  be more severe  con- 

s t r a i n t s  f o r  t h e s e  c o u n t r i e s .  F i n a l l y ,  t o  t h e  e x t e n t  t h a t  economic depr iva t ion  

and p o l i t i c a l / s o c i a l  i n s t a b i l i t y  may be l i n k e d ,  t h e s e  c o u n t r i e s  a r e  l i k e l y  

t o  s u f f e r  more s e r i o u s  d i s r u p t i o n  which w i l l  a f f e c t  t h e i r  economic and energy 

development. 

I n  many c o u n t r i e s  a t  va r ious  s t a g e s  of development energy p r i c e s  have 

t r a d i t i o n a l l y  been subsidized.  The i n c r e a s e  i n  world o i l  p r i c e s  s i n c e  1973 

has ,  i n  many c a s e s ,  meant a s i g n i f i c a n t  i n c r e a s e  i n  t h e s e  subs id ies .  This 

po l icy ,  recognized a s  economically i n e f f i c i e n t ,  i s  maintained because of p o l i t i c a l  

necess i ty .  I t  n o t  only  a f f e c t s  t h e  se l f -genera t ion  of savings  i n  t h e  energy 

s e c t o r  b u t  c r e a t e s  an a r t i f i . c i a l  con tex t  f o r  investment. These c o n s t r a i n t s  

anC c h a r a c t e r i s t i c s  must be addressed i n  any a s s i s t a n c e  program which would 

improve t h e  energy p o s i t i o n  o f  t h e  poores t  LDCs. 



Climate f o r  Pr iva te  ~nvt@kment 

As noted above, most p r iva t e  investments i n  energy i n  the non-OPEC 

LDCs a r e  associated with the  explo i ta t ion  of known petroleum reserves.  This 

has been a wel l  es tab l i shed  area of p r i v a t e  investment And is  l i k e l y  t o  grow 

i f  investraent is  perceived t o  be p ro f i t ab l e  and secure. Foreign companies 

a r e  thus assured of 1) continued access t o  crude o i l  discovered a s  a 

r e s u l t  of t h e i r  investments, 2) a n e t  operating margin a t  l e a s t  a s  favorable 

a s  present  OPEC per  ba r r e l  margins (cur ren t ly  ranging from $ . 2 0  t o  more 

than $1.00, p lus  t ranspor ta t ion) .  Over and beyond these continuing 

commitments, invest ing companies must be allowed adequate re turn  on c a p i t a l  

investment r e l a t i v e  t o  the other  a l t e r n a t i v e s  ava i lab le  t o  them. The 

ex ten t  to which compensation f o r  increased r i s k s  must en t e r  i n t o  such 

negot iat ion i s  t i e d  t o  the  s t a b i l i t y  of p a s t  agreements on the  p a r t  of 

the pa r t i c ipa t ing  government. It a l so  depends on the  s i z e  of the reserves 

and l e v e l  of indigenous o i l  development expert ise .  Compensation f o r  perceived 

increased r i s k s  can take a number of forms but  it has general ly  taken the  

fory  of  increases  i n  per  b a r r e l  re turd .  

The b r i e f  review of some aspects  of the  terms of agreement between 

LDCs and foreign companies i s  given i n  Table B-22. Although most of these 

count r ies  have retained the  t r a d i t i o n a l  f  o m  of foreign company concessions, 

a number of d iverse  arrangements have been developed. More a r e  l i k e l y  t o  

occur in the fu ture .  It is k~oteworthy t h a t  o number of count r ies ,  inclnding 

Bdazil and Chile,  who had previously nat ional ized o i l  production and 

d i s t r i bu t ion  have recent ly  chosen t o  i n v i t e  foreign companies t o  p a r t i c i p a t e  

again. Also, the  eqtrance of the  World Bank i n t o  t h i s  area is bound t o  

increase  p r iva t e  investment because of the  Bank's s t a b i l i z i n g  influences.  



Table B-22 

SOME.'RECENT LDC AGREEMENTS WITH FOREIGN COMPANIES 

Coiuifry 

Brazil Reversed 22-year state oil.wnopoly pol- BP 
icy. to. attract foreign companies' to. ex- E~~/AGIP 
p b r e  unexplored areas under risk con.- Eensearch 
tracts. Exxon 

~eversed state oil monopoly policy, 
opened seven offshore and onshore areas 
to foreign participation, but initial 
stringent terms discouraged any takers. 

Relaxed stringent model.contxact terms 
to lure back oil companies who had 
abandoned operations. 

Traditional concessions: Egypt. has 
offered the companies the following 
commercial terms: the companies are 
required to spend a specified invest- 
ment signature bonus of several million 
dollars and a promise of a certain 
amount of exploration investment over a 
period of time. If the company dis- 
covers oil, it is granted 20 to 50% of 
total commercial production to repay 
its investment, and access to crude for 
export. 

BP . Conoco 
Arnoco AGIP 
Socal Marathon 
Texaco Mobil 
Exxon Gulf 
Shell Deminex 

Exxon Sun 
Phillips 

Shell Petrofina 
Egypt has received over $100 million in Anroc0 
revenue from contract siqnature bo- - 
nuses; companies invested some $700 mil- Mobil Shell 
lion Od exploration between May 1973 and 
the end of 1977. In 1977 they spent an 

Gulf 

estimated $360 million in exploration 
and development while the Egyptian gov- 
ernment's 1977 budget for the Egyptian 
General Petroleum Corporation was some 
$2.2 billion. 

Tunisia Traditional concessions 

Morocco Minor participation concessions 

Zaire Traditional concessions 

Cameroon Traditional concessions 



Table B-22 (Continued) 

Country 

Oman. 

Terms Companies 

Production sharing Shell 
~lf/Aquitaine 

Malaysia Production sharing: maximum cost re- 
covery of, 20% for oil and 25% for gas; 
royalty of 10% to government. Remainder 
to oil or gas' 70% to state oil company, 
30% to companies.. Companies pay. 25% in- 
come tax. Above a $12.72 first year 
base price, plus 5% per year, 70% of 
profit-oil .proceeds must be refunded.. 

Shell, 
numerous 
companies 

Keversed state oil monopoly policy to a 
attract back foreign oil companies. 

Danish government gets 50% carried in- 
terest plus 12.5% royalty interest plus 
55% tax on any net profits. Government 
gets 80% of oil from any commercial dis- 
covery. 

Argentf na 

Greenland Atlantic Richfield 
Cities Service 
Hispanoil 
Hubbay Mobil 
Amoco Deminex 
Pan Canadian 

Trinidad Government has 15-25% equity in all 
blocks awarded since 1974. 

Amoco Texaco 
Tesoro 

Elf Aquitaine Guatemala 

~raditional concessions ncci dental Nicaragua 
, . . . 

Belize Traditional concessions Exxon 
Canadian Superior 

Netherlands 
Antilles 

Production sharing; if commercial dis- 
covery producers can take up to 40% of 
annual production to recover explora- 
tion and operating costs. . . -  

Marathon 
Amerada Hess 
Getty AGIP 
Phillips 
Hispanoil 

Drilling h topped after government na- 
tionalized crude and product opera- 
tions. 

Costa Riea 

El Salvador Asked for U . S . and ~anadian' consulting 
help to establish prospecting reyula- 
tions after no companies met stringent 
state concession requirements. 



Table B-22 (Continued) 

Country .Terms 

Columbia Opened new offshore and onshore areas 
for exploration via 60-40% production 
sharing requirements. 

Bolivia Production sharing controls. 

Greece Government gets 65% of oil produced. 

Companies 

BP Aquitaine 
Intercol 
Phillips 

16 companies. 
Occidental 
Tesoro 

Wintershall 
.Dennison Mines 
Hellenic Oil 
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CHAPTER C 

ENERGY FOR BASIC HUMAN NEEDS 

1.1 The Outlook 

Man's need f o r  energy began with t he  discovery of f i r e  and i t s  use f o r  cook- 

ing, heating, and l i g h t .  I n  much of t he  world today those needs a r e  s t i l l  being 

met--inadequately--by t h e  burning of wood. In te rna t iona l  energy s t a t i s t i c s  uni- 
I 

formly neglect t he  worldwide use of "noncommercial" fue ls .  Two and a half  b i l -  

l i o n  of t h e  world's population nevertheless  r e l y  not on o i l  and gas  but on t h e  

same t r a d i t i o n a l  sources t h a t  have provided man with energy f o r  a l l  human h i s to ry ,  

save f o r  t h e  l a s t  two centur ies .  These- sources a r e  wood, dung, straw, and human 

and animal power. 

Figure C-1 shows the  dependence of developing count r ies  on noncommercial 

f u e l s  ind ica t ing  the  t o t a l  population of those count r ies  having a given percent- 

age of noncommercial energy use a s  compared with t h e  t o t a l  energy consumption. 

Even with t h i s  conservative est imate  of noncommercial energy use (400 kgce f o r  

r u r a l  population only) ,  it is c l e a r  t h a t  much of t h e  world's population r e l i e s  

heavi ly  i f  not exclusively on noncommercial sources. 

Viewing the  r u r a l  scene a s  a p a r t i a l l y  closed ecosystem, energy is in t imate ly  

interwoven with a l l  o ther  f a c t o r s  of l i f e .  Photosynthetic production i n  p l a n t s  

provides f u e l  and food, enabling t h e  production of more food, i n  a cyc le  which 

might be self-sustaining were it not f o r  t he  pressures  of rapid population growth. 
2 

The process of emergence from t h i s  p a t t e r n  has h i s t o r i c a l l y  involved t h e  gradual 

adoption of modern technologies fueled by o i l ,  and the  enter ing of markets t o  

pay f o r  it, though recent  o i l  p r i c e  increases  have made ' th i s  pa th  f a r  more arduous. 

A view of energy a s  a s e t  of separable problems i n  d i f f e r e n t  sec tors ,  t o  be 

approached with p a r t i c u l a r  supply so lu t ions ,  is  even more inappropriate  i n  t h e  

LDC r u r a l  context  than it is i n  $he developed world. A l l  a spec ts  of r u r a l  l i f e  

, a r e  t i g h t l y  interconnected. Heat energy from the  burning of f u e l s  and mechanical 

-energy, o f t e n  furnished only by animal and human power, a r e  used i n  a g r i c u l t u r a l  



FIGURE C-1 

NONCOMMERCIAL ENERGY USE 

AS A PERCENTAGE OF TOTAL ENERGY USE, 

NON-COMMERClAL/TOTAL ENERGY USE (%I 

sources  : 

- 1974 ( e s t . )  Population CTable 18,  U.N. 
S t a t i s t i c a l  Yearbook 1975.)  

' - Commercial Energy U s e  : (U .N .  World 
Energy Suppl i e s  1971-1975, 1977) 

- Noncommercial Energy Use: 400 kgce/ 
rura l  populat ion 



production (mechanical), ag r i cu l tu ra l  processing (mechanical/heat),- co t tage  in- 

dustry (heat/mechanical) , and d ~ m e s t ~ i c  cooking ( h e a t ) .  Lightigg, though a small 

energy user ,  i s  usual ly  the  f i r s t  po in t  of en t ry  of petroleum i n t o ' t h e  r u r a l  

sec tor .  

A s  population increases  the  f i r s t  t h r e a t  of d i s rup t ion  comes from lack of 

wood a s  nearby f o r e s t s  a r e  depleted. Dung and vegetable wastes a r e  burnt a s  f u e l s  

ins tead  of being returned t o  the  s o i l  t o  maintain f e r t i l i t y .  Depletion of f o r e s t s  

leads t o  run-off and erosion,  so crop y i e ld s  drop fu r the r .  Vi l lagers  a r e  forced 

t o  choose between spending t h e i r  time and energy t o  gather  wood f u e l  from f a r t h e r  

f o r e s t s  o r  t o  increase food production. 

I n  t h i s  chapter we descr ibe the  domestic and r u r a l  a c t i v i t i e s  which consume 

energy, t h e  f u e l s ,  and the  d i f f i c u l t  t rade-offs  they involve. We a l s o  d i scuss  

t h e  apparent r e l a t i onsh ip  between l e v e l s  of energy consumption and subsistence 

l i v ing  standards.  This type of ana lys i s  is  sore ly  hampered by t h e  lack of adequate 

da ta  o r  models of the  r o l e  of energy i n  t he  l i f e  of the  r u r a l  poor. There a r e  

s tud i e s  now emerging, however, which do begin t o  i nd i ca t e  t h e  ex ten t  of t r a d i t i o n a l  

energy use i n  r u r a l  a reas  and a l s o  t he  complex in t e r ac t i ons  between var ious f u e l s  

and t h e  l o c a l  economy and environment. 

2.  RURAL LIFE AND ENERGY 

A de t a i l ed  study3 was recent ly  ca r r i ed  out  i n  t he  town of Bara, Kordofan 

Province, i n  Sudan, (pop. 10,050) a very poor a rea  undergoing progressive dese r t i -  

f i c a t i on .  Kerosene, firewood, and charcoal were examined f o r  t h e i r  use by d i f f e r -  

en t  income groups, the  impact of p r i c e  changes, e f f e c t s  on t h e  environment, and 

degree of subs t i t u t i on  of d i f f e r e n t  fue ls .  

The consumption of kerosene i n  Bara, a t  17 kg./capita/year, was much higher 

than t y p i c a l  all-Sudan f i gu re s  (around 4.3 kg./capita/year).  Bara is  not e lec-  

t r i f i e d  and t h e  pressure of t he  population on l o c a l  t r a d i t i o n a l  f u e l s  is grea t .  

(National f i gu re s  include e l e c t r i f i e d  a r ea s  and a reas  where firewood i s  more 

p l e n t i f u l ,  suggesting t h e  need f o r  caut ion when considering na t iona l  f igures . )  

Second, t h e  survey indicated t h a t  t he  p r i c e s  of kerosene has jumped t o  e igh t  times 

i t s  l e v e l  of a decade ago, with a doubling of t he  p r i c e  i n  j u s t  t h e  l a s t  two years.  

The causes  seemed t o  be increased population i n  t he  a rea ,  more ch i ldren  i n  school 



(hence more reading a t  n ight )  and a decrease i n  ava i lab le  wood and charcoal 

suppl ies .  For the l a r g e s t  group of  t he  survey, t he  poorer people, kerosene 

was increasingly ava i lab le  only from t h e  high pr iced black market and many 

fami l ies  simply did without. 

In  t he  pas t  t en  years it has become increasingly impract ical  f o r  women t o  

g e t  t h e i r  own firewood. What used t o  be ava i lab le  on a journey of 15-30 

minutes now takes 1-2 hours. And, it was found t h a t  per  cap i t a  fuelwood 

consumption i n  t h i s  r u r a l  market town was 55% more than i n  urban areas  of 

Sudan. Subst i tut ion of o ther  f u e l s ,  espec ia l ly  charcoal,  o r  doing without,  

was reportedly s ign i f i can t .  

The market f o r  wood is dependent on suppl ies  brought i n  pr imari ly  by former 

peasants  who have l o s t  t h e i r  land t o  the  deser t .  Much of the  cu t t i ng  is i l l e g a l ;  

and p r i c e s  tend t o  be e r r a t i c .  Like kerosene, firewood'tended t o  be consumed 

more by the  upper,income groups. Since wood gathering i s  labor-intensive, p r i ce s  

ro se  25% during the  harvest  season when labor  was a t  a premium. 

A l l  but a few households bought l oca l ly  made charcoal r a the r  than make it 

themselves. Previously no est imates  had ever been made of r u r a l  charcoal consump- 

t i o n  i n  Kordofan Province and the  Bara f igu re  s ign i f i can t ly  exceeded the  ex i s t i ng  

urban per  capi ta  consumption of charcoal. L i t t l e  d i f fe rence  i n  consumption was 

noted between income groups, though it was s l i g h t l y  higher i n  upper groups than i n  

lower ones. During the  l a s t  t e n  years,  the  p r i c e  of charcoal has t r i p l e d  i n  the  

a rea ,  again due l a rge ly  t o  t h e  defores ta t ion  of t h e  surrounding areas .  An even 

g r e a t e r  p r i c e  increase (66%) was vbserved for charooab than fnr wood a t  harvest 

t ime due t o  the  g rea t e r  number of manhours needed t o  produce it. Due t o  i t s  

d e s i r a b i l i t y  a s  a f u e l ,  however, only a modest dec l ine  i n  consumption was noted. 

Presumably t h e  higher p r i ce s  meant l e s s  disposable i~icoine f o r  other  neces s i t i e s ,  

espec ia l ly  f o r  t he  poor. 

Three-quarters of the  households t h a t  purchased kerosene used it only i n  

lamps ( the  o thers  a l so  had primus s toves ) .  Most fami l ies  purchased wood r a t h e r  

than gather  it themselves and used it mostly f o r  cooking though sane was u ~ e d  i n  

commercia1.businesses. Charcoal is  used most extensively i n  cooking but  a l s o  

f o r  space heating, melting soap, and ironing. The charcoal was used i n  stoves/ 

hea t e r s  made from recycled p e t r o l  cans. 



The environmental impacts of t h e  changing energy s i t u a t i o n  i n  Bara were 

severe .  P rogress ive  d e s e r t i f i c a t i o n  was leading t o  g r e a t e r  s o i l  e ros ion .  Local 

people even a t t r i b u t e d  r e c e n t  s h o r t - f a l l s  o f  r a i n  t o  t h e  d e f o r e s t a t i o n .  Increas-  

ing ly ,  a t rade-off  developed between using l o c a l  gum a r a b i c  t r e e s  f o r  t h e i r  

marketable sap,  o r  c u t t i n g  them f o r  firewood. Likewise, t h e  populat ion repor ted  

a lowering of t h e i r  s tandard of l i v i n g  i n  t h e  f a c e  o f  h igher  energy p r i c e s  and 

s c a r c i t i e s  of va r ious  f u e l s .  

L i f e  i n  a Rural  V i l l a g e  

I n  a n  a t tempt  t o  g e t  a b e t t e r  p i c t u r e  of t h e  evolving energy s t r u c t u r e s  of 

t h e  developing c o u n t r i e s  t h e  Overseas Development Council commissioned a s e r i e s  

of c a s e  s t u d i e s  on energy use  and needs.4 They were w r i t t e n  by former Peace 

Corps volumteers who had r e c e n t l y  spen t  two o r  more years  l i v i n g  i n  t h e  a r e a s  

t h e y  descr ibed.  These v i g n e t t e s  r e v e a l  a g r e a t  d e a l  of v a r i e t y  bu t  a t  t h e  same 

t ime t h e y  r e v e a l  important s i m i l a r i t i e s  t o  be found throughout t h e  r u r a l  Th i rd  

World. Table C-1 summarizes t h e  domestic and a g r i c u l t u r a l  a c t i v i t i e s  i n  s i x  

v i l l a g e s :  two i n  Af r ica ,  two i n  Asia,  one i n  L a t i n  America and one i n  Micronesia. 

I n  each of ' t h e  v i l l a g e s  s t u d i e s ,  except i n  L a t i n  America, a i l  s o i l  prepara- 

t i o n  was done by animal o r  human energy. Without except ion p l a n t i n g  and harvest -  

ing was done by hand a s  was weeding and i n i t i a l  process ing (except f o r  sugarcane 

i n  t h e  Dominican Republ ic) .  Grinding is an  excep t iona l ly  onerous chore--every 

community t h a t  grew c e r e a l s  had a machine t o  do p a r t  of it. I n  t h e  remote 

Nepalese v i l l a g e  a water wheel was used--the one example of a machine powered by 

renewable inanimate energy. A l l  communities depended i n  whole o r  i n  p a r t  on 

wood o r  charcoa l  f o r  cooking. Two used kerosene a s  a supplement. Firewood 

supply f o r  cooking was a major problem on ly  i n  Niger. Though none found it essen- 

t i a l  t o  hau l  water from a remote stream, i n  on ly  two cases  were w e l l s  used 

c h i e f l y  f o r  dr inking.  Four communities had e l e c t r i c  l i g h t s ,  i n  t h r e e  of which 

e l e c t r i c i t y  was f a i r l y  common i n  homes. A l l  home c o n s t r u c t i o n  was done wi thout  

t h e  a i d  of powered machines. Transpor t  and t r a v e l  was a v a i l a b l e  v i a  motor 

v e h i c l e s  t o  a l l  v i l l a g e s  except i n  Nepal. 

Th i s  adds up t o  a p i c t u r e  of very  g r e a t  r e l i a n c e  on p r i m i t i v e  energy sources ,  

e s p e c i a l l y  o u t s i d e  L a t i n  America. I n  a l l  c a s e s  (except t h e  Nepalese water  m i l l )  

where machines a r e  beginning t o  r e p l a c e  muscles, and o t h e r  f u e l s  t o  r e p l a c e  wood, 



TABLE C-1 

ENERGY SOURCES AND APPLICATIONS I N  SEVEN VILLAGES 

Source: Overseas Development Council 
(Reference 4) 

Task - Dom. Rep.. Ethiopia Korea Micronesia Nepal Niger - - - 
1. S o i l  Prep. t r a c t o r s  ; hand hoe ; oxen hand; (nuts ,  b u l l s ;  hand 

burro; oxen; f r u i t ,  bread- hand 
oxen horses f r u i t  gather- 

ed wild) 

2.  Plant ing 

3. I r r i g a t i n g  

hand hand hand hand hand hand 

e l e c t r i c  occasion- none none 
Pump . a l l y  by 

gravi ty  

none hand 
(with 
scoops) 

4. Harvesting hand hand hand hand hand hand 

(sugar- c a t t l e  OX hand 
e l ec  . t rod t rod;  
machine hand 

hand hand 5. I n i t i a l  
Processing 
( threshing)  

6 .  Grinding none d i e se l ;  gas no ce rea l s  water hand ; 
hand ( r i c e )  ; powered d i e s e l  

hand m i l  1 
(beans) 

1. Preserving none sun dry kimchi; 
drying 

copra i n  
sun; s a l t  o r  
smoke f i s h ;  
breadf ru i t  
buried 

oun dry sun d i y  

8. Cooking wood, dung; wood, charcoal 
char - charcoal coa l ,  
coa l  r i c e ,  

straw 

coconut husks ; 
wood ; 
kerosene 

wood wood 

9. Drinking 
Water 

~ ~ W ~ I J - I ~ J J U E )  well1 well;  
water s tr eam hand 
t rucks P-P 

runoff;  wells 
with bucket 
o r  pump 

stream 
nearby 

well  

none 10. Space 
heat ing 

none cooking char  - 
f i r c s  coal ;  

o i l  

wood 
f i r e  

none 



TABLE C-1 (continued) 

L 

Task - Ethiopia - Korea Micronesia Nepal Niger Dom. Rep. 

none charcoal none wood, none 
hot 
springs 

11. Water 
heating 

none 

kerosene ; 
. .. 

e l e c t r i c  kerosene; p i t ch  kerosene 
straw; few .' f l a sh l igh t  pine; 
e l e c t r i c  ' r a re ly  
lamps kerosene 

12. Lighting e l e c t r i c  
o r  kero- 
sene lamp 

diese l  ? none none none 
13. E lec t r i c i ty  

Source d iese l  ; 
hydro 

Coverage s t r e e t s  ; majority none none none 
bars; Few of homes; 
homes l i g h t s ,  

T.V. 

s t r e e t s ;  
sugar 
factory; 
a f f luent  

women ; c a r t b y  hand; por ters  hand; 
animals OX o r  boat; donkey; 

man c a r t  camel 
(hand 

14. Hauling c a r t  & 

OX ; 
t r ac to r  

hand . hand hand hand hand , 15. Home Con- 
s t ruc t ion  

hand 

nearby i l l e g a l  nearby 2 hrs. increasing; 
t o c u t  driftwood many hours 
wood 

16. Distance 
fo r  wood 

j i tney bus 5 v i a  i n t e r -  por ters  d iese l  
t r a i n  i s land boat truck 
( d i e s e l )  or plane 

17. Imports & 
1 Exports 

from 
Village 

pickup 
trucks 

bus ; bus ; via  in te r -  foot  bike.; foot;  
horse ; t r a i n  is land boat o r  pr iva te  
foot;  (d iese l )  o r  plane hel i -  vehicle 
j i tney copter l i n e s  

18. Travel out  
of Village 

motor- 
bikes ; 
bus; foot  

none chemicals; ? manure none 
manure & compost; 
compost by chemical ; 
hand by hand 

19. Fe r t i l i z ing  

none gas boats; none none 
hand 

20. Fishing hand none 



TABLE C-2 

COMPARISON OF ENERGY USE . I N  LDC RURAL VILLAGES 
.(kilograms of coa l  equivalent  per  capi ta )  

.. . . . .  
A v i l l a g e  i n  . Cooking .& ~ g r i c u l t u r e  Transp, Total  ~ b t a l  

-Domestic & Misc. 
(a )  - "Useful Energy" 

India  15 0 280 125 555 3 0 

China 

Tanzania 81 0 

Nigeria 550 

Mexico 620 1500 14 0 2260 560 

Bolivia  1220 245 , 245 1710 8 4 

source : Makhi jan i  and ~ o d l e  ( ~ e f e r e n c e  ' 5 )  

. . 
- (a)  Useful Energy is ,  ca lcu la ted  a& primary (resource) energy times the  . 



t he  replacement takes  t he  form of petroleum. I f  these  cases  f a i r l y  represent  

t h e  r u r a l  a r ea s  of developing countr ies ,  it appears those a r ea s  a r e  s t a r t i n g  

down an energy path based on o i l .  

3. FOOD PRODUCTION AND PREPARATION 

Other s tud i e s  have examined the  de t a i l ed  s t r u c t u r e  of energy use i n  r u r a l  

v i l l a g e s  and have attempted t o  quant i fy  t h e  amounts of energy use t o  perform 

various functions.  The c r i t i c a l  f inding i s  t h a t  cooking and growing of food 

dominate t h e  l i v e s  and the  energy budgets of the  r u r a l  poor. 

I n  Revel le 's  study2 of an Indian v i l l age ,  cooking accounts f o r  60% and 

ag r i cu l tu re  22% of t he  t o t a l  energy consumption of 7,100 kcal/capita/day, 

which is  380 kilograms coa l  equivalent per  year (kgce).  Makhijani and Poole 
5 

ca lcu la ted  energy budgets i n  s i x  hypothet ical  v i l l a g e s  around the  world and 

found ag r i cu l tu ra l  and cooking needs t o  absorb from 77% t o  97% of t o t a l  per  

cap i ta  consumption, which ranges from 670 t o  2260 kgce, a s  shown i n  Table C-2. 

Reddy and prasad6 suggest an est imate  of 130 kgce f o r  cooking alone, ou t  of a 
7 

t o t a l  per  cap i t a  consumption of ,300 kgce, whereas J. Parikh est imates  t h a t  

300 kgce i s  necessary f o r  cooking alone. I n  a de t a i l ed  scenario of a Bangladesh 

v i l lage8  the  annual energy needs f o r  cooking alone were estimated t o  be from 

500 kgce f o r  t h e  landless  poor t o  2000 kgce f o r  t he  v i l l a g e  r i ch ,  ca lcu la ted  

a s  1.7 t imes t h e  c a l o r i c  value of food consumption. The d i f f i c u l t i e s  of com- 

par ing.and interpreking these  est imates  w i l l  be discussed l a t e r .  What is  of 

i n t e r e s t  here  is t h e  unanimity o f . t h e  importance of cooking and t h e  implicat ions 

f o r  subsis tence i n  t he  face  of decl ining energy suppl ies .  This demand is  "in- 

e l a s t i c "  i n  economics terms. A decrease i n  t he  a c t i v i t y  l e v e l  is  not  f ea s ib l e .  

Furthermore, subs t i t u t i on  opt ions a r e  l imi ted  and d i f f i c u l t ,  each with severe 

concomitants. Kerosene is expensive, i r r e g u l a r l y  ava i lab le ,  and requi res  ex- 

pensive c a p i t a l  equipment t o  use. Wood is a l s o  expensive o r  t oo  f a r  away t o  

gather ,  and denuding of t he  landscape c a r r i e s  extreme long term consequences. 

Charcoal is only converted wood, so it o f f e r s  no r e l i e f .  Dung and a g r i c u l t u r a l  

res idues,  i f  used f o r  f u e l ,  a r e  not re turned t o  t h e  s o i l  to;!maintain i ts  f e r t i l -  

i t y  and condition. The e f f ic iency  of f u e l  use i n  cooking i s ' o n  t h e  order  of 5 

t o  10%. This very low value i s  S t r ik ing ,  a major cont r ibu tor  t o  t he  magnitude 

of t h e  problem, while t a n t a l i z i n g l y  t h e  most s i g n i f i c a n t  of t he  poss ib le  avenues 



of change. Introducing a more e f f i c i e n t  stove would ease the  fue l  demand, re- 

leas ing  money f o r  o ther  needs, o r  time and labor  from wood-gathering f o r  more 

productive tasks .  Such an "intervention" is by no means easy, however. 

3.1 Energy i n  Food Production 

Getting enough food i s  a ser ious  problem f o r  some 450 t o  500 mi l l ion  of 

t h e  world's people. The FA0 World Food Conference Assessment reported t h a t  

two-thirds of t he  developing countr ies  had inadequate food suppl ies  i n  1970. 

The problem was p a r t i c u l a r l y  acute  i n  Afr ica,  South Asia and port ions of t he  

Far Eas t ,  and more recent ly  i n  the. d r n i ~ g h t  s t r icken  Sahel. I t  hac bccn cstim- 

ated t h a t  50% of the  ch i ldren  i n  developing countr ies  a r e  inadequately nourished, 

o f t e n  t o  the point  of s tun t ing  t h e i r  fu tu re  physical and mental capab i l i t i e s .  

I n  addi t ion ,  poorly nourished people a r e  more suscept ible  t o  disease. Although 

FA0 c i t e s  2,300 c a l o r i e s  a s  an adequate per capi ta  intake i n  developing countr ies ,  

it est imates  t h a t  ha l f  a b i l l i o n  people consume between 1,700 and 1,800 ca lo r i e s  

each day. 
9 

Energy i s  v i t a l  t o  food production. S o i l  preparat ion (plowing, drainage, 

removal of rocks and t r e e s )  may be done by hand o r  by heavy machinery. Plowinq 

i n  African count r ies  i s  o f t en  done with human labor using a la rge  hoe t o  break 

open a clod of s o i l  f o r  one o r  a few seeds. In  South Asia bullocks a r e  used fox 

plowing, and i n  Southeast Asia, water buffaloes.  I n  Taiwan hand guided walking 

t r a c t o r s  a r e  common and on more modern farms of many countr ies  t r a c t o r s  might be 

employed. Cult ivat ing almost a1waj.s involves a ' g r e a t  deal  of hand labor with 

r e l a t i v e l y  l i t t l e  use of machinery. I r r i g a t i o n ,  when done, i s  general ly  powered 

by animals o r  motors s ince  human labor is of ten  not adequate t o  the  task.  

Harvestinq is usua l ly  by hand. Preparation, or  grindinq of gra in ,  may be hy hand 

o r  machine. Transportation of f o o d . i s  done by t ruck,  animal drawn vehicles ,  pack 

animals, and humans. Water f o r  cooking o r  drinking is normally hauled by hand 

from a nearby sp igot  o r  ha l f  a day 's  walk away. It may be pumped by hand o r  

by machine o r  hauled up by rope and bucket from the  w e l l .  Cookinq i s  of ten  

over an open f i r e  of wood, charcoal,  crop residues,  o r  dung. Preservation of 

meat involves t he  use of s a l t ,  sun drying, ar smoking over wood o r  charcoal.  

Grain is dried i n  the  sun bu t  some crops such as tobacco requi re  a wood f i r e  

t o  complete the drying process. 



Hllman energy p lays  a v i t a l  r o l e ,  a s  it i s  o f t en  the  only mechanical power 

avai lable .  Since such low food in take  reduces muscle s t rength  by 30% o r  more, 

and inasmuch a s  50% of  human work i n  developing count r ies  is  f o r  farm t a sks ,  it 

is  not surpr i s ing  t h a t  major s h o r t f a l l s  sometimes occur i n  labor ava i lab le  a t  

c r i t i c a l  times i n  the  crop cycle .  The r e s u l t  i s  a v ic ious  c i r c l e ,  with low 

muscle energy reducing food production which i n  t u rn  keeps muscle energy low. 

I n  t r a d i t i o n a l  agyicq l tu~ql ,  p r a c t i c e  this g r e a t  expenditure of human labor  

gains  a very l im i t ed  amount of production, Much i s  l o s t  t o  pes t s ,  bad weather, 

and inadequate s torqge.  Agricul tural  production remains l a rge ly  subsis tence i n  

nature and increas ing ly  l e s s  ab l e  t o  meet peoples '  needs, i n  p a r t  due t o  an in-  

a b i l i t y ,  f o r  innumerable reasons,  t o  e s t a b l i s h  t he  product iv i ty  "mult ipl ier"  

e f f e c t s  of e f f icac ious  energy use. Though usual ly  t i e d  t o  increased f o s s i l  f u e l  

use,  the  case of China Csee Chapter D,  4 . 3 )  demonstrates t h a t  major gains  can be 

accomplished through more e f f i c i e n t  use of l abor  and renewable resources .  

4. THE PROBLEM OF DqTA AND MEANS OF ANALYSIS 

The problem of da ta  on noncommercial energy use e x i s t s  on th ree  l eve l s .  

~ i r s t ,  there  a r e  very few xe l i ab l e  numbers ("measurements") ava i lab le  and what 

does e x i s t  exh ib i t s  se r ious  incons is tenc ies .  Secondly, there  is  l i t t l e  agreement 

a s  t o  what should be  included i n  what ca tegor ies  of energy. F ina l ly ,  w e  have 

y e t  t o  develop good understanding o r  conceptual models of how subsis tqnce and 

development depend on energy so  a s  t o  an t i c ipq t e  t he  fu tu re  course of energy use. 

Problems of da t a  accuracy, accounting conventions, de f in i t i ons  of ca tegor ies ,  

how t o  r e f l e c t  e f f i c i e n c i e s ,  conversion f a c t o r s  ( i . e ,  t he  d i f f e r e n t  energy content  

of d i f f e r e n t  kinds of  c o a l ) ,  a l l  p e r s i s t e n t l y  confound discussions of energy, 

espec ia l ly  i n  t he  i n t e rna t iona l  context ,  even f o r  commercial energy. Noncommercial 

energy, however, has no t  received the  s a d  sc ru t iny .  and l i t t l e  Gsable information 

e x i s t s .  

Information on the  supply of noncommercial energy is not  good. Figures f o r  

f o r e s t  cover a r e  rough for .mos t  developing count r ies ,  and de t a i l ed  inventor ies  of 

f o r e s t  resdurces e x i s t  f o r  only a very few count r ies .  AS pointed o u t  i n  Chapter 

B var ious s tud i e s  have uncwered discrepencies  of  a f a c t o r  of 10 o r  100. There a r e  

no de t a i l ed  inventor ies  of crop res idues ,  animal dung, o r  animal d r a f t  power f o r  

most developing count r ies  (such information is inadequate even i n  t he  U.S.). 

Human wastes would be r e l a t i v e l y  easy t o  quant i fy  (based on d i r e c t  co r r e l a t i on  t o  

population and nutp i t ion)  bu t  t he  a c t u a l  recource p o t e n t i a l  i~ complicated 



by cu l tu ra l  f a c t o r s  and again, no nat ional  o r  regional a s s e s a e n t a  are know. 

The s i tua t ion  f o r  small sca le  hydro resources' is a l so  unknown .because exiathng 

hydro resource inventories a r e  based on exploi tat ion of la rger  comercia l  scale 

s i t e s .  

For consumption the  s i tua t ion  is even worse. Very few actual  f i e l d  studies 

have been done so estimates are  largely based on guesses and suppositions. 

Furthermore, findings fo r  one location a re  not generalizable t o  another. Even 

among these attempts t o  estimate v i l l age  energy budgets there is disagreement 

about what t o  include, and how t o  include it. bIakhijani5 established the  c r i t i c a l  

ro le  of human power and includes it as an in teg ra l  feature. Other observers 

have focused instead on "fuels" apparently guided i n  p a r t  by the  notion tha t  

human labor is a f r ee  by-product of metabolic maintenance. This assumption may 

be appropriate when studying more prosperous soc ie t i e s ,  In the subsistence 

s i tua t ion ,  however, human labor is  d i rec t ly  linked t o  d i e t .  Furthermore, 

where human e f f o r t  i s  the only source of mechanical energy, i ts  al locat ion 

becomes an "energy" as well as a "labor" decision. Hakhijani5 has a lso  

raised the  question of eff iciency,  wisely noting t h a t  e f fec t ive  use of resources 

and optima.1 subs t i tu t ions  should be based on the actual  function being performed. 

Final ly,  there i s  the  matter of "embodied" o r  indi rec t  energy, t h a t  energy 

which is used t o  make goods and materials  and t o  provide services. The proper 

handling of t h i s  aspect of energy is  very impoztant fo r  making energy and 

development policy decisions because an apparently beneficial  path can be 

qui te  the  opposite when i ts  hidden implications emerge. For example, one,might 

f a i l  t o  recognize t h a t  the purchase of energy intensive goods may not be  so 

d i f fe ren t  from the purchase of energy i t s e l f .  

The formalisms for  t r ea t ing  embodied energy a r e  only very recently approach- 

ing a degree of maturity i n  the U.S., where highly deta i led  information is  

available about the s t ruc ture  of the  economy and the use of energy is i ts  various 

sectors .  In the  l e s s  developed world no such information is available,  

especial ly i n  the  matter of energy flows i n  the  non-market economy. Generally, 

the s t a t e  of energy data, models, analysis  and understanding is at. a:pridaitive 

stage,  and these more sophist icated i ssues  can be addressed only i n  preliminary 

fashion, a l l  the,more unfortunate fo r  t h e i r  importance t o  finding the  means 

fo r  a be t t e r  standard of l iv ing  fo r  people. 



5. LEVELS OF ENERGY ZWD SUBSISTENCE 

Obviously, the amount of energy now needed t o  provide "subsistence" var ies  
. . 

w i t h  climate, region, and cult&+. Figure B'-2 ( i n  Chapter B) showed the per 
. . 

capita  levels  of energy consumption f o r ' d i f f e r e n t  pa r t s  of the world, ranging 

from 11,000 kgce i n  North America, half  t h a t  i n  Europe, and 5-10% of t h a t  f igure  

i n  the developing world, with noncommercial energy included. The world average 

is  approximately 2000 kgce. . 

Tb i n t e rp re t  these f igures  i n  terms of human livelihood, three estimates of 

energy consumption levels  and t h e i r  corresponding standards of l iv ing  a r e  

presented. 

5.1 Subsistence 

An approximate f igure of 300-400 kilograms of coal  ~ q u i v a l e n t  per  capita  

per year emerges from a number of studies1' 5'7 88, and despite  e a r l i e r  

reservations about data and methodology, is  probably an adequate representation 

of energy budgets t h a t  would coincide with minimum'provision of food and 

shel ter  for  survival in  a ru ra l  agrarian set t ing.  The estimates are  based. 

on suppositions about physical necessity and poss ib i l i ty .  ,This f igure r i s e s  
. . 

a s  population density increases and w i l l  increase generally in  the fu ture  

because the agr icul tura l  productivity of a fixed amount of ' land can be . . 
5,  1 0  ,:' 

. . . . 

increased only.with increased energy use . W; term this lowest level  
. . 

of energy use the "Subsistence" level .  >> --. . >. 

5.2 " ~ a s i c  Human Needs" 
. . ... . - . .. 

, % . I  

A level  of energy consumption necessary fo r  an adequate i i f e  ,with some 

opportunity fo r  emergence t o  improved heal th and well-being can be estimated 

through the use of an index being developed by the  Overseas ~evelopment 

Council. 11 

The Physical Quality of Life Index (PQLI) focuses on three measures of 

w e l l  being: infant  mortality r a t e ,  l i f e  expectancy, and l i te racy.  (Whatever 

means a re  chosen by d i f fe ren t  p o l i t i c a l  systems these indicators  a r e  assumed 

t o  r e f l e c t  the  most basic des i re  of people - t o  l i v e  longer with be t t e r  heal th 

and opportunity.) The PQLI consolidates these three i n t o  a composite index, 

w i t h  each one f i r s t  ranked from 1 t o  100 on the  basis  of the  countries of the  

world having the  worst and best  performance. A l l  o ther  countries can then be 

ranked accordingly. 

mdern advanced countries f a l l  consistently i n  the  mid t o  high 901s, 

though within countries the same analys is  can dist inguish considerable 
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regional  and r a c i a l  differences.  The developing countr ies  f a l l  everywhere 

frcan 15 90. ~ e t a i l e d  in t e rp re t a t ions  would be premature--the work i s  

preliminary and undergoing fu r the r  ana lys is .  The i n i t i a l  f indings a r e  s t a r t l i n g  

i n  some cases  and sure t o  r a i s e  controversies .  Figure C-2 shows energy 

consumption p lo t t ed  aga ins t  PQLI, which a t  f i r s t  r i s e s  sharply a s  energy 

consumption increases  from i t s  lowest values.  The marginal bene f i t s  of 

added energy would seem t o  be the  g r e a t e s t  when s t a r t i n g  from a low l eve l .  

A threshold occurs ra ther  abruptly a t  approximately 1200-1400 kgce per  cap i t a ,  

the PQLI having reached i n t o  the 70 's .  I f  we may i n t e r p r e t  t h i s  range 

of the  PQLI a s  represent ing a  s i t u a t i o n  of minimal adequacy f o r  human l i f e ,  

the concomitant energy requirement i s  evident ly i n  t h i s  range. At t r ibu t ing  

a  p a r t  of t h i s  t o  noncommercial f u e l ,  we a r r i v e  a t  a  commercial energy 

consumption 1evel .of  900-1000 kgce, o r  a  t r i p l i n g  of the cur ren t  average 

l e v e l  i n  the  poorer country groups ( a l l  bu t  the  indus t r i a l i zed  and o i l -  

exporting count r ies ) .  Only a  few LDCs use t h i s  amount of energy. To provide 

it f o r  the  r e s t  would s ign i f i can t ly  a l t e r  the  world demand p ic ture .  

"Dnproyed Living Stqndq,rd8' 

Reddy and Prasad, i n  t h e i r  exhaustive discussion of the Energy C r i s i s  

i n  1ndia6 ca l cu la t e  a  consumption l eve l  of 1450 kgce/capita t o  provide "the 

minimum requirement f o r  a  s a t i s f a c t o r y  l i f e  . . ." based on a breakdown of 

the energy required f o r  food production, s h e l t e r ,  and t ranspor ta t ion .  

They. 90 on t o  descr ibe the d i s t r i b u t i o n a l  inequi t fes  within India with t h a t  

standard as  a convenient po in t  of reference. 

6. CONCLUSIONS 
. .. 

W e  have de l ibe ra t e ly  emphasized the  uncertainty at tached t o  .quant i ta t ive 

information in the l i n k s  between energy and bas ic  human needs. Even so,  

several  broad conclusions emerge from t h i s  brief review. 

a Tradi t ional  noncommercial energy sources cons t i t u t e  the  major, i f  

not  exclusive, f u e l  forms f o r  most of t he  r u r a l  populations i n  

almost a l l  the  LDCs. Every pr imi t ive  energy from has a t  l e a s t  one 

o the r  important r o l e  i n  society.  



Where noncommercial energy forms have been replaced by a l t e r n a t i v e  

f u e l s ,  t h e  l a t t e r  a r e  almost exclusively petroleum based. In most 

r u r a l  a reas  nonmetabolic energy inputs  a r e  used t o  prepare food f o r  

consumption and l i t t l e  e l se .  

Increases  in u t i l i z a t i o n  of  ex i s t i ng  f u e l  sources i s  t i e d  t o  

improvements i n  e f f ic iency  of conversion of energy t o  usefu l  

services--a process which r equ i r e s  add i t i ona l  c a p i t a l  investments 

i n  energy end-use devices such a s  s toves  and machinery. 

Any improvement i n  " l iv ing  s t iu~dards"  is l i k e l y  t o  requi re  sub- 

s t a n t i a l  increases  i n  ' annual energy consumption per  cap i ta .  



CHAPTER D 

CHARACTERIZING SOLUTIONS TO THE ENERGY PROBLEMS OF THE DEVELOPING COUNTRIES 

INTRODUCTION 

There can be no viable s trategy fo r  development without considering 

the associated energy implications. While the current energy problems of the  

LDCs have put the brake on development fo r  many of the LDCs, there are  

actions available to  policymakers which would ease the worst impacts of 

the s i tua t ion  outlined i n  previous chapters. 

X t  is not our intention t o  characterize solut ions t o  LDC energy 

problems i n  any grea t  d e t a i l .  Nor do we l is t  the very large  number of 

possible remedial act ions that could be taken, o r  attempt t o  quantify the 

potent ia l  Impacts of such solut ions.  Rather we aim a t  a general taxonomy 

of solut ions to a id  i n  deriving assistance programs from an understanding 

of national solutions. 

Wo points should be apparent from the discussion i n  previous chapters. 

F i r s t ,  a thoroughly developed understanding of energy's intersect ion with 

the development process is not presently available. Second, individual 

countries face unique energy problems which a r e  very d i f fe ren t  from one 

another. Thus the speculative nature of the  discussions i n  t h i s  chapter . '  

r e f l e c t s  not so much an uncertainty i n  the technical f e a s i b i l i t y  of cer ta in  

solut ions,  but rather  an awareness t h a t  the  extent t o .  which they w i l l  be 

employed w i l l  depend on a wide variety of external conditions, on in ternal  

decisions by the individual governments, and on the kinds of outside 

assistance tha t  w i l l  be &orthcoming. 

We categorize s ~ l u t i a n s  according t o  the' degiee' of chaiye they' w i L l  

imply i f  undertaken by developing countries, with o r  without outside 
1 

assistance. Enerqy system selut ions a r e  the most readily implemented. 

They are of tm tvpes, The f i r s t  involves changes i n  basic energy resource 

development and production, d i f f i c u l t  t o  accomplish except i n  the  fortunate 

instances where indigenous o i l  and gas supplies can be discovered and developed. 



The other  category is technology and fue l  subs t i tu t ion  within exist ing energy 

systems. This includes implementation of more energy e f f i c i e n t  processes 

n t a l  solut ions would modify established economic and 'devices. 'Dwelopme ' . 

t azge t s ' o r  developmental s t r a t e g i e s  t o  take account of the changed energy 

s i t u a t i o n  i n  the world. Such solut ions a r e  s igni f icant ly  more d i f f i c u l t  

t o  implement. Various types of solut ions a re  examined f o r  t h e i r  technical 

f e a s i b i l i t y ,  cap i t a l  and inf ras t ruc ture  requirements, and probable constraints  

on implementation. We a l so  assess the appl icabi l i ty  of d i f f e ren t  solut ions 

t o  the d i f fe ren t  LDC country groups ident i f ied  i n , t h e  previous chapter. The 

solut ions discussed were chosen on the bas is  of t h e i r  bearing on the three 

primary problems brought out  i n  the previous chapter: the immediate problem 

of noncommercial f,uels, the short-term problem of o i l  supply, and the longer 

range problem of sh i f t ing  from an o i l  based economy. 

2 .  THE ESSENTIAL ROLE O R  ENERGY I N  DEVELOPMENT 

Although the general ro le  of energy i s  development has long been 

understood, it i s  only within recent years t h a t  we have come t o  fu l ly  

appreciate the c r i t i c a l  influence tha t  sudden changes i n  the pr ice  and 

ava i l ab i l i ty  of the basic fue ls  can have on the development process. The 

term development can be widely interpreted.  But i n  the sense tha t  

development is associated with the accumulation of material resources and 

the productive resources embodied i n  cap i t a l ,  energy system development 

provides a c r i t i c a l  support t o  eGonornic and social  development. In the 

pas t ,  t h i s  has meant an adequate supply of fue ls  a t  pr ices  which would 

not l i m i t  t h e i r  productive use, but more and more it has come a l s o  t o  

mean a d ivers i ty  of energy sources, conversion systems, and end-use devices 

which allow a b u i l t  i n  resi l iency to. sudden changes i n  the ava i l ab i l i ty  

of pa r t i cu la r  fuels .  

In the lowest income developing countries, the la rges t  consumer of 

commercial energy is  the transportat ion sector.  (Estimates range a s  high 

a s  70%.) Indust r ia l  and government use is next (20%), and standing much 

lower i s  the use of commercial energy fo r  food production and processing 



and use by upper c l a s s  urban households (10%). With few exceptions o i l  

based f u e l s  provide v i r t u a l l y  1 0 0 %  of the  commercial energy requirement 

among these countries.  The use of e l e c t r i c i t y  i s  l imi ted  t o  l i gh t ing  and 

motor drive.  In these  count r ies  noncommercial f u e l s  s a t i s f y  t he  bas ic  

subsis tence requirements of most of t h e  population, both urban and r u r a l  

(95%) .  Without cheap o i l  development w i l l  r equi re  g rea t e r  use of a l t e r n a t i v e  

f u e l s ,  i n  t u rn  neces s i t a t i ng  g rea t e r  d i v e r s i t y  of t he  conversion devices 

f o r  t h e i r  use. I n  r u r a l  a reas ,  f o r  example, a t tempts  t o  increase  food 

production o r  t o  introduce manufacturing i n d u s t r i e s  have brought sharp 

increases  i n  commercial f u e l  use,  more sophis t ica ted  energy de l ivery  systems 

( r u r a l  e l e c t r i f i c a t i o n ,  f o r  example), and an increased dependence on o i l  

and o i l  based products (d i e se l  fue l ,  f e r t i l i z e r ,  gaso l ine)  . Attempts t o  

improve the  mobil i ty  of i s o l a t e d  r u r a l  populations through road bui lding 

programs lead  t o  g rea t e r  r e l i ance  on energy and energy conversion systems 

( t r a in s ,  buses, t rucks) .  As noted previously,  any increases  i n  the  well-being 

of r u r a l  households a s  evidenced by adequate supply of r e l i a b l e  cooking fue l s ,  

improved d i e t s ,  b e t t e r  housing, hea l th  and san i t a ry  standards implies g r e a t e r  

energy use and more sophis t ica ted  energy systems. Most of t h i s  a l so  app l i e s  

t o  the  urban poor f o r  whom employment i s  of ten  assoc ia ted  with the  a v a i l a b i l i t y  

of energy (despi te  t he  labor  intensiveness  of many indus t r i e s )  . 
Most developing count r ies  have thus come t o  a s soc i a t e  a l l  progress  

with g rea t e r  production which leads t o  g rea t e r  needs f o r  t r anspo r t ,  higher 

degrees of urbanization, and g rea t e r  energy use. It i s  therefore  s a f e  t o  

conclude t h a t ,  whatever development s t r a t e g i e s  a r e  employed, more energy and 

more e labora te  systems of  energy production, d i s t r i b u t i o n  and u t i l i z a t i o n  

w i l l  be viewed by these count r ies  a s  bas i c  t o  t h e i r  fu ture  well-being. 

Such a perception is  i n  f a c t  s t rongly supported by the  d i r e c t  and 

s t r i k i n g  co r r e l a t i on  between economic growth and energy consumption. 

This r e l a t i onsh ip  f o r  the count r ies  considered i n  t h i s  study was shown i n  

Figure B-1. In  addi t ion  t o  t h e  s t rong  co r r e l a t i on  between energy and GDP, 

the  p l o t  i s  a l s o  remarkable i n  t h e  wide range o f  energy use pe r  c a p i t a  t h a t  

can charac te r ize  a given GDP per  cap i ta .  Singapore, for 'example,  has  an 



energy consumption/capita of 3367 kg of coal  equivalent  (kgce) /capi ta ,  

while Braz i l  with double t he  GDP/capita uses l e s s  than half  t he  energy/capita, 

1412 kgce. 3 

A c e n t r a l  question of energy and development is the  degree t o  which 

economic growth and s o c i a l  development can continue with reduced require- 

ments f o r  energy. Rapid indus t r i a l i za t ion  has of ten  l ed  t o  i ne f f i c i enc i e s  

i n  energy use, and t h e  f a c t  t h a t  f u e l s  a r e  becoming more expensive does not 

guarantee t h e i r  more e f f i c i e n t  use in  the  immediate fu ture .  Energy p r i ce s  

i n  many of the LDCs r e f l e c t  a combination of  market inf luences and soc i a l  

pol icy.  Human set t lement  pa t t e rns  i n  the  LDCs a s  a whole r e l y  heavily on 

e n e r w  in tens ive  food, construction and t ranspor t  systems, promoting wasteful 

s o c i a l  use of energy. In  Mexico City,  f o r  example, the  t o t a l  energy 

embodied i n  the food, municipal se rv ices ,  housing mater ia l s ,  and t ranspor t  

f o r  median income households cons t i t u t e s  78% of the t o t a l  household energy 
4 

budget. Among the upper income groups t h i s  increases  t o  90%. (This 

compares t o  70% f o r  the  average consumer i n  Sweden.) To a considerable 

ex t en t  the processes involved and devices employed emulate those recent ly  

found to have the  lowest engineering e f f i c i enc i e s  and t o  be the  most 

wasteful in the U.S. 

These s t a t i s t i c s  underline an important f ac t .  Already within the  

s o c i a l  s t ruc tu re  of many more advanced LDCs t he re  l i e  t he  seeds of much 

higher fu ture  energy use. The l i f e s t y l e s  of the  higher income groups a r e  

already energy in tens ive ,  and t o  the  degree t h a t  soc i a l  aspirations--and 

soc i a l  policy--identify with the  ex i s t i ng  ladder of economic advancement, 

the fu tu re  is  an energy in tens ive  one. 

The degree t o  which the  developing nat ions of t he  world can o r  a r e  

wi l l ing  t o  take a developmental pa th  t h a t  i s  d i f f e r e n t  from .the Western 

indus t r i a l i zed  nat ions w i l l  be a fundamental i s sue  t h a t  l i e s  behind or  beyond 

the  considerat ions discussed i n  t h i s  chapter. The f a c t  t h a t  Western count r ies  

a r e  now coming t o  recognize--from an energy standpoint--the de fec t s  of 

t h e i r  own condition may o r  may not  a f f e c t  the  wil l ingness  of LDCs . to  reassess  

. t h e i r  development models. ' Continued pu r su i t  of t h a t  development path on 



the p a r t  of the LDCs w i l l  undoubtedly lead t o  economic and socia l  f rus t ra-  

t ion .  On the other hand, it may be t h a t  countries which pursue a 

thoughtfully,redesigned development s t ra tegy taking i n t o  account the  new 

energy r e a l i t i e s  w i l l  be able t o  es tabl i sh  a more favorable competitive 

position i n  the world. 

3. ENERGY SYSTEM SOLUTXON$ 

Changes i n  the energy system can a f f e c t  three basic areas: increased 

production o r  u t i l i z a t i o n  of 'indigenous resources; more e f f i c i e n t  conversion 

of energy from one form t o  another; and more e f f i c i e n t  use of energy 

through development of more e f f i c i e n t  end-use devices. Enhanced recovery of  

f o s s i l  fue ls  o r  use of so lar  radiat ion a re  examples of the  f i r s t .  The 

conversion of,biomass t o  alcohol o r  coal t o  e l e c t r i c i t y  a r e  examples of 

the second. Increasing the eff iciency i n  the  use of wood fo r  cooking o r  

increasing the eff iciency of trucks a re  examples of the th i rd .  

3.1 ' 'Energy ' ~ e s o u r c e  'Sdlutidns 

The appl icabi l i ty  of a supply program depends en t i r e ly  on a country's 

energy resource endowment, i .e . ,  o i l  and gas, coal, arable land, coastal  

shoreline, hydro, wind, or sunshine. Each non-OPEC LDC w i l l  exploi t  those 

energy system solut ions bes t  adqpted' t o  its, ,energy r e s u r c e  pos.ition. 

Some countries l i k e  Mexico have exploitable coal deposits,  but  the 

la rges t  known economically recoverable coal  reserves a re  i n  India and Korea, 

a s  noted In  Chapter B. The d is t r ibut ion  of coal among the other non-OPEC 

countries is  largely unknown because most areas of Africa and.Latin America 

remain essent ia l ly  unexplored. Because the energy content of coal var ies  

widcly, it is d i f f i c u l t  ,to es tabl ish  c l ea r ly  what i s  and what is  not 

economically recoverable. But deposits .of low grade coal and l i g n i t e  seem 

to be re la t ive ly  widespread throughout the  world. 

The benefi ts  of even a modest o i l  discovery would be so grea t  t h a t  a l l  

non-OPEC developing countries, except possibly those with the  bleakest 

geological prospects, could jusr i fy  making o i l  resource surveys. This 

applies  par t icular ly  t o  areas where there has been l i t t l e  or  no pas t  d r i l l ing .  



Coal follows o i l  a s  a p r i o r i t y  f o s s i l  f u e l - i n  most of the  o i l  importing 

LDCs.  Avai lab i l i ty  of indigenous coal would permit i t s  subs t i t u t ion  f o r  

o i l  i n  e l e c t r i c i t y  production, the production of process heat  i n  industry 

and possibly d i e s e l  use on t r a i n s ,  India and China already provide examples 

of developing count r ies '  use of coal .  

Small f i e l d s  ( l e s s  than 10 mi l l ion  b a r r e l s  of recoverable reserves)  

have contr ibuted 17% of t o t a l  U.S, o i l  production t o  da te?  These f i e l d s  

produce l e s s  than 10 barrels/day/well. These a re  the so-called s t r i p p e r  

wells.  They account f o r  80% of the o i l  discoveries  i n  the U . S .  between 1945- 

1969. I f  f i e l d s  of t h i s  s i z e  were viewed a s  commercially exploi table  a t  

a tlme of low p r i ce s ,  we can expect t 1 1 d L  Ll~e "l~unlmunl" hfnaune sf o i l  111 t l r l u  

s i z e  f i e l d  must have decreased in  the face of the quadrupling i n  o i l  p r ices .  

In  the  p a s t  there have been few de l ibe ra t e  searches f o r  small deposi ts .  The 

p r inc ipa l  explorers  f o r  o i l  , the i l l t e r~ l a t iona l  o i l  companies, havc not 

seen such deposi ts  a s  of i n t e r e s t .  Indeed they a r e  not--on an in te rna t iona l  

sca le .  A t  the na t iona l  s c a l e ,  however, they could be of g r e a t  importance. 

There is a l so  some evidence t h a t  small o i l  shale  deposi ts ,  explo i tab le  by 

labor  in tens ive  methods, could be a s ign i f i can t  resource f o r  some countr ies .  

In  the short-term coal can be used d i r e c t l y  i n  most consuming sec to r s  

except t ransportat ion.  The development of coal resources can provide extensive 

employment and can help in  the development of r u r a l  a reas . '  ~ n c r e a s e d  d i r e c t  

combustio,n of coal  has the possible  problem of a i r  po l lu t ion  heal th  e f fec ts ;  

This is  already evident  i n  many LDC urban areas  t h a t  use coal. t h i s  way'. 

Pol lut ion control  adds t o  t he  cos t s  of coa l  burning and requi res  enforcement-- 

both make local ized coal  burning l e s s  a t t r a c t i v e .  New technologies such a s  

f l u id i zed  bed combustion promise t o  allow clean burning of coal  t o  produce 

e l e c t r i c i t y  i n  small and medium s ized  f a c i l i t i e s .  In  the  long-term the ro l e  

t h a t  coal  can play w i l l  be determined by the success of technologies t o  convert 

coal  t o  l iqu id  and gaseous fue ls .  

The d i s t r i b u t i o n  of  a rab le  land can be t r ea t ed  as an energy resource 

i n  t h a t  it o f f e r s  t he  opportunity t o  consider the production of biomass f o r .  

l i qu ids  o r  gaseous fue l  production. Although such uses'may compete with 



food production and p lace  higher demands on scarce water resources,  there  

a r e  a number of p o t e n t i a l  biomass approaches which a r e  adaptable t o  land 

only marginally usefu l  f o r  food production. Other biomass growth may be 
6 

poss ib le  i n  the  shallow water along coas t a l  shorel ines .  Data on 

d i s t r i bu t ion  of hydropower, wind, and s o l a r  i n so l a t i on  is  more d i f f i c u l t  t o  

obtain.  

Evaluating a r ab l e  land  and coas t a l  waters i n  terms of t h e i r  p o t e n t i a l  

f o r  r e fo re s t a t i on  o r  biomass mater ia l  generat ion deserves fu r the r  e f f o r t .  

Because the  p o t e n t i a l  explo i ta t ions  of these energy sources w i l l  vary widely 

from country t o  country and even within count r ies ,  these  assessments w i l l  

have t o  be s p e c i f i c  t o  regions.  Assessment of s o l a r  i n so l a t i on  is of 

p a r t i c u l a r  importance. Almost a l l  t he  LDCs a r e  located where s o l a r  

inso la t ion  is high, ,  bu t  the  use of d i r e c t  s o l a r  conversion i s  l i k e l y  t o  

be l imi ted  by o ther  cons t r a in t s .  

Whether t he  o i l  importing LDCs w i l l  be ab l e  t o  e x p l o i t  t h e i r  indigenous 

resources e f f e c t i v e l y  w i l l  depend on which and how much of t h e i r  resources 

a r e  commercially explo i tab le .  While t h e  d iv i s ion  between commercial 

and subcommercial can be es tab l i shed  only by c o s t  ana lys i s  based on l o c a l  

condi t ions and est imates  of the a l t e r n a t i v e s ,  the  sharp increase  . in  world 

o i l  p r i c e s  has made it economically poss ib le  t o  d r i l l  wi th  subs t an t i a l l y  

smaller wrospects i n  mind, even i n  t he  face of increased d r i l l i n g  cus t s .  Other 

fac tor$  a r e  t r anspo r t  access , ' sunk cos t s ,  and gas-oil r a t i o s ,  In t he  case of coal 

the  f a c t o r s  a r e .hea t ing  value,  impur i t i es  p resen t ,  qnd the  ex ten t  of the  deposi t ,  

Also t o  be considered a r e  conditions a f f ec t i ng  recovery cos t s ,  including the  

depth of t he  depos i t  and thickness  of seams. 

For the lowest income LDCs who continue t o  r e l y  on o i l  imports and 

who w i l l  be deplet ing t h e i r  reserves  of wood, considerat ions o ther  than 

monetary c o s t  w i l l  e n t e r . i n t o  decis ions t o  t r y  t o  e x p l o i t  small s i z e  o i l  and 

coal resources.  The determination t o  e x p l o i t  indigenous energy resources 

is a p t  t o  be based on elements t h a t  go beyond t h e  narrow engineering and 

economic c r i t e r i a  t h a t  might apply i n  o the r  c a p i t a l  in tens ive  resource pro jec t s .  



3.2 Energy Conversion so lu t ions  

E l e c t r i c a l  Energy Conversion 

The l a r g e s t  share  of  e l e c t r i c i t y  i n . t h e  developing count r ies  is  used 

by industry ( i n  India  it is 75%). This s tands i n  con t r a s t  t o  t he  U.S. 

where only 40% of e l e c t r i c i t y  i s  used i n  industry.  E l e c t r i c i t y  i s  consumed 

i n  urban a reas  i n  upper income households, commercial bui ldings f o r  a i r  

conditioning, and a  small  amount i n  publ ic  t ranspor ta t ion .  In  seeking 

a l t e r n a t i v e s  t o  reduce dependence on petroleum i n  t h e  o i l  importing LDCs it 

is  c l e a r  t h a t  e l e c t r i c i t y  can p lay  a  much more s ign i f i . can t  role. I n  t he  

a g r i c u l t u r a l  s ec to r  e l e c t r i c i t y  can he iiseil t o  increaac i r r i ga t i o l i  ru~~~ll~q 

and to ' r ep l ace  ex i s t i ng  d i e s e l  operated systems. E l e c t r i c i t y  can a l so  be 

used t o  produce f e r t i l i z e r .  E l e c t r i c i t y  can a l so  provi.de r e f r i g e r a t i o n  t o  

reduce food spoilage. I t  may be able  t o  s u b s t i t u t e  f o r  l i q u i d  f u e l s  i n  sho r t  

haul  t rucks.  F ina l ly ,  it can be  used much more extensively i n  industry.  

This assumes of course t h a t  non-oil based energy resources a r e  used t o  

generate  e l e c t r i c i t y .  It a l s o  assumes t h a t  ways can be found t o  maintain t he  

high c a p i t a l  inputs  that? e l e c t r i c i t y  systems requi re .  

It  was pointed o u t  i n  Chapter B t h a t  many developing count r ies  face  

increas ing  d i f f i c u l t i e s  i n  seeking t o  expand t h e i r  e l e c t r i c  generat ing 

s t a t i o n s ,  e i t h e r  l a rge  s c a l e  hydro o r  nuclear power, both because of t h e i r  

s i z e  and long delays i n  construct ion.  Small and medium sca l e  on-si te  

e l e c t r i c  generating s t a t i o n s  (100 kw - 1 Mw) using low grade coa l ,  a g r i c u l t u r a l  

waste, wind, hydro, and s o l a r  may o f f e r  more appropriate ,  l e s s  cos t l y  

so lu t ions  and involve l e s s  de lay ,  p a r t i c u l a r l y  i f  standardized designs could 

be s e t .  China has a l ready pu t  i n t o  operat ion numerous small s c a l e  hydro 

p l a n t s  having capac i t i e s  of 6 Mw o r  l e s s .  Wind systems, although they 

r equ i r e  b a t t e r y  s torage ,  could a l s o  be usable i n  c e r t a i n  loca t ions .  Sol-ar 

e l e c t r i c  power generat ion employing use of  s o l a r  generated steam t o  dr ive  

small  capacity tu rb ines  ( l e s s  than 1 Mw) i s  being developed. F ina l ly ,  some 

indus t r i e s  w k i c l l  generate  steam i n  t h e i r  i n d u s t r i a l  processes may f ind  it 

economic t o  cogenerate e l e c t r i c i t y .  Most of  these systems can be s e t  a t  o r  

near t he  s i t e  where they a r e  t o  be used, t hus  l im i t i ng  d i s t r i b u t i o n  investments 

and maintenance expenses, While aonoidcrable d e v e l u p a e ~ ~ t  remains t o  be done 



on a l l  these systems, co l l ec t ive ly  they may o f f e r  many LDCs, p a r t i c u l a r l y  

those with low present  demands f o r  e l e c t r i c i t y ,  an opportunity t o  both 

switch away from o i l  used now t o  generate e l e c t r i c i t y  and t o  acce lera te  the 

subs t i tu t ion  of e l e c t r i c i t y  f o r  o i l  and noncommercial f u e l s  i n  remote areas .  

Solar Energy Conversion 

There i s  considerable po ten t i a l  fo r  the use of so l a r  energy a s  

decentralized LDC energy sources provided t h a t  the high c a p i t a l  cos t s  f o r  

so la r  devices can be reduced, cos t s  and r e l i a b i l i t y  of r e l a t ed  equipment 

improved, and obs tac les  t o  introduct ion of a new technology overcome. 

Solar thermal co l lec t ions  systems a r e  now being used increasingly f o r  drying 

f r u i t ,  grain and timber. They a r e  a l so  being used f o r  water desa l ina t ion  

and f o r  heating and cooling. In conjunction with hea t  engines (Rankine 

cycle engines) they can be used t o  power i r r i g a t i o n  pumps or  produce 

d i r e c t  e l e c t r i c  cur ren t  f o r  l oca l  consumption. Demonstration U.S. and 

French un i t s  a r e  cur ren t ly  operating in  French West Africa and elsewhere. 

Solar photovoltaic systems a r e  po ten t i a l l y  much more f l e x i b l e  ( s ince  they 

convert so l a r  energy d i r e c t l y  i n t o  e l e c t r i c a l  energy) and. a r e  a l so  appealing 

a s  LDC energy sources because they a r e  t o t a l l y  encapsulated, have no moving 

p a r t s ,  require  l i t t l e  or  no maintenance, have po ten t i a l l y  very long usefu l  

l i v e s ,  and a r e  modular ( i f  one u n i t  f a i l s ,  the  system s t i l l  ope ra t e s ) .  High 

cap i t a l  cos ts ,  however, have l imited t h e i r  use t o  s a t e l l i t e s ,  remote weather 

s t a t i o n s ,  and other  remote appl icat ions where p r i ce  of energy i s  not  a 

determining fac tor .  For the LDCs the high c a p i t a l  i n t ens i ty  and import 

f r ac t ion  m i l i t a t e  aga ins t  s o l a r  photovoltaic systems. 

Windmills and wind turb ines ,  which capture sd l a r  energy i n  the form 

of wind energy, have been used fo r  centur ies  but  s t i l l  account f o r  an ins ig-  

n i f i can t  f r ac t ion  of LDC energy production. F ina l ly ,  i t  i s  possible  t o  capture 

so l a r  energy v i a  photosynthesis,  by producing and harvest ing herbaceous p l an t  

species  which a r e  r e l a t i v e l y  e f f i c i e n t  i n  capturing s o l a r  energy (e .g. ,  sugarcane 

o r  sorghum, each capable of s tor ing  3% of the  sun ' s  energy during the  growing 

season, versus l e s s  than 1% f o r  a highly e f f i c i e n t  photovoltaic c e l l ) .  



More than any o ther  present  o r  prospective energy source, so l a r  

energy holds the  promise of providing otherwise energy-poor LDCs with 

subs t an t i a l  indigenous energy. However, problems must be overcome before 

s o l a r  energy use becomes widespread. cu r r en t  c a p i t a l  cos t s  per  ki lowatt  

of i n s t a l l e d  capaci ty a r e  subs t an t i a l l y  higher f o r  s o l a r  photovoltaic systems 

than f o r ,  say,  hydropower, except f o r  very small f a c i l i t i e s .  Capi tal  cos t s  

w i l l  decl ine only with volume production, which i n  turn  i s  l i ke ly  t o  develop 

only i f  the developed countr ies  place multi-year orders  f o r  very la rge  

q l a n t i t i e s .  'l While s o l a r  thermal co l l ec to r s  a r e  l e s s  expensive, t he  Rankine 

cycle engines necessary t o  convert t o  mechanical energy a r e  both expensive 

and r e l a t i v e l y  unproved i n  f i e l d  condit ions and would appear t o  require  

f a i r l y  sophis t ica ted  operat ions and maintenance. Moreover, even a t  lower 

cos t s ,  l a rge  sca l e  implementation of s o l a r  thenla l ,  so la r  photovol taics ,  

o r  wind energy systems w i l l  require  subs t an t i a l  cap i t a l .  

Almost a s  s i g n i f i c a n t  a cons t ra in t  a s  c a p i t a l  a v a i l a b i l i t y  i n  i n s t a l l i n g  

p o t e n t i a l l y  hundreds of thousands of decentral ized energy systems i s  the 

" i n s t i t u t i o n a l "  aspect :  how t o  convince v i l l a g e s  and farmers t o  commit t o  a 

new source, how t o  t r ans fe r  necessary technica l  and econamic and systems 

operat ions knowledge, how t o  assure qua l i t y  on-si te  e rec t ion ,  how t o  arrange 

f o r  l o c a l  operation and maintenance supplemented by infrequent outs ide 

a s s i s t ance ,  e t c .  F ina l ly ,  there  is  the  whole i ssue  of the impact of such 

systems on the s t ruc tu re  of the loca l  economy and society.  Studies of many 

newly introduced technologies (including one study of f ndian biogas systems 

suggest t h a t  many such new systerps have made the r i ch  r i che r  and the  poor 

poorer. The introduct ion of solar-based decentral ized energy systems w i l l  

p resent  the  challenqe of avoiding t h i s  pa t te rn .  

3 . 3  Demand Sectors  

The Indus t r i a l  Sector 

The indus t r i a l  s ec to r s  i n  the advanced indus t r i a l  countr ies  consume 

30-37% of t o t a l  energy. In a l l  but the lowest income non-OPEC LDCs 

t h i s  percentage tends t o  run a t  l e a s t  t h i s  high o r  higher. ( In  Mexico, 

the i n d u s t r i a l  f r ac t ion  of t o t a l  energy consumptiori i s  36%;  i n  India ,  52%; 



i n  Braz i l ,  44%; i n  Egypt, 44%; i n  Turkey, 25%.) Even so,  i n  these count r ies  

industry cont r ibu tes  much l e s s  t o  t o t a l  GNP than it does in the advanced 

i n d u s t r i a l  countr ies .  !Two explanations of t h i s  d i f fe rence  have been 

offered:  the  g rea t e r  production of products with high energy input  per  

u n i t  of output ,  and the  somewhat reduced e f f ic iency  i n  t h e  manufacturing 

processes of  the  LDCs. S t rou t  makes t h i s  po in t  i n  h i s  ana lys i s  of the 

high co r r e l a t i on  i n  most LDCs between increases  i n  GNP and increased 

energy c o ~ s u m ~ t i o n . ~  He shows t h a t  production i n  the  LDCs of bas ic  metals ,  

paper, pulp,  f e r t i l i z e r  and cement is c lose ly  r e l a t ed  t o  t he  use of bas ic  

energy f u e l s  and e l e c t r i c i t y  a t  a l l  d i f f e r e n t  s tages  of development. 

This does no t  mean, however, t h a t  most of these count r ies  a r e  s e l f - su f f i c i en t  

i n  these  energy in tens ive  mater ia l s ,  nor does it imply they should avoid 

becoming so. Japan, a major suppl ie r  of energy in tens ive  mater ia l s  t o  both 

the  developing and developed count r ies ,  imports e s s e n t i a l l y  a l l  i t s  f u e l  

i n  the form of o i l ,  ye t  has managed t o  t u rn  t h i s  heavy i n d u s t r i a l  emphasis 

t o  i ts advantage. 

The importance of i n d u s t r i a l  use of energy i n  almost a l l  bu t  the  

lowest income LDCs has meant t h a t  i n d u s t r i a l  energy requirements have 

of ten  dominated the  p r i o r i t i e s  i n  na t iona l  energy policy. This r o l e  is  

l i k e l y  t o  continue. I t  a l s o  means t h a t  new energy supply technologies 

o r  changes i n  fue l  dependence introduced i n t o  fndus t ry  w i l l  s e t  precedents 

f o r  o ther  sec tors .  

Energy i n  the  i n d u s t r i a l  sec tor  is  used t o  produce process hea t  and 

steam and motive power. Coal, naptha, f u e l  o i l  and o ther  feedstocks a r e  

required pr imari ly  in the  chemical, f e r t i l i z e r  and s t e e l  i ndus t r i e s .  I n  

most developing count r ies  o i l  has been used a s  the  primary i n d u s t r i a l . f u e 1 .  

E l e c t r i c i t y  f o r  motor dr ives  usua l ly  comes from c e n t r a l  g r i d s  and not  on-si te  

systems. Although the  production of f e r t i l i z e r  t h a t  t akes  p lace  i n  t he  

developing count r ies  is based on o i l ,  i t  i s  poss ib le  t o  use coa l  o r  e l ec t ro ly s i s .  

Because India  and Korea have coa l  reserves  which they have sought t o  e x p l o i t ,  

they represen t  perhaps the  only two members of t h i s  e n t i r e  group who use 

coa l  extensively i n  inductry . 



Energy system so lu t ions  i n  the i n d u s t r i a l  sec tor  i n  most of the 

o ther  o i l  importing LDCs w i l l  have t o  reduce the use of o i l  by modernizing 

i n e f f i c i e n t  f a c i l i t i e s ,  switching from o i l  t o  e l e c t r i c i t y  ( t o  t he  degree t o  

which the added e l e c t r i c i t y  can be generated from sources other  than o i l ) ,  

o r  developing r e l a t i v e l y  sophis t ica ted  s o l a r  based systems. The p o s s i b i l i t y  

of upgrading f a c i l i t i e s  w i l l  depend on the  ove ra l l  growth of the  economy; 

i n  general  the r e t r o f i t t i n g  of ex i s t i ng  indus t r i e s  i s  l e s s  ap t  t o  be economical. 

Fuel switching from o i l  t o  coa l  o r  e l e c t r i c i t y  i f  ava i lab le  a t  comparable 

p r i ce s  is  a r e l a t i v e l y  inexpensive c a p i t a l  investment and i s  more l i k e l y  t o  

take place.  Assuming s o l a r  devices becua~e more r e l i a b l e  and l e s s  cos t ly  over 

the  next decade, it 1s possible  they w i l l  be used In the L L I U L ~  -aduanced LDCs,  

such a s  Singapore, Korea, Taiwan, India and Braz i l .  In the lower income LDCs 

fue l  switching from o i l  t o  charcoal i s  being reported with increasing 

frequency in i ndus t r i e s  requir ing r e l a t i v e l y  small amounts of steam such a s  

l ea the r ,  po t te ry  and brick k i ln s .  This is  placing a fu r the r  s t r a i n  on the  

already scarce resources of wood and d iver t ing  the suppl ies  frcin r u r a l  

households. 

In  some developing count r ies ,  Ghana f o r  example, energy in tens ive  

i n d u s t r i e s  a r e  de l ibe ra t e ly  being expanded t o  take advantage of la rge  

reserves of untapped hydropower. The c a p i t a l  investments required of ten  

der ive  from mult inat ional  comp+nies which en te r  i n t o  long-term agreements 

with the  governments concerned. In such cases  excess capaci ty can be 

developed to  accommodate the needs of o ther  i n d u s t r i a l  users.  

The Transwr ta t ion  Sector 
9 

Transportation provides t h e  indispensible  channel by which resources,  

c a p i t a l ,  labor and market can be linked. Except f o r  the lowest income LDCs 

where the  port ion of GDP required f o r  a l l  t ranspor t  and communication serv ices  

is modest, the  c a p i t a l  investment and operating expenses required f o r  r e l i a b l e  

t r anspor t  r i g h t s  of way and f o r  development of venicle  f l e e t s  can range 

from 5 2 0 %  of GDP. This percentage p a r a l l e l s  or i n  some cases exceeds the 

t ranspor t  share of GDP i n  developed count r ies .  Nevertheless, the the 

Third World, t ranspor ta t ion  capaci ty almost universal ly  is  inadequate t o  



count r ies '  needs f o r  movement of goods and people. For example, i n  India ,  

whose t ransport  sec tor  i s  r e l a t i v e l y  highly developed by LDC s tandards,  broad 

areas  of the country s t i l l  a r e  inaccessible  by r a i l  ( the  predominant form 

of t ranspor t  i n  India)  o r  by conventional road vehicles .  South of the 

Sahara, black African nations have only one mechanized vehicle per  30 t o  

200 inhabi tants .  Most of these a r e  publ ic  o r  commercial vehicles  ( i n  f a c t ,  

worldwide, public se rv ice  trucks and buses comprise 30-50% of a l l  vehicles  

i n  an L X ' s  f l e e t )  . 
Although there  a r e  s ign i f i can t  opportuni t ies  f o r  increasing the  

e f f ic iency  of petroleum based t ranspor ta t ion ,  the  t ranspor t  sec tor  i s  

unquestionably one of the most d i f f i c u l t  energy end-use sec to r s  i n  which 

t o  f ind o i l  subs t i t u t ion  p o s s i b i l i t i e s .  Most LDCs other  than India have 

found highway t ranspor t  t o  be responsive t o  t h e i r  needs and rapidly ava i lab le ,  

r e l a t i v e  t o  other  suface t ranspor t .  Hence over t he  l a s t  two decades they 

have increased t h e i r  dependence on t h i s  mode. In f a c t ,  p r i o r  t o  1973, 

most LDCs were experiencing 10-20% annual increases  i n  domestic petroleum 

product sales .  

Within urban areas  of medium t o  high r e s i d e n t i a l  dens i ty  and concen- 

t r a t i o n  of work loca t ions ,  non-oil opt ions of passenger t ranspor t  ( fo r  

example, e l e c t r i f i e d  r a i l )  may a t  times be f eas ib l e .  However, a  multitude 

of other  factors--including the need t o  accomodate s h i f t s  i n  a c t i v i t y  

centers ,  soc ia l  requirements f o r  maximization of  employment, and high 

c a p i t a l  cos t s  of conversion t o  rail--suggest t h a t  t h i s  option w i l l  have 

only l imited appeal. Bicycles and walking already a r e  r e l i ed  on extensively 

i n  most LDC c i t i e s  and can be expected t o  be given up rap id ly  a s  personal 

incomes increase. A few high income developing countr ies  (notably i n  

Latin American and the  Mediterranean) may have l imited po ten t i a l  f o r  

r e s t r i c t i n g  pr iva te  passenger c a r s ,  a s  South Korea and a  few o ther  

countr ies  a r e  doing. The po ten t i a l  energy savings i n  the  t r a r~spor t a t ion  

sector  r e l a t i v e  t o  t h a t  i n  developed countr ies  w i l l  be small. 



In  most LDCs, t r anspo r t  ou ts ide  t he  c i t i e s  no t  only does no t  a f ford  

energy conservation oppor tun i t ies  but  i n  f a c t  may be an a r ea  of rapid 

growth i n  energy, and p a r t i c u l a r l y  petroleum, requirements. Despite 

increased urbanizat ion t rends  i n  LDCs, by t h e  year  2000, only i n  Lat in  

America w i l l  the  major i ty  of t he  population be res id ing  i n  urban areas .  

There w i l l  b e  more population i n  t h e  r u r a l  a reas  of t h e . o t h e r  LDCs i n  

t h e  year  2000 than ex i s t ed  i n  t h e  e n t i r e  world i n  1950. This population 

increase  when combined with t he  goa l  of broadened r u r a l  development w i l l  

acce le ra te  t r anspo r t a t i on  energy demand. This w i l l  be p a r t i c u l a r l y  t r u e  

i f  a heavy emphasis i s  piaced on food se l f - suf f ic iency  and the  use of 
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Simi la r ly  non-motorized means of t r anspo r t  w i l l  no t  provide t h e  

high-tonnage, long d is tance  capaci ty  required f o r  economic progress i n  

a reas  l a rge r  than neighborhoods. Non-motorized vehic les  can provide a 

preliminary co l l ec t i on  funct ion within t he  network of t r anspo r t  requirements 

.and can s a t i s f y  loca l ized  demands f o r  d a i l y  goods movement of u p ' t o  75-100 

tons over a d i s tance  of l e s s  than 10 kilometers.  While much intra-zonal  

movement wi th in  urban and v i l l a g e  s e t t i n g s  can be accomplished with 

b icyc les ,  animal-drawn vehic les ,  and o ther  non-mechanical o r  low-power 

vehic les ,  these  a r e  s imi l a r ly  l imi ted  by e f f e c t i v e  t r anspo r t  rad ius  and, 

carrying capacity.  

I n  t he  long term the re  is, the  p o s s i b i l i t y  of alcohol  o r  e l e c t r i c a l l y  

powered vehicles .  Various na t ions ,  including Japan, Germany, USSR, USA 

and Brazi l ,  have been experimenting with vegetation-derived alcohol  f u e l  

sources.  Although such l i q u i d  f u e l s  a r e  technica l ly  successful ,  t he  

wfdespread development o r  such indus t ry  has not y e t  been rouna to be 
a t t r a c t i v e  i n  e i t h e r  c e n t r a l l y  planned o r  western-style economies. Braz i l  

is a t  t h e  fo re f ron t  of experimentation o f ' t h i s  f u e l  opt ion being i n  t h e  

process  of adding methanol p l a n t s  alongside its numerous sugar r e f ine r i e s .  

While o fE ic i a l a  there s t i l l  generdlly regard t he  en t e rp r i s e  as  speculat ive,  

they hope t h a t  methanol eventual ly  w i l l  fu rn ish  20-25% of Braz i l ' s  t o t a l  

domestic t r anspo r t  f ue l  consumption. Pa r t i cu l a r ly  within W e s t  Africa 

where subs t an t i a l  vegetable matter p o t e n t i a l l y  could he ava i l ab l e ,  methanol. 

production may have promise i f  it does not  endanger production o f  bas ic  

food grains .  This opt ion w i l l  be ava i l ab l e  only t o  those count r ies  with 

s u f f i c i e n t  land f o r  much increased biomass production. 



Battery powered long-distance heavy-duty vehicles have not yet proven 

economically feasible for large scale application; and this appears to be 

at least 15 years into the future. Such systems have only marginal effic- 

iency advantages (on an overall system basis), and require large capital 

investments in power plants and grid systems. 

Although the industrialized nations could conserve sizable amounts of 

petroleum fuel by conversion to more energy-efficient methods of transport 

and organization of transport, the LDCs are not in a position of having 

large amounts of inefficient or unnecessary private transport within rural 

and urban areas. In short, there are limited options available to the 

LDCs in the transport sector for responding to the rise in oil prices. 

The Food and Agricultural Sector 

Any attempt to use energy to improve the position of the majority of' 

the people in the developing countries must begin with the food system-- 

that is, with food production, processing, storage, transport, distribution 

and preparation. Most traditional agricultural economies neither produce 

nor distribute enough usable food to meet the minimum nutritional needs of 

their people without food grain imports nor provide enough real income to 

allow the people to reach even minimum subsistence levels. There are of 

course, many reasons for this situation, including overall economic and 

social conditions, landlord-tenant relationships which provlde no incentive 

to increase production, lack of agricultural extension and credit services, 

population pressures, etc. A substantial number of the problems however, 

are energy related. 

The appropriate use of energy can dramatically improve an LDC's food/ 

agriculture position. Additional energy inputs can directly increase yields 

manyfold over traditional agricultural methods which rely primarily on 

human and/or animal energy. Small tractors reduce the time for plowing, 

planting and harvesting and overcome bottlenecks at critical labor short- 

age times, increasing yields 25% or more. Irrigation systems employing 

small powered pumps may more than double yields in some cases. Fertilizers 



are the largest single energy input in developed countries1 food systems, 

and yields in some cases have increased as much as fivefold. Pesticides, 

mechanized harvesting, and/or improved transport can reduce pre- and post 

harvest pest and spoilage losses which in many LDCs exceed the amount of 

usable food remaining. Indirectly, the above energy inputs can both free 

up valuable farmer time and--by increasing food production, enabling human 

drinking water to be puinped from uncontaminated underground supplies--in- 

crease human energy available for other tasks. 10 

Unfortunately, there are many constraints to improving energy use in 

the food system in LDCs.: 

Most of the above energy uses currently require hydrocarbons. 

Substitutes are either commercially available now (e.g., methanol 

for use in tractors, in Brazil; coal-based  fertilizer,^, in India; 

wind-powered pumps, worldwide; and biogas, in India and China), 

or have advanced to the demonstration phase (e.g., solar powered 

pumps). However, because of higher cost, perceived lower reliab- 

ility, or other reasons, they have not gained wide acceptance. 

Because of the extremely low incomes in most LDCs of all but the 

very few farmers with large holdings, the lack of agricultural 

credit and the relative lack of cooperatives or other mechanisms 

for combining purchasing power, there is no obvious way most of 

those in the agricultural sector could afford to purchase such 

energy systems. Basically, it is hard to separate these groupsi 

lack of energy from lack of virtually every other financial and 

nonflnancial resource. 

Experience with other "innovations"--sturdy village handpumps for 

drinking water which were unusable after a short period, oversized 

tractors unsuited to local farmers' needs, etc., suggests the 

difficul!ty of successfully achieving change in traditional agri- 

cultural economies, particularly where chanqe is imposed from 

outside. 



The issue of energy use in food and agriculture is of central importL 

ance to every developing country category, since even in the most highly 

industrialized LDCs one-third or more of the population is engaged in 

agriculture. Generally, current use of inanimate energy in agriculture 

is highest in the more advanced countries. At the other extreme, in the 

African agricultural countries, the traditional agricultural sector in 

many cases engages over 90% of the population. In most of these countries 

President Julius Nyerer's statement about Tanzania applies--placing a bull- 

ock cow on every farm would be equivalent to an "Industrial Revolution." 

In between are the agricultural economies of South Asia, which have a mixed 

pattern of mechanized and nonmechanized energy. 

The Urban Sector 
11 

While no reliable data exist on this point it is safe to say that the 

lion's share of "residential" conventional energy use in the LDCs is con- 

sumed in the large urban regions. This is also one area in which signifi- 

cant opportunities exist for more efficient energy use both in terms of 

direct energy use and the energy employed in construction. 

Urban populations of the LDCs are increasing rapidly.   able D-1 pre- 

sents the most dramatic instances of metropolitan growth worlwide to the 

year 1995. The fourteen large conurbations in this table will jointly add 

a population of 163 million over the next seventeen years; all but two are 

located in developing countries. While in many other developing countries 

the absolute growth figures are smaller, in percentage growth terms they are 

entirely comparable to the instances included in the table. In view of the 

very high urbanization rates to be found in the majority of developing 

countries (frequently involving a doubling of their populations in fifteen- 

year intervals), measures that alter the structure of new additions to urban 

areas today will have a significant impact within five years, when they can 

affect 20% of the urban population. Within 15 years fully one half of the 

urban population can be affected. 



TABLE D -1 

POPULATION PROJECTION FOR THE WORLD'S LARGEST 

METROPOLITAN GROWTH AREAS 

Settled population 
1978 Population be added by 

U~ban Region in miliions 1995a million 

"Paulo-Janeiro" (Sao Paulo, Rio 
de Janeiro) 

Nile Delta (Cairo, Alexandria) 

Mexico City 

Calaukta (Kharaqpur , 11aidia) 

Shanghai 

Bombay 

Jakarta 

Delhi 

Manila 

Karachi 

Bangkok 

"CalSouth" (Los Angeles-San Diego- 
Tijuana) 

a Populations in 1978 are subtracted from those anticipated in 1995, with 
appropriate adjustments'.for megalopolis formation, and rounded to the 
nearest million. Source R. ldeier. (Reference 11) 

The energy conservation options available In regard to construction and 

urban infrastructure lead to large benefits both in terns of the energy embodied 

in-the con~truotion materials and processes, and in terms of the ongoing 

energy costs of operating the buildings and other urban structures. As a 

few examples of energy saving solutions we would note the following: 



Steel and glass office buildings, with their highly energy intensive 

construction materials and enormous lighting and cooling loads, account 

for 10-20% of commercial energy consumption in many urban areas of develop- 

ing countries. The formidable institutional pressures in the U.S. behind 

the construction methods used to build these structures habe been described 

in detail in a recent study.by Richard Stein. 12 

These practices are imitated in developing countries, giving rise to 

heavy energy burdens, especially for cooling. Energy efficient building 

designs can cut the use of cement, steel, glass, metals, plastics, synthetic 

fibers, and other energy intensive materials while still providing comfort- 

able, well-grouped working and living spaces. Wood, adobe, natural fibers, 

and other low energy locally available materials can be substituted. Palm 

fronds and similar thatching for roofs and walls are now extensively used 

in rural shelter construction; with modern architectural design methods 

they can be elegantly incorporated into urban residential structures, even 

of more than single story design. Insect-proofing and periodic renewal 

needs are important considerations in such design, but the problems they 

give rise to can be solved, especially if the attractiveness of self-help 

construction and maintenance methods under the excess labor conditions of 

developing countries are taken into account. 

While the use of energy efficient construction materials cuts the em-. 

bodied energy content of structures, it also can reduce renewal. Under the 

conditions of most developing countries, these considerations are not only 

important in terms of future energy commitments, but also require consider- 

ation when inherently short-lived materials may offer great energy advantages, 

in spite of their periodic renewal needs. 

Implicit in,the earlier points is the consideration that structures 

must be designed for the lowest possible operating energy requirement. 

Natural lighting should be preferred to artificial light and building depth 

limited in deference to this requirement; mechanical services for heating and 



coo l ing  should be  e i t h e r  t o t a l l y  e l iminated o r  t h e i r  loads  d r a s t i c a l l y  re -  

ducecl by c o n t r o l  of s u n l i g h t  and a i r  p e n e t r a t i o n  i n t o  t h e  s t r u c t u r e s .  
12 

C l u s t e r i n g  of s t r u c t u r e s  should be designed wi th  a t t e n t i o n  t o  avoiding mutual 

i n c r e a s e  o f  energy loads ,  e.g., by t h e  r e f l e c t i o n  of r a d i a n t  hea t ,  blocking 

o f  wind, e t c .  Methods of s o l a r  hea t ing  and cool ing more e f f i c i e n t  f o r  groups 

o f  res idences  t h a n  f o r  i n d i v i d u a l  houses can be designed. Urban designs  i n  

developing c o u n t r i e s  t h a t  provide f o r  a c l u s t e r i n g  of res idences  t o  t a k e  

advantage of such e f f e c t s  can make s o l a r  hea t ing  and cool ing methods more 

c o s t - e f f e c t i v e  and more compet i t ive  wi th  conventional a l t e r n a t i v e s .  

Conventional sewer c o n s t r u c t i o n  wi th  i t s  energy i n t e n s i v e  m a t e r i a l  in -  

p u t s  such a s  cement and s t e e l  can be replaced by modern d r y  composting 

methods f o r  s a n i t a r y  wastes which no t  on ly  s a ~ e  t h e s e  c o s t s ,  b u t  by recircu: 

l a t i n g  n u t r i e n t s  t o  a g r i c u l t u r e ,  conserve t h e  high energy i n p u t s  of s y n t h e t i c  

f e r t i l i z e r .  

Most o f  o t h e r  urban i n f r a s t r u c t u r e  needs, e s p e c i a l l y  u t i l i t y  l i n e s ,  

s t r e e t  su r fac ing  and t r a n s p o r t  network l eng ths ,  a r e  s e n s i t i v e  t o  se t t l ement  

d e n s i t i e s . 1 3  Up t o  a p o i n t  t h e i r  c o s t s  and t h e r e f o r e  t h e i r  embodied energy 

and opera t ing  energy needs decrease  wi th  higher  d e n s i t i e s ;  beyond t h a t  p o i n t  

t h e y  i n c r e a s e  again.  Where t h e  c r i t i c a l  turnabout  occurs  is  not  w e l l  known 

b u t  probably' corresponds t o  t h e  d e n s i t i e s  o f ' t h e  c e n t r a l  r e s i d e n t i a l  neigh- 

borhoods i n  medium-sized United S t a t e s  c i t i e s .  Apart from d e n s i t y ,  c i t y  

s i z e  i t s e l f  a f f e c t s  energy e f f i c i e n c y .  The l a r g e s t  urban c e n t e r s  wi th  t h e i r  

congest ion and p o l l u t i o n  problems a r e  f a r  l e s s  energy-e f f i c ien t  than  c l o s e l y  

spaced networks o f  smal le r  urban nuc le i .  The energy e f f i c i e n c y  of decen t ra l -  

i zed ,  nucleated urban development w i l l  be t aken  up again  i n  t h e  s e c t i o n  o f  

developmental s o l u t i o n s  below. . . 

The energy system s o l u t i o n s  d i scussed  i n  t h i s  s e c t i o n  though they 

pose few s e r i o u s  t e c h n i c a l  problems w i l l  undoubtedly meet r e s i s t a n c e  

roo ted  i n  c u l t u r a l  c o n d i t i o n s  and e s t a b l i s h e d  economic i n t e r e s t s .  For exainple, 

t h e  comfortable and e f f i c i e n t  "rancho" type tha tched  r u r a l  s h e l t e r s  i n  

Guatemala a r e  e n t i r e l y  s u i t e d  t o  s a t i s f y i n g  urban mass housing needs, espec- 

i a l l y  wi th  some i n t e l l i g e n t  a r c h i t e c t u r a l  redesign,  though t h e y  meet wi th  



r e s i s t a n c e  from the 'middle-c lass .  Such r e s i s t a n c e  cannot be l i g h t l y  d i s -  

missed a s  i r r a t i o n a l ,  s i n c e  it is  not on ly  e f f e c t i v e  but  indispensable  f o r  

success  i n  t h e  compet i t ive  c u l t u r e  i n  which it a r i s e s .  Widespread and 

s e r i o u s  r e s i s t a n c e  must t h e r e f o r e  be a n t i c i p a t e d  i n  t h e  in t roduc t ion  of many 

energy e f f i c i e n t  t e c h n i c a l  s o l u t i o n s  t h a t  may go a g a i n s t  t h e  g r a i n  o f  pre- 

v a i l i n g  a t t i t u d e s .  Only g r e a t l y  inc reased  energy p r i c e s  and/or f u e l  shor t -  

ages  a r e  l i k e l y  t o  change s o c i a l  va lues  s u f f i c i e n t l y  t o  a l low t h e i r  usage. 

The T r a d i t i o n a l  S e c t o r  

A s  noted above, i n  t h e  t r a d i t i o n a l  s e c t o r s  of most developing c o u n t r i e s ,  

cooking accounts  f o r  t h e  bulk  ( g e n e r a l l y  over  80%)  of r u r a l  household energy 

use.  Of t h i s  amount, it is es t imated t h a t  we l l  over  50% of t h e  energy source  

is  firewood, which i s  followed by charcoal ,  cow dung, crop res idues ,  and, i n  

be t t e r -o f f  a r e a s ,  commercial f u e l s  (p r imar i ly  kerosene) .  The noncommercial 

energy which i s  used is  used extremely i n e f f i c i e n t l y .  The open f i r e s  gener- 

a l l y  used consume an  es t imated 3-6 t imes  t h e  energy of a modern g a s  s tove  t o  

produce t h e  same u s e f u l  hea t .  I n  f a c t ,  it has been es t imated t h a t  twice  a s  

much energy i s  used i n  cooking and space hea t ing  a s  i s  found i n  t h e  food 

t h a t  is cooked.14 I n  many a r e a s  i n  Asia and A f r i c a ,  such use is causing 

r a p i d  d e p l e t i o n  of f o r e s t  r e s e r v e s  leading t o  water run-off and r e s u l t a n t  

s o i l  eros ion.  Also, i n  some c a s e s  inc reased  use  of cow dung and vegetable  

wastes p rev ious ly  re tu rned  t o  t h e  land is d e p l e t i n g . . s o i l  p r o d u c t i v i t y .  I n  

some a r e a s  i n  A f r i c a ,  f o r  example, t h e  l a c k  of energy f o r  some important 

domestic uses--most notably  pumping f o r  human water supply--causes ve ry  

s e r i o u s  h e a l t h  problems. 

A number o f  "appropr ia te  technology" des igns  have been developed f o r  

ve ry  inexpensive cooking s toves  which can be  produced wi th  l o c a l l y  a v a i l a b l e  

mater ia ls .15 So la r  cookers and ovens have been designed and t e s t e d  i n  some 

LDCs. Simple "passive" s o l a r  coo l ing  des igns  have been developed t o  keep 

t r o p i c a l  homes cool .  Fuelwood p l a n t a t i o n s ,  v i l l a g e  woodlots, and inc reased  

use  of secondary f o r e s t  f u e l s  a r e  being demonstrated t o  show t h a t  t r a d i t i o n a l  

LDC renewable wood energy c y c l e s  can be developed and maintained.  Biogas 

systepls which use  animal dung t o  produce both  methane and f e r t i l i z e r s  a r e  

ex tens ive ly  used i n  China and l e s s  widely s o  i n  Ind ia  and some o t h e r  Asian 

c o u n t r i e s .  



Fuelwood 'Plantat ions 

Fuelwood plantat ions permit close control of the nature and quali ty 

of the wood produced. The species planted i s  selected f o r  i ts a b i l i t y  t o  

grow quickly, and thus the rotat ion time can be reduced t o  as l i t t l e  a s  s i x  

t o  e ight  years. ~ n n u a l  production on plantat ions can be very high. In Africa 
3 

eucalyptus plantat ions have achieved l eve l s  of 50 m /ha./yr. under optimal 
J 

conditions. More representative f igures are  20-70 m /ha./yr. i n  South 
3 

America, and 15-25 m /ha./yr. i n  t ropica l  Africa. Due t o  t h e i r  high 

productivity, plantat ions may reduce the land needed t o  grow the same quantity 

of fue l  by as  much a s  one f i f t h ,  which would be important where agr icul tura l  

land i s  expensive. 

There a re  some disadvantages t o  fuelwood plantat ions,  however. Since 

they are  monocultures, they tend t o  be more susceptible t o  disease. Such 

intensive use of the land w i l l  deplete nut r ients  and require f e r t i l i z e r s  

to  be diverted from food production. 

Fuelwood from plantat ions i s  re l a t ive ly  expensive due t o  the high 

c a p i t a l  and operating costs.  For large plantat ions,  cos ts  run $200/ha./yr. 

t o  produce 15 tons of fuelwood, enough t o  s a t i s f y  the cooking needs of 40-50 

people. However, v i l lage  woodlots may be more a t t r ac t ive  since the labor 

now expended i n  the col lec t ion  of fuelwood could be applied t o  a communal 

plantat ion which would reduce cos ts  s igni f icant ly .  
16 

Secondary Forest Fuels 

Secondary fo res t  fue ls  a r e  the r e s u l t  of the conversion of primary 

woody material t o  more valuable fue ls  by carbonization, d i s t i l l a t i o n ,  o r  

gasif icat ion.  l7 The f i r s t  two processes are  of most i n t e r e s t  here a s  they 

produce fuels  t h a t  a re  l igh te r  and l e s s  bulky than the raw material,  and 

thus can be transported more readily to  potent ia l  markets. This would allow 

remote fo res t  regions tha t  a re  too f a r  from population centers  t o  supply 

fuelwood t o  be exploited f o r  t h e i r  energy. 

Biogasification 

~ i o g a s i f  ication, or the  anaerobic fermentation of organic material  

such a s  animal dung, human wastes, and crop residues t o  produce methane i s  



another  a t t r a c t i v e  technology f o r  energy product ion i n  t h e  r u r a l  a r e a s  o f  

L D C S . ~ ~  Under opt imal  cond i t ions ,  b iogas  con ta ins  about 659 methane (CH ) 
4 

with t h e  remainder being l a r g e l y  carbon dioxide  (CO ) along wi th  t r a c e s  of 
2 

hydrogen, n i t rogen;  and hydrogen sulphide .  Furthermore t h e  res idue  re-. 

maining a f t e r  completion of t h e  d i g e s t i o n  process  r e t a i n s  t h e  n u t r i e n t s  of 

t h e  o rgan ic  m a t e r i a l  and i s  a good organic  f e r t i l i z e r .  Thus, b i o g a s i f i c a -  

t i o n  l e a d s  t o  product ion of both f u e l  (methanol) and f e r t i l i z e r  i n  a manner 

which does  not  compete wi th ,  and may even enhance, food production.  

Another a t t r a c t i v e  f e a t u r e  of b i o g a s i f i c a t i o n  i s  i t s  a d a p t a b i l i t y :  

systems can be designed t o  meet t h e  energy needs of s i n g l e  f a m i l i e s  o r  whole 

c o m u n i t i e s .  Since  t h e  beginning of t h e  decade, China has  made much progress  

i n  both  s impl i fy ing  t h i s  technology and implementing it i n  r u r a l  a reas .  I n  

~zechwan 'p rov ince  a lone,  17 m i l l i o n  people use  biogas  f o r  cooking and l i g h t -  

ing.  I n  some c o u n t i e s  of t h i s  province f u l l y  80% o f . a l 1  r u r a l  households 

are served by biogas.  19 

B i o g a s i f i c a t i o n  could prove t o  be an important source of energy f o r  

r u r a l  communities i n  non-OPEC LDCs which have s u f f i c i e n t  q u a n t i t i e s  o f  

animal wastes  and crop r e s i d u e s  a v a i l a b l e ,  i f . t h e  numerous t e c h n i c a l ,  i n s t i -  

t u t i o n a l ,  s o c i a l  and economic b a r r i e r s  t o  i t s  r a p i d  adopt ion c a n , b e  overcome. 

I n  most LDCs o u t s i d e  of China which have promoted t h i s  technology, b iogas  

systems t o  d a t e  have .been t o o  expensive f o r  an average farmer t o  buy, and 

t h e r e  has  been a genera l  l ack  of t h e  t e c h n i c a l  e x p e r t i s e  requ i red  t o  main- 

t a i n  t h e  necessary  c o n t r o l  v a r i a b l e s  and s u p p l i e s  f o r  optimal g a s  production.  

Moreover, i n s t i t u t i o n a l  cond i t ions  t o  promote t h e  r e q u i s i t e  degree o f  cooper- 

a t i o n  necessary f o r  opera t ing  community-size biogas  systems a r e  a l s o  g e n e r a l l y  

lacking.  

Solving t h e  r u r a l  energy problem is complicated by a number of f a c t o r s .  

For example, d i f f i c u l t  problems a r e  encountered i n  a t t empts  t o  implement 

more e f f i c i e n t . f u e 1  burning p r a c t i c e s  o r  new cooking dev ices  i n  m i l l i o n s  of 

remote r u r a l  households. E a r l i e r  e f f o r t s  i n  t h i s  a r e a  revea l  t h e  dangers o f  

a s i m p l i s t i c  approach. S o l a r  cookers were a c t i v e l y  promoted by Ind ian  

agenc ies  i n  t h e  e a r l y  f i f t i e s  and a commercial manufacturer was induced t o  

begin production.  Th is  e f f o r t  f a i l e d  and subsequent a n a l y s i s  revealed t h a t  



t h e  f a i l u r e  was due t o  a neglect  of t he  soc i a l  c u l t u r a l ,  c l ima t i c  and 

economic f a c t o r s  involved i n  such a "personal" a r ea  a s  cooking. For ex- 

ample, without a s to rage  medium, cooking had t o  be done i n  t he  open with t h e  

food exposed t o  dus t ,  f l i e s ,  b i rd s ,  and even monkeys, and with t h e  cook 

exposed t o  t h e  sun. 
2 0 

Another approach being t e s t e d  by workers a t  ASTRA~' (Appropriate 

Science and Technology f o r  Rural Application, Bangalore, Ind ia )  i s  based 

on making marginal changes i n  t h e  design of t r a d i t i o n a l  s toves ("chulas") 

t o  increase f u e l  e f f ic iency .  Preliminary r e s u l t s  i nd i ca t e  t h a t  small de- 

s i gn  changes can increase  e f f i c i ency  a s  much a s  th reefo ld ,  which would 

lower consumption of scarce  firewood and o ther  noncommercial f u e l s  corres-  

pondingly. ASTRA personnel a r e  ca re fu l ly  promoting the  new stoves by in- 

s t a l l i n g  p i l o t  demonstrations i n  se lec ted  v i l l a g e s  with hiqh v i s i b i l i t y  

t o  e x c i t e  maximum i n t e r e s t  i n  a l a rge  number of p o t e n t i a l  users .  

F ina l ly ,  i n  many LDCs t he re  i s  no v i ab l e  v i l l a g e  i n s t i t u t i o n  which 

can finance, construct ,  operate  o r  maintain a v i l l a g e  energy system t o  say 

nothing of equi tab ly  d i s t r i b u t i n g  the energy produced, charging f o r  se rv ice ,  

e t c .  Although these  problems have been addressed and "solved" i n  o the r  

contexts--for example, r u r a l  e lec t r i f ica t ion- - they  demonstrate again t h a t  

t h e  LDC "energy problem" cannot be divorced and handled separa te ly  from 

economic, s o c i a l  and i n s t i t u t i o n a l  aspec ts  of t h e  count r ies  involved. 



DEVELOPMENTAL SOLUTIONS 

Implementation o f  t h e  energy system s o l u t i o n s  o u t l i n e d  i n  t h e  previous  

s e c t i o n  could have profound e f f e c t s  on t h e  development o f  i n d i v i d u a l  c o u n t r i e s  

and t h e  non-OPEC LDCs a s  a group. Nevertheless,  underlying t h e  d i s c u s s i o n s  o f  

t h e s e  s o l u t i o n s  was t h e  con t inua t ion  of t h e  r o l e  of energy i n  support ing devel-  

opment along h i s t o r i c a l  l i n e s .  I n  t h i s  s e c t i o n  we exp lore  s o l u t i o n s  t h a t  d e a l  

wi th  changes i n  t h e  s t r u c t u r a l  p a t h s  of development without modifying t h e  

o v e r a l l  r a t e  of growth o r  i ts genera l  goal .  A s  noted e a r l i e r  i n  t h i s  chap te r  

t h e  e x i s t e n c e  of s o l u t i o n s  which mainta in  economic and s o c i a l  development 

whi le  making s u b s t a n t i a l l y  lower demands on energy systems cannot be t aken  

f o r  granted.  Almost a l l  of t h e  g e n e r a l l y  recognized mani fes ta t ions  o f  p rogress  

i n  t h e  LDCs, such a s  urban migrat ion,  imports s u b s t i t u t i o n ,  improved h e a l t h  

s e r v i c e s  and increased l i f e  expectancy, have been a s s o c i a t e d  i n  t h e  p a s t  w i t h  . 

i n c h a s e d  energy demands. I f  such t r e n d s  cont inue i n  t h e  f a c e  of e x i s t i n g  

energy resource  l i m i t a t i o n s ,  t h e  r e s u l t ,  a t  l e a s t  i n  t h e  in te rmedia te  term, 

w i l l  be a rush  t o  "quick and d i r t y "  development s o l u t i o n s  t o  accommodate t h e  

immediate c r i s e s .  Growth i n  i n d u s t r i a l  a c t i v i t y  w i l l  s t agna te ;  l a r g e  f r a c t i o n s  

of t h e  popula t ions  w i l l  have t o  reduce t h e i r  subs i s tence  energy requirements 

even f u r t h e r ;  p rogress  toward s e l f - s u f f i c i e n c y  i n  food product ion w i l l  s u f f e r ;  

balance of payments w i l l  become f u r t h e r  d i s t o r t e d .  Over a longer  pe r iod  

t h e r e  w i l l  be an accommodation i n  which both  development and energy system 

s o l u t i o n s  w i l l  p l a y  major r o l e s .  The development s o l u t i o n s  o u t l i n e d  below 

concen t ra te  on def in ing  t h e  means of .accommodation from an energy perspec t ive .  

They a r e  i l l u s t r a t i v e  and by no means exhaustive.  

4.1 S t a b i l i z a t i o n  of t h e  Rural  and Handicraf t  S e c t o r  

I n  t h e  course  of r a p i d  development i n  predominantly p r i v a t e  e n t e r p r i s e  

and mixed economies, major populat ion t r a n s f e r s  g e n e r a l l y  a r e  accompanied 

by s h i f t s  from h a n d i c r a f t s  t o  manufacturing i n d u s t r i e s .  

T h i s ' t r a n s f o r m a t i o n  has  an  energy impact. ~ a n d i c r a f t - t y p e  o p e r a t i o n s  

a r e  s impler  and make use  of more manual work and l e s s  mechanical energy than  

manufacturing processes .  The. t r ans format ion  accompanying development w i l l ,  

accordingly ,  p u t  a g r e a t e r  energy burden on t h e  economy. Moreover, manufac\,uring 

o p e r a t i o n s  both  assemble t h e i r  i n p u t s  and d i s t r i b u t e  t h e i r  o u t p u t s  from and 



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

t h e i r  i n p u t s  and markets.  The t r a n s p o r t  energy burden t h e r e f o r e  i n c r e a s e s  

w i t h  t h i s  change. Slowing t h e  pace of rura l -urban and handicraft-manufactur-  

ing  s h i f t s  a l s o  a l l e v i a t e s  many of  t h e  s e r i o u s  s o c i a l  problems of  development. 

Re ta in ing  persons  i n ' h a n d i c r a f t - t y p e  o r  a g r i c u l t u r a l  p u r s u i t s ,  even a t  low 

l e v e l s  of  p r o d u c t i v i t y ,  and o f t e n  even by t h e  use  of  s p e c i a l  s u b s i d i e s ,  reduces  

t h e  need t o  p rov ide  urban i n f r a s t r u c t u r e  a t  high c a p i t a l  and energy c o s t s .  

I n  Mexico C i t y ,  f o r  example, d r ink ing  water can no longer  be  obta ined from 

t h e  l o c a l  watershed but  must be pumped up t o  an  a l t i t u d e  of s e v e r a l  thousand 

f e e t  a t  g r e a t  energy cost. ,rhe same c o n s i d e r a t i o n  a p p l i e s  t u  111u11i~ipd1 

s e r v i c e s ,  housinq,  t r a n s p o r t a t i o n  and food process ing.  Such solutions would 

no t  aim a t  s topping t h e  p rocesses  of  t r ans fo rmat ion  but  r a t h e r  would a t tempt  

t o  slow them and reconf iqure  them so t h a t  t h e  t r u e  g o a l s  of development might 

a c t u a l l y  be a t t a i n a b l e .  

These p o i n t s  a r e  of  a d d i t i o n a l  b e n e f i t  when energy i n  t h e  form of 

l i q u i d  f u e l  becomes t h e  focus  of a t t e n t i o n .  Local ly  renewable energy resources ,  

such a s  smal l  s c a l e  hydropower, a g r i c u l t u r a l  waste and f e a s i b i l i t y  of  human 

and animal powered methods of t r a n s i t  a r e  more r e a d i l y  a t t a i n a b l e  i n  r u r a l  

r a t h e r  than  i n  urban s e t t i n g s .  

4 .2  Urban Redesign 

Although t h e r e  i s  some qucs t ion  a s  t o  how much leeway p lanners  have i n  

changing t h e  l o c a t i o n  of economic a c t i v i t i e s ,  t h e r e  seems l i t t l e  doubt t h a t  

many of  t h e  l a r g e s t  c i t i e s  i n  t h e  developing c o u n t r i e s  have reached a 

p h y s i c a l  s i z e  where t h e i r  s p a t i a l  conf igura t ion  imposes severe  c o n s t r a i n t s  

on a t t empts  t o  provide  more e n e r g y . e f f i c i e n t  s e r v i c e s .  D e c e n t r a l i z a t i o n  of 

work p l a c e s ,  manufacturing s i t e s  and res idences  would no t  on ly  reduce t r a n s -  

p o r t  energy demands, bu t  woul'd a l s o  reduce some of t h e  l a r g e  energy consump- 

t i o n  d i f f e r e n t i a l s  between r u r a l  and urban se t t l ements .  Grea te r  use  of 

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

e l e c t r i c i t y  g e n e r a t i o n  and use  of  s o l a r  dev ices  would a l s o  be p o s s i b l e .  I n  

many LDCs t h e  se t t l ement  s t r u c t u r e  a l ready  provides  n u c l e i  t o  suppor t  growth 

of  d e c e n t r a l i z e d  communities. Moreover, a s i d e  from inc reas ing  energy pro- 

d u c t i o n  and u s e  e f f i c i e n c i e s ,  t h i s  kind of urban des ign  provides  a d d i t i o n a l  



b e n e f i t s  t o  r e s i d e n t s  and t h e  government by a l lowing the.modern s e c t o r  t o  

become more d i spersed  throughout t h e  country.  Although t h e  energy advantages 

o f f e r e d  by d e c e n t r a l i z a t i o n  have not  been explored,  t h e  p a s t  o b s t a c l e s  t o  

such d e c e n t r a l i z a t i o n  have been amply documented. Even i n  t h e  U.S., however, 

energy a v a i l a b i l i t y  has  a l ready  inf luenced l o c a t i o n a l  dec i s ions .  The ques t ion  

o f  whether t h i s  can happen i n  t h e  LDCs must t h e r e f o r e  s t i l l  be considered a n  

open one. 

4.3 An "Al te rna t ive"  Development S t r a t e g y  

Enter ing i n t o  almost any d i scuss ion  of whether t h e r e  a r e  a l t e r n a t i v e  

p a t t e r n s  of development requ i r ing  l e s s  t o t a l  energy i n p u t s  a s  we l l  a s  l e s s  

s o p h i s t i c a t e d  energy systems is t h e  example of t h e  Peop le ' s  Republic o f  China. 

I n  what fo l lows we t r y  t o  p r e s e n t  i n  minimum terms t h e  s a l i e n t  f e a t u r e s  of 

China 's  energy product ion and u t i l i z a t i o n .  The d i scuss ion  draws on t h e  work 

o f  Vaclav Smil of t h e  Univers i ty  of Manitoba. 

Eighty pe rcen t  of t h e  Chinese populat ion is r u r a l  and 70% of  i t s  a g r i -  

c u l t u r e  i s  st i l l  t r a d i t i o n a l  i n  t h a t  it almost f u l l y  depends on human and 

animal l abor .  These not  on ly  f u l f i l l  d i r e c t l y . t h e  t a s k s  involved i n  a g r i -  

c u l t u r e ,  b u t  a l s o  a r e  used f o r  c a p i t a l  cons t ruc t ion  such a s  t h e  bu i ld ing  o f  

water dams, i r r i g a t i o n  systems and c l e a r i n g  of new land.  Some 50,000 smal l  

hydro s t a t i o n s  were opera t ing  i n  China i n  1974, and r e f o r e s t a t i o n  i s  occurr-  

i n g  a t  t h e  r a t e  of 500,000 hectares /year  (al though s u r v i v a l  r a t e s  have been 

no more t h a n  1 0 % ) .  Extensive use is made of wood both  a s  a household and 

an  i n d u s t r i a l  f u e l .  Wood is a l s o  used f o r  b u i l d i n g s  i n  c i t i e s .  By-products 

from r i c e ,  wheat, corn and o t h e r  crops  a r e  used both a s  f u e l  and i n  t h e  manu- 

f a c t u r e  of h a t s ,  sanda l s ,  and paper. 

Although Srnil e s t i m a t e s  t h a t  80% of China 's  populat ion l i v e  i n  a 

balanced "solar-dominated" ecosystem, t h e  Chinese government has  been t r y i n g  

t o  i n c r e a s e  t h e  use  of t r a c t o r s ;  a l s o ,  t h e  use of f e r t i l i z e r  t r i p l e d  between 

1965 and 1974. Rural c o a l  mined wi th  human and animal l abor  and e l e c t r i c i t y  

from small  hydro systems provide some o f ' k h e  energy i n p u t s  t o  l o c a l  i n d u s t r i e s .  

Rural  e l e c t r i f i c a t i o n  t o  o u t l y i n g  v i l l a g e s  i s  spreading a s  i s  t h e  use  of re-  

f i n e d  o i l  products.  A l l  of  t h i s  r e p r e s e n t s  an  a t tempt  by t h e  government t o  

modernize t h e  countrys ide  and t o  i n c r e a s e  food production.  



To s u s t a i n  t h i s  growing dependence on f o s s i l  f u e l s  China is  seeking 

t o  e x p l o i t  i t s  r i c h  resources  of hydropower, c o a l  and o i l ,  a l l  of  which it 

h a s  i n  abundant supply. S ince  1949, commercial energy consumption has  in-  

c reased  from 23 t o  500 m i l l i o n  t o n s ,  a l a r g e  sha re  of  which h a s  gone t o  

i n d u s t r y .  Pe r sona l  t r a n s p o r t  has  been r e s t r i c t e d  and s t i l l  accounts  f o r  a 

r e l a t i v e l y  s m a l l  f r a c t i o n  of t h e  commercial energy use .  E l e c t r i c i t y  is gener- 

a t e d  a lmost  e x c l u s i v e l y  from c o a l ,  and c o a l  i s  burned d i r e c t l y  t o  produce in -  

d u s t r i a l  p rocess  steam and household heat ing.  Given i n d u s t r i a l  and a g r i c u l t u r a l  

a s p i r a t i o n s  and t h e  s i z e  of  t h e  popu la t ion ,  China seems t o  be  i n t e n t  on s h i f t -  

ing  away from what was a t o t a l  dependence on renewable sources  and metabul ic  

enerqy towards a more convent ional  r e l i a n c e  on more s o p h i s t i c a t e d  systems 

based on i t s  p l e n t i f u l  s u p p l i e s  of  f o s s i l  f u e l s .  

Because t h e i r  development s o l u t i o n  is  s o  t i h d  t o  t h e  unique c u l t u r a l  

and s o c i a l  s t r u c t u r e  of t r a d i t i o n a l  China, t h e  conclus ions  drawn from t h e  

Chinese c a s e  may o f f e r  few l e s s o n s  f o r  o t h e r  LDCs, e s p e c i a l l y  f o r  t h o s e  . 

s e r i o u s l y  d e f i c i e n t  i n  energy resources .  I t . i s  p o s s i b l e  t o  draw many v a r i e d  

and c o n t r a d i c t o r y  conc lus ions  from t h e i r  experience.  The f a c t  remains, how- 

e v e r ,  t h a t  t h e y  have demonstrated t h e  workab i l i ty ,  a t  l e a s t  f o r  a t ime,  of a 

form of development which r e l i e d  almost  e x c l u s i v e l y  on renewable energy re-  

sources  and smal l  s c a l e  t echno log ies  and which was a b l e  t o  provide  an adequate 

energy-food ba lance  f o r  t h e  t o t a l  popula t ion-- rura l  and urban. Th i s  has  con- 

s i d e r a b l e  importance f o r  o t h e r  c o u n t r i e s  i n  s i m i l a r  circumstances.  On t h e  

o t h e r  hand, t h e  t r a n s i t i o n  t o  a system r e l y i n g  heav i ly  on convent ional  f u e l s  

f o r  i n d u s t r y  sugges t s  t h a t  t h e  d e c e n t r a l i z e d  renewable based form of  develop- 

ment is  l i k e l y  t o  be chosen only  a s  a n  i n t e r i m  s t r a t e g y  even i n  t h e  most 

conducive c u l t u r a l  s e t t i n g .  

5. THE ACCEPTABILITY AND TIME SCALE OF SOLUTInNP 

We have d i s c u s s e d  s o l u t i o n s  t o  t h e  energy problems of  developing 

c o u n t r i e s  i n  o r d e r  o f  i n c r e a s i n g  d i f f i c u l t y  of  implementation. The most 

a c c e p t a b l e  s o l u t i o n s ,  those  which a r e  e a s i e s t  t o  implement, a r e  those  in -  

volving inc reased  s u p p l i e s  of convent ional  f u e l s .  These a r e  t h e  l e a s t  d i s -  

r u p t i v e  of  t r a d i t i o n a l  "ways of doing th ings" .  We have even found t h i s  t o  be  

t h e  c a s e  i n  t h e  U.S. The next  e a s i e s t  t o  implmcnt  a r e  modi f i ca t ions  i n  



energy conversion and then  energy u t i l i z a t i o n  technologies .  The most d i f f i c u l t  

t o  implement, and t h e  l e a s t  s o c i a l l y  accep tab le ,  a r e  those  s o l u t i o n s  which 

a l t e r  t r a d i t i o n a l  developmental s t r a t e g i e s  o r  pa ths .  

The t ime s c a l e  of t h e s e  c a t e g o r i e s  of  s o l u t i o n s  a l s o  fo l low a g e n e r a l  

t r e n d .  Enhanced convent ional  supply s t r a t e g i e s  can be implemented i n  a 

r e l a t i v e l y  s h o r t  t ime  s c a l e ,  bu t  do not  g e n e r a l l y  s o l v e  t h e  long-term supply 

problem. Technology s u b s t i t u t i o n s  a r e  a l s o  a short- term p a l l i a t i v e ,  u n l e s s  

they  involve  conversion t o  renewable resources .  Long-term b e n e f i t s  accrue  

t o  a l t e r e d  development s t r a t e g i e s ,  bu t  such s t r a t e g i e s  can be implemented 

only  over long t ime pe r iods .  

6. SOME FINAL CONSIDERATIONS 

I n  t h i s  chap te r  we d i s t i n g u i s h e d  s e v e r a l  k inds  o f  approaches t o  t h e  

energy problems of t h e  developing c o u n t r i e s .  I n  genera l  t h e  energy system 

s o l u t i o n s  a r e  found t o  be e a s i e r  t o  implement than  t h e  s o l u t i o n s  which a l t e r  

development s t r a t e g i e s .  Among t h e  energy s y s t e m - s o l u t i o n s  those  invol-ving 

resource  enhancement a r e  more compatible wi th  t h e  e x i s t i n g  energy system than 

those  a f f e c t i n g  energy conversion o r  end-use. Because t h e  a c c e p t a b i l i t y  of 

fo re ign  energy a s s i s t a n c e  programs w i l l  be g r e a t e r  i n  those  a r e a s  i n  which 

t h e  implementation of s o l u t i o n s  i s  t h e  e a s i e s t ,  t h i s  c r i t e r i o n  o f  

a c c e p t a b i l i t y  should be s t r o n g l y  emphasized i n t o  t h e  es tabl ishment  of 

program p r i o r i t i e s .  

Although t h e  pe rcep t ions  of t h e  developing c o u n t r i e s  must be a paramount 

cons ide ra t ion  i n  a r r i v i n g  a t  a s s i s t a n c e  proqrams i n  energy,  t h e i r  shortcomings 

must a l s o  be recognized.  For example, t h e  degree  of  a p p l i c a b i l i t y  of  smal l  

and medium s c a l e  t echno log ies  may be underest imated by many governments i f  

they  i d e n t i f y  p rogress  on ly  wi th  l a r g e  s c a l e ,  modern technologies .  ~ l t h o u g h  

t h e  " t o o  poor t o  p a i n t  and t o o  proud t o  whitewash" syndrome i s  d i f f i c u l t  t o  

overcome, t h e  l e g i t i m i z i n g  of  t h e s e  t echno log ies  may c o n s t i t u t e  an  important  

a s p e c t  o f  . a s s f  s t a n c e ,  

I n  t h i s  country  it is now widely accepted t h a t  what we term "energy 

coneervation" is one of t h e  most e f f e c t i v e  short- term s o l u t i o n s  t o  energy 

problems. By conse rva t ion  we u s u a l l y  mean two t h i n g s :  1) inc reased  e f f i c i e n c y  

i n  conver t ing  energy from one form t o  ano the r  (say from c o a l  t o  e l e c t r i c i t y )  



o r  i n  converting energy t o  goods and serv ices  (say from e l e c t r i c i t y  t o  cooled 

spaces o r  gasol ine t o  vehicle-miles) ,  and 2)  reduct ions i n  t h e  se rv ices  pro- 

vided by energy (such a s  lowered temperatures i n  winter,  dr iving fewer miles ,  

e t c . ) .  There i s  g r e a t  s e n s i t i v i t y  i n  t h e  LDCs t o  t he  second concept, and 

developed count r ies  who t a l k  t o  LDCs about energy conservation run the  r i s k  

of being c r i t i c i z e d  f o r  wanting t o  reduce t h e  economic growth and energy 

consumption of those countr ies . .  Thus, energy conservation programs, important 

a s  they a r e ,  must be approached with s e n s i t i v i t y  t o  t h i s  perception, and with 

t h e  emphasis placed on t h e  f i r s t  d e f i n i t i o n  above. One should aim a t  improv- 

ing t he  e f f ic iency  with which energy i s  used i n  order  t o  make more f ea s ib l e  

t h o  attninmcnt of coonomio and ooc ia l   goal^. 

A f i n a l  po in t  of g r e a t  importance i s  t h a t  wc should not prejudge o r  im- 

pose so lu t ions .  There is  a s t rong  tendency in t he  energy f i e l d  t o  advocate 

c e r t a i n  technica l  so lu t ions  on the  b a s i s  of phi losophical  commitments. The 

advocate of nuclear power, o r  of small s ca l e  technology is  ab l e  t o  cloak h i s  

advocacy i n  a mantle of "hard technica l  da ta  and analysis ."  But in'many cases  

t h e  technica l  so lu t ion  has been imposed on the  problem ra the r  than sqlut5ons 

being derived from a c l e a r  understanding of the  problem. I n  t h i s  respec t  t h e  

cur ren t  LDC Energy Program of t he  Department of Energy and the  Agency f o r  

In t e rna t iona l  Development is  following a productive s t ra tegy .  Collaborations 

a r e  being formed with count r ies  t o  analyze on a systematic b a s i s  t h e i r  energy 

supply-demand s i t u a t i o n  and t o  i den t i fy  oppor tun i t ies  f o r  resource and tech- 

nology subs t i t u t i on .  That ana lys i s  can then form the  bas i s  of iden t i fy ing  

co l labora t ions  i n  resource evaluat ion,  technology RD&D, t r a in ing ,  ahd planning. 

One encouraging f ea tu re  of the  LDC energy p i c tu re  which we have not 

s t r e s sed  i s  t h a t  t h e  world energy " c r i s i s "  has been a boon f o r  some developing 

countr ies .  The OPEC count r ies ,  and the  o i l  exporting group considered i n  t h i s  

r epo r t ,  have t h e  opportunity of c rea t ing  an unprecedented increase i n  t h e  

welfare  of t h e i r  people.Y it should be pointed ou t ,  however, t h a t  t he  o i l  

exporting count r ies  share  many energy r e l a t e d  development problems with t h e i r  

oil-poor cousins.  Their r u r a l  populations a r e  s t i l l  using energy a t  minimal 

subsis tence l eve l s .  Many w i l l  a l so  face  major deplet ion of t h e i r  o i l  resources 

within t h e  next two t o  t h r e e  decades and w i l l  f ace  t he  necessi ty  of replacing 

o i l  consumed i n t e r n a l l y  and exported. 



A second encouraging aspec t  i s  t h a t  while t h e r e  a r e  s i g n i f i c a n t  o b s t a c l e s  

t o  implementation t h e  t e c h n i c a l  component of t h e  problem a s  a  whole i s  r e l a -  

t i v e l y  l a r g e .  This  c o n t r a s t s  wi th  many o t h e r  important developmental problems, 

such a s  populat ion r e g u l a t i o n  f o r  which t echnolog ica l  i n t e r v e n t i o n  has  been 

complicated by s t rong  s o c i a l  and p o l i t i c a l  f a c t o r s  o r  counterproduct ive ,  a s  

wi th  t h e  c a s e  of h e a l t h  a i d  without b i r t h  con t ro l .  While recognizing t h e  

c r u c i a l  s o c i a l  and developmental context  o f  any i n t e r v e n t i o n ,  t h e r e  a r e  many 

energy system s o l u t i o n s  t h a t  can be d e a l t  wi th  a t  t h e  t e c h n i c a l  l e v e l .  Re- 

source  development, improvements i n  t e c h n i c a l  e f f i c i e n c y ,  i n t r o d u c t i o n  of 

renewable energy technologies  a r e  a l l  a r e a s  i n  which t e c h n i c a l  t r a n s f e r  can be 

e f f e c t i v e .  

Thus, t h e  i n c r e a s e  i n  world o i l  p r i c e s  which has  caused t h e  energy sit- 

u a t i o n  i n  t h e  developing world o u t l i n e d  i n  t h i s  r e p o r t  has  opened up a  l a r g e  

number of s o l u t i o n s  t o  t h e  development c r i s i s .  Vast  amounts of energy resources  

p rev ious ly  uneconomical have become commercially e x p l o i t a b l e .  Technologies 

which p rev ious ly  could not  compete wi th  cheap o i l  have v i r t u a l l y  overn igh t  be- 

come economical. A l a r g e  number o f  technologies  i n  t h e  resea rch  and develop- 

ment s t a g e  have become f a r  more i n t e r e s t i n g .  

Many c o u n t r i e s  a t  t h e  " take o f f "  s t a g e  of development now have t h e  oppor- 

t u n i t y  t o  t a k e  advantage of t h e  new s e t  of f a c t o r  p r i c e s .  I f  t h e  high growth 

r a t e s  of c o u n t r i e s  such a s  Korea c a n ' b e  maintained,  t h e i r  i n d u s t r i a l  p l a n t  

w i l l  be doubled i n  under t e n  years .  Thus, i f  they  use  t h e  most modern, energy . 
e f f i c i e n t  i n d u s t r i a l  processes  i n  t h a t  growth, by 1990 more t h a n  h a l f  o f  t h e i r  

i n d u s t r i a l  p l a n t  could be  adapted t o  high energy c o s t s .  Developed c o u n t r i e s ,  

whose i n d u s t r i a l  s e c t o r  w i l l  grow more slowly w i l l  have a  l e s s  favorab le  mix 

o t  o l d  and new p l a n t  capac i ty .  

I n  t h i s  sense ,  t h e  c u r r e n t  s i t u a t i o n  p r e s e n t s  a  cha l l enge  and an  opportun- 

i t y  t o  t h e  advanced i n d u s t r i a l  coun t r i es .  The oppor tun i ty  is t o  b r ing  t h e  

s c i e n t i f i c  and t e c h n i c a l  e x p e r t i s e  of t h e  western  w o r l d ' t o  bear  on a fundamental 

s e t  of problems of t h e  developing world. However, we a l s o  recognize t h a t  energy 

is important on ly  a s  it s a t f s f f e s  s o c i a l  and economic needs. I t  d r i v e s  t h e  

machinery of a  na t ion  i n  a l l  i ts v a s t  human, c u l t u r a l  and economic complexity. 

Programs of energy system development w i l l  succeed on ly  i f  t h e y  a r e  conceived 

and implemented with due r e s p e c t  f o r  t h i s  underlyin-g complexity. 
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CHAPTER A 

NOTES AND REFERENCES 

1. In  t h i s  r epo r t  we use t he  terms "developing country" and " l e s s  
developed country" (LDC) interchangeably t o  r e f e r  t o  t he  93 
count r ies  so  c l a s s i f i e d  by the  World Bank with t h e  exclusion of  
the  13 major o i l  exporters  who a r e  members of t he  Organization 
of Petroleum Exporting Countries (OPEC). The exclusion of OPEC 
i s  somewhat a r t i f i c i a l  s ince  many of the  problems and so lu t ions  
discussed i n  t he  r epo r t  apply equal ly  wel l  t o  count r ies  such a s  
Indonesia and Nigeria. The major o i l  exporting count r ies  such a s  
Saudi Arabia a r e  not  of concern i n  terms of p o t e n t i a l  energy 
r e l a t e d  ass i s tance  programs and a r e  not  addressed i m p l i c i t l y  o r  
e x p l i c i t l y  i n  the  repor t .  

2. By imported energy we mean the  energy contained i n  imported f u e l s ,  
p a r t i c u l a r l y  o i l ,  and t h e  energy embodied i n  o the r  imported 
goods and mater ia l s .  I n  the  l a t t e r  category t he  increased cos t  
of f e r t i l i z e r  on t he  world market s ince  1973 is  of  p a r t i c u l a r  
s ignif icance.  

3. The term "commercial" energy general ly  r e f e r s  t o  energy forms 
normally ac t i ve ly  t raded i n  developed country markets such a s  
o i l ,  gas ,  coa l  and e l e c t r i c i t y .  The primary ca tegor ies  of 
"noncommercial" energy a r e  wood, a g r i c u l t u r a l  wastes,  and 
animal dung. The term "noncommercial" is  i n  f a c t  a misnomer, . 

s ince  there  a r e  monetary markets f o r  these f u e l s .  In some 
contex ts ,  the term must be extended t o  include human and 
animal power. Other terms sometimes used f o r  "noncommercial" 
a r e  " t r ad i t i ona l  'I, Sprimitive" (vs  . "modem") o r  "nonconventional" 
(VS. "conventional") . 

4. Public Law 95-88, August 3', 1977, Section 114 (b) 1. 

5. The 7 developed count r ies  i n  CIEC were ,Aus t ra l ia ,  Canada, Japan, 
Spain, Sweden, Switzerland and the  U.S. The European.Economic 
Conanunity a l s o  par t ic ipa ted .  The developing count r ies  were 
Algeria,  Argentina, Braz i l ,  Cameroon, Egypt, Ind ia ,  Indonesia, 
I r an ,  I raq ,  Jamaica, ~ e x i c o ,  Nigeria,  Pakistan, Peru, Saudi 
Arabia, Venezuela, Yugoslavia, Zaire  and Zambia. The Conference 
l a s t e d  from January 1976 u n t i l  June 1977. 

6 .  See statement of Richard N. Cooper t o  the  J o i n t  Economic Committee, 
U..S . Congress, June 21, 1977. 



CHAPTER B 

NOTES AND REFERENCES 

1. This chapter is based in part on studies performed for Brook- 
haven Natlonal Laboratory by Gordian Associates and the over- 
seas Development Council. 

2. The term "commercial" energy generally refers to energy forms 
normally actively traded in developed country markets such as 
oil, gas, coal and electricity. The primary categories of "non- 
commercial" energy are wood, agricultural wastes, and animal 

- dung. Thc tcrm 'jnoncommcrc.ial-"-is in fact a misnomer, since 
there are monetary markets for these fuels. In some contexts, 
the term must,be extended to include human and animal power. 
Other tenris sometimes used for "noncommercial" are "traditional", 
"primitive" (vs . "modern") or "nonconventional" (vs . "con- 
-~cntio.n;lli' ) , 

3 .  H, menerr e.t ql,, ~edistribution With Growth, World Bank, Ox- 
ford University Press, 1975. 

4. Economist Intelligence Unit, "Quarterly Economic Review of India, 
Nepal: Annual Supplement", 1976, p. 6. 

5. U.N. Statistical Yearbook, 1975. 

6. Morgan Guarantee Trust Company, "World Financial Markets", July 
1377. 

7. The charactcris.tics of the various country groups were analyzed 
in the draft' report to Brookhaven by Gordian Assoc~ates,Inc., 
washington DC, January 1978, from which these descriptions are 
derived. 

8. U.N. World Energy Supplies 1971-1975, 1971. 

9. The Economist Intelligence Unit, "Quarterly Economic Review of 
India, Nepal: Annual Supplement 197GW, 1976. 

10. The role of energy in meeting basic human needs is discussed in 
Chapter C. 

11, E. Friedmann, "Financinq Enerqy in Developing Countries," WmLd 
Bank Reprint Series No. 27, March 1976. 

12. World Bank, I1World ~cbnomic and Social Indicators", August 1977. 
Terms of trade I s  defined as the value of exports divided by the 
value o f  imports. 



13. World Bank, "World Debt Tables", September 1977 and UNCTAD, 
"World Economtc Outlook 1977-78", February 25, 1977. 

14. WAES, (Workshop on Alternative Energy Strategies), Energy: 
Global Prospects 1985-2000, McGraw Hill, N.Y., 1 9 7 7 7  

15. See note 7. 

16. A. Lambertini, "Energy and Petroleum in Non-OPEC Developing 
Countries, 1974-198OW, World Bank Staff Working Paper No. 229, 
February 1975. 

17. Income elasticity of energy demand is defined as a percentage 
change in energy consumption as a result of a percentage change 
in consumers income, given that there is no change either in 
price of energy or in relative prices of energy with respect 
to non-energy goods and services. Income elasticity of energy 
demand varies among developed', semi-developed, and less de- 
veloped countries. Income elasticities for LDCs in general are 
fairly high and gradually decreases as these countries go through 
the development and industrialization process. In the least de- 
veloped countries where consumers have subsistance levels of 
energy consumption, noncommercial fuels constitute a large por- 
tion of total energy consumption; and labor intensive activities 
dominate their economies, one expects that increase in income 
will lead to a significant increase in both commercial and non- 
commercial energy consumptions. The income elasticity for 
energy consumption in these countries would be high. 

Income elasticity of energy demand will be affected by conserva- 
tion practices, relative abundance of energy reserves, relative 
energy intensity of imported goods as compared to domestically 
produced commodities. As the economic structure of LDCs grows, 
more energy efficient technologies will be utilized. To the ex- 
tent,that more industrial LDCs have had wastefu1,patterns of 
energy consumption, their potential for conservation measures 
effecting their income elasticity will be greater. 

Clearly an income elqsticity is a single number which represents 
the agreegate effects of a very complex set of processes. Xt 
should be used with due recognition of that oversimplification. 

18. (a) The figure for per capita use may be low by a factor of 
two or more (especially in Sight of the uncertainties of end- 
use efficiency--if substitutability is to be inferred). 

Ib) To compare various estimates, we have assumed that a cubic 
meter of wood or a metric ton of wood have an energy value of 
about 400 kgce. This may be in error by a factor or two. Con- 



version factors present a considerable problem, as there is so 
much variation in the materials used for fuels. 

19. Total, rather than rural population was used because in LDCs 
urban use can equal or exceed rural use of uncommercial energy. 

D. E. Earl quotes several separate studies in Chapter 5 of his 
book (Ref. 40) all of which support both that total population, 
and constant or ever increasing per capita.fiqures, should be 
used for projecttons. 

20. WAES, Eriergy Supply-Demand Integrations to the Year 2000, MIT 
Press, 1977. 

21. World Bank Development policy Staff, "Prospects for Developing 
Countries; 1978-85", Nov. 1977 and staff discussions. 

22. W. Leonticf et al., The Future of 'the World Economy -- A United 
Nations Study, 1977. 

23. A. M. Strout, "The Future of Nuclear Power in the Developing 
Countries", MITj 1977. 

24. World Energy Conference 1977, Conservation Commission, "Report 
on World Energy Demand 1985-2000 -- Executive Summary", August 
1977. 

25. World Energy.Conference Conservation Commission, "Report on Oil 
Resources", Report prepared by Pierre ~es~rairies, ~nstitut 
Francais du p6tr6leJ based on a Delphi-type of study drawing on 
the opinion of 29 experts around the world. 

26. A lower bound of 50 million barrels per day is given by WAES 
corresponding to an OPEC production ceiling of 33 million 
barrels per day and low reserve additions. 

27. W. J. Levy Consultants, "OPEC in the Medium-Term", New York, 
September 1976, cited in WAES, op, cit. 

28. Gordian Associates, using Oil and Gas Journal and World Oil, 
see note 7. 

29.. Additions, in billions of barrels, for these countries were 
Egypt (0.5) , Chile (0.26) , Pakistan (0.2) , ~rgentina (0.2) , 
Columbia (0.1) , ~rinidad/Tobago (0.. 1) , ~olivia (0.1) , and the 
Philippines (0.1). At the other extreme, Zaire had its re- 
serve estimate reduced by 0.35, Spain by 0.17, and Oman by 
0.16. 



30. R. F. Meyer ,. 'The 'Pot eritial 'Coritriljut ion 'of 'Small Oil arid 'Gas 
Deposits, p. 298, in conference proceedings "The Future Supply 
of Nature-Made Petroleum and ~aturai Gas", IIASA and UNITAR, 
5-16, July 1976, Laxenburg Austria, Perganon Press, 1977. 

31. See note 29; also sedimentary estiinates of Bernardo Grossling. 

32. U.N. Yearbook of Industrial Statistics, 1974 Editfon. 

33. India builds its own 220 MW plants. The smallest unit available 
from Canada is 400 MW. Although other manufacturers might take 
up the challenge to develop a 100-200 MW plant, they haven't as 
yet. 

34. A Makhijani, Energy Policy for the Third World, Interriatianal 
Institute for Environment and Development, London Washinyton, 

35. E. Eckholm, Losing Ground, Worldwatch/W.W. ~oiton, New York, 1976. 

36. J. W. Howe, James Bever, William Knowland, and James Tarrant, 
Energy for Developing Countries, Overseas Development C O U ~ C ~ ~ ,  
Washington, 1978 (forthcoming). 

37. L. R. Brown, P. McGrath, and B. Stokes, Twenty-Two Dimensions of 
the Population Problem, Worldwatch Paper #5, Worldwatch Insti- 
tute, Washington, 1976. 

38. J. G. Bene, H. W. Beall, and A. Cote, Trees, Food, and People: 
Land Management in the Tropics., International Development 
Research Centre, Ottawa, 1977. 

39. West African Community and CILLS, from synopsis of committee 
discussions of the Solar Energy and Development Symposium, 29 
September-2 October, 1976, Bamako, Mali. 

40. D. E. Earl, Forest Energy and Economic Development, Clarendon, 
Oxford, 1975. 

41. K. Openshaw, Woodfuel, a Time for Reassessment,,E. African 
Journal, January 1977. 

42. Figures for the production and apparent consumption of fuelwood 
as reported by the FA0 and U.N., in most cases substantially 
understate production, since forest produce removed from 
privately owned land, tree litter or illegal remove1 from forest 
reserves are not recorded. In an extreme case, it was dis- 
covered that the recorded production of fuelwood and charcoal 
in mainland Tanzania for.1960 was less than 1.5% of the esti- 



mated consumption determined by survey (a) . Two separate studies 
in Bangladesh resulted in order of magnitude differences in con- 

(b) sumption estimates . 
(a) K. Openshaw, (1971). Present consumption and future re- 

quirements of wood in Tanzania. Technical Report 3 FO 
SF/Tan 15. F.A.O., Rome. 

(b) 'UNDP Bangladesh 'Energy Study, for the Government of 
Bangladesh, Asian Development Bank, November 1976. 

43. This section was prepared by Gordian ~ssociates. 



CHAPTER C 

NOTES AND REFERENCES 

1. Tradi t iona l  energy sources a r e  those i n  widespread use i n  pre- 
i n d u s t r i a l  economies, genera l ly  synonymous with noncommercial 
energy, o r  energy sources t h a t  a r e  not  normally bought and sold.  
Trad i t iona l  and noncommercial energy sources a r e  general ly  con- 
s idered to include: ( a )  woodfuels (both fuelwood and charcoal)  
(b) crop residues (such a s  r i c e  and m i l l e t  s t r a w )  ( c )  animal 
dung (expecial ly  cow dung),  and (d) animal d r a f t  power (both 
f o r  power such a s  i n  plowing and f o r  t r a n s p o r t ) ,  (el  d i r e c t  
s o l a r  energy f o r  drying. "Metabolic" energy, o r  human muscle 
power is  of ten  included i n  c a l c u l a ~ i o n s .  Though not  cu r r en t ly  
used i n  l a rge  quan t i t i e s ,  wind and small-scale hydro (of l e s s  
than 500 k i lowat t s  i n  s i z e  o r  f o r  d i r e c t  mechanical power 
r a the r  than f o r  generat ion of  e l e c t r i c i t y )  might a l s o  be in- 
cluded. 

I t  should be noted t h a t  a l l  of these  a r e  o r  can be  bought and 
sold t o  some ex t en t ,  and i n  t h e  fu tu re  it i s  l i k e l y  t h a t  an 
increasing proportion of  each of them w i l l  en t e r  t he  market. 
Therefore it is  obvious t h a t  t h e  commercial/noncommercial nomen- 
c l a t u r e  is. not  e n t i r e l y  accurate.  Most authors  s t i l l  use it, 
however,-because it i s  usua l ly  prefe rab le  t o  breakdowns such 
a s  p r imi t i ve  o r  t r a d i t i o n a l  vs. modern o r  conventional vs. E- 
conventional,  e t c  . 
In  p r a c t i c e  noncommercial f u e l s  include a l l  bu t  f o s s i l  f u e l s  
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CHAPTER D 
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A s  charcoal  is smokeless and almost sulphur-free,  it is an i d e a l  
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than counterbalanced by the  damage done t o  the  r e s t  o f  t he  developing 
w r l d .  
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APPENDIX A 

BASIC SOCIAL AND ECONOMIC 

INDICATORS OF DEVELOPING COUNTRIES 



BPSIC SOCIAL AND ECONOMIC INDICATORS (BY COUNTRY) 

INDUSTRIALIZED COUNTRIES 

Comerc ia1  
Energy 

Consump- 
t i o n  

Per Capita 
(1975) 

% Mnfg. 
Value 

Added ( I n  
Producers 
Values) 
t o  GNP 

C ~ d e  
Deazh Rate 

[per  
1.000) 

polI (1975) 

I n f a n t  
Mortal i ty 
Rate (per  

1,000) 
(1970) 

0 Income 
Received 

Li fe  By Lowest 
Expectancy 20% 

(1975) (1975) 

GNP Per 
Capita 

1974 U.S. P B  

S A L E  

% Urban- 
i z a t i o n  

11975) 

% Income 
Received 

By Highest 
5% (1975) 

Arable 
Export Land (sq.  

% of krn 10-3)  
GNP Per Capita Country 

Argentins 

Brazil  

Chile 

S.  Korea 

Singapore LOO. 0 

Spain 

Taiwan (Re- 
public of 
China) 

Uruguay 

Yugoslavra 

Value edded i n  f a c t o r  values.  



BASIC SOCIAL AND ECONOMIC INDICATORS (BY COUNTRY) 

OIL EXPORTERS 

Commercial 
Energy 

Consump- 
t ion 

Per Capita 
(1975) 

Crude 
Death Rate 

(per 
1,000) 

poLI (1975) 

Infant 
Mortality 
Rate (per 
1,000) 
(1970) 

0 Income 
Received 
By Lowest 

20% 
(1975) 

0 Mnfg. 
Value 

Added (In 
Producers 
Values) 
to GNP 

Arable 
Land (sq. 
km 10-3) 

Per Capita 

GNP Per 
Capita 
1974 U.S. POP 

Country S 106 

0 Income 
Received 

By Highest 
5% (1975) 

Life 
Expectancy 

(1975) 

Export 
0 of 
GNP 

Bolivia 280 5.5 

Congo 470 1.3 

Malaysia 680 11.6 

Mexico 1,090 58.1 

Oman 1,660 0.7 5.0 334 ' N.A. 18.7 ----- 47.0 --- 
Syrian 
Arab Rep. . 560 7.1 45.9 477 52 15.4 93.0 56.0 --- 

Trinidad and 
Tobago 1,700 1.2 25.1 3,132 N.A. 5.9 35.0 69.5 --- 
Tunisia 650 5.6 47.5 447 4 4 13.8 106.0 54.1 --- 

Value added in factor values. 



BRLANCED GROWTH ECONOMIES 

Commercial 
Energy Crude Infant 0 Income 

Consump- Deat.h Rate Mortality Received 
t ion lper Rate (per Life By Lowest 

Per Capita 1.000) 1,000) Expectancy 20% , 

(19?5) poLI (1975) (1970) (1975) (1975) 

0 Mnfg. 
Value 

Added (In 
Producers 
Values) 
to GNP 

GYP Per 
Capita 
1974 U.S. 

Country $ 

0 Income 
Received 

By Highest 
50 (1975) 

Arable 
Export Land (sq. 
0 of km lo-)) 
GNP Per Capita 

0 Urban- 
POP ization 
106 11975) - 

Colombia 500 

Greece 2,090 
I-' 
LJ 
0 India 140 

Pakistan 130 

Panama 1,000 

~ e r u  740 

Philippines 330 41.5 29.0 326 7 3 10.5 80.0 58.4 3.9 

Turkey 750 38.3 41.8 630 54 12.5 145.0 56.9 2.9 

Value aadeC in faztor values. 



BASIC SOCIAL AND ECONOMIC INDICATORS (BY COUNTRY) 

PRIMARY EXPORTERS 

Commercial 
Energy C ~ d e  Infant a Income 

Consump- Death Rate Mortality Received 
a Urban- t ion (per Rate (per Life By Lowest 
ization Per Capita 1,000) 1,000) Expectancy 20% 
(1975) (1975) poLI (1975) (1970) (1975) (1975) 

a Mnfg. 
Value 

Added (In 
Producers 
Values) 
to GNP 

a Income 
Received 

By Highest 
5% (1975) 

GNP Per 
Capita 
1974 U.S. POP 

Country $ 106 

Arable 
Export Land (sq. 
a of km 10-3) 
GNP Per' Capita 

Botswana 290 0.66 

Guinea 120 4.3 

Guyana 500 0.78 
I-' 
W 
P 

Jamaica 1,190 2.0 

Liberia 390 

Mauritania 290 

Morocco 430 

Sierra Leone 190 

Surinam 1,180 

Togo 250 

Zaire 150 

Zambia 520 



B A S X  SOCIAL AND ECONOMIC INDICATORS (BY COlNIRn 

AGRIZULTUPAL EXPORTERS 

Commercial % Mnfg. 
Energy Crude Infant % Income Value 

GNP Per Ccnsump- Death Rate Mortality Wceived % Iacome Added (In 
Capita % Urban- tion (per Rate (per Life Lowest Received Producers Export 
1974 u.S. POP ization Per Capita 1,000) 1,000) Expectancy 20% By Highest Values) $ of 

Country $ 106, (1975) (1975) PpaI (1975) (1970) (1975) i(1975) 5% (1975) to GNP GNP 

Costa Rica 840 1 . 2  40.6 544 N f i  5.8 60.0 69.1 5.4 22.8 ---- 
I 17.6 

I-' Dom. Rep. 650 4.56 42.0 4 58 64 11.0 50.0 57.8 4.1 26.1 2.4 12.9 
W 
10 

Gambia 150 0.51 14.0 - 66 22 24.1 83.0 40.0 --- --- ---- 45.4 
1 

Guatemala 5E.0 5.E 33.8 237 53 13.7 83.0 54.1 --- --- 10.2 12.4 

Honduras 340 2.53 31.0 232 50 14.6 53.5 2.5 28.0 ----- ---- 23.6 

Ivory Coast 460 4.E 34.3 Z66 23 20.6 140.0 43.5 9.0 ---- ---- 11.4 

Sri Lanka 130 13.7 22.4 I127 8: 6.3 50.0 67.0 7.3 18.6 ---- ---- 

Arable 
Land (sq. 
km 

Per Capita 

Thailand 310 41.0 16.5 ;84 70 10.8 80.0 58.0 --- 5.7 3.4 ---- 



BASIC SOCIAL AND ECONOMIC INDICATORS (BY COUNTRY) 

OTHER AGRICULTURAL 

Commercial 
Energy Crude Infant % Income 

Consump- Death Rate Mortality Received 
% Urban- tion (per Life By  owes st Rate (per 

POP ization Per Capita 1,000) 1,000) Expectancy 20% 
106 - (1975) (1975) (1975) (1970) (1975) (1975) 

% Mnfg. 
Value 

Added (In 
Producers 
Values) 
to GNP 

GNP Per 
Capita 
1974 U.S. 

Country $ 

% Income 
Received 

By Highest 
5% (1975) 

Arable 
Export Land (sq. 

% of km 10-3) 
GNP Per Capita 

Bangladesh. 100 

Benin 120 

Burma 100 

Burundi 

Camamon 

Cen. Af. Ehp. 

Chad 

Cyprus 

El Salvador 

Eq. Guir-ea 

Ethiopia 

Fiji 

Ghana 

Haiti 

Jordan 

Kenya 200 12.9 11.3 174 4 0 16.0 55.0 50.0 3.9 

Lehanon 1,070 2.8 53.0 928 80 12.6 82.0 60.9 4.0 

Lesotho 140 1.0 3.1 50 19.7 ----- ----- 46.0 --- 

Value added in factor value. 



B A S I C  SOCIAL AND ECONOMIC INDICATORS (BY COUNTXY) 

OTSER AGRICULTURAL (Cont inued)  

Commerc ia l  
Energy  Crude  I n f a n t  % Income 

CNP P e r  Consump- D e a t h  R a t e  M o r t a l i t y  R e c e i v e d  % Income 
C a p i t a  % Urban- t i o n  . p e r  R a t e  ( p e r  L i f e  By Lowest R e c e i v e d  

1974 u.S. P(P i z a t i o n  P e r  C a p i t a  1 000)  1 , 0 0 0 )  E x p e c t a n c y  20% By H i g h e s t  

C o u n t r y  $ :1975) (1975) (1975)  (1970)  (1975)  (1975) - 5% (1975)  

Madagascar 1 8 0  2 . 3  1 4 . 5  7 1 34 21 .1  102.0  4 3 . 5  --- ---- 
----- Malawi 130 4 . 9  5.0 5 6  29 23.7 41.0 5 . 7  29 .5  

M a l i  8 0  5 . 6  ---- 2 5 1 5  . 45.9 ----- 38.0  --- ---- 
M a u r i t i u s  580 0 . 9  48 .3  279 75 6 . 8  57 .0  65 .5  4 . 5  45 .0  

Mozambique 340 9 0 55 .0  1 6 6  23 .! 1 . 4  ----- 41.0  --- ---- 
Nepal  1 0 0  1 2 . 3  4.0 1 0  23  !0.3 ----- 4 3 . 6  --- ---- 
N i c a r a g m  670 2 . O  49 .0  479 5 3  7 . 1  45 .0  66 .5  4 . 6  22 .2  

N i g e r  1 2 0  0 . 9  9.4 3 5 1 3  25.5 ----- 3 8 . 5  --- ---- 

Papua N. 
Guinea  470 2 .7  1 1 . 0  278 34 ---- 47.7 --- ----- ---- 
P a r a g u a y  510 2 . 6  36 .0  1 5 3  7 4 1 0 . 8  . 67.0 6 2 . 0  4 . 0  30 .0  

Rwanda 6 0  4 . 1  3 . 8  1 4  2 7 23 .6  1 3 3 . 0  41 .0  --- ---- 
S o m a l i a  ; 9 0  0 .5  2 8 . 3  3 6  1 9  21.7 ----- 4 1 . 0  --- ---- 

S w a z i l a n d  390 0.5 7 . 9  --- -- 2 1 . 8  ----- --- ---- 4 3 . 5  

Sudan 230 1 7 . 3  1 3 . 2  1 4 0  33 -17.5 ----- 50.6 5 . 1  ---- 
T a n z a n i e  160 14 .8  7 . 5  5 0 28 2 0 . 1  160.0  4 4 . 5  2.3 33.5 

Uganda 240 11.2 7 . 1  5 5  3 3 1 5 . 9  ----- 5C.O 6 . 2  20 .0  

Upper V c l t a  9 0  5.9 1 1 . 0  20 1 7  2 5 . 8  3E.G --- ----- ---- 
Yemen A. Rep. 1 8 0  6- 5 5 . 4  49  27 20 .6  ---- 3i.C --- --- 

% Mnfg. 
V a l u e  

Added ( I n  
P r o d u c e r s  

V a l u e s )  
t o  GNP 

8 . 0  
* 

8 . 9  

A r a b l e  
E x p o r t  Land ( s q .  

% o f  km 
GNP P e r  C a p i t a  

Value  adzled i n  fac tc . r  . r a l u e s .  
* * 

No e x p o r t s  l i s t e c .  



KEY TO DATA 

GNP Per capitaa 
1974 U.S. dollars. 

Population 
b 

1974 estimated 

Percent Urbanization 
Urban population as percentage of total population. (Different 
definitions of urban areas may affect comparability of data.) 

Commercial Energy Consumption 
d 

Per Capita, 1975. l@logu-ms: of c~a.1 aqu$.valent p . ~  cap$%'.. 

PQLI (Physical Quality of Life Index h 
Scaled from 1 to 100, see Chapter C 

Crude Death   ate' 
Per thousand of mid-year population; an estimated 5-year average 
ending in 1975. 

Infant ~ o r t a l i t ~ ~  
'Rate per 1000 live births; 1970 figure. 

C 
Life Expectancy 

Average number of years of life remaining at birth' (usually'5-year 
average, ending in 1975). 

Income Received by Lowest 20% of HouseholdsL 
Percent of private income (both in cash and kind); 1975 figures. 

Income Received by ~ighest 5% of HouseholdsL 
Percent of private income (both in cash and kind); 1975 figures. 

Manufacturing Value Added 
f 

Producers Values Except Where Otherwise Noted as Percent of GDP 
Figures pulled from industrial statistics for year In 1970-1974 
range and GDP corresponds to that year; there are country to 
country variations. 

Exports as Percent of G N P ~  
Latest figures available from Oxford Economic Atlas. - 

Arable Land (Square Kilometers) Per capitag 
Latest figures available from Oxford Economic Atlas. 

a World Bank Atlas, 1.976. 

b U.N. Statistical Yearbook 1975 
Table 18. 

e World Bank, World Tables 1976. 

f U:N. Yearbook of Industrial 
Statistics 1975, 1977. 

c World Bank, World Economic & g Oxford Economic Atlas. 
Social Indicators, May-June 1977. 

h Overseas Development Council 
d U.N. World Energy Supplies, 1971- 

1795, Series J, 1977. - 
The United : States and World De- 
velopmcnt, Agenda 1977, Praeger, 
N.Y., 1977. 



.IIABLE 

CIWENT NON OPEC LDC OIL~RESERVES(~)AM) PW)DUCTION(~) 

Industrialized R 2 R/Pc) ALL R/P 
Argentina 2.50 440 16 Singapore - - - Taiwan .012 5 7 

. . 

Brazil .88 162 15 South Korea - - - Uruguay - - - 
Chile .44 22 35 Spain .27 21 35 Yugoslavia .33 80 11 

TOTAL 4.43 730 

Oil Exporters 

Angola-Cabinda 1.2 195 17 Congo 0.4 35 31 Oman 5.7 350 45 
Bahrain 0 . 3  54 15 Egypt 2 , 5 4 5 0  15 Syria 2.2 200 30 
Bolivia 0.4 35 - Malaysia 2.5190 36 Trinidad-Tobago 0.7 230 8 
Brunei 1.6 207 - Mexico 14.0 990 39 Tunisia 2.7 8'1 B5 

*AL 32.8 3023 

Balanced Economies 

Colombia .96 140 19 Pakistan .28 10 77 PBN .73 90 22 
Greece .63 - - Panama - - - Philippines .l - 

Turkey .37 65 16 

TOTAL 5.47 505 

Primary Exporters 

Botswana - - Liberia - - - - - Togo 
Guinea - Mausitania - - Zaire .15 24 17 
Guyana -- - - Morocco .00015 0.4 Zambia - - 
Jamaica Sierra Leone 

TOTAL .15 24 

iqrii~lturai .. . 

Afghanistan .084 0.2 1150 Gambia - Niger - 
Bangladesh - Guatemala .016 - - Papua New Guinea - - - 
Benin Ghana a - - rataguay - 
Burma .055 23 7 Hsiti Rwanda - - 
Burundi - - Honduras - Fn!!+721 
Cameroon .06 - - Ivory Coast - Somalia - 
Central Afr.Emp. - - - Jorrlatl - - - 6ri LmJm , - 
Chad - - Lebanon - - Sudan - 
Camoros - - Lesotho - - - Susinam , - - - 
costa Rica - - Madagascar Swaziland 
Cyprus - - mlawi - Tanzania - 
Dominican Republic - - Mali - - - Thailand .00027 0.2 4 
El Salvador - Mausitius - Uganda - - 
Eq. Guinea - - mzambiq~je - - Upper Volta a - - 
Ethiopia .- - Nepal - - ~ornon ~ r a b  itop. 
Fiji - Nicaragua - 

TOTAL .22 23 

WCOUNTRIES 43.1 4305 
Source: Gordian Associates, Inc., based on Oil and Gas Journal and World Oil. 

'"'~stimated prove6 crude oil reserves as of Jan. 1, 1978 (billions of barrels). 

"'1977 Production (.thousands of barrels per day). 

(C)Fatio of reserves to annual production (barrelsbarrels Per year). 



APPENDIX B 

I .  WORKSHOPS 

A s  p a r t  of t h i s  study three  workshops were held t o  d i scuss  energy 

problems, i n  developing countr ies  a s  they r e l a t e  t o  1) t h e  food system, 

2) rural/domestic i s sues ,  3) resource management. The purpose of  the  

workshops was t o  c l a r i f y  the  major i s sues  and t o  make recommendations on 

programmatic a reas  f o r  U .S. a s s i s t ance  i n  these s ec to r s .  A b r i e f  

discussion of t he  conclusions of these  th ree  workshops a r e  out l ined below 

and a l i s t  of  t he  pa r t i c ipan t s  follows. 

A. Food System 

The Workshop on "Energy Needs, Uses and Resources i n  t he  Food 
. . 

systems of  Developing Countries" was held a t  Cornell  University on 

December 23, 1977. The pa r t i c ipan t s  found t h a t  s p e c i f i c  energy technologies 

t h a t  a r e  environmentally sound and would s i g n i f i c a n t l y  a i d  the  economic 

development of the  r u r a l  poor include r e fo re s t a t i on ,  simple cooking s toves,  

food s t o r a g e . . f a c i l i t i e s ,  and s o i l  and water conservation. I n  addi t ion ,  

appropriate  use of power technology could reduce the  time spent  plowing, 

p lan t ing  and harvest ing crops,  thereby r a i s i n g  a g r i c u l t u r a l  production and 

increasing employment; The r epo r t  by t h i s  group s t r e s s e s  the  importance 

of a sound program of  planned resource management fo r  each country s ince  

t he  ava i lab le  energy and environmental resources f o r  each country a r e  unique. 

The.report  recommends t h a t  these resources.  then be managed a s  a t o t a l  system, 

s ince  the  f a c t o r s  that'inake up the  food system a r e  c lose ly  . i n t e r r e l a t ed .  



Energy Needs, Uses and Resources 

i n  the Food Systems of Developing Countries 

Workshop 

L i s t  of Pa r t i c ipan t s  

D r .  Edward S. Ayensu, Director  
Endangered Species Program 
Smithsonian I n s t i t u t i o n  

D r .  Edward Beardsworth 
Brookhaven National Laboratory 

D r .  Nornlan Brown 
Country Program Spec ia l i s t  
Off i c e  of In te rna t iona l  R&b Programs 
ERDA 

D r .  Vashek Cervinka 
Cal i forn ia  Department of Food & 

Agricul ture  

D r .  Otto Doering 
Agr icu l tura l  Economics Dept. 
Purdue University 

D r .  James Keiser 
Brookhaven National Laboratory 

M r .  William Knowland 
Overseas Development Council 

M r .  Stephen Klein 
Deputy Director  of Development 

Resources 
Bureau of Africa 
A I D  

D r .  Walter Lynn 
C i v i l  Environmental Engineering 
Cornell  University 

Technical ass i s tance  provided by; 

D r .  Joseph Me t z  
In te rna t iona l  Agriculture 
Cornell  Universi ty  

* 
D r .  David Pimentel 
~ o l l e g e ' o f  Agriculture and Li fe  
Geiencse 

Cornell  University 

D r .  Victor  Rabinowitch 
Board on Science and Technology 

f o r  In te rna t iona l  Develo~anent 
National Academy of Science 

D r .  Pe te r  Rogers 
Meta Systems, Inc. 

D r .  El inor  Terhune 
National Science Foundation 

D r .  David Thurston 
P lan t  Pathology 
Cornell  University 

M r .  Walter Vergera 
Agricul tural  Eng ineering 
Cornell  University 

D r .  Madison Wright 
Agronomy 
Cornell  University 

D r .  Regina Ziegler 
Fletcher  School of Law and 

Diplomacy 
n ~ , f t s  univers i ty  

Ephxqim Back 
Mar ion Harris 

* 
Chairman 



B, Rural I s s u e s  

The Workshop on "Rural/Domestic Energy I s sues"  was he ld  a t  Meta 

Systems Inc .  i n  cambridge, Massachusetts  on January 5-6, 1978. Recommendations 

f o r  a s s i s t a n c e  programs were made i n  t h e  a r e a s  o f  technology, p lanning,  

and t r a i n i n g .  Technologies t o  be developed inc lude  pho tovo l ta ics ,  small  s c a l e  

hydropower, s o i a r  thermal a p p l i c a t i o n s ,  biomass, and biogas  . The cooking 

and t r a n s p o r t a t i o n  s e c t o r s  of t h e  r u r a l  economy were thought t o  m e r i t  

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

and t h e i r  c o n t r i b u t i o n  t o  r u r a l  energy u s e ,  

Planning a c t i v i t y  should cover examination o f  r u r a l  energy problems, 

i d e n t i f i c a t i o n  of nonconventional resource  s u p p l i e s ,  demand and supply a n a l y s i s  

i n t e g r a t i n g  r u r a l  a n a l y s i s  wi th  urban i n d u s t r i a l  a n a l y s i s  i n t o  t h e  o v e r a l l  

n a t i o n a l  energy p i c t u r e ,  and r u r a l  economic/resource s t u d i e s  t o  d e f i n e  t h e  

dynamics of energy supply and demand i n  r u r a l  a reas .  

Recommende'd programs i n  t r a i n i n g  inc lude  t r a i n i n g  of v i l l a g e  develop- 

ment workers and v i l l a g e  women, t r a i n i n g  of a r t i s a n s  and smal l  businesspersons  

i n  appropr ia te  t echnolog ies ,  s p e c i a l  courses  f o r  t e a c h e r s  and o t h e r  opinion 

l e a d e r s ,  and formal education.programs f o r  t r a i n e d  t e c h n i c a l  personnel  ( in-  

c lud ing  economists) . 



Rural/Doniesfic'Energy I s s u e s  workshop 

L i s t  o f  P a r t i c i p a n t s  

M r .  James Aust in  
Planning O f f i c e r  
M i n i s t r y  o f  Finance 
Botswana 

D r .  Edward Beardsworth 
Brookhaven Nat ional  Laboratory 

M r .  Binayak Bhadra 
U n i v e r s i t y  of Oregon 
Center  f o r  Economic ~ e v e l o p n e n t  

and Adminis t ra t ion;  Tribhuvun 
U n i v e r s i t y ,  Katmandu, Nepal 

D r .  Douglas Bra i thwai te  
Meta Systems Inc .  

D r .  John Briscoe 
Dacca 2 ,  Bangladesh 

D r .  Norman Brown 
O f f i c e  o f  I n t e r n a t i o n a l  R&D Programs 
ERDA 

M r .  Benjamin Carr  
Harvard Univers i ty  
Div i s ion  o f  Applied Sciences  
(Planning Commission, Gambia) 

Ms. M. V i r g i n i a  Davis, c o n s u l t a n t  t o  
Brookhaven Nat ional  Laboratory 

* 
D r .  Russe l l  J. deLucia 
M e  ta  S y s LelT~ls 11iC . 

M r .  Namet I l a h i  
Harvard Univers i ty  
Kennedy School of Government 
(Planning Commission, Pak i s tan)  

M r .  W i l l i a m  Knowland 
Overseas Development Council  

M r .  Michael Lesser 
Meta Systems Inc .  

M r .  V. Mubayi 
Brookhaven Nat ional  Laboratory 

M r .  Alan Poole 
I n s t i t u t e  f o r  Energy Analysis  

D r .  P e t e r  P  . Rogers 
Harvard Univers i ty  
Ind ia  P r o j e c t ;  and 
Meta Systems Inc.  

D r .  Douglas V. Smith 
Meta Systems Inc .  

D r .  D.  K. Subramanian 
ASTRA, I n d i a  I n s t i t u t e  of 

Science 
Bangalore, Ind ia  

D r .  Richard Tabors 
Massachusetts  I n s t i t u t e  of 

Technology 
Energy Laboratory 

* 
Chairman 



C. Resource Management 

The Workshop on "Energy Related Resource Management in LDCs" was held 

at the Belmont Conference Center in Elkridge, Maryland on January 8-10, 1978. 

The group focused its discussion on three subject areas: the development of 

conventional resources, the development of large scale renewable resources 

and their, urban applications (rural and domestic applications of small scale 

technologies having been covered at the Rural/Domestic Workshop), and govern- 

ment management of energy related activities. 

The development of conventional resources should begin with the identi- 

fication of resources including oil, all types of natural gas:.and geopressured 

gas, nuclear fuel, coal and.other solid hydrocarbons (.oil shale,. 'tar sands) and 

geothermal resources. Exploration should follow to determine the existence of 

deposits sufficiently large to'justify commercial production. Assistance 

should be given in bringing small deposits to commercial use and in other 

facets of production and use of the resources. Finally, adequate procedures 

for the regulation and,management of resources must be established. 
. .. 

. . 
Renewable resources are both overexploited and underutilized in LDCs. 

Urban waste management, wind, electrical generation and larger scale industrial 

energy supply from biomass, cogeneration, storage, hydroelectricity were each 

examined and recommendations were made covering research and development, in- 

formation transfer, and implementation of these resources and related tech- 

nologies. 

Recommended government management of energy related activities include 

the formulation of a national energy plan, coordination among institutions, 

and provision of public financinq and promotion of private sector involvement. 



Energy Related'Resource Managexftent'iriLDCs'Wo~kshop 
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Brookhaven National Laboratory 
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Meta S y s t q s  Inc.  
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Brace Research I n s t i t u t e  
McGill Universi ty  

D r .  Jose  Goldemberg 
Universi ty  of  Sao Paulo 
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LDC Energy Program 
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U.S. Geological Survey 
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