


SCIENCE EDUCATION SERIES 

NO. 1 3  

ENERGY RESOURCES I N  SRI LANKA 

AND SUPPLY OPTIONS FOR THE FUTURE 

J.W. HERATH 

B.Sc. (Ade la ide) ,  Ph. D. ( L e e d s ) ,  

A.1. CERAM-, M.I.M.M., C. ENG. 

Consu l t ing  G e o l o g i s t  

and 

Co-ordinator - Oceanography U n i t  

N a t i o n a l  Aqua t ic  Resources  Agency, Crow I s l a n d  

COLOMBO 15. 

Former D i r e c t o r  Geolog ica l  Survey Department,  

D i r e c t o r ,  S c i e n t i f i c  A f f a i r s ,  M i n i s t r y  Of I n d u s t r i e s  

and S c i e n t i f i c  A f f a i r s  and Commonwealth Geolog ica l  L i a i s o n  

O f f i c e r  Commonwealth S e c r e t a r i a t  

LONDON 

Foreword BY 

PROF. K.K.Y.W. PERERA, 

B.Sc. Eng., M.Sc., Ph.D., 

F.I.E.E., (Lond.), F.I.E. ( S r i  Lanka). 

Chairman, Ceylon E l e c t r i c i t y  Board 

NATURAL RE SOURCES , ENERGY AND 

SCIENCE AUTHORITY 

4 7 1 5  Mait land P l a c e  

Colombo 7 

1985 



C O N T E N T S  

PAGE 

FOREWORD TO THE SERIES 

FOREWORD 

PREFACE 

LIST OF TABLES 

LIST OF FIGURES 

CHAPTER I INTRODUCTION 

CWTER 2 CONVENTIONAL ENERGY RESOURCES 

General  S ta tement ,  F u e l  Wood, 

P e a t ,  L i g n i t e  and Coal ,  Petroleum 

and N a t u r a l  Gas, H y d r o e l e c t r i c  Power 

Summa ry . 
CHAPTER 3 ALTERNATIVE SOURCES OF ENERGY 2 0 

Genera l  S ta tement ,  Nuclear  Power, 

S o l a r  Energy, Wind Energy, Biomass 

(fuel wood, c h a r c o a l ,  b i o g a s ,  e t h a n o l  

and waste  m a t e r i a l s ) ,  T i d a l  Energy, 

Thermal Energy of Water, Geothermal 

Energy, Hydropower, Hydrogen. 

Summary . 
CIWTER 4 GENERAL GEOLOGY AND GEOGRAPHY 

Geology, Geography, 

Sunmary. 

CHAPTER 5 PPZSENT ENERGY SITUATION AND MAIN 

RESOURCES. 

Genera l  S ta tement ,  Energy Consumption 

P a t t e r n s ,  Wood, Petroleum,  Hydropower, 

P e a t ,  Uranium and Thorium Minera l s ,  Thermal 

S p r i n g s ,  

Other  Resources  

Summary. 



CHAPTER 6 SRT LANKA OPTIONS FOR THE FUTURE 
General Statement , New Global Energy 

Sources, New Energy Research and 

Development i n  Sri Lanka, Options 
f o r  the Future. 

Summary. 

CHAPTER 7 SUbflIARY AND CONCLUSIONS 

REFERENCES 



FOREWORD TO THE SERIES 

The d isseminat ion  of s c i e n t i f i c  information i s  one of t he  

main func t ions  of t h e  Natura l  Resources, Energy & Science 

Authori ty.  The Jou rna l  of t h e  Nat iona l  Science Council 

published by t h i s  Author i ty  provides a  medium f o r  t he  

pub l i ca t i on  of s c i e n t i f i c  r e sea rch  papers ,  and "Vidurava", 

t he  q u a r t e r l y  sc ience  b u l l e t i n  con ta in s  s c i e n t i f i c  

a r t i c l e s  of a  gene ra l  na ture  which i s  of i n t e r e s t  t o  t h e  

public .  

There i s  s t i l l  a  wide gap i n  t h e  a v a i l a b i l i t y  of reading 

m a t e r i a l  on s c i e n t i f i c  s u b j e c t s  of l o c a l  i n t e r e s t .  One 

r e s u l t  o f  t h i s  i s  t h a t  sc ience  s tuden t s  conf ine  t h e i r  

reading only  t o  t h e i r  school  notes  and t o  t he  few 

a v a i l a b l e  t e x t  books which a r e  mostly published abroad. 

I n  an  a t tempt  t o  improve t h i s  s i t u a t i o n ,  t h e  Working 

Committee on Science Education Research of t he  Natural 

Resources, Energy & Science Author i ty  decided t o  publish a  

s e r i e s  of bookle ts  on s c i e n t i f i c  t o p i c s  of l o c a l  i n t e r e s t  

a s  supplementary reading m a t e r i a l  f o r  s tuden t s  and the 

gene ra l  public .  The au tho r s  who have been se l ec t ed  by the 

Committee t o  prepare these  booklets  a r e  e x p e r t s  i n  t h e i r  

r e spec t ive  f i e l d s .  The manuscripts  t h a t  were submitted by 

the  au tho r s  were examined by r e f e r e e s  before being 

accepted f o r  publ ica t ion .  The views expressed i n  these  

pub l i ca t i ons  a r e  those of t he  au thors  and a r e  not  

neces sa r i l y  those  of t h e  Natura l  Resources, Energy & 

Science Authori ty.  

I must thank t h e  Working Committee on Science Education 

Research of t h e  Natura l  Resources, Energy & Science 



Authority, and i n  particular Prof. V.  Basnayake who i s  the 
Ho'ny. Director of the .Working Committee for  .the work they 

have done t o  make t h i s  project a success. 

R.P. ~ayewardene' 

Director-General 
05th March, 1985 



FOREWORD 

The s u b j e c t  of energy deserves  p a r t i c u l a r  a t t e n t i o n  i n  S r i  

Lanka i n  view of i t s  e s s e n t i a l  na tu re  f o r  day t o  day 

l i v i n g  and i n  view of t h e  l a r g e  c o s t  t h a t  t he  country has 

t o  bear  t o  provide adequate amounts of commercial and 

domestic energy. Thus a t  t h i s  junc ture  i t  i s  both t o p i c a l  

and meaningful t h a t  the  au tho r  has been a b l e  t o  bring out 

t h i s  work on t h e  sub jec t  of energy. 

Except f o r  a  l im i t ed  hydro-electr ic  power p o t e n t i a l ,  S r i  

Lanka has no known sources  of o t h e r  co rke rc i a1  forms of 

energy such . a s  coal; o i l  o r  gas. Fuelwood forms a  

pos s ib l e  supplement. Thus i n  t h e  present  context  a  study 

of t h e  sub jec t  of energy resources  i s  of considerable 

importance. 

Various forms, of new and renewable sources of energy have 

been under a c t i v e  cons idera t ion .  A t  t he  present  moment 

t h e  economic v a i b i l i t y  of t he  new energy forms do not 

permit l a r g e  s c a l e  commercial use,  except  i n  p a r t i c u l a r  

l im i t ed  app l i ca t i ons .  

I n  t h e  p re sen t  pub l i ca t i on  t h e  au thor  d i s cus ses  i n  a  

simple and convenient form many a spec t s  pe r t a in ing  t o  

energy. I congra tu l a t e  t h e  au thor  f o r  h i s  e f f o r t s  i n  

w r i t i n g  t h i s  concise booklet  and f e e l  conf ident  t h a t  i t  

w i l l  be u s e f u l  t o  a  l a r g e  s e c t o r  of persons involved o r  

i n t e r e s t e d  i n  t h e  f i e l d  of energy. 

Prof.  K.K.Y.W. Perera 

Secre ta ry  

Minis t ry  of Power and Energy 



PREFACE 

This  pub l i ca t i on  a t  tempts t o  summarize t h e  g loba l  energy 

scene and t h e  a l t e r n a t i v e  energy sources  which would be 

a v a i l a b l e  f o r  use i n  t h e  f u t u r e  inc luding  the  energy 

s i t u a t i o n  i n  S r i  Lanka. A s  f o r  S r i  t anka  the  general  

conclusions drawn must be considered a s  t e n t a t i v e  and 

prel imipary.  Future researches  and s t u d i e s  by t h e  Ceylon 

E l e c t r i c i t y  Board (CEB) may show t h a t  some r ev i s ions  may 

be- necessary t o  t h e  d a t a  presented here ,  which has been 

gathered from var ious  pub l i ca t i ons ,  o rganiza t ions  

( inc luding  t h e  CEB) and s ta tements  made by indiv iduhls .  I 
wish t o  thank the  persons who have permit ted the 

reproduct ion of d a t a  from t h e i r  published and unpublished 

repor t s .  

It has been apparent  t h a t  our  advanced l e v e l  s t uden t s  and 

undergraduates were i n  need of a  t e x t  of t h i s  na tu re  t o  

cover broadly t h e  sub jec t  of energy. A t  t h e  same time i t  

i s  f e l t  t h a t  t h e r e  a r e  many working i n  t h e  i ndus t ry  who 

would welcome a volume of t h i s  nature.  Also i n  recent 

yea r s  t h e r e  is  much i n t e r e s t  shown by t h e  pub l i c  on energy 

r e l a t e d  problems. It i s  the re fo re  bel ieved t h a t  t h i s  

group w i l l  f i n d  t h i s  volume of i n t e r e s t  t o  them. Although 

the  present  volume i s  not  intended t o  be an exhaustive 

t reatment  of t h e  sub jec t  i t  does provide i n  a  convenienf 

form a summary which would be of use f o r  , a l l  those 

i n t e r e s t e d  i n  t h e  sub jec t .  



I wish t o  express  my g r e a t  indebtedness t o  M r .  L.W. de 

S i l v a ,  General Manager, Ceylon E l e c t r i c i t y  Board f o r  

g iv ing  me the  oppor tuni ty  t o  d i s c u s s  many of the t o p i c s  i n  

t h e  p re sen t  volume and h i s  thoughts  and work have 

con t r ibu t ed  t o  some of t h e  conclusions presented here in .  

Any ommissions o r  e r r o r s  i n  t he  d a t a  presented a r e  however 

s o l e l y  those  of t h e  author .  

My thanks a r e  a l s o  due t o  my col legues  at tached t o  t h e  

I n d u s t r i a l  Development Board, National  Engineering 

Research and Development Centre ,  Ceylon I n s t i t u t e  of 
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Author i ty ,  Ceylon E l e c t r i c i t y  Board, Forest  Department, 

S t a t e  Timber Corporat ion,  Water Resources Board, 

Geological  Survey Department, Meteorology Department, 

I f i n i s t ry  of blahaweli Development, Natural Resources, 

Energy and Science Author i ty  and National Aquatic 

Resources Agency who. have helped me wi th  da ta  on var ious  

a spec t s  of energy. By inc luding  t h e  names of these  

o rgan iza t ions  I do not wish t o  imp l i ca t e  them i n  any way 

with  erroneous conclus ions  I may have come t o  o r  mistakes 

I may have made. 

I should a l s o  l i k e  t o  record my s ince re  thanks t o  M r .  

D.B.J. Ranatunga, General Manager and Head - Department of 
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t e x t  i n  t y p e s c r i p t  and making numerous suggest ions f o r  i t s  

improvement, near ly  a l l  of which I was pleased t o  

incorpora te .  My thanks a r e  a,lso due t o  Prof .  K.K.Y.W. 

Perera ,  Chairman, Ceylon E l e c t r i c i t y  Board,. f o r  kindly 
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CHAPTER I 

INTRODUCTION 

Is t h e r e  r e a l l y  an, energy c r i s i s  ? As f a r  a s  t h e  o rd inary  

man i s  concerned,  probably not .  Everyone however, i s  

g r a d u a l l y  beginning t o  f e e l  t h e  e f f e c t s  of t h e  h i g h  p r i c e s  

now be ing  p a i d  f o r  o i l .  Although a t  t h e  moment t h i s  

cannot  be termed a  c r i s i s ,  a n  energy c r i s i s  i s  c e r t a i n l y  

coming i n  t h e  no t  t o o  d i s t a n t  f u t u r e .  The world i s  not  

running o u t  of energy i t  i s  running ou t  of o i l .  World o i l  

p r o d u c t i o n  i s  expected t o  t u r n  downward w i t h i n  t h e  next  25 

, t o  30 y e a r s ,  and s e v e r e  s h o r t a g e s  a r e  l i k e l y  t o  develop 

w e l l  b e f o r e  then.  

The i n c r e a s i n g  p r i c e  of o i l  has  p u t  many of t h e  wor ld ' s  

n a t i o n s  under  severe  stress. S i n c e  t h e  e a r l y  s e v e n t i e s  

many t y p e s  of ad jus tments  have been t r i e d ,  f o r  example, 

s u b s t i t u t i n g  o t h e r  energy r e s o u r c e s  f o r  o i l ,  s u b s t i t u t i n g  

o t h e r  r e s o u r c e s  f o r  energy,  doing wit11 l e s s  energy and 

a c c e p t i n g  a s '  a consequence lower m a t e r i a l  . s t a n d a r d s  of 

l i v i n g .  These ad jus tments  have been on ly  p a r t i a l l y  

s u c c e s s f u l .  Loomi.ng ahead of us  i s  ano ther  r e l a t e d  

problem, t h e  l a r g e  i n c r e a s e  i n  popula t ion  of t h e  world. 

With p o p u l a t i o n  growth t h e  demand f o r  energy would become 

s o  l a r g e  t h a t  p roduc t ion  c a p a c i t y  w i l l  be s t r a i n e d  and by 

t h e  y e a r  2000 .demand w i l i  begin t o  o u t s t r i p  supply 

c a p a b i l i t i e s .  Beyond t h i s  p o i n t  t h e  r e a l  energy problem 

begins .  The p r e s e n t  p o p u l a t i o n  of t h e  world which i s  

e s t i m a t e d  around 4.5 b i l l i o n  i s  expected t o  r i s e  by more 

t h a n  50 p e r  c e n t  over  t h e  nex t  20 y e a r s  t o  6.5 b i l l i o n .  



Of t h i s  t o t a l ,  5 b i l l i o n  people  are e s t i m a t e d  t o  be i n  . t h e  

deve lop ing  c o u n t r i e s .  The p r e s e n t  world energy demand 

l e v e l  ( t o t a l  pr imary energy consumption) of 7 b i l l i o n  tons  

of o i l  e q u i v a l e n t  i s  expected t o  r i s e  'according t o  

e s t i m a t e s  by t h e  World Energy Conference, t o  about  1 2  -15 

b i l l i o n  t o n s  of o i l  e q u i v a l e n t  by t h e  y e a r  2000. 

To-day most i n d u s t r i a l i z e d  c o u n t r i e s  a r e  dependent on v a s t  

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

p r o g r e s s ;  t h e  i n d u s t r i a l i z e d  world now o p e r a t e s  on a  

t ~ v - f u e l '  economy. I n  t ime t h e  e x i s t i n g  sources  of power 

w i l l  be hard p ressed  t o  meet t h e  i n c r e a s i n g  demands on a l l  

s i d e s  and o t h e r  forms of power p roduc t ion  have - t o  be 

u t i l i z e d .  Th is  t r e n d  has  been p a r t i c u l a r l y  marked i n  

c o u n t r i e s  t h a t  a r e  n o t  endowed w i t h  indigenous sources  of 

c o a l  o r  o i l .  Although t h e s e  o t h e r  sources  may make 

s i g n i f i c a n t  c o n t r i b u t i o n s  t o  p a r t i c u l a r  f u e l  economies 

t h e i r  o v e r a l l  c o n t r i b u t i o n  t o  t h e  w o r l d ' s  energy economy 

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

p r i c e  of c o n v e n t i o n a l  f u e l  c o n s i d e r a b l e  a t t e n t i o n  is. now 

be ing  pa id  t o  t h e  d i scovery  and development of new sources  

o f  energy.  The d e s i r e  tlien i s  . to  f i n d  a l t e r n a t i v e s  t o  t h e  

' b i g  two' ( c o a l  and o i l ) .  

I n  t h e  long run ,  t h e  world w i l l  have t o  r e l y  upon 

renewable,  d u r a b l e  and v i r t u a l l y  i n f i n i t e  energy 

s u p p l i e s .  Assume f o r  a  moment t h a t  by t h e  end of t h e  next  

50 y e a r s  tie had n o t  developed t o  any s i g n i f i c a n t  degree 

t h e  many a l t e r n a t i v e  energy sources  now open t o  us.  With 

o i l  and g a s  r e s o u r c e s  being g r a d u a l l y  exhausted,  we would 

have t o  f i r s t  depend on n u c l e a r  power and c o a l  t o  supply 

most of o u r  energy needs.  The message i s  t h e r e f o r e  



c l e a r .  Unless we move immediately t o  promote the 
e f f i c i e n t  use of energy and develop and harness 

a l t e r n a t i v e  forms of energy, we a r e  bound t o  face  ser ious  

problems. , 

The present  b u l l e t i n  a t tempts  t o  g ive  a br ie f  account of 

t he  energy resources  of t h e  world, t he  a l t e r n a t i v e  energy 

sources a v a i l a b l e  a s  opt ions  f o r  t h e  f u t u r e  and the  energy 

scene i n  S r i  Lanka inc luding  e f f o r t s  made by the  S t a t e  t o  

develop a l t e r n a t i v e  sources of energy. The author  does 

not ciaim c r e d i t  f o r  t h e  information included i n  t h i s  

study. Such information i s  based on ava i l ab le  t echn ica l  

l i t e r a t u r e ,  brochures o r  s tatements  by manufacturers and 

on d i r e c t  con tac t s  and d iscuss ions  held i n  spec ia l ized  

. i n s t i t u t i o n s  when the  w r i t e r  was at tached to .  t he  

Commonwealth S e c r e t a r i a t  London. The b u l l e t i n  i s  not 

i n t en ted  t o  be an exhaust ive t reatment  of the  subject .  It 

only provides i n  a  convenient form a summary which would 

be of value mainly t o  s tuden t s  and t o '  t hose .  i n t e r e s t e d  i n  

t h e  sub jec t  of energy i n  general .  



CONVENTIONAL ENERGY RESOURCES 

GENERAL STATEMENT 

The va lue  of a f u e l  l i e s  i n  i t s  c a l o r i f i c  value,  t h a t  i s ,  

i n  t h e  number of B r i t i s h  Thermal Un i t s  (Btus) l i b e r a t e d  by 

the combustion of one pound of t h a t  f u e l .  (The Btu is  the  

q u a n t i t y  of hea t  requi red  t o  r a i s e  t he  temperature of one 
0 

pound of water  1 F) .  Pure carbon has  a c a l o r i f i c  va lue  of 
14,137 Btus and hydrogen a va lue  of 61,493 Btus'. The 

h igher  t h e  propor t ion  of hydrogen a f u e l  con t a in s  t he  

b e t t e r  i t  w i l l  burn. The i d e a l  f u e l  would t h e r e f o r e  be 

hydrogen. The two p r i n c i p a l  combust ible  elements common 

t o  wood, c o a l  and petroleum a r e  carbon and hydrogen. The 

ma jo r i t y  of f u e l s  come d i r e c t l y  o r  i n d i r e c t l y  from 

carbohydrates .  I n  t h i s  sense we awe most of our  f u e l s  t o  

t h e  sun. 

The sun i s  a source of energy ( r a d i a n t  energy). We see  i t  

a s  hea t  and l i g h t .  P l a n t s  use  i t  t o  grow, s t a r t i n g  t he  

food cha in  which even tua l l y  provides  man wi th  muscular 

energy. Coal, o i l  and gas  were o r i g i n a l l y  l i v i n g  mat te r  

and requi red  t he  sun ' s  energy. Water power a l s o  involved 

t he  sun ' s  energy. The sun makes t h e  water evaporate  and 

c louds  of water  vapour f a l l  a s  r a in .  Flowing water  was 

t h e  e a r l i e s t  of t h e  n a t u r a l  sources  of energy t o  be 

harnessed f o r  p rovid ing  power. Even tdnds  o r i g i n a t e  from 



uneven hea t ing  of t h e  e a r t h ' s  atmosphere by t h e  sun. Most 

f u e l s  a r e  r e a l l y  ' s t o r ed  s u n l i g h t ' ,  because the p l a n t s  

needed t h e  sun ' s  energy t o  grow and t h e  animals needed the  

p l a n t s  a s  food. When we burn wood or  a lcohol  (both 

ex t r ac t ed  from l i v i n g  p l a n t s ) ,  we a r e  r e a l l y  recovering 

recent  s o l a r  energy. When we burn coa l ,  o i l  o r  gas  we a r e  

r e d i s t r i b u t i n g  anc i en t  s o l a r  energy. Coal, petroleum, and 

n a t u r a l  gas  a r e  o f t e n  c a l l e d  f o s s i l  o r  hydrocarbon f u e l s .  

The main sources  of energy c u r r e n t l y  consumed i n  most 

coun t r i e s  inc lude  wood, c o a l ,  petroleum, n a t u r a l  gas and 

hydropower. On a g loba l  s c a l e  our  t o t a l  dependence over 

t h e  l a s t  ha l f  century has been on the  above fue l s .  

Nuclear power (on a commercial s c a l e )  which came i n t o  , 

ope ra t ion  around 1956 i s  perhaps t h e  most immediately 

a v a i l a b l e  new source of energy. 

COINENTIONAL ENERGY SOURCES 

1. FUEL WOOD 

I n  many developing coun t r i e s  r u r a l  energy s t i l l  comes from 

t r a d i t i o n a l  non-commercial energy sources - human muscle 

power, firewood and i n  some a r e a s  animal t r a c t i o n .  Un t i l  

about 100 yea r s  ago fuelwood was t h e  major source of 

energy a l l  over  t h e  world. A t  p resent  i t s  r o l e  i n  the  

energy economy of t h e  developed na t ions  i s  small.  It 

remains however, a major source of energy f o r  many of the 

wor ld ' s  l e s s  developed count r ies .  It has been estimated 

t h a t  f u e l  wood supp l i e s  about one-fourth of t he  t o t a l  

energy consumed i n  developing coun t r i e s  a s  oppooed t o  



about one percent  i n  t h e  i n d u s t r i a l i z e d  nat ions.  I n  some 

developing coun t r i e s  e s p e c i a l l y  i n  r u r a l  a r e a s  over 80 per  

cent  of a l l  energy used may be i n  t h e  form of firewood. 

It i s  a l s o  un l ike ly  t h a t  r u r a l  A s i a  w i l l  swi tch  t o  an 

energy source o t h e r  than fuelwood f o r  many more years  t o  

come. 

Fo re s t s  could q u i t e  poss ib ly  be a se l f -genera t ing  source,  

i f  p roper ly  managed. There has been a h i s t o r i c a l  tendency 

t o  over -explo i t  t hen  a t  too  r ap id  a r a t e .  Although t r e e s  

a r e  a renewable energy source,  popula t ion  growth seems t o  

o u t s t r i p  t r e e  growth and a progressive . f o r e s t  

d e t e r i o r a t i o n  ensues. Except f o r  a few coun t r i e s  t h e  

resource  i s  being harvested more r a p i d l y  than i t  i s  being 

pfopagated and t h i s  can have s e r i o u s  eco log ica l  and s o c i a l  

consequences. 

Large s c a l e  removal of f o r e s t  cover u sua l ly  l eads  t o  rapid 

water  run-off,  s o i l  e ros ion ,  s i l t i n g  and f looding i n  ra iny  

seasons. Down stream flows . i n  dry  weather a r e  a l s o  

reduced wi th  i t s  impact on a g r i c u l t u r a l  production. Also, 

when d e f o r e s t a t i o n  t akes  place t h e  land l o s e s '  

cover ,  i t s  c apac i ty  t o  r e t a i n  r a i n  water  dec l ines ,  and t he  

water t a b l e  beneath such land f a l l s  dramat ica l ly .  Wells 

must then  be sunk t o  g r e a t  depths.  Problems of 

d e f o r e s t a t i o n  a r e  becoming v i s i b l e  a l l  over south-east 

Asia a s  wel l  a s  i n  o t h e r  developing coun t r i e s -  With the '  

probable continued dependence of r u r a l  a r e a s  on t h i s  

energy source,  a t t e n t i o n  has been focussed i n  recent  years  

on ways t o  ensure fuelwood supp l i e s  on a "Sustainable" 

bas i s ,  through t h e  development of a r e a s  earmarked f o r  t h i s  

purpose. 



2. PEAT, LINGNITE AND COAL 

Peat  i s  used a s  a f u e l  i n  many c o u n t r i e s L  Peat formations 

s t a r t  w i th  t h e  dea th  and p a r t i a l  decay of p l an t s  

boardering pond o r  swamp. A s  t he  vege t a t i on  grows, d i e s  

and decays, yea r  a f t e r  year ,  an  accumulation of pea t  

forms. Drying of pea t  i s  one of t h e  g r e a t  problems of 

pea t  working. Much of t h e  technologica l  developments on 

pea t  throughout the  world a r e  r e l a t e d  t o  methods of 

preparing i t  f o r  u l t ima te  consumption. Much e f f o r t  has 

been devoted by such coun t r i e s  a s  I r e l and ,  USSR Finland 

and Sweden on methods and processes  of u t i l i z i n g  pea t  a s  a 

f u e l .  Peat i s  i n  sho r t  a mediocre f u e l  and has a 

c a l o r i f i c  va lue  i n  t he  range 7,200 - 10,800 Btuse It i s  

used i n  compressed form f o r  i n d u s t r i a l  heating. Peat i s  

a l s o  used a s  a manure and on d i s t i l l a t i o n  i t  y i e l d s  coke, 

t a r ,  ammonia and f u e l  gases.  

L i g n i t e  i s  e s s e n t i a l l y  a low-rank coa l  with a c a l o r i f i c  

value between 10,800 and 12,600 Btus. It i s  a poor f u e l  

l i k e  pea t ,  and i s  u t i l i z e d  f o r  i n d u s t r i a l  purposes a f t e r  

drying and b r ique t t i ng .  Its c a l o r i f i c  value i s  s l i g h t l y  

h igher  than  t h a t  of pea t .  Apart from i t s  use f o r  

i n d u s t r i a l  hea t ing ,  on d i s t i l l a t i o n  i t  y i e l d s  gas ,  coke, 

syn the t i c  gaso l ine ,  bitumen, ammonia and numerous 

pharmaceutical products.  The main l i g n i t e  d e p o s i t s  a r e  

found i n  t he  United S t a t e s ,  Russia ,  Germany, 

Czechoslovakia, France and Eygland. 

Coal i s  t h e  l a r g e s t  developed energy source and the  main 

i n d u s t r i a l  na t ions  a r e  t hose  r i c h  i n  coa l .  Coal i s  formed 

from vegetable ma te r i a l  and i s  c l a s s i f i e d  i n t o  ranks 



according t o  the  degree of a l t e r a t i o n  from vegeta t ion  t o  
f ixed  carbon. Peat i s  t h e  f i r s t  s tage  and i s  not  

considered a coal .  There a r e  t h r e e  main ranks of coa l ,  

l i g n i t e ,  bituminous and an th rac i t e .  A l l  bituminous coa l  

was a t  one time l i g n i t e ,  and a n t h r a c i t e  has a l s o  passed 

through a l i g n i t e  s tage.  I n  t h e i r  i nc ip i en t  s t ages  a l l  

c o a l s  were pea t .  Anthraci te  i s  the  hardes t  of a l l  coals .  

It i s  c l e a n  t o  handle and has a c a l o r i f i c  value of 14,000 

- 16,000 Btus. Bituminous coa l  w i th  a c a l o r i f i c  value of 

12,000 - 15,000 Btus i s  the  i d e a l  coking and gas  coal .  

Coking coa l s  may y i e l d  from 50 t o  80 per  cent coke; Coke 

which i s  s p e c i a l l y  made f o r  smelt ing i r o n  ore i s  prepared 

i n  a closed ves se l  i n  t he  absence of a i r  (reducing 

atmosphere) thus  preserving the  f u l l  c a l o r i f i c  value of 

t h e  products. The coa l  when molten i s  made . t o  s o l i d i f y  

i n t o  hard ma te r i a l  of f ixed  carbon. The crude gas  given 

of f  from the  ovens i s  p u r i f i e d  f o r  consumer use. In round 

f i g u r e s  one ton  of coa l  y i e l d s  682 kg. of coke (niainly 

used i n  b l a s t  furnaces) ,  90 kg. of t a r ,  5 kg.. of benzol 

( d i s t i l l e d  t o  give gasol ine  ' and napthalene) 3 kg. of 

a m o n i a  (used i n  the  f e r t i l i z e r  indus t ry)  and 340 cubic 

n e t r e s  of gas  (used f o r  hea t ing  and i l luminat ing  

Coal i s  probably the  world 's  leading  fue l .  It i s  burned 

t o  y i e l d  hea t  f o r  many purposes - t o  generate e l e c t r i c  
power, t o  manufacture l i q u i d  f u e l  (oil-from c o a l ) ,  i n  

steam turb ines ,  t o  provide mechanical power i n  sh ips  and 

locomotives and t o  make combustible gases, t a r  and i t s  

numerous de r iva t ives .  I n  England and Wales where over 90 

pe r  cen t  of t h e  power supply comes from steam generat ing 

s t a t i o n s ,  c o a l  accounts f o r  85 pe r  cen t  of the  f u e l  used 



i n  t h e  s t a t i o n s ,  t h e  balance being supplied by o i l  and 

uranium. World product ion of c o a l  i s  now i n  t h e  region of 

3,600 m i l l i o n  tons  p e r  annum and t h e  main producing 

c o u n t r i e s  i nc lude  USA, USSR, China, Poland, Germany (FR),  

U.K. I nd i a ,  South Afr ica  and A u s t r a l i a  (See Table I). 

TABLE 1 

OUT PUT OF COAL IN SELECTED PRODUCING 

COUNTRIES 

Mil l ions  of Tons - (1979 - 1980) 

Provis iona l  

.......................................................... 
Country 1979 1980 --_____---_------------------------------_---------------- 
1JSSR 725 715 
US 7 40 830 
China 630 610 
UK 130 127 
Poland 213 193 
Ind ia  100 11 0 
Aus t r a l i a  90 100 
South Afr ica  100 115 
Canada 3 7 3 6 
Permany (FR) 85 88 ........................................................... 
World t o t a l  not ava i l ab l e .  
Estimated output  f i g u r e  around 3,600 n i l l i o n  tons pe r  
a  nnum . 
Mining Annual Review 1981. 

Ilorld resources  of coa l  ( a l l  ranks of coa l  - a n t h r a c i t e ,  

bituminous, l i g n i t e )  a r e  est imated a t  approxinfately 12,560 

b i l l i o n  sho r t  t o n s  - ha l f  t h e  resources  a v a i l a b l e  a r e  i n  

t h e  USSR. The annual  r a t e  of production has f o r  some 

yea r s  been s t a b i l i z e d  a t  around 3,600 mi l l i on  tons. A s  



t h e  p re sen t  world wide g l u t  of o i 1 . i ~  un l ike ly  t o  l a s t  f o r  

many more yea r s ,  l a r g e  amounts of c o a l  would be used i n  

t h e  near  f u t u r e  i n  t he  event  of a se r ious  shor tage  of 

o i l .  However, t h e  world r e se rves  (888 b i l l i o n  tons )  a r e  

s u f f i c i e n t  f o r  many hundreds. of yea r s  (See Table 11). 

Coal w i l l  i n  t h e  nea r  f u t u r e ,  doubt less ,  be tapped a s  a 

t r a n s i t i o n a l  energy source t i l l  an a l t e r n a t i v e  . t o  

petroleum i s  found. But c o a l  i s  d i s t r i b u t e d  even l e s s  

equ i t ab ly  than o i l ,  very few developing count r ies  have 

c o a l  depos i t s .  With o i l  r e se rves  being exhausted i t  i s  

reasonable t o  assume t h a t  a new c o a l  age i s  i n  s igh t .  

TABLE I1 

W0RL.D COAL RESERVES 

(Mil l ion  s h o r t  t ons )  

REGIONS RE SERVES OTHER TOTAL 
RESOURCES 

North America 437,300 3,651,000 4,088,300 
South America 1,750 . 34,530 36,300 
Europe 380,190 6,591,635 6,971,825 
Afr ica  3,530 61,359 64,889 
Asia 62,600 1,154,686 1,217,286 
Oceania 3,040 217,060 220,100 .......................................................... 
World To ta l  888,410 11,710,290 12,589,700 ......................................................... 

Estimated by World Survey Conference and US Geologic'al 
Survey 1974. Mineral Fac ts  and Problems. Bu l l e t i n  667. 
Bureau of Mines US 1975. 



3. PETROLEUM AND NATURAL GAS 

Petroleum i s  no r ecen t  discovery.  I n  t h e  e ighteenth  

century  when t h e  h i s t o r y  of American petroleum began t h e  

'Black o i l '  was co l l ec t ed  from t h e  su r f ace  of marshes and 

so ld  i n  b o t t l e s .  The c o l o n i s t s  at t h e  time used t h e  

petroleum t o  g rease  t h e  a x e l s  of t h e i r  wagons, t o  hea l  t h e  

wounds of t h e i r  horses  and t o  t r e a t  t h e i r  own rheumatism 

and i n j u r i e s .  Petroleum was, i n  s h o r t ,  a panacea f o r  a l l  

i l ls .  I n  1840 a chemist from Yale Univers i ty  d i s t i l l e d  

t h e  con ten t s  of a b o t t l e  of t h e  'Black o i l '  and t h e  

e x t r a c t  he obtained was l i g h t  and inflamable. This  

d iscovery  came a t  an  opportune moment. Whale o i l  which 

had previous ly  been used f o r  l i g h t i n g  was becoming scarce  

and petroleum o i l  lamps were developed. By 1859 e x i s t i n g  

sources  v e r e  no longer  s u f f i c i e n t  t o  meet t h e  increas ing  

denands ' for  l i g h t i n g  and the rapeu t i c  app l i ca t i ons .  It was 

Edwin Drake who sank t h e  f i r s t  bore hole i n  search of 

petroleum i n  June 1859. By t h e  g r e a t e s t  of chances he 

happened t o  p i e r ce  t h e  ground a t  t h e  c o r r e c t  p lace ,  and on 

t h e  27th August, 1859 o i l  began t o  f low (10 b a r r e l s  a 

day). I n  1862 product ion exceeded demand and t h e  p r i c e  of 

petroleum col lapsed .  

The o r i g i n  of p e t r ~ l e u m  i s  connected with enormous 

q u a n t i t i e s  of minute marine l i f e  buried i n  shal low ocean 

bot'toms. Slow decomposition of t h i s  m a t e r i a l  i s  believed 

t o  r e s u l t  i n  t h e  formation of t i n y  d r o p l e t s  of o i l .  

Increas ing  compaction of sediments fo rces  t he  d rop le t s  out 

i n t o  porus e a r t h  s t r a t a  l i k e  sandstone which i s  a good 

. reservoi r  f o r  accdmulation of o i l .  Useful q u a n t i t i e s  a r e  

formed when a t r a p  s t r u c t u r e  e x i s t s  f o r  holding t h e  



migra t ing  o i l  w i th in  t h e  r e s e r v o i r .  I n  i t s  world 

d i s t r i b u t i o n ,  o i l  i s  q u i t e  i r r e g u l a r  and unequal. The 

major petroleum d e p o s i t s  of t h e  world a r e  found i n  

sedimentary bas ins  and troughs,  gene ra l ly ,  i n  t he  v i c i n i t y  

of land locked seas  occupying i n t e r c o n t i n e n t a l  depress ions  

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

operat ion.  The crude o i l  emerges from petroleum we l l s  as 

a t h i c k  v iscous ,  and sometimes evi l-smell ing brown o r  . d a r k  

green  l i q u i d .  The crude o i l  s o  obtained has t o  ' be re f ined  

t o  prodhce f u e l  and a v a r i e t y  of o t h e r  petroleum products.  

Chemically, petroleum i s  a mixture of compounds of carbon 

and hydrogen. The main hydrocarbons i n  o i i s  a r e  

p a r a f f i n e s ,  napthenes o r  aromatic  groups o r  complexes of 

them. Other substances present  inc lude  sulphur,  oxygen 

and n i t rogen ,  inc luding  numerous miscellaneous 

substances.  Of t he  phys ica l  p r o p e r t i e s  t he  most r e f e r r ed  

t o  i s  t h e  dens i ty  o r  s p e c i f i c  g rav i ty .  The dens i ty  of a  

substance i s  t h e  weight of a  given volume (pounds per  

cubic f o o t ) .  The s p e c i f i c  g r a v i t y  i s  another  way of 

express ing  the  same th ing  without specifying a  u n i t  of 

measure. It i s  the  r a t i o  of the weight of a  given volume 

of any given substance and t h e  weight of an equal  volume 

of pure water  a t  a  p a r t i c u l a r  temperature and pressure.  

The p r i c e  of crude o i l  i s  gene ra l ly  based on s p e c i f i c  

g rav i ty .  

World crude o i l  product ion i n  1977 was around 62 m i l l i o n  

b a r r e l s  per  day (b /d)  o r  22  b i l l i o n  ba r r e l s  pe r  annum. 

The 13 members of t h e  Organizat ion of Petroleum Producing 

Countr ies  (OPEC) produced 31.0 m i l l i o n  b/d ( 1  b a r r e l  = 42 

US g a l s . )  thereby supplying 50.4 per  cent  of t o t a l  world 



requirements. The Sovie t  Union ranked f i r s t  (11  mi l l i on  

b id) ,  United S t a t e s  second (9.9 m i l l i o n  bfd)  and Saudi 

Arabia t h i r d  ( 9  m i l l i o n  b id )  amongst world crude o i l  

producers. Together t he se  t h r e e  c o u n t r i e s  produced half 
t h e  t o t a l  world product ion (See Table 111). World 

est imated proved r e se rves  of crude petroleum amount t o  716 

b i l l i o n  b a r r e l s  and t h e  Middle Eas t  c o u n t r i e s  a r e  known t o  

have over  one-half of t h i s  r e se rve  (See Table 1V). 

If inera1 d e p o s i t s  a r e  considered an exhaus t ib l e  resource. 

This  a l s o  a p p l i e s  t o  crude o i l  reserves.  It is wel l  known 

t h a t  t h e  crude o i l  r e se rves  of t he  world a r e  gradual ly  

being exhausted and world o i l  production i s  expected t o  

t u r n  downward wi th in  t h e  next  25 t o  30 years.  However, 

new d e p o s i t s  a r e  being discovered and experience has shown 

t h a t  a s  our  geo log ica l  understanding and our  explora t ion  

techniques have improved so  has t h e  ex t en t  of new 

d i s c o v e r i e s  been enlarged.  A t  present  s e r ious  

cons ide ra t i on  i s  being given by most coun t r i e s  t o  o i l  

exp lo ra t i on  i n  new prospec t ive  a r ea s ,  and l a r g e  sums of 

money a r e  being inves ted  i n  t h i s  a r e a  of a c t i v i t y .  I n  

r ecen t  y e a r s  o i l  technology developments have cont r ibuted  

t o  new f i e l d  d i s cove r i e s ,  increased recovery, expanded 

r e f i n i n g  c a p a b i l i t i e s  and improved t r anspo r t a t i on .  

Up t o  recent  years  heavy crude and t a r  sand depos i t s  were 

considered an uneconomic source of gaso l ine  and 

petrochemicals.  Improved technology i s  now a v a i l a b l e  f o r  

t h e i r  recovery and processing.  A number of coun t r i e s  

inc luding  OPEC a r e  now mixing heavy crude o i l  with the  

l i g h t  v a r i e t i e s  f o r  r e f in ing .  Heavy crude un l ike  t h e  

l i g h t  crudes a r e  d i f f i c u l t  t o  pump out  from wells .  Steam 



has t o  be i n j e c t e d  underground t o  heat  and d i s so lve  t he  

m a t e r i a l  f o r  pumping. The sands a r e  composed of s o l i d s  

which a r e  u sua l ly  s t r i p  mined and t r e a t e d  wi th  chemicals 

and bo i l i ng  water  t o  e x t r a c t  t h e  o i l .  Madagascar has one 

of t h e  l a r g e s t  t a r  sand d e p o s i t s  of t he  world. Other 

c o u n t r i e s  wi th  very l a r g e  r e se rves  inc lude  Canada, USA and 

Venuzuela. It i s  bel ieved t h a t  t h e s e  coun t r i e s  a lone  have 

nea r ly  t h r e e  t imes t h e  known r e se rves  of today's p r i p c i p a l  

l i g h t  crude supp l i e r s .  

Natura l  gas  occurs  i n  a s s o c i a t i o n  wi th  a s  a l s o  

i n  gas f i e l d s  and a commercial n a t u r a l  gas f i e l d  i s  r i c h  

i n  methane t h e  most s t a b l e  of t h e  petroleum hydrc;carbons. 

The USA, USSR, Canada ,and Netherlands a r e  r i c h  i n ,  n a t u r a l  

gas  r e se rves  and accounted f o r  . f ou r - f i f t h s  of world 
marketed production. The energy demands of t he  household 

and commercial s e c t o r  w i l l  i n  t h e  f u t u r e  be met 

i nc reas ing ly  by n a t u r a l  gas a s  t h e  prime f u e l  source. 



TABLE I11 
WORLD CRUDE OIL PRODUCTION 

Million (b/d) - 1977 

1. Industrialized Countries 

United States 
Canada 
Norway 
U.K. 
Australia 

Total 

2. Developing Countries 

Mexico 
Argentina 

Egypt 
Malaysia 
Oman 
Others 

Total 

.Algeria 
~cuador 
Gabon 

' Indonesia 
Iran 
Iraq 
Kuwait 
Libiya 
Nigeria 
Qatar 
Saudi Arabia 
United Arab Emirates 
Venezuela 

Total 



4. Cen t r a l l y  'Planned Economies 

USSR 
China 
Others  

To ta l  

WORLD TOTAL 

1977 - 62 Mi l l ion  (b /d )  
1979 - 65 Mi l l i on  ( b i d )  
1980 - 52 Mil l ion  (b /d)  
1-981 48 Mi l l i on  (bod) 

258 g a l s  crude o i l  = 1 ton 
42 g a l s  US = 1 b a r r e l  

. (b /d)  - b a r r e l s  a  day 

........................................................... 
Mining Annual Review 1978 - 1981 - 1982 
Mining Journa l  London 

4. HYDRO-ELECTRIC POWER 

Over t h e  cen tu r i e s  dams were designed and b u i l t  t o  ensure 

a ' s y s t e m a t i c  d i s t r i b u t i o n  of r i v e r  water ,  t he  water  was 

used a s  t h e  d r iv ing  fo rce  f o r  mills. The f a l l i n g  water 

set i n  motion the  water-wheel which turned the  mi l l s tones  

f o r  gr inding;  they  a l s o  became the  source of power f'or 

var ied  i n d u s t r i e s .  The ex t raord inary  .growth - of 

hydro-e lec t r ic  power came a t  t he  beginning of t h i s  

century.  I r r i g a t i o n  and t h e  product ion of e l e c t r i c i t y  a r e  

but two of t h e  purposes of dams, t h a t  of naviga t ion  may 

a l s o  be achieved. 



TABLE I V  
WORLD CRUDE PETROLELJM RESERVES AS 

OF JANUARY 1975 

( B i l l i o n  B a r r e l s )  

.......................................................... 
Western Hemisphere 

United S t a t e s  
Canada 
Mexico 
Others  

To ta l  85.3 ........................................................ 
Eas te rn  Hemisphere 

Middle Eas t  
Af r i c a  
Others 

.Tota l  630.4 
-_-_------____-_-----------------------------..------------- 
World T o t a l  715.7 ........................................................... 

O i l  and Gas Jou rna l  
V72, No. 52 ,  1974. pp. 108 - 109. 

The harness ing  of water  power involves  t h e  cons t ruc t i on  of 

a  dam a c r o s s  a  r i v e r .  The most favourable  s i t e  f o r  t he  
c o n s t r u c t i o n  of a dam is  a flat-bottomed v a l l e y  w i th  s t eep  

s i d e s  narrowing s o  ab rup t ly  t h a t  only a  few hundred f e e t  

o r  l e s s  s e p a r a t e  t h e  two banks. The purpose of t h e  supply 

r e s e r v o i r  i s  t o  s t o r e  t he  water  i n  o rde r  t o  r e g u l a t e  t he  

f low and t h e  gene ra t i on  of e l e c t r i c i t y  and a l s o  t o  create 

a h igh  l e v e l  i n  t h e  r e s e r v o i r  so  t h a t  t h e  ensuing drop 



w i l l  c r e a t e  a s u i t a b l e  head f o r  t h e  opera t ion  of the  

tu rb ines  which a r e  combined wi th  a  generator  which 

provides t h e  e l e c t r i c  cur rent .  The power house is  

s i t u a t e d  a t  t h e  base of t h e  dam. E l e c t r i c i t y  is  not a  

source but a  form of energy derived from aLailable 

sources. The use of e l e c t r i c i t y  i n  very l a r g e  quan t i t i e s  

i s  s t r i k i n g l y  assoc ia ted  wi th  t h e  highly indus t r i a l i zed  

coun t r i e s  of t h e  world. The capac i ty  of water  r e s&rvo i r s  

b u i l t  f o r  hydropower genera t ion  i s  assessed i n  terms of 

k i lowat t  hours (kwh). 

From the  economic poin t  of view modern induat ry  has 
crea ted  a demand f o r  l a r g e  amounts of cheap e l e c t r i c i t y  

which can sometimes be s a t i s f i e d  more r ead i ly  by water 

.power than by any o the r  means. This  app l i e s  only t o  

coun t r i e s  with t h e  r e q u i s i t e  phys ica l  c h a r a c t e r i s t i c s  t he  

most obvious being adequate r a i n f a l l .  Equally important 

a r e  pronounced topographical  f e a t u r e s  which provides high 

l e v e l  s i t e s  where water  can be col lec ted  and stored.  

Countr ies  with heavy r a i n f a l l  and mountainous a r e a s  a r e  

very we l l  placed f o r  hydro-electr ic  development. .Wi th  the  

unce r t a in ty  t h a t  p r e v a i l s  a s  ' t o  f u t u r e  suppl ies  of o i l  

more hydro-electr ic  s i t e s  a r e  being brought i n to '  opera t ion  

by coun t r i e s  wi th  t h e  required water  power po ten t i a l .  

SUMMARY 
, . 

The foreseeable  dep le t ion  of t h e ' f o s s i l  sources of primary 

energy ( o i l ,  c o a l  and gas) ,  t h e  r i s i n g  energy consumption 

i n  the  i n d u s t r i a l i z e d  coun t r i e s  wi th  growing 

i n d u s t r i a l i z a t i o n  i n  t h e  developing count r ies  together  



with the growth of the world's population compels us to 

conserve our present sources of energy and use them 

sparingly. At the same time new technologies for energy 

use have to be developed and new sources of energy have to 

be tapped. The world is not running out of energy - it is 

running out of oil. The main sources of energy currently 

consumed in most countries include wood, coal, petroleum, 

natural gas and hydropower. Our total dependence over the 

last half century has been on the above energy sources. 

The worlds first commercial scale nuclear power station at 

Calder Hall, Great Britain, came into operation in October 

1956. Nuclear power is perhaps the most immediately 

available new source of energy. World oil production is 
expected to turn downward within the next 3 decades and 

with the increasing price of conventional fuel it is 

essential that we. move immediately to develop alternative 

forms of energy for use where possible. 



ALTERNATIVE SOURCES OF ENERGY 

GENERAL STATEMENT: 

Mineral resources including petroleum a r e  f o r  a l l  
p r a c t i c a l  purposes non-renewable. A s  a gene ra l i s a t ion  i t  

may be s a i d  t h a t  t h e  r i c h e r  depos i t s  of the  woyld have 

been o r  a r e  being exhausted and the  fu tu re  needs must 

t he re fo re  come from depos i t s  of lower grade. We a r e  now 

faced wi th  exp lo i t i ng  t h e  l e s s  r i c h  and l e s s  access ib le  

sources a s  f a r  a s  mineral  resources  a r e  concerned. Over 

t h e  yea r s  t he  brunt  of t he  demand f o r  power has f a l l e n  

upon coa l  and o i l .  W i l l  these  two f u e l s  be ab le  t o  bear 

t h e  load ? A s  f a r  a s  coa l  i s  considered the world coal  

reserves  a r e  s u f f i c i e n t  f o r  many hundreds of years. A t  

p resent  r a t e s  of consumption, and allowing f o r  progected 

lnc reases  i t  i s  bel ieved t h a t  world o i i  production is  
expected "i t u r n  downward r e s u l t i n g  i n  severe shortages 

a f t e r  t h e  t u r n  of t h e  century?  

A s  a r e su lc  of t he  i-ecogni t i o n  that.  t h e  sources of energy 

p re sen t ly  dominating w i l l  no longer  s u f f i c e  t o  m e e t  t h ~  

world wide requirement ev?r i n  t he . fo re seeab le  fu tu re ,  t he  

development of new sources of energy f o r  a v a r i e t y  of 

domestic and indus t r ia ;  requirements has' f o r  sometime been 

one of t h e  main goa l s  of appl ied  research.' I f  t he re fo re ,  

one o r  mcre of t h e  poss ib l e  f u t u r e  sources of power 



provee a cheaper  method of supplying energy than coa l  o r  

o i l ,  t h e i r  c o n t r i b u t i o n  could be s i g n i f i c a n t .  A study of 

t h e  a v a i l a b l e  sources  of power makes i t  c l e a r  t h a t  \:e liave 

s ca rce ly  begun t o  t a p  t h e  vas t  p o t e n t i a l  power sources of 

ou r  p lane t .  These sources i nc lude  nuc lear ,  s o l a r  and wind 

power, biomass, t i d a l  energy, thermal energy of water,  

hydro-e lec t r ica l  power, geothermal energy, hydrogen and 

o the r  sources  which a r e  being c u r r e n t l y  examined. 

1. NUCLEAR POWER 

Perimps t h e  most immediately a v a i l a b l e  nerz source of 

energy i s  nuclear  energy (atomic energy). This energy i s  

der ived  from t h e  ce : t r a l  core  o r  nucleus of t h e  atom- The 

p r i u c i p a l  raw ma te r i a l  f o r  nuc lear  power generat ic ,?  i s  

uranium (U), because under c e r t a i n  condi t ions  i t s  atoms 

could te made t o  s p l i t  up and r e i e a s e  enoxmus amounts of 

energy. Nuclear energy i s  re leased  during a nuclear  

r e a c t i o n  5~here  mass has been converted t o  energy. 

E i n s t e i n ' s  theory  of r e l a t i v i t y  expla ins  how mass and 

energy a r e  r e a l l y  two d i f f e r e n t  forms of t h e  same thing.  

A t  t h e  c e n t r e  of every atom l i e s  i ts  core  o r  nucleus which 

i s  p o s i t i v e l y  charged. The nucleus i s  made up of 

p a r t i c l e s  c a l l e d  protons which possess  t h e  p o s i t i v e  charge 

and p a r t i c l e s  c a l l e d  neutrons which have t h e  same mass a s  

t h e  pro tons  but have no charge a t  a l l .  Revolving around 

t h e  nucleus a r e  t i n y  p a r t i c l e s  c a l l e d  e l e c t r o n s  which a r e  

nega t ive ly  charged. When t h e  nucleus i s  broken down there  

i s  a change i n  mass which appears  a s  energy i n  the form of 

heat  and r ad i a t i on .  This  i s  t h e  energy of motion and i s  

r e l ea sed  because t h e  p a r t i c l e s  i n  t he  nucleus move a t  

tremendously high speeds when t h e  atom i s  s p l i t .  



Uranium is one of t h e  e a r t h ' s  most valuable n a t u r a l l y  

occurr ing  elements. Its g r e a t  value is  due t o  t h e  f a c t  

t h a t  i t  i s  radioac t ive .  Uranium was f i r s t  discovered i n  

t h e  mineral  p i tchblende  i n  Germany i n  1789, a ~ d  i t  de r ives  

i t s  name from t h e  p lanet  Uranus. The common uranium 

minera ls  a r e  Uranin i te  (Pi tchblende) Tobernite, Autunite, 

Uranophane, Carnot i te ,  Fergusonite ,  Davidi te  . and 

Samarskite. Uranium minerals  conta in  th ree  types of 

uranium atoqa, each wi th  d i f f e r e n t  atomic weight (238 * ,235 

- 234). These atoms c a l l e d  i so topes  (atoms of t h e  same 

element but of d i f f e r e n t  masses) occur i n  cons tant  

propor t ions  - U 238 (99.285 per  c e n t ) ,  U 235 (0-71  per  

c e n t )  ana U 234 (0.005 per  c e n t j .  It i s  the  ' i so tope  

uranlr.un 235 which can produce a nuclear  chain reac t ion .  

It i s  used i n  nuclear  r eac to r s  and nuclear  weapons. 

A l l  uranium minerals  a r e  r ad ioac t ive .  Radioac t iv i ty  was 

f i r s t  discovered by Henri Zecquerel i n  P a r i s  i n  1896. 

Atoms of r ad ioac t ive  elements d i s i n t e g r a t e  and they change 

o r  decay t o  acoms of o the r  elements. Atoms of uranium 

decay eventua l ly  t o  atoms of l ead -  The time t h a t  it takes  

f o r  ha l f  of t he  atoms t o  change o r  decay t o  .atoms of 

another  element is  c a l l e d  t h e  h a l f - l i f e  period. This  

ranges from a f r a c t i o n  of a second f o r  some ra s ioac t ive  

e l enen t s  t o  many mi l l i ons  of years  f o r  others .  The 
8 

h a l f - l i f e  of U 235 i s  7.13 x 10 yea r s  and n a t u r a l  uranium 

i s  only mi ld ly  radioac t ive .  

When uranium d i s i n t e g r a t e s  , t o  form o the r  rad ioac t ive  
elements, r a d i a t i o n  i s  given out  a t  each stage.  A l p h  and 

be ta  p a r t i c l e s  and gamma rays  which a r e  de t ec t ab le  a r e  

measured i n  energy u n i t s  of m i l l i o n  e l e c t r o n  vo l t s .  Gamma 



rays have a longer  ranze and a g r e a t e r  pene t r a t i ng  power 

and t h i s  prope-cty i s  d d e l y  used i n  prospect ing f o r  

uranium us ing  Geiger-Muller coun te r s  and sc ln t i l l ome te r s .  

The Gamma-ray spectrometer ,  g e n e r a i l y  mounted i n  c a r s  and 

a i r c r a f t  i s  widely used i n  exp lo ra t i on  programmes f o r  

uranium. A i r  borne r a d i ~ a e t r i c  surveys provide i n i t i a l  

e v a l u a t i o n  of l a r g e  a reas .  Systematic  geochemical 

sampling of s o i l s  and waters  may a l s o  p rov ide -  gui-des t o  

favourable  uranium areas.  These surveys a r e  followed by 
exp lo ra to ry  d r i l l i n g  programmes. 

React ions involv ing  t h e  n u c l e i  of atoms which may r e l ea se  

u s e f u l  energy a r e  of two types;  f i s s i o n  and fus ionu  I n  

t h e  f i s s i o n  process  a l a r g e  nucleus i s  induced t o  s p l i t  

i n t o  two o r  more smal le r  nuc l e i ;  i n  t he  fu s ion  process t he  

p a r t i c l e s  of two l i g h t  nuc l e i  a r e  realranged t o  form a 

l a r g e r  nucleus. So f a r  a l l  nuc l ea r  power s t a t i o n s  use t he  

f i s s i o n  process  f o r  nuc lear  power genera t ion .  The 

f i s s i o n i n g  of one pound of uranium ( U  235) can produce a s  

much hea t  as 1500 tons of c o a l  o r  can produce near ly  10 

m i l l i o n  u n i t s  (kwh) of energy through a sus ta ined  nuclear  

cha in  r e a c t i o n  whereas t h e  combustion of one pourd of o i l  

y i e l d s  only 5.7 u n i t s  (kwh) of energy- 

When an  atomic bomb explodes,  a v a s t  amount of energy i s  

r e l ea sed  i n  a f r a c t i o n  of a second- The energy t h a t  was 

locked up i n  t h e  nuc l e i  of t h e  uranium atom i s  released 

when t h e  n u c l e i  a r e  s p l i t  up, P a r t i c l e s  from t h e  nucleus, 

t h e  neutrons a r e  a l s o  emit ted.  These neutrons a r e  

captured  by more uranium nuc le i  which then  s p l i t  up 

r e l e a s i n g  more neutrons. This  process keeps on repeat ing 

i t s e l f  u n t i l  t h e  whole mass of uranium i s  consumed. In  



t h i s  cha in  r e a c t i o n  a vas t  amount of energy i s  ,c rea ted .  

The atomic explosion is  an  example of an uncontrol led 

f i s s i o n  r e a c t i o n  wi th  a l l  t h e  energy released i n  a s  shor t  

a time a s  poss ib le .  To opera te  a nuclear  .power s t a t i o n  a 

s teady source of energy i s  needed. This may.  be obtained 

from - a  con t ro l l ed  f i s s i o n  r e a c t i o n  i n  which the  uranium 

f u e l  must te consumed slowly. This  process i s  c a r r i e d  out 

i n  a nuclear  r eac to r  3 p i l e .  The neutrons emitted- i n  

f i s s i o n  a r e  f a s t  and must be olowed .down a s  soon a s  

poss ib l e  mainly t o  enable them t o  be captured by uranium 

235 i n  order  t o  produce f u r t h e r  f i s s i o n .    his process i s  

c a r r i e d  out  i n  a medium c a l l e d  a moderator, Water, heavy 

water and g raph i t e  are used as moderators. Materials  

capable of sus t a in ing  f i s s i o n  chain  reac t ions  a r e  s a id  t o  

be f i s s i l e .  

F i s s i l e  r ad ioac t ive  ma te r i a l  ( U  235) i s  ctored i n  small 

q u a n t i t i e s  of l e s s  than a c e r t a i n  amoun.2 known a s  t he  

c r i t i c a l  mass. Below the  c r i t i c a l  mass neutrons escape 

from the  su r f ace  of t h e  'body of t h e  mater ia l  so  the re  a r e  

not  s u f f i c i e n t  moving wi th in  t h e  mater ia l  t o  i n i t i a t e  a 

chain reac t ion .  The . f u e l  i s  placed i n  the  r eac to r  a s  

p l a t e s ,  s i n g l e  rods o r  c l u s t e r s  of rods?  The con t ro l  of a 

r e a c t o r  i s  exerc ised  by use of rods made of neutron 

absorbing ma te r i a l s  (boron o r  cadmium). These a r e  

i n s e r t e d  o r  withdrawn f r o m  , t h e  reac tors  a s  necessary. 

When the  con t ro l  rods a r e  i n s e r t e d  i n t o  the r eac to r  core,  

they absorb neutrons which would normally cause f i s s i o n  

and then the  chain  r eac t ion  i s  inhib i ted .  Withdrawal of 

rods leaves  more neutrons a v a i l a b l e  t o  cause f i s s i o n ,  so 

t h e  chain- r e a c t i o n  inc reases  i n  i n t ens i ty .  The heat  

l i b e r a t e d  i n  t h e  f i s s i o n  process i s  removed by a 

c i r c u l a t i n g  coolant ,  t h e  funct ion  of which i s  t o  t r a n s f e r  



t h e  hea t  from t h e  r e a c t o r  t o  t h e  b o i l e r s  o r  hea t  

exchangers where t h e  steam t h a t  d r i v e s  t h e  turbo-generator 

i s  produced. There a r e  a t  p r e sen t  many vers ions  of 

r e a c t o r , d e s i g n .  The s e l e c t i o n  of any given r e a c t o r  w i l l  

depend on t h e  many prdblerns t h a t  must be considered before 

c o n s t r u c t i o n  begins. Most of t h e  p l a n t  used i n  a nuclear  

power s t a t i o n  i s  s i m i l a r  t o  t h a t  found i n  a convent ional  

power s t a t i o n .  The major d i f f e r e n c e  l i e s  i n  t he  method of 

hea t  product ion.  

The i n i t i a l  marketable  product from o r e  i s  t he  U308 m i l l '  

c oncen t r a t e  o r  yellow cake. Four oxides of uranium a r e  

known - UO, U02, U03, and U308" Most m i l l  concent ra tes  

c o n t a i n  a n  average of 80 - 85 pe r  cen t  
'3'8. 

The U308 

concen t r a t e  i s  r e f i ned  t o  remove impur i t i e s  and i s  

converted t o  a hexaf luor ide  product UF f o r  enrichment 
6 

s e rv i ce s .  Competitive U 0 t o  UF conversion s e r v i c e s  a r e  
3 8 6 

of f e r ed  by companies i n  Canada, UK, France and t h e  USSR. 

Enriched U F  i s  converted t o  a f u e l  form f o r  use i n  t he  
6 

manufacture of nuc l ea r  f u e l  elements.  P e l l e t i z e d  U02 i s  

t he  most common f u e l  form. Reactors  us ing  n a t u r a l  uranium 

(wi thout  enrichment') have a l s o  been developed. 

Uranium i s o t o p e s  can a l s o  be produced a r t i f i c a l l y .  I f  a U 

238 nucleus cap tu re s  a neutron,  i t  i s  converted by 

r a d i o a c t i v e  decay t o  plutonium (used i n  atomic bombs) an 

a r t i f i c a l  element which, l i k e  U 235 can s u s t a i n  a chain 

r eac t i on .  It i s  produced a s  p a r t  of nuc lear  waste i n  

r eac to r s .  Plutonium can be separa ted  from nuclear  waste 

and could be mixed w i th  f i s s i o n a b l e  uranium and recycled 

back i n t o  t h e  r e a c t o r  a s  a mixed f u e l  o r  i t  can be used i n  



p u r e  form i n  what are known as f a s t  b r e e d e r  r e a c t o r s .  The 

f i s s i o n a b l e  m a t e r i a l  U 233 i s  formed by t h e  neu t roh  

bombardment of thor ium (Th 232).  It i s  be l ieved  t h a t  t h i s  

m a t e r i a l  could a l s o  be used i n  f u t u r e  b reeder  r e a c t o r s .  

The u s e  of thor ium a s  a n u c l e a r  f u e l  i s  a t  p r e s e n t  

u n c e r t a i n ,  t h o r i  te  ( Th S i 0 4 ) ,  t h o r i a n i t e  (Tho2) and 

monazi te  (Lace)  PO4 a r e  t h e  p r i n c i p a l  thor ium bear ing  

m i n e r a l s  and monazi te  h a s  been t h e  p r i n c i p a l  source  of 

thorium. The p r o d u c t i o n  of  f i s s i o n a b l e  m a t e r i a l  from 

f e r t i l e  m a t e r i a l  i s  known a s  b reed ing  and a b'reeder,  

r e a c t o r  i s  one t h a t  produces  more f i s s i o n a b l e  m a t e r i a l  

t h a n  i t  consumes. Breeder  r e a c t o r s  could i n c r e a s e  

approximately  ,60 t imes  t h e  u s e f u l  energy con ta ined  i n  

uranium. For  this reason  t h e  development of b reeder  

r e a c t o r s  i s  boosted by many i n d u s t r i a l i z e d  c o u n t r i e s  a t  

tremendous f i n a n c i a l  expendi tu re .  

Plost of t h e  wor ld ' s  known r e s o u r c e s  and a n t i c i p a t e d  

r e s o u r c e s  of uranium a r e  i n  f o u r  c o u n t r i e s ,  t h e  United 

S t a t e s ,  Canada, A u s t r a l i a  and South Afr ica .  It i s  

e s t i m a t e d  t h a t  world r e s e r v e s  of uranium a r e  s u f f i c i e n t  t o  

cover  t h e  needs of n u c l e a r  power programmes up t o  about  

t h e  y e a r  2030. About 70 p e r  c e n t  of t h e  wor ld ' s  

i d e n t i f i e d  r e s o u r c e s  a r e  i n  sands tone  type d e p o s i t s  and 

Precambrian metasedimentary conglomerates .  uranium demand 

f o r  n u c l e a r  f u e l  use  has  g a t h e r e d  momentum i n  r e c e n t  

y e a r s ,  a s  t h e  i n d u s t r i a l i z e d  n a t i o n s  and developing 

c o u n t r i e s  a r e  p lann ing  n u c l e a r  power programmes f o r  f u t u r e  

energy needs.  E x p l o r a t i o n  programmes t o  l o c a t e  new 

uranium d e p o s i t s  a r e  i n  p r o g r e s s  i n  most c o u n t r i e s .  Few 

people  a r e  aware of how e x t e n s i v e  t h e  spread  of n u c l e a r  

power has  become a c r o s s  t h e  world s i n c e  t h e  world 's  first 

commercial n u c l e a r  power p l a n t  (Ca lder  H a l l  i n  Great  



B r i t a l n )  supplied e l e c t r i c i t $  t o  t h e  National  gr id  i n  

1956. I n  some European c o u n t r i e s  (France, Sweden and 

B e l g i m )  over a t h i r d  of the e l e c t r i c i t y  i s  already 

g e n e r a a d  by nuclear  power. I n  1979 t h e r e  were near ly  224 
nuclea; r e a c t o r s  i n s t a l l e d  by 22 na t ions  wi th  a t o t a l  

capac i ty  o f  109,000 MWe (See Table V). Taking i n t o  

cons ide ra t ion  t h e  developing na t ions  ( i n  1979) t h e r e  were 
7 na t ions  opera t ing  nuclear  power p l a n t s  whose combined 

output  w a s  4000 Mwe. By 1985 i t  i s  bel ieved t h a t  t h i s  

w f l l  i nc rease  t o  17  coun t r i e s  and 54 power r e a c t o r s  with a 
combined output  of 30,000 MWe (See t a b l e  VI). 

Nuclear f u e l  reprocessing i s  considered t h e  weak l i n k  i n  

t h e  f u e l  cyc l e  cha in  i n  a nuclear  reac tor .  Approximately 

one-third t o  one-fourth of t h e  r e a c t o r  f u e l  i s  removed and 

replaced wi th  new f u e l  bundles on an annual basis .  

Nuclear r e a c t o r s  a r e  t h e  most s i g n i f i c a n t  sources of 

r ad ioac t ive  wastes. The wastes are co l l ec t ed ,  t r e a t e d  and 

disposed of - s a f e l y  by permanent b u r i a l  o r  o the r  means. It 

seems 50 be a bas ic  p r i n c i p l e  t h a t  a country producing 

r ad ioac t ive  waste w i l l  f i r s t  have t o  cons ider  t he  

p o t e n t i a l  f o r  disposing t h e  waste i n  its o k i  t e r r i t o r y .  

The ob jec t ive  of waste d i sposa l  i s  t o  p ro t ec t  t he  present  

and f u t u r e  populat ion from p ~ t e n t i a l  hazards posed by 
wastes produced by t h e  use of nuclear  energy. With 

today ' s  technology t h e  most f e a s i b l e  option LO dispose of 

nuclear  waste i s  t o  place them s a f e l y  underground i n  l a rge  

mined r e p o s i t o r i e s .  However, concerned segments of 

s o c i e t y  s t i l l  demand the  app l i ca t ion  of t h e  best  and 

s a f e s t  d i sposa l  technology. It i s  bel ieved . t ha t  

s t r a t e g i e s  which a r e  v a s t l y  s a f e r  than e x i s t i n g  proposals 

can indeed be achieved. One such method mentioned 

involves the  d i sposa l  of waste i n  .deep widely dispersed 

d r i l l  ho les  placed i n  favourable geologica l  environments. 



J u s t  a s  t h e  f i s s i o n  of heavy 'atomic nuclei r e l eases  

energy, s o  does t h e  fus ion  of l i g h t  atomic nucle i .  The 

f u s i o n  of hydrogen i s  t h e  sun ' s  chief - source of ' energy. 

Fusion o r  thermonuclear r eac t ions  a r e  a promising source 

of power. Deuterium, an  i so tope  of hydrogen is  used a s  

t h e  s t a r t i n g  poin t  f o r  man made nuc lea r  fus ions ,  s ince  i t  

i s  e a s i e r  t o  f u s e  than ordinary-hydrogen. The f u t u r e  f o r  

fu s ion  power is  not so  clear-cut  s i n c e  a t  t he  moment. t h i s  

poss ib l e  power source i s  only i n  the  fundamental 

experimental  s tage.  However, a s  t h e  raw ma te r i a l  f o r  t h i s  

method of nuclear  power is heavy hydrogen o r  deuterium, 

which form one p a r t  i n  f i v e  thousand of a l l  t he  v i r t u a l l y  

i nexhaus t ib l e  hydrogen i n  t h e  water  of the  oceans, t h e  

prospect  i s  one of unlimited power supply f o r  t he  fu tu re .  

Nuclear f u s i o n  may the re fo re  open up a source of energy a s  

r i c h  a s  breeder r e a c t o r s  f o r  e l e c t r i c i t y  generation. 



TABLE V 

Country 

NUCLEAR POWER REACTORS I N  OPERATION 
AS OF 1ST JANUARY, 1979 

No of Reactors  

U.S.A. 
Canada 
Belgium 
Finland 
France 
Germany, Fede ra l  
Republic of 
I t a l y  
Netherlands 
Spain 
Sweden 
Switzerland 
U.K. 
Japan 
Argentina 
Ind i a  
Korea 
Paki.stan 
U.S.S.R. 
Bulgar ia  
Czechoslovakia 
Germany, Democratic 
Republic of 
Taiwan 

T o t a l  

IAEA - Nuclear Power Development, I n t e r n a t i o n a l  

Capacity 
(MWe n e t )  

Colloquium on Science - ACAST. Vienna August 
1979. 



TABLE V I  

REACTOR UNITS AND NUCLEAR ELECTRICITY CAPACITY (MWe) 
I N  DEVELOPING COUNTRIES 

Country* Operating i n  1978 Planned f o r  Operation 
by 1985 

Argentina 
Bulgaria  
B r a z i l  
Czechoslovakia 
Cuba 
nuwary  
Indda 
Korea, 
Republic of 
Mexico 
Ph i l i pp ines  
Pakis tan  
Podand 
Rumania 
Taiwan 
Turkey 
Yugoslavia 
I r a n  

To ta l  iz(3980) 54(29940) ........................................................ 
* Some a d d i t i o n a l  coun t r i e s  . involved  i n  f e a s i b i l i t y  

s t u d i e s  o r  bidding: Bangladesh, Chile ,  Egypt,.  Greece, 
Indonesia,  Libya and Thailand. 

IAEA B u l l e t i n ,  Vol. 21. No. 2/3, 1979 - M. Rosen. 

2. SOLAR ENERGY 

The sun i s  a s t a r  around which the  e a r t h  and o t h e r  p l ane t s  

revolve. It i s  a mass of hot gases  more than a mi l l i on  



t i m e s  a s  l a r g e  as t h e  e a r t h  and over 300,000 t i m e s  a s  

heavy. It is  about 93 m i l l i o n  miles away. Light  from it -. 
t akes  a-ound 8 1/2  minutea t o  reach ea r th .  The sun ' s  hea t  

and light i s  produced when hydrogen atoms i n s i d e  i t  joPn 

toge the r  t o  form atoms of helium. The temperature a t  the  

c e n t r e  of t h e  sun has been (estimated t o  be about 20 

m i i l i o n  degrees centlgrade,  amd a t  i t s  su r face  the  

temperature i s  6000 cO. The sun i~ a source of energy 

( r a d i e n t  energy). A s  t he  sun ' s  energy is  spread over 

l a r g e  a r e a s  with low dens i ty ,  i t  becomes c o s t l y  t o  c o l l e c t  

t h i s  energy. Moreover, It: i s  not  a v a i l a b l e  at night  when 

i t  i s  most needed. Recent r e sea rch  and development work 

has however, revealed that c o s t s  have decreased i n  the 

a rea  of s o l a r  energy use a s  an a l t e r n a t i v e  energy source. 

Few people r e a l i s e  that the  use  of s o l a r  energy is  nothing 

new. By 1910 i n  Los Angelos hundreds of s o l a r  water 

5 e a t e r s  were i~;. d a i l y  use, ,  E a r l i e r  i n  1870 i t  i s  believed 

t h a t  s o l a r  powered p r i n t i n g . p r e s s e s  were i n  use i n  some 

p a r t s  of America. The f i r s t  recorded use of s o l a r  energy 

f o r  desa l ina t ion -was  a s  f a r  bacic a s  1856 which was i n  

ope ra t ion  i n  Chile. The use of s o l a r  energy is once again 

being developed and the  pace can be expected t o  acce i e ra t e  

r ap id ly  over t he  coming decade. Current s t u d i e s  i n t o  the  

poss ib l e  uses of s o l a r  energy a r e  being undertaken by a 

number of c o u n t r i e s  and t h e  sunnier  a r e a s  of t he  world 

w i l l  be t h e  g r e a t e s t  bene f i c i a r i e s .  It i s  i r o n i c  t h a t  the 

very c o u n t r i e s  whose a c t i o n s  have brought about our 

renewed i n t e r e s t  i n  s o l a r  energy (OPEC Members) w i l l  be 

some of t he  p r i n c i p a l  bene f i c i a r i e s  of t he  development 

work i n  s o l a r  energy now under way. 



Of a l l  t h e  a p p l i c a t i o n s  of s o l a r  energy, t h e  use  of f l a t  

p l a t e  c o l l e c t o r s  i n  heat ing is the  most p rac t i ca l .  From 

1960 onwards, f l a t - p l a t e  c o l l e c t o r s  have had t h e  biggest 

share  i n  r e sea rch  and development. A f l a t - p l a t e  c o l l e c t o r  

normally c o n s i s t s  of a n  absorber  ( a  shee t  of mater ia l  

which absorbs s o l a r  heat  and conducts i t  t o  t h e  t r a n s f e r  

medium), which is  made of blackened metal (usual ly  copper) 

and a g r i d  of p ipes  soldered t o  the  absorber. This 

assembly is  placed i n  a box with i n s u l a t i o n  a t  t h e  back of 

t he  absorber  and one o r  two t r anspa ren t  covers a t  t h e  top 

t o  a l low sun l igh t  t o  pass, which hea ts  a i r  o r  water 

c i r c u l a t i n g  through the  -grid of p ipes  soldered t o  the  

absorber. The heated ma te r i a l  i s  then used t o  perform 

var ious  functions.  Systems with concentrat ing c o l l e c t o r s  

have a l s o  been developed and h igher  working temperatures 

can be reached than those a t t a i n a b l e  wi th  f l a t - -p l a t e  

c o l l e c t o r s .  These c o l l e c t o r s  t r a c k  the  continuously 

changing pos i t i on  of t h e  sun. 

Some methods of u t i l i z i n g  s o l a r  energy have reached a 

s t a g e  of development when they can compete economically 

with methods of using conventional  energy sources. A s  

developing coun t r i e s  a r e  o f t e n  s i t u a t e d  i n  sunny regions 

i t  i s  i n  t h e i r  own i n t e r e s t  t h a t  they should deve lop .  the 
u t i l i z a t i o n  of s o l a r  energy which i s  f r e e ,  inexhaus t ib le  

and non-polluting. This energy could be converted t o  

mechanical, e l e c t r i c a l  o r  chemical energy t o  be used i n  

var ious  f i e l d s ,  such a s  t he  production of e l e c t r i c i t y ,  

d e s a l i n a t i o n  of water ,  water f o r  i r r i g a t i o n ,  cooking, food 

p re se rva t ion  by means of r e f r i g e r a t i o n ,  drying,  space 

hea t ing  and a i r  condit ioning.  



2.1 S o l a r  Water Heaters  

So la r  water  h e a t e r s  a r e  based on t h e  common phenomenon 

t h a t  cold water  i n  a con ta ine r  exposed t o  t he  sun 

undergoes a rise i n  temperature. I n  i t s  modern form the  

s o l a r  water  h e a t e r  i s  b a s i c a l l y  a f l a t - p l a t e  c o l l e c t o r  

(mounted on a roof )  and an i n s u l a t e d  s to rage  tank. The 

c o l l e c t o r  absorbs  s o l a r  r a d i a t i o n  and by t r a n s f e r  of t he  

r e s u l t i n g  hea t  Lo water c i r c u l a t i n g  through t h e  tubing, 

ho t  water  i s  supplied t o  t h e  s t a r a g e  tank. A c o l l e c t o r  

a r ea  of 30 - 40 square f e e t  i n  combination wi th  a tank of 

50 - 100 g a l s .  c apac i ty  can provide 50 - 80 ga l s .  of hot 
water  a t  6 0 ' ~  p e r  average sunny day i n  a favourable 

c l imate ,  CISIR - Aus t r a l i a  (1974). 

The technology of s o l a r  water  hea t ing  is  now accepted a s  

r e l i a b l e  and we l l  proven. Commercial f i r m s  i n  a number of 

coun t r i e s  a r e  now manufacturing and marketing s o l a r  crater 

hea t e r s .  They' a r e  ex t ens ive ly  used i n  Japan, U.S.A. 

I s r e a l  and Aus t r a l i a  and a r e  being fntroduced f o r  use by a 

number of o t h e r  coun t r i e s .  Appl ica t ions  inc lude  donest ic  

water  hea t ing ,  swimming pool hea t ing  and pre-heating of 

i n d u s t r i a l  p rocess  water.  

2.2 S o l a r  Space Heaters  

  he technology of s o l a r  space hea t ing  where water is t h e  

medium i s  e s s e n t i a l l y  an ex tens ion  of t h e  technology 

employed i n  s o l a r  water  heat ing.  Any s o l a r  heat ing system 

however must i nc lude  a conventional  heat ing system. A 



f u e l  of some s o r t  must t h e r e f o r e  be ava i l ab l e .  This 

a p p l i e s  s p e c i a l l y  t o  temperate c l i m a t i c  regions where the 

g r e a t e s t  demand f o r  hea t  w i l l  occur  during per iods  of no 

sunshine. X t  is c l e a r  t h e r e f o r e  t h a t  a major design 

problem i s  t o  achieve t h e  most economical combination of 

s o l a r  energy and conventional  f u e l s -  i n  t h e  space heat ing 

system. Two modes of hea t ing  have been employed a passive 

and a c t i v e  system. 

I n  one of t h e  pass ive  systems, s o l a r  r ad i a t i on  hea t s  the  

absorbing su r f ace ,  t h e  da rk  o u t e r  sur face  of t h e  wa l l  

which i s  o r i en t ed  towards t h e  south ( i n  t h e  nor thern  

hemisphere). The d i s t a n c e  between the  absorbing su r f  ace 

and the  double shee t  g l a s s  c o n s t i t u t e s  a duct  i n  which a i r  

warms up and r i s e s  and then e n t e r s  t he  space t o  be heated 

through an  ' apera ture  i n  t he  upper p a r t  ' of t h e  wall.  A s  

t h e  warm a i r  hea t s  t h e  space, i t  cools ,  descends and 

r e t u r n s  t o  t he  duct  by an ape ra tu re  a t  t h e  bottom of t h e  

wal l .  This system i s  being used i n  t he  south of France, 

f o r  space hea t ing  purposes. 

I n  an a c t i v e  system .wa te r  i s  heated i n  f l a t  s o l a r  

c o l l e c t o r s  and i s  c i r c u l a t e d  through a s torage  tank  i n t o  

r a d i a t o r s  i n  t h e  space t o  be heated. .An a u x i l i a r y  source 

of hea t  may be used. Systems using a i r  a s  t he  

hea t - t r ans fe r  medium between t h e  c o l l e c t o r  and a s to rage  

b in  conta in ing  small  rocks have a l s o  been used 

successfu l ly .  Solar  hea t  i s  s to red  i n  t h e  rocks and 

recovered when needed by passage of a i r  over  t h e  rock and 

hence t o  t h e  rooms. 



Sola r  hea t ing  systems have @en.  b u i l t  .. and operated f o r  

many y e a r s  (USA, Japan and France). The design p r inc ip l e s  

a r e  f a i r l y  w e l l  es tab l i shed .  A s  f u e l  c o s t s  r i s e  so l a r  

space hea t ing  w i l l  undergo rapid  commercial development. 

2.3 So la r  S t i l l s  and Desa l ina t ion  

Desa l ina t ion  of sea water  o r  brackish water  can be 

achieved by s o l a r  stills.  The p r i n c i p l e  of s o l a r  water 

d e s a l i n a t i o n  is  simple. A l a y e r  of s a l t  water  i n  a 

con ta ine r  i s  covered by sloping shee t  g l a s s .  The bottom 

of t h e  s t i l l  i s  pa in ted  b lack  a s  i t  absorbs a l a r g e  amount 

of t h e  s o l a r  r a d i a t i o n  and h e a t s  t he  water which begins t o  

'evaporate. The vapour reaches the  coo le r  underside 

t r anspa ren t  g l a s s  cover on which it begins t o  condense. A 

system f o r  c o l l e c t i n g  t h e  condensed water i s  provided. 

The  i dea  was appl ied  i n  1892 a t  Las Sa l inas ,  Chile. . Sola r  

d i s t i l l a t i o n  i s  now used t o  supply domestic needs i n  

i s o l a t e d  a r e a s  i n  Aus t r a l i a ,  Chi le ,  Greece, H a i t i ,  I nd ia ,  

Mexico, ' Pak i s t an  and o the r  count r ies .  The s t i l l  when 

cons t ruc ted  a l s o  serves  as  a r a i n f a l l  catchment surface.  

So la r  d i s t i l l a t i o n  now appears  su i t ed  t o  water 

requirements on a small s c a l e  ( l e s s  than 50,000 ga ls .  per  

day). A good s t i l l  should produce about 25 ga l s .  of water 

per  square foo t  of evaporat ing sur face  p e r  yea r ,  Talber t  

e t  . a l .  (1970). 

2.4 Sola r  S a l t  Production 

So la r  evaporat ion of sea water  o r  b r ines  has been a 



t r a d i t i o n a l  method of obta in ing  s a l t .  It i s  used i n  both 

t h e  developing and i n d u s t r i a l i z e d  na t ions .  Modern 

developments have been concerned with improved pond 

cons t ruc t ion  and salt harves t ing  methods. 

2.5 So la r  Drying 

O f  a l l  t he  d i r e c t  uses of s o l a r  enegy, sun drying of crops 

i s  perhaps t h e  most anc ient  and widespread. The customary 

technique involves spreading the  m a t e r i a l  t o  be d r i ed  i n  a 

t h i n  l a y e r  on t h e  ground t o  expose i t  t o  t h e  sun. In  

recent  yea r s  a t tempts  have been made t o  p ro t ec t  products 

from r a i n f a l l ,  d u s t  and in sec t s .  A number of des ighs  of 

s o l a r  d r i e r s  have been developed. The term 'Solar  Drying' 

a l s o  has  come t o  mean t h e  process whereby products a r e  

d r i e d  not  by d i r e c t  exposure t o  t h e  sun - but by means of 

solar-heated a i r  i n  more protected surroundings. Work i s  

a l s o  being c a r r i e d  out  on t h e  use of s o l a r  timber Gdlns. 

The idea  i s  t o  inc rease  the  dry ing  rate of timber a s  

compared wi th  t h e  t r a d i t i o n a l  air-drying method i n  open 

yard s t acks  o r  i n  open-sided sheds. Experimental s o l a r  

k i l n s  have been set up i n  Ind ia ,  USA, Phi l ippines ,  Uganda, 

Tanzania, Ghana, Madagascar, S r i  Lanka and i n  o the r  

count r ies .  

2.6 Solar  Re f r ige ra t ion  and A i r  Conditioning 

When s o l a r  r a d i a t i o n  is  used a s  t he  energy source for  

r e f r i g e r a t i o n  many methods can be employed. So la r  energy 

can be converted to '  mechanical energy t o  d r i v e  the  



compressor, of a s tandard vapour compression system o r  
e l e c t r i c i t y  can be produced by a s o l a r  engine dr iv ing  a 

gene ra to r  which then ope ra t e s  s tandard e l e c t r i c a l  

r e f r i g e r a t o r s .  Since we can conver t  s o l a r  .energy more 

e f f i c i e n t l y  t o  . h e a t  t han  t o  mechanical o r  e l e c t r i c a l  

energy t h e  use of a vapour absorp t ion  r e f r i g e r a t i o n  system 

wi th  s o l a r  energy i s  considered t o  be t h e  t e s t  so lu t ion  a t  

t h e  moment. This Wnd of machiie where t h e  pressure  of 

t h e  r e f r i g e r a t i o n  vapour i s  r a i s e d  by hea t ing  in s t ead  of 

by mechanical compression, can f u r c t i o n  e l t h e r  cont inoui ly  

o r  i n t e r m i t t e n t l y .  For a p p l i c a t i o n  i n  developing 

coun t r i e s  an  i n t e r m i t t e n t  absorp t ion  r e f r i g e r a t i o n  process 

has been considered. The continous process r e q u i r e s  t oo  

high temperatures  and t h e r e f o r e  t h e  use of concent ra t ing  

s o l a r  c o l l e c t o r s  which a r e  p re sen t ly  expensive. 

I n  t h e  i n t e r m i t t e n t  absorp t ion  r e f r i g e r a t i o n  cyc l e  t h e  

bes t  known f l u i d  used i s  an  aqueous s o l u t i o n  of ammonia. 

Ileat i s  obtained from f l a t p l a t e  s o l a r  c o i i e c t o r s .  The 

ammonia water  mixture i s  heated d i r e c t l y  by s o l a r  energy 

i n  t h e  gene ra to r  ( b o i l e r ) ,  vhen the  temperature i nc reases  

ammonia begins t o  evaporate. The vapour flows t o  a 

condenser (which i s  cooled)  :here  i t  condensea. The 

l i q u i d  then expands through an expansion valve?,  The 

lev-pressure l i q u i d  reaches t h e  evaporator  i n  which i t  

absorbs t he  hea t  of t h e  m a t e r i a l  being cooled and 

evapora tes  (e.g. c h i l l e d  water f o r  a i r . cond i t i on ing  

purposes and b r ine  f o r  i c e  product ion) .  The vapour t h a t  

formed flows t o  an absorber  where i t  meets a spray of weak 

ammonia s o l u t i o n  and i s  absorbed. I n  t he  cooled absorber  

t h e  concen t r a t i on  of t h e  mixture i nc reases  and it i s  

pumped t o  t h e  b o i l e r  and t h e  cyc l e  i s  then  continued, 

Duff ie  and Bechman (1974). 



Another method suggested f o r  a p p l i c a t i o n  i n  developing 

coun t r i e s  i s  t h e  evapora t ive  food coo le r  which c o n s i s t s .  of 

a con ta ine r  surrounded by a p iece  of s u i t a b l e  c l o t h  t h e  

lower p a r t  of which is  subnerged i n  a t r a y  conta in ing  

water.  The water  g e t s  absorbed by . t he  c l o t h  which a c t s  

l i k e  a wick. A s  t h e  water  evapora tes  t he  food i n  t h e  

con ta ine r  i s  cooled. Various types  of coolers  (baske t  

and cupboard) could be cons t ruc te6 .  Earthernware coo le r s  

( v e s s e l s )  a r e  used ex tens ive ly  i n  Asia f o r  cooling water 

f o r  d r ink ing  and small  coo ie r s  have been used i n  Europe t o  

cool  b u t t e r  and cheese u n t i l  t h e  second world ,war. The 

evapora t ive  cool ing  method is  not considered a 

r e f r i g e r a t i o n  system 'but only a means of space cooling i n  

t h e  t r o p i c s .  The lowering of temperature achieved i n  an  

evapora t ive  food coo le r  i s  i n s u f f i c i e n t  f o r  food 

preserva t ion .  

Although a cons iderable  amount of r e sea rch  and development 

work i s  being c a r r i e d  out  i n  t h e  'USA, Japan and o the r  

c o u n t r i e s  on s o l a r  ref  r i g e r a t i o n  and a i r .  -condit ioning,  

nothing d e f i n i t e  i s  known a t  t h e  moment on t h e  bes t  

methods of ob ta in ing  cooling and re f  r i ge ra t i on .  

2.7 S o l a r  Cooking 

Severa l  t r a d i t i o n a l  f u e l s  have been used f o r  cooking. 

Each of t he se  f u e l s  has a varying degree of cooking 

e f f i c i ency .  Uclike t r a d i t i o n a l  cooking -methods s o l a r  

cooking must be done i n  t h e  open. The s o l a r  hot  box . i s  

t h e  main type of cooker which has been developed'. It i s  

an  i n s u l a t e d  box with a g l a s s  coyer which i s  s e t  out  i n  



t h e  sun and o r i en t ed  manually. The i n t e r i o r  cooking 

chamber i s  coated black. Pocd t o  b e  cooked i s  placed i n  

shal low u t e n s i l s  i n  t he  s o l a r  box. I n  t h e  umbrella type, 

pa rabo l i c  r e f l e c t o r  s o l a r  cooker, t b e  sun ra  rays 

concent ra te  on a f o c a l  po in t  on which a cooking pot is  

placed. A detached s o l a r  c o l l $ c t o r  and cooking chamber 

u n i t  has a l s o  been developed. I n  t h i s  system t h e  

hea t - t r ans fe r  f l u i d  (water  converted t o  steam o r  

hea t - t r ans fe r  o i l )  i~ heated i n  a s epa ra t e  c o l l e c t o r  ( p i a t  

p l a t e  typz  o r  concent ra t ing  type) .  The heated f l u i d  i s  

then t r a n s f e r r e d  t o  a cooking chamber which can be located 

wi th in  t h e  house where t h e  cooking .is done. These systems 

have no: been ex tens ive ly  f i e l d  t e s t e d  and no 

comprehensive s tudy of s o l a r  cooking technology has been 

attempted. 

2-8  So'.ar Power Generetion 

i. C o n ~ ~ e r s i o n  of S o l a r  Energy i n t o  Mechanical Energy 

The conversion of s o l a r  energy t o  mechanical energy and 

d5rec t  coliversion of s o l a r  energy t o  e l e c t r i c a l  energy 

(photovol ta ic  appro;.ch) has been t h e  sub jec t  of ex tens ive  

research  i n  r ecen t  years .  E f f o r t s  t o  gene ra t e  power by 

t h e  use of hea t  engines have been studied.  Most e f f o r t s  

have been cent red  around :lays of c o l l e c t i n g  and 

concent ra t ing  s o l a r  energy- So la r  concent ra tors  i n  t he  

form of paraboloids (d i shes ) ,  parabol ic  cy l inde r s  

( t roughs)  and o t h e r  shapes have been inves t iga t ed"  A 

design which involves E l a r g e  a r r ay  of f l a t  mir rors  

mounted on t h e  ground and continuously o r i en t ed  t o  r e f l e c t  

t h e  sun on t o  a high--pressure steam Lo i l e r  loca ted  a t  t h e  



t op  of a  h igh  tower having a turbogenera tor  a t  i t s  base i s  
a l s o  being s tudied .  The term ' s o l a r  engine '  de s igna t e s  an 

engine operated by s o l a r  energy. A working f l u i d  ( f rebn ,  

propane o r  butane) i s  f i r s t  evaporated d i r e c t l y  i n  

f l a t - p l a t e  s o l a r  c o l l e c t o r s  o r  by hot  water  obtained from 

s o l a r  c o l l e c t o r s  and c i r c u l a t i n g  . in  a  hea t  exchanger 

(evaporator) .  The vapour formed expands i n  a  

r ec ip roca t ing  o r  r o t a t i n g  engine and i t  flows t o  a 

condenser (which i s  cooled) from which the  working f l u i d  

(now a l i q u i d )  i s  r e in j ec t ed  i n t o  t h e  evaporator  by a  pump 

operated by t h e  s o l a r  engine i t s e l f .  

F l a t -p l a t e  s o l a r  c o l l e c t o r s  ( cap tu r ing  d i r e c t  and d i f f u s e  

s o l a r  r a d i a t i o n )  a r e  s u i t a b l e  f o r  use  i n  low temperature 

s o l a r  engines ( l e s s  than  1 0 0 ~ ~ ) .  For inedium and high 

temperature s o l a r  engines focuss ing  s o l a r  c o l l e c t o r s  which 

t r a c k  t h e  sun and t r a p s  only d i r e c t  s o l a r  r a d i a t i o n  a r e  

used. A i r  can a l s o  be heated t o  a  r e l a t i v e l y  high 

temperature by s o l a r  energy and w e d  a s  the  working f l u i d  

i n  a  s o l a r  engine (hot -a i r  engines) .  The hea t  generated 

i n  a  s o l a r  c o l l e c t o r  a r r ay  can i n  p r i n c i p l e  be used t o  

ope ra t e  var ious  forms of heat  engines ( rankine  and 

s t e r l i n g  cyc l e  engines and o the r s )  and these may be used 

i n  s o l a r  thermal power systems. S o l a r  engines may be used 

t o  produce mechanical o r  e l e c t r i c a l  energy f o r  water  

pumps, minor i n d u s t r i a l  ope ra t ions  o r  f o r  l i g h t i n g  

purposes. Small s o l a r  energy p l a n t s  ranging from a few KW 
of mechanical o r  e l e c t r i c a l  ne t  ou tput  t o  100 KW and more 

are a p o s s i b i l i t y  f o r  establ ishment  i n  r u r a l  a r e a s  of most 

.developing count r ies .  So la r  pumps a r e  a l ready  i n  

ope ra t ion  i n  a  number of developing coun t r i e s  and s o l a r  

power p l a n t s  (10 KWe) have been constructed f o r  

demonstration purposes. Energy s to rage  i s  s t i l l  t h e  most 



important  problem which must be s a t i s f a c t o r i l y  solved. 

The s o l a r  power s t a t i o n  whieh i s  s i t u a t e d  a t  I d e i l l o  i n  
t h e  French Pyrenees is  a one megawatt s o l a r  furnace which 

i s  powered by t h e  sun ' s  r ays  being r e f l e c t e d  on t o  t he  

w a l l s  of a  s o l a r  furnace. A 10 MWe system has a l s o  been 

e s t a b l i s h e d  i n  Bar i s ton ,  C a l i f o r n i a ,  U.S.A. 

ii. Di rec t  Conversion of So la r  Energy t o  E l e c t r i c a l  

Energy 

The s i l i c o n  s o l a r  c e l l  which produces an e l e c t r i c  

p o t e n t i a l  when i l luminated  by s o l a r  r a d i a t i o n  i s  believed 

t o  be a h ighly  r e l i a b l e  and s t a b l e  device when protecLed 

from t h e  environment ( o t h e r  types  of c e i l s  have a l s o  been 

used). The photovol ta ic  (PV) poxer system c o n s i s t s  of a 

s o l a r  c e l l  a r r a y ,  energy s to rage  and c o n t r o l  devices" The 

c e l l s  a r e  e l e c t r i c a l l y  connected and the  wire harness 

c o l l e c t s  power from t h e  a r rzy .  E~rergy s torage  c o n s i s t s  of 

lead-acid c e l l s  connected i n  s e r i e s  and OL p a r a l l e l  :o 

provide t h e  des i r ed  vol tage-  Voltage r egu la t i on  i s  a l s o  

provided. From 1958 t o  r ecen t  yea r s  t h e  major app l i ca t i on  

of s o l a r  c e l l s  has bee~ l  i n  o u t e r  space :?here i t  i s  the  

power system of choice,  supplying pover t o  hundreds of 

spacec ra f t .  I n  t he  1960's Japan succes s fu l ly  employed 

s o l a r  c e l l s  i n  a  number of ins t ruments  i n  communication 

and nav iga t ion  a i d  app l i ca t i ons .  From t h e  e a r l y  1970's US 

f i rms  began marketing photovol ta ic  (PV) power systems f o r  

var ious  app l i ca t i ons .  On December 16, 1978 the ~ r o r l d ' s  

f i r s t  v i l l a g e  photovol ta ic  pover system began operat ion,  

providing t h e  r e s i d e n t s  of Schuchuli (south ves t e rn  

Arizona USA) e l e c t r i c  power f o r  po tab le  water pumping, 

l i g h t s  i n  t h e  homes and community bui ldings,  family 

r e f r i g e r a t o r s  and o t h e r  s e rv i ce s ,  Louis e t .  a l e  (1979). 



It i s  bel ieved t h a t  experience w i th  i n s t a l l e d  PV systems 

which a r e  c u r r e n t l y  powering a v a r i e t y  of s e rv i ce s  f o r  

u s e r s  i n  some r u r a l  a r e a s  confirms t h a t  PV systems can 

provide a v i a b l e  approach t o  meet many of t h e  bas ic  energy 

needs i n  t h e  developing count r ies .  

2.3 Space Based So la r  Power Systems 

I n  r ecen t  yea r s  a t t e n t i o n  ,has a l s o  been given t o  a space 

based s o l a r  power system (SSPS). f o r  l a r g e  s c a l e  power 

production. It depends on t h e  , c o l l e c t i o n  of s o l a r  energy 

a t  geos t a t i ona ry  a l t i t u d e s  us ing  the  photovol ta ic  

p r i n c i p l e  and conver t ing  t h e  energy i n t o  microwave energy. 

f o r  t ransmiss ion  t o  l o c a t i o n s  on the  ground. The 

microwave energy i s  t o  be reconverted back t o  e l e c t r i c a l  

energy. 

3 WIND ENERGY 

Probably the o ldes t  method of captur ing  t h e  wind was t he  

sail. F i r s t  i n  sh ips  and then on land. It i s  bel ieved 

t h a t  two thousand years  ago t h e  Pers ians  used wind t o  

gr ind  co rn  and p-mp water.  Denmark i n  1916 was producing 

e l e c t r i c i t y  from wind generators .  I n  t h e  USA and many 

o t h e r  coun t r i e s  wind m i l l s  a r e  i n  d a i l y  use. A s  with. 

s o l a r  energy, w i th  i ~ i n d  energy we a r e  red iscover ing  long 

f o r g o t t e n  s k i l l s .  The bJorld Meteorological Off ice  has 

est imated t h a t  a t  l e a s t  20 m i l l i o n  megawatts of wind power 

i s  a v a i l a b l e  a t  var ious  sites around the  world. By 

cornparision, . t h e  world ' t o t a l  e l e c t r i c a l  generat ion 



capac i ty  i s  under 5 m i l l i o n  megawatts. Modern u t i l i z a t i o n  

of wind power i s  mainly aimed a t  e l e c t r i c i t y  production' 

and p l a n t  of t h i s  kind i s  now i n  opera t ion  i n  many 

coun t r i e s .  Wind m i l l s  as a source of mechanical power 

cont inue  t o  be an  appropr ia te  technology f o r  r u r a l  

app l i ca t i ons ,  t o  pump water  f o r  domestic and o the r  uses, 

t o  perform a g r i c u l t u r a l  t a s k s  (g r ind ing  corn,  crushing 

sugar  cane and thresh ing)  and f o r  t h e  genera t ion  of 

e l e c t r i c i t y  i n  more recent  times. 

The b a s i c  elements determining the  energy obta inable  from 

a wind m i l l ,  a r e  t he  .wind speed, t he  s i z e  of t he  a rea  

swept by t h e  r o t o r  and t h e  conversion e f f i c i e n c y  of t he  

p l a n t .  Wind m i l l s  however, a r e  designed t o  g ive  t h e i r  

maximum power capac i ty  a t  a chosen o r  r a t ed  wind speed. 

I n  theory the  maximum a wind m i l l  could e x t r a c t  is  59.3 

per  cen t  power i n  t he  wind. I n  p r a c t i c e  e f f i c i ency  nay be 

reduced t o  about 30 pe r  cen t .  Although wind i s  a f r e e  and 

inexhaus t ib l e  source of energy, i t  does not  always blow. 

One cannot theref  ore  r e l y  abso lu t e ly  on power f ron the  

wind a t  a g iven  moment, however windy the  chosen s i t e  may 

be. The amount of u s e f u l  power produced a l s o  depends on 

the  a b i l i t y  of t he  u se r  t o  use i t  when i t  i s  produced. I n  

most p a r t s  of t h e  world winds blow a t  random times, and i f  

t he  energy cannot be used when the  wind provides i t  and 

cannot be s to red  aga ins t  t h e  time t h a t  i t  i s  ac tua l ly  

needed, a s  e l e c t r i c a l  energy i n  s to rage  b a t t e r i e s  or  a s  

water  pumped t o  an e leva ted  r e s e r v o i r ,  the  usefulness of 

t h e  wind device i s  quest ionable.  For t h i s  reason one of 

t h e  e s s e n t i a l  f i r s t  s t e p s  i s  t o  ob t a in  information on a 

average wind speeds a t  t h e  s i t e  proposed, including da t a  

on t h e  l e n g t h  of period dur ing  t h e  year  t h a t  the wind 

blows wi th  a speed g r e a t e r  than  a g iven  maximum, together  

with o t h e r  u s e f u l  da ta .  



A t  p resent  t h e r e  a r e  a number of wind powered pumping 

systems and wind powered e l e c t r i c a l  genera tors  which a r e '  

commercially ava i l ab l e .  Mechanically they a r e  s a i d  t o  be 

almost s i m i l a r  t o  f o s s i l  f u e l  powered engines i n  terms of 

r e l i a b i l i t y .  The cos t  of a wind system i s  c l o s e l y  l inked 

t o  t h e  type of t he  r o t o r  and he ight  of t h e  tower. . A l a r g e  

pa r t  of t h e  c o s t  i s  the  c o s t  of t h e  tower i s e l f .  -When t h e  

use  of t h e  wind m i l l  t o  - genera te  e l e c t r i c i t y  is  

contemplated the  necessary d e t a i l s  of matching the  

opera t ing  c h a r a c t e r i s t i c s  of t h e  generator  t o  ' t h e  

p r o p e r t i e s  of t h e  wind m i l l  r e q u i r e  sane engineering 

expe r t i s e .  The development of technologies  f o r  t he  

e x p l o i t a t i o n  of wind energy i s  now geared not only t o  

t echn ica l  problems of manufacturing and opera t ing  l a rge  

s c a l e  f a c i l i t i e s  but a l s o  t o  t h e  i n t eg ra t ed  opera t ion  of 

wind power s t a t i o n s  and energy s torage  systems. Future 

work w i l l  t h e r e f o r e  he lp  . t o  develop low cos t ,  simple and 

low maintenance small  s c a l e  p l a n t s  and ' t o  i n t e g r a t e  them 

i n t o  o t h e r  energy producing systems. Large p l a n t s  a r e  

a l s o  being i n v e s t i g a t e d  by a number of c o u n t r i e s  f o r  

ope ra t ion  i n  i n t e g r a t e d  systems wi th  o the r  power p l an t s .  

4 .  BIOMASS 

The convenient term t o  desc r ibe  energy resources  from 

organic mat te r  i s  biomass. A l l  f o s s i l  f u e l s  ( o i l ,  gas and 

c o a l )  were once biomass. P l an t s ,  t r e e s  and organic wastes 

hii~le a g r e a t  energy p o t e n t i a l .  Roughly 30 p e r  cent  of t he  

e ,> r th  i s  covered by t r e e s  and about half of a l l  t r e e s  cu t  
doten a & n  t h e  world a r e  used f o r  cooking and heat ing 

p r i n c i p a l l y  i n  t h e  developing regions. I f  "farmed" 

proper ly ,  wood i s  a n  e a s i l y  renewable source of energy. 



Wbod and s t r a w  burning b o i l e r s  f o r  c e n t r a l  heat ing have 

been developed. A s tudy  c a r r i e d  out  by, t h e  Ford 

Foundation, (USA) has r e c a l l e d  t h a t  o i l ,  gas and coa l  

consumption i n  t h e  pulp and paper i n d u s t r y  could be cu t  by 

an  i n c r e d i b l e  75 pe r  cen t  i f  t h i s  i ndus t ry  burned t h e i r  

wood wastes. This  a p p l i e s  t o  s i m i l a r  i n d u s t r i e s  i n  o ther  

count r ies .  Bumiing waste products  f o r  generat ing 

e l e c t r i c a l  power i s  another  example. A considerable 

amount of Hawaii 's e l e c t r i c i t y  is generated by burning 

sugar  cane wastes .  The waste d i s p o s a l  problem could 

t h e r e f o r e  be solved by using waste m a t e r i a l  a s  a whole o r  

p a r t  s u b s t i t u t e  f o r  o i l  i n  power genera t ing  plants .  

Considerable research  and development has been undertaken 

by a number of c o u n t r i e s  on t h e  microbio logica l  conversion 

of p l a n t  m a t e r i a l s  t o  l i q u i d  f u e l s ,  such a s  t h e  production 

of ace tone ,  butanol  and ethanol .  The most competitive 

a l t e r n a t e  l i q u i d  energy t o  f o s s i l  energy may be provided 

by a l coho l  f u e l .  B r a z i l  has a l ready  launched a pi-ogramme 

t o  d i l u t e  i t s  p e t r o l  (up t o  20 pe r  c e n t )  wi th  ethanol.  

The gene ra t ion  of methane f u e l  gas  by means of the  

c l a s s i c a l  "anaerobic d iges t i on" ,  of animal, a g r i c u l t u r a l  

and human wastes i s  another  new source of energy normally 

r e f e r r e d  t o  a s  biogas production. The f a c t  t h a t  organic 

m a t e r i a l ,  r o t t i n g  under condi t ions  where i t  i s  ,out  of 

contac t  wi th  a i r ,  w i l l  produce a inflammable gas,  has been 

Enown f o r  c e n t u r i e s ,  p a r t i c u l a r l y  i n  t he  phenomenon of 

mar shgas .  Methane gas (b iogas  o r  gobar gas)  i s  now 

produced ex t ens ive ly  i n  Ind i a ,  Taiwan, China, Korea, 

Bangladesh and i n  o the r  coun t r i e s  mainly f o r  use i n  r u r a l  

a r ea s .  



4.1 Fuel  Wood, and Charcoal 

Trees a r e  a renewable energy source,  however, t h i s  

t r a d i t i o n a l  source is  growing sca rce  and expensive a s  

f o r e s t s  a r e  receding i n  most c o u n t r i e s  and even g ra s s  

l ands  a r e  becoming d e s e r t s .  A t  p r e sen t  i t  i s  the  c o s t  of 

t r a n s p o r t  t h a t  makes wood u n a t t r a c t i v e  commercially as a 

f u e l .  The c a l o r i f i c  va lue  of wood inc reases  a s  t h e  green 

timber d r i e s .  Wood d r i e d  i n  t h e  open a i r  i s  6000 Btus per  

lb .  compared wl th  13,000 Btus p e r  l b .  f o r  coal .  So the  

wood equiva len t  of t h e  c o a l  weighs twice a s  much and 

occupies f o u r  t imes t h e  a rea .  Space i s  the  f i r s t  th ing  

t h e  wood u s e r  needs. Time i s  a l s o  another  f a c t o r  t o  

t r a n s p o r t ,  saw, s p l i t  and s t a c k  wood. Wood has been used 

f o r  c e n t u r i e s  and wood undoubtedly w i l l  remain t h e  main 

energy source i n  r u r a l  'areas of developing c o u n t r i e s  f o r  

many more yea r s  t o  come. 

Third world d e f o r e s t a t i o n  is  advancing rap id ly .  The 

overwhelming preponderance of wood c u t  i n  the  developing 

c o u n t r i e s  i s  used f o r  f u e l .  Few coun t r i e s  have conducted 

successf t i l  r e f o r e s t a t i o n  programmes even though this i s  

probably t h e i r  most p o t e n t i a l l y  l u c r a t i v e  

energy-production investment. Refores ta t ion  e spec i a l l y  

wi th  f a s t  growing spec i e s  such a s  eucalyptus,  i p i l - i p i l  

( i n  recent  yea r s )  and o t h e r  v a r i e t i e s  purposely grown f o r  

use  a s  firewood i s  now being undertaken by a number of 

count r ies .  S o c i a l  f o r e s t r y  which involves growing t r e e s  

i n  common v i l l a g e  lands  could a l s o  make a valuable 

cont r ibu t ion .  



Wood c h a r c o a l  i s  a n o t h e r  source  of energy. It has  a  much 

h f g h e r  c a l o r i f i c  va lue  (weight  f o r  we igh t )  t h a n  t h e  wood 

from which i t  i s  produced. I n  t h e  p rocess  of 

c a r b o n i z a t i o n ,  t h e  wate r  i n  t h e  wood (more t h a n  one- third  

t h e  weight of t h e  wood) is  e x p e l l e d  and a  cons iderab le  

s a v i n g  i n  t r a n s p o r t  c o s t s  c a n  be achieved.  However, p a r t  

of t h e  energy i n  t h e  wood i s  a l s o  l o s t  i n  t h i s  process.  

Charcoal  i s  a  c l e a n  f u e l  (smokeless)  and is  i d e a l  f o r  

domest ic  and i n d u s t r i a l  use.  

4.2 Biogas  (Methane, g a s  CH ) 
4 

Biogas o r  gobargas  i s  e x t r a c t e d  by t h e  anaerob ic  d i g e s t i o n  

of an imal ,  human and a g r i c u l t u r a l  wastes.  It i s  decades 

o ld  and t h e  technology i s  w e l l  known* A.  b a s i c  way of 

o b t a i n i n g  b iogas  i s  by mixing cowdung and water.  The 

d i g e s t i o n  i s  c a r r i e d  o u t  by b a c t e r i a  which a r e  p resen t  i n  

t h e  manure,. Its f u n c t i o n a l  u s e s  range from cooking, 

h e a t i n g  and l i g h t i n g  t o  powering eng ines  f o r  e l e c t r i c i t y  

g e n e r a t i o n  and f o r  o t h e r  uses .  Methane b a c t e r i a  a r e  

s e n s i t i v e  t o  c e r t a i n  environmental  f a c t o r s .  T h e i r  growth 

i s  i n h i b i t e d  even by smal l  amounts of oxygen and i t  i s  

e s s e n t i a l  t h a t  a  h igh ly  reducing environment be maintained 

t o  promote t h e i r  growth. The b a c t e r i a  a r e  s e n s i t i v e  t o  

chan.ges i n  pfI and g a s  p roduc t ion  i s  normally s a t i s f a c t o r y  

between 6.6 and 7.6 pH. Sudden tempera ture  changes should 

a l s o  be avoided. Process  t empera ture  a t  t h e  optimum range 

of 30°c - 3 8 ' ~  should be maintained.  A f t e r  fe rmenta t ion ,  

t h e  o r g a n i c  m a t t e r  produces no t  on ly  g a s  but  a l s o  l a r g e  

amounts of e f f l u e n t  ( l i q u i d  s l u r r y  and s ludge)  t h a t  make 

e x c e l l e n t  f e r t i l i z e r .  The l i q u i d  s l u r r y  could be removed 

d a i l y  from t h e  o u t l e t  chamber and t h e  sludge 



t h a t  s e t t l e s  a t  t h e  bottom of t h e  d i g e s t e r  is obtained 

when t h e  d i g e s t e r  i s  p e r i o d i c a l l y  emptied. 

I n  China t h e  most r ap id  expansion of biogas has been 

r e g i s t e r e d  i n  t h e  province of Sichuan. It has  about 5 

m i l l i o n  biogas p l an t s .  The gas  produced i s  mainly used 

f o r  cooking and l i g h t i n g  and sometimes t o  generea te  

e l e c t r i c i t y .  I nd i a  has a l s o  undertaken c o n s i d e r a b l e .  work 

on biogas product ion.  Various t ypes  of d i g e s t e r s  have 

been t e s t e d  and over  25,000 biogas p l a n t s  have been 

i n s t a l l e d .  It i s  bel ieved t h a t  t h e  anaerobic d i g e s t i o n  

process  which gene ra t e s  methane gas  is  a promising answer 

t o  f u t u r e  energy needs of r u r a l  a r ea s ,  however, i n  

p r a c t i c e  very l a r g e  numbers of animals (p ig s ,  cows o r  

pou l t ry )  a r e  requi red  f o r  t h i s  purpose. 

4 . 3  Ethanol  

The a r t  of fe rmenta t ion  of a v a r i e t y  of p lan t  products  t o  

produce a l c o h o l i c  beverages has been known f o r  cen tu r i e s .  

The processes  of producing a l c o h o l s  a l l  of which a r e  in- 

flammable l i q u i d s  involve t h e  growth of . microbia l  

popula t ions  under anaerobic cond i t i ons  (no t  i n  con t ac t  

w i th  a i r )  u t i l i z i n g  t h e  n u t r i e n t s  found i n  var ious  p l a n t  

sources  and conver t ing  t h e  carbohydrates  ( suga r s  and 

s t a r c h e s )  of t h e  p l a n t  m a t e r i a l s  t o  var ious  alcohols: 

When the  a l coho l  i s  t o  be used a s  a l i q u i d  f u e l  i t  must be 

separa ted  i n  a s u f f i c i e n t l y  pure form by convent ional  

d i s t i l l a t i o n .  



The technology of t h e  manufacture of e t h y l  alcohol  

obtained from raw m a t e r i a l s  of. vegetable o r i g i n  and 

running of veh ic l e s  wi th  a pe t ro l -a lcohol  mixture i s  now 

known. B r a z i l  i s  to-day running thousands of i t s  

automobiles on t h e  pe t ro l -a lcohol  mixture. Experiments 

concerning t h e  a d d i t i o n  of a?cohol  t o  p e t r o l  have sho;~ .  

t h a t  i n  propor t ions  up to. 20 pe r  cent  (a lcohol )  no 

modi f ica t ions  of t h e  motor i s  required.  Alcohol may a l s o  

be added to .  d i e s e l  up t o  about 4 p e r  cent .  

Today t h e  raw m a t e r i a l  most widely used i n  t he  product ion 

of a l coho l  i s  sugar  cane. Lccording t o  t h e  Braz i l i an  

experience one ton  of suga r  cane produces on average 95 

Kg. (200 l b s )  of sugar and 7 t o  12 l i t r e s  oC a ~ c o h b l  a s  a 

byp;oduct I n  a process f o r  t h e  exc lus ive  product ion of 

a l coho l  an average y i e l d  of 60 t o  70 l i t r e s  of a lcohol  per  

t on  of sugar  cane i s  achieved. , Other matercals  which 

could be used f o r  a lcohoi  product ion inc lude  sorghum, 

cassava (maniocj sweet po t a to  and c e l u l l o s e  res idoes*  

The es tab l i shment  of small-scale p;ants ( d i s t i l l e r i e s )  for 

t h e  product ion of a lcohol  . loca ted  i n  s t r a t e g i c a l l y  

s e l ec t ed  po in t s ,  ' s p e c i a l l y  i n  dev&loFlnp, count r ies . ,  w i l l  

make poss ib l e  t h e  i nco rpo ra t ion  of new land i n t o  t he  

product ive system. This has t h e  d d e d  advantage of f i x i n g  

the  ~ u r a l  populat ion i n  t h e  rag ion  ss they w i l l  benef i t  

from t h e  product ion of energy inputs .  

4.4 Waste Ma te r i a l s  

Agr i cu l tu ra l  waste m a t e r i a l s  a r e  a l ready  used i n  many 



c o u n t r i e s  f o r  i n d u s t r i a l  purposes ( s t r aw  f o r  t h e  

manufacture of paper) ,  a s  f e r t i l i z e r s ,  animal feed  and ' as  

a f u e l .  The use of some a g r i c u l t u r a l  wastes f o r  energy 

product ion w i l l  a l low a d d i t i o n a l  va lue  t o  be gained from 

them while  t he  previous b e n e f i t s  a r e  s t i l l  re ta ined .  Wood 

wastes  from var ious  i n d u s t r i a l  concerns using wood as a 

raw m a t e r i a l ,  straw, c o i r  dus t ,  paddy husk, bagasse (sugcl- 

cane waste) and o the r  m a t e r i a l s  could be used a s  a source 

of energy. Waste has always e x i s t e d  i n  our  soc i e ty  of 

p l en ty  - always and everywhere. We have i n  t h e  pas t  

ignored i t ,  thrown i t  away, o r  burned i t  use less ly .  

Considerable a t t e n t i o n  i s  now being given t o  t he  

b r i q u e t t i n g  of var ious  waste m a t e r i a l s  f o r  use a s  a f u e l .  

I n  Hawaii bagasse i s  used along wi th  r e s idua l  l e a f  t r a s h  

t o  produce steam f o r  e l e c t r i c i t y  generat ion.  Waste 

m a t e r i a l s  a r e  t he re fo re  becoming important a s  an 

a l t e r n a t i v e  energy source,. 

5. TIDAL ENERGY 

Other p o s s i b i l i t i e s  of opening up new sources of energy 

mainly involve  t h e  use of marine phenomena which inc lude  

t i d a l  energy, wave energy, s a l i n i t y  g rad i en t s  of t he  

oceans, temperature g rad i en t s  of t he  oceans and ocean 

cu r r en t s .  

The energy involved i n  t i d a l  movements i s  immense and 

inexhaus t ib le .  The energy of t h e  t i d e  can be harnessed 

and converted t o  e l e c t r i c i t y  by a process s i m i l a r  t o  t h a t  

used i n  t he  product ion of hydro-electr icify.  , The s i z e  of 

t h e  t i d e  i s  the  d i f f e r e n c e  between 'high '  and 'low' water 



and i t s  s i z e  va r i e s  with the .  season and wi th  geographical 
loca t ion .  Given t h a t  t h e  t i d a l  movement i s  of su f f i c i en t '  

s i z e  i t  could be harnessed f o r  power generation. The 

one-way cycle  i s  the  s imples t  arrangement and e n t a i l s  the 

c los ing  of an  e s tua ry  o r  bay by a barrage t o  c r e a t e  a 

l a r g e  -basin. The p o t e n t i a l  energy of the  water i s  

u t i l i z e d  as t h e  bas in  empties. The  cyc le  takes  place i n  

t h r e e  s t ages ; the  f i l l i n g  phase wi th  the  r i s e  of t he  t ide ,  

t h e  wai t ing  phase i n  which the t i d e  has reached i t s  

maximum and t h e  s l u i c e s  c losed  and a genera t ing  phase when 

t h e  water i s  f ed  through tu rb ines  which produce power by 

the  d i f f e r e n c e  i n  water l e v e l  betwen the  basin and the 

sea. The p o s s i b i l i t i e s  o f f e red  by very l a rge  t i d a l  power 

s t a t i o n s  a r e  g rea t .  Perhaps t h e  bes t  known i s  a t  La Rance 

i n  France which has an output  of 240 MW. Of t he  B r i t i s h  

methods being researched i s  one known a s  the  S a l t e r  Duck 

which extract .  power from the  up-and-down motion of the  

waves. Recent advances i n  turb ine  design and barrage 

cons t ruc t ion  techniques make these  power s t a t i o n s  even 

nore  a t t r a c t i v e  now. Tida l  energy remains a g rea t  

p o t e n t i a l  source of e l e c t r i c a l  power but i t s  exp lo i t a t ion  

i s  not  l i k e l y  i n  t he  near  fu tu re .  

6.  THERMAL ENERGY OF WATER 

The f e a s i b i l i t y  of exp lo i t i ng  t h i s  type of energy was 

f i r s t  demonstrated i n  France when s t u d i e s  revealed t h a t  i t  

w a s  poss ib l e  t o  produce energy from a s m a l l  temperature 

d i f f e rence  between two v a s t  bodies of water. Temperature 
d i f f e rences  a r e  found where t h e r e  i s  a warm sur face  l aye r  

of water  heated by the sun and deep below cold water. The 

temperature d i f f e rence  should normally be about 20°c. 



This  might n e c e s s i t a t e  pumping from g r e a t  depths. Sea ' 

thermal  p l a n t s  can a l s o  make f r e s h  water  a by-product of 

t h e  process. 

The sea  i s  t h e  l a r g e s t  c o l l e c t o r  and r e se rvo i r  of -  s o l a r  

energy on ea r th .  Of t he  p r a & t i c a l  large-scale  s o l a r  

proposa ls  only sea thermal power can produce 24 hours a 

day output .  Other s o l a r  energy methods a r e  l imi ted  t o  

about 8 hours a day. To permit continuous genera t ion  wi th  

those  o t h e r  methods l a r g e  energy s to rage  systems a r e  a l s o  

required.  

The sea  s o l a r  power systems o r  ocean thermal energy 

conversion (OTEC) power systems f o r  generat ing e l e c t r i c i t y  

u t i l i z e s  a f l o a t i n g  p la t form much l i k e  a present  day o i l  

r i g  which i s  t o t a l l y  self-contained.  The p l an t  c o n s i s t s  

of an evaporator ,  a tu rbogenera tor  and a condenser. The 
warm su r f ace  water  i s  led  through the  system where i t s  

hea t  vapor izes  a working f l u i d .  This  vapour d r i v e s  t he  

t u rb ine ,  producing e l e c t r i c  power i n  t h e  gene ra to r '  and 

then  i s  condensed by t h e  coid,er water from t h e  .ocean 

depths. The working f l u i d  i s  f i n a l l y  d i rec ted  back t o  t he  

evaporator  t o  be reused. The water  is returned t o  the  

ocean.. D i f f i c u l t i e s  however, have been experienced i n  

obta in ing  t h e  co lde r  water from t h e  ocean depths. 

Although a t tempts  have been made t o  demonstrate power 

genera t ion  by using t h e  thermal energy of water, OTEC 

power systems a r e  s t i l l  i n  t h e  experimental s tage.  

Available information r e v e a l s  t h a t  they a r e  expensive t o  

bui ld  a t  present .  T h e  p o s s i b i l i t i e s  a r e  t h a t  such p l a n t s  



may be a  v i a b l e  source of power i n  t h e  not  too d i s t a n t  
. i 

fu tu re .  Land based OTEC p l a n t s  a r e  a l s o  being studied.  

NARESA has a l s o  undertakena s t u d i e s  on t h e  f e a s i b i l i t y  of 

e s t a b l i s h i n g  OTEC power systems i n  S r i  Lanka. 

7. GEOTHERMAL ENERGY 

~ e o t h e r m a l  resources  have been known s i n c e  anc ien t  times 

s p e c i a l l y  t o  support es tab l i shments  f o r  therapeut ic  

bathing ( t h e r a p e u t i c  use  of hot spr ings) .  A t  the  

beginnirig of  t h e  20th  century ,  a  new a p p l i c a t i o n  of 

geothermal steam wa's used f o r  t h e  genera t ion  of 

e l e c t r i c i t y .  Geothermal energy i s  t h e  n a t u r a l  heat 

contained w i t h i n  t h e  ea r th .  Ea r th  geothermal resources 

mainly e x i s t  i n  a r e a s  of t h e  world t h a t  have experienced 

recent  volvanic a c t i v i t y .  They nay a l s o  e x i s t  i n  o the r  

a r ea s .  Geothermal energy has economic s ign i f i cance  where 

t h e  hot  rock a t  depth i s  f r a c t u r e d  o r  has spaces t h a t  

permit hot water  o r  steam t o  c i r c u l a t e  and c a r r y  heat  from 

t h e  rocks t o  ' the su r f ace ,  by way of a  n a t u r a l  channel or  

i f  a  geothermal .wel1 i s  d r i l l e d .  It i s  ' a  resource t ha t  

can be used only near  n a t u r a l  occurrences. When hot water 

o r  steam i s  a v a i l a b l e  i t  provides a  source of energy f o r  

e l e c t r i c i t y  genera t ion ,  space hea t ,  drying and 

r e f  r i g e r a t i o n .  

When e l e c t r i c i t y  i s  t o  be produced t h e  geothermal steam 

i t s e l f  could be used d i r e c t l y  t o  d r i v e  a  turbine.  A 
' syn the t ic  r e f r i g e r a n t  (working f l u i d )  nay a l s o  be used f o r  

t he  purpose of d r iv ing  the  t u rb ine  i n  which case-  heat 

exchangers a r e  needed. These a$e metal  p l a t e s  b r  piping 



t o  keep t h e  geothermal hot  water  and the' f l u i d  s epa ra t e  

and y e t  capable of . t r ans f  e r i n g  ' heat  e a s i l y .  High 

temperature geothermal water  and steam have been explo i ted  

i n  c o u n t r i e s  such a s  I c e i a n i ,  I t a l y ,  Indonesia, Japan, New 

Zealand, t h e  Ph i l i pp ines ,  South America and USA where 

volcanic  a c t i v i t y  has occurred wi th in  t h e  geologica l ly  

r ecen t  pas t .  

8. HYDRO POWER - M I N I  PLANTS 

With ^ the  development of l a r g e  s c a l e  hydro and thermal 

e l e c t r i c  c e n t r a l  genera t ing  s t a t i o n s  and the ex tens ion  of 

e l e c t r i c  power l i n e s  t c  r u r a l  a r e a s ,  the manufacture of 

smal l  water  t u r b i n e s  began t o  d e c l i n e  very rap id ly .  Smal l  

s c a l e ,  low-head hydro e l e c t r i c  u n i t s  normally r e f e r  t o  

those  capable of genera t ing  5 - 1 5  KW a t  heads of 10 - 20 

f e e t  ( 3  -, 6 m). The u n i t s .  can  a l so  perform use fu l  
mechanical t a s k s  d i r e c t l y ,  Nin i  hydropower p l a n t s  o r  

midget water  power s t a t i o n s  a r e  now being i n s t a l l e d  a t  

var ious  p o i n t s  a s  an a l t e r n a t i v e  source of energy. 

"Micro" hydro power package power p l a n t s  a r e  now ava i l ab l e  

from a number of manufacturers.  It has a l s o  been repor ted  

t h a t  small  wooden tur 'bines a r e  being made i n  t h e  'Soviet  

Union and China and it may be worthwhile t o  pursue the  

i dea  of a  wooden tu rb ine  design f o r  use i n , o t h e r  count r ies .  

Most of t h e  world's untapped water  power i s  i n  the  

developing count r ies .  Af r i ca  f o r  i n s t ance ,  genera tes  only 

2 pe r  cen t  of t h e  world's hydropower but holds over 20 '  per  

cen t  of t h e  po t en t i a l .  A s i g n i f i c a n t  growth i s  expected 

i n  t h e  use of small  water d r iven  tu rb ines  over  t h e  coming 



decades a s  t h e r e  a r e  l i t e r a l l y  mi l l i ons  of r i v e r  s i t e s  
around t h e  world where ind iv idua l  and corporate energy 

needs could be met by t h e  i n s t a l l a t i o n  of water powered 

genera tors .  The Chinese have made i t  a public  pol icy  t o  

decen t r a l i ze  energy sources and about 20 per  cent  of 
China's e n t i r e  e l e c t r i c a l  needs a r e  supplied by some 

60,000 small  hydropowered i n s t a l l a t i o n s .  A s  soon a s  the  

c o s t  of small  water t u rb ines  f a l l s  demand should grow and 

i f  t h i s  i s  conbined with l e g i s l a t i o n  t o  encourage the use 

of r i v e r  power, s i g n i f i c a n t  energy savings can be expected 

from t h i s  source i n  t he  fu tu re .  

9. HYDROGEN 

In  genera l  t h e  g r e a t e r  t h e  number of hydrogen atoms 

a t tached t o  carbon atoms i n  a hydrocarbon molecule the  

g r e a t e r  t he  energy content  of t he  f u e l .  It i s  the l a r g e  

hydrogen component i n  methane ( n a t u r a l  gas)  and gasoline 

t h a t  g ives  these  f u e l s  t h e i r  high energy content*  The 

genera t ion  of '  syn the t i c  hydrocarbon f u e l s  and tihe use of 

pure hydrogen a s  a  f u e l  a r e  a r e a s  which have a t t r a c t e d  

a t t e n t i o n  i n  recent  yearsc.  The p o s s i b i l i t y  of obtaining 

the  f u e l  hydrogen by the  e l e c t r o l y s i s  of water has been 

studied.  However, the  process requi res  l a rge  amounts of 

e l e c t r i c i t y .  

There has been much t echn ica l  d iscuss ion  on the  use of 

pure hydrogen a s  a fue l .  One of t h e  g r e a t  advantages of 

t h i s  s u b s t i t u t i o n  i s  t h a t  t he  p r i n c i p a l  cumbustion product 

is water. There a r e  a l s o  seve ra l  disadvantages i n  t h e  use 

of raw hydrogen f o r  a i r c r a f t  and automobiles. The densi ty 



of hydrogen i s  very low and even i n  t h e  l i q u i d  s t a t e  l a r g e  

volumes of t h e  product would be required f o r  var ious  

uses.  The con ta ine r  tanks  would the re fo re  have t o  be 

l a r g e  and super  i n su l a t ed  t o  prkvent  t h e  cryogenic 

hydrogen from bo i l i ng  away. It is  a l s o  bel ieved t h a t  

c o n t r o l l e d  thermonuclear f u s i o n  t o  genera te  e l e c t r i c i t y  

could provide t h e  key t o  achieving- an  inexhaus t ib le  supply 

of s y n t h e t i c  hydrocarbon f u e l s  inc luding  the genera t ion  

of hydrogen by e l e c t r o l y s i s  of water. The f u s i o n ,  r e a c t i o p  

i s  y e t  i n  t h e  experimental  s t a g e  and a s  mentioned e a r l i e r  

it may be a long wai t  f o r  a major breakthrough i n  t h i s  

a r e a  of research.  German and U.S. researchers  f e e l  t h a t  

hydrogen could be used f o r  hea t ing  and a s  a motor f u e l  and 

can  be produced from watek o r  coal .  The s to rage  problems 

appear  t o  be nea re s t  t o  s o l u t i o n  a s  a r e s u l t  of 

breakthroughs i n  t h e  use of hydride tanks. S i n c e '  hydrogen 

forms hydr ides  wi th  c e r t a i n - t y p e s  of metals  and a l l o y s ,  i t  

is  p o s s i b l e  t o  use this proper ty .  t o  s o l i d i f y  hydrogen. 

So l id  hydr ides  a r e  more advantageous from the  weight 

s tandpoin t  t han  hydrogen gas  contained i n  cy l inders .  

Apart from the  e l e c t r o l y s i s  of water ,  hydrogen has a l s o  

been produced through c a t a l y t i c  . reac t ion  of steam wi th  

coke and a new technique has been developed fo.r t he  

product ion of hydrogen by applying an e l e c t r i c  cu r r en t  t o  

a mixture of powered c o a l  and water. These processes 

r equ i r e  a g r e a t l y  lowered e l e c t r i c a l  consumption. The 

weight and c o s t  of tanks  y e t  remain a problem both f o r  

l i q u i d  hydrogen and f o r  hydrides. It i s  however, believed 

t h a t  hydrogen i s  a leading  contender  a s  an  a l t e r n a t e  fue l .  



SUMMARY 

It i s  obvious t h a t  wh i l s t  our  dependence on o i l ,  ga s  and 

c o a l  w i l l  not s lacken  f o r  some cons iderable  time our  world 

does o f f e r  a  wide v a r i e t y  of o the r  poss ib le  energy 

sources. We a r e  now nearing t h e  end of t he  beginning of 

t h e  p a i n f u l  t r a n s i t i o n  from a f o s s i l  f u e l  economy t o  one 

t h a t  employs i nexhaus t ib l e ,  s a f e  and c l ean  energy 

sources.  Although some of t he se  energy forms ( o t h e r  than 

nuclear  energy) cannot a s  y e t  be c a l l e d  upon t o  provide an 

economical source of energy i n  t h e  same magnitude a s  o i l ,  

gas  and c o a l  t h e r e  e x i s t s  immediate app l i ca t i ons  wi th  

s p e c i a l  re levance  t o  t he  needs of t h e  r u r a l  a r e a s  where 

t h e  g r e a t e r  mass of our  people l i v e .  Tomorrow's energy is  

one of t h e  key problems of t h e  developing world and a 

ma t t e r  f o r  s e r ious  concern f o r  t he  i n d u s t r i a l i z e d  

na t ions .  I n  s e l e c t i n g  t h e  techologies  t o  be developed i n  

coun t r i e s  l i k e  S r i  Zanka i t  must be recognized t h a t  major 

f i n a n c i a l  resources  a r e  now being devoted t o  research  and 

development work on a l t e r n a t i v e  sources of energy i n  the  

more advanced count r ies .  The immediate concern of a  l o c a l  

programme should t he re fo re  be on r e l a t i v e l y  simple and 

adaptable  technologies ,  those  which a r e  not c a p i t a l  

i n t e n s i v e  and need minimal R and D t o  make them useful .  

For more complex technologies  the  s t r a t e g y  should be 

ne re ly  t o  keep ab reas t  of developments and t o  t r a n s f e r  t he  

r e l evan t  technologies  f o r  l o c a l  use a f t e r  they have been 

proved f e a s i b l e  elsewhere. It i s  c l e a r  t h a t  no s ing l e  

energy source can meet t h e  e n t i r e  demand of t he  world o r  

of any p a r t i c u l a r  country. The optimal u t i l i z a t i o n  of a 

n i x  of d i f f e r e n t  types  of energy sources have t o  be 

adopted depending on t h e  p a r t i c u l a r  resources  and 

cond i t i ons  i n  each country. The neces s i t y  f o r  discovering 



alternative,  economically viable sources of energy cannot 
therefore be over looked. 



CHAPTER 4 

GENERAL GEOGRAPHY AND GEOLOGY 

S r i  Lanka (Ceylon) i s  a t r o p i c a l  i s l a n d  and l i e s  32 km. t o  

the  e a s t  of t he  southernmost ex t remi ty  of Peninsular  

India.  It has an  a rea  of 65,600 square ki lometres and i s  

432 km. long and 224 km. a t  i t s  g r e a t e s t  breadth. 

The I s l and  may be divided i n t o  two main physiographic 

d i v i s i o n s  

The low ly ing  c o a s t a l  p l a i n  with l i g t l e  

r e l i e f  and t raversed  by r i v e r s  which have 

reached t h e i r  base l e v e l  of erosin.  

The c e n t r a l  highlands wi th  immature 

dra inage  p a t t e r n s  and marked r e l i e f  

aboundf ng i n  numerous s t r i k e  r idges ,  h i l l s  

and mountains. 

The c o a s t a l  p l a i n  i s  narrow i n  t h e  western and southern 

p a r t s  of t he  Is land .  The gene ra l  l e v e l  va r i e s  from sea  

l e v e l  t o  about 150 metres and some eros ion  remnants may 

rise t o  300 metres o r  more -above sea leve l .  The c e n t r a l  

highlands rise s t eep ly  from the  c o a s t a l  p l a i n  - mainly i n  

c e r t a i n  a r e a s  towards the  south. The highest  mountain 

(Piduruta lagala)  a t t a i n s  a n  e l e v a t i o n - o f  2527 metres above 

sea  l e v e l .  



S r i  Lanka l ies  i n  the  monson region  of south-east  Asia and 

i t  has a humfd t r o p i c a l  cl imate.  The d iv i s ion  i n t o  a Wet 
Zone and Dry Zone which merge i n  an Intermediate Zone is  

one of t h e  most widely recognized geographical  f e a t u r e s  of 

t h e  Is land.  I n  Pig. 1 t h e  r a i n f a l l  p a t t e r n  i s  ,shown, 

c l e a r l y  demarcating the  Wet arrd Dry Zone. The average 

r a i n f a l l  v a r i e s  from below 1250 mm- i n  t he  north-west and 

south-east p a r t s  of t he  lowland zone t o  over 5000 mm i n  

t he  south-west s lopes  of t he  c e n t r a l  h i l l  country. The 

mean r a i n f a l l  f o r  t h e  Is land  i s  2000 mm. I n  the  Wet Zone 

a r e a s  t he  average mean temperature va r i e s  between 21.1l0c 
and 29.44'~ and i n  t h e  Dry Zone it may be nearer  32.22'~. 

I n  the  highlands the mean temperature ranges between 

14.44oC a l d  25.56'~ according t o  elevation‘ 

The r i v e r s  a r e  f o r  t h e  most p a r t  rad ia l .  The upper 

reaches a r e  mainly confined t o  t h e  centra?. h i l l  country. 

Tke r a d i a l  p a t t e r n  i s  t h e  dominant element i n  the  diarnage 

p a t t e r n  of 3rf Lanka. The g r e a t e s t  problem of W e t  Zone 

hydrology is  t h a t  of f lood con t ro l .  Incndation of l o g  

ly ing  a r e a s  i s  almost i t rev i tab le  and vas t  s t r e t c h e s  of 

gr0ul.d are suh jec t  t o  s e r ious  f looding during the  wet 

seasons. This  has r e su l t ed  i n  t h e  development of deep and, 

ex tens ive  depos i t s  of a l l u v i a l  ma te r i a l  along the lower 

reaches of the  major r i v e r  systems draining t h i s  region. 

I n  the  Dry Zone i t  is  a seasonal  shortage of water which 

i s  a prob..em. Very few r i v e r s  r i s e  i n  t he  Wet Zone arid 

f low i n t o  the  Dry Zone. 

The main concent ra t ion  of s e t t l e ~ z n t c  i s  i n  the  Wet Zone 

i n  t h e  whole of t he  western, south--wes+.ern and c e n t r a l  
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h i l l s .  I n  t h e  Dry Zone a r e a s ,  f o r  example, i n  the  north, 
nor th-cent ra l  and eas t - cen t r a l  p a r t s  of t he  I s l and  the  

concent ra t ion  i s  l i g h t .  The populat ion of Srf  Lanka i n  

1963 (Census of Ceylon 1963 - Department of Census and 
S t a t i s t i c s )  was approximately 11.5 n i l l i o n  and i n  1971 

(Census of Ceylon 1971) t h e  populat ion was 12.7 mil l ion.  

I2 1979 i t  w a s  14.5 m i l l i o n  and a t  present  i t  i s  around 15 

m i l l i o n  growing at t h e  r a t e  of 1.7 per  cent  per  annum. 

About 80 p e r  c e c t  of t h i s  populat ion l i v e s  f n  +he r u r a l  

a r e a s  vhere a g r i c u l ~ u r e  i s  the  main a c t i v i t y ,  

Over 90 p e r  cen t  of t he  sur face  a r e a  of t he  Is land  is  

under la in  by Precambrian zocks consisting of a  complex 

. s e r i e s  of high-grade metamorphic rocks,  most of which have 

been derived from sediments and a l t e r e d  by one or. more 

metamorphisms - Associated w i t h  t hese  metamorphic rocks 

a r e  g r a n i t e s  and g ran i to id  rocks of igneous o r ig in .  Fig. 

2'shows t h e  outcrops of the  main geologice l  formations i n  

t he  Is land  and Table V I I  i s  presented t o  show the  genera l  

succession of formations and the  important mineral 

d e p o s i t s  i n  S r i  Lanka. 

Recent formations inc lude  a v a r i e t y  of unconsolidated 

ma te r i a l s ,  c o a s t a l  sandstone,  c o r a l  and s h e l l  formations. 

Ay f a r  t h e  most ex tens ive  depos i t s  of recent  o r i g i n  a r e  

the  a l l u v i a l  d e p o s i t s  ah i ch  a r e   rides spread along the  lower 

reeches of t h e  major r i v e r  systems of t h e  Is land .  The 

Ple is tocene  d e p o s i t s  which a r e  developed i n  t h e  western 

and north-western p a r t s  of t h e  Is land  a r e  mainly gravels  

and red e a r t h s  and l a t e r i t e s  a r e  well  developed i n  the  

south-west s e c t o r  of t h e  Is land  and a r e  c l e a r l y  r e s idua l  

type depos i t s -  
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TABm VII 

GENERAL SUCCESSION OF GEOLOGICAL FORMATIONS 
AND PRINCIPAL MINERAL DEPOSITS IN SRI LANKA 

Formations 

Shales, Carbo- Shales 

, - 1 neceous shales  
and arkosic 
sandstone. 



TABLE V I I  (Contd.) 

( g n e i s s i c  com- 
plex)  Southwes- 

t (gneisses  and 
metasediments) s i l l ima-  
I n t r u s i v e s  , 
( g r a n i t e s ,  

I 
copper, 

d o l o r i t e  s e rpen t i  
dykes, pegmati- n i t e  
t e s )  1 

(Modified a f t e r  Herath 1980) 

The l a r g e s t  development of sedimentary rocks occur i n  the 

north-western c o a s t a l  b e l t  exte'nding from t h e  Jaf fna  

Peninsula i n  t h e  nor th  t o  t h e  south of Puttalam on the 

w e s t  coas t .  T h i s  formation i s  of Miocene age and the  rock 

type is a massive limestone of marine o r i g i n  which i s  

f o s s i l i f e r o ~ s .  J u r a s s i c  rocks a r e  l imi t ed  i n  ex tent  an2 

they a r e  exposed i n  t h e  Tabbowa, Andigama and Pallzaa 

a r e a s  no r th  of Chilaw. These sedimentary rocks a r e  

composed of sandstone, g r i t s ,  arkoses ana shales.  SimiZar 

J u r a s s i c  ( Gondwana) rocks occur below the  Miocene 



l imestone of t h e  ~ a n & r  a rea  (Petroleum surveys - d r i l l  

cores) .  

The Precambrian c r y s t a l l i n e  rocks which cover t he  major 

po r t ion  of the  country c o n s i s t s  e s s e n t i a l l y  of a 

charnockite7netasedimentary s e r i e s  (Highland S e r i e s )  and a 

.complex of gneisses ,  g r a n i t e s  and migmatites (Vijayan 

S e r i e s  and the  South-Western Group of rocks). The Xgerous 

rocks occurr ing  i n  S r i  Lanka are mainly pegmati t ic  

n a t e r i a l s ,  z i r con  g r a n i t e s ,  some d o l e r i t e  dykes and a few 

g ran i t e s .  Pegmatites of economic value a r e  known i n  the  

Ra t to t a ,  Talagoda and Alutepola a reas .  Numerous o the r  

pegmati tes  have been observed i n  o ther  p a r t s  of the  

Is land .  Zircon g r a n i t e s  outcrop i n  the  Balangoda, Loluwa 

and Parakaduwa areas .  ~ o i o r i t e  dykes a r e  confined ' t o  the 

Eastern. Province (Kaha Oya, Elahera,  China Bay and 

Kanta la i )  . Grani tes  a r e  developed In' t h e  Tonigala, 

Ambagaspitiya and Aluthgama areas.  

Metamorphic rocks which cover t h e  major po r t ion  of t he  

I s l and  a r e  of Precambrian age and some rocks a r e  over  2000 

m i l l i o n  yea r s  old. Three main groups. a r e  recognised: 

( a )  Highland S e r i e s  - This S e r i e s  i s  cha rac t e r i s ed  by 

metamorphosed sediments and charnocki t ic  rocks. The 

main rock types exposed a r e  q u a r t z i t e s ,  marbles 

(mainly dolomites),  ga rne t  - s i l l i m a n i t e  - graphi te  

s c h i s t s ,  g r a n u l i t e s  and gneisses  of var ious  types 

inc luding  a v a r i e t y  of charnocki t ic  rocks. 



(b) Vijayan S e r i e s  - This  Series, i s  mainly composed of 
g r a n i t e s ,  gne i s se s  of var ious  types and migmatites. 

( c )  South Western Group - This group is s imi l a r  t o  the 
Highland S e r i e s .  There a r e  however d i f ferences  

between t h e  two u n i t s  i n  terms of both l i thology and 

metamorphic h is tory .  Rock types i n  t h i s  group include 

t h i n  q u a r t z i t e s ,  wo l l a s ton i t e  bearing rocks, 

c o r d i e r i t e  bearing gne i s se s ,  coa r se  charnocki t ic  rocks 

and apprec iable  amounts of che r t .  

These rocks have been folded,  i n t o  a s e r i e s  of syrkorms and 

a n t i f  o m s ,  gene ra l ly  ' t rending i n  a north-west south-east 

d i r e c t i o n .  A good dea l  of controversy s t i l l  remains about 

t.he subdiv is ion  of the  S r i  Lanka Precambrian. What can be 

gene ra l ly  agreed however, i s  t h a t  t h e  s t r u c t u r e s  a r e  every 

where complex. I n  recent  years  however, the boundary 

between the  Highland S e r i e s  and Eas tern  Vijayan has been 

recognized a s  a mineral ized zone. A number of 

serpent  i n i  t e  rock outcrops have been located along this 

boundary (Fig. 2 )  and the  Seruwila copper-magnetite 
depos i t  i s  a l s o  confined t o  t h i s  zone. 

S r i  Lanka i s  mainly composed of Precambrian rocks. The 

nonazi te  occurrences (beach mineral  sands) a r e  the only 

depos i t s  which may be of some v-alue as an  energy source i n  

t h e  d i s t a n t  fu tu re .  Uranium surveys a r e  being undertaken 

by the  Geological Survey Department, however, . the 



prospects  f o r  l oca t ing  economic depos i t s  a r e  poor. 
Explora t ion  f o r  o i l  i s  i n  progress  (Ceylon P e t r o l e m  

Corporation). The only worthwhile resource as f a r  as 

energy i n  .Sr i  Lnaka i s  concerned i s  the  water power 

p o t e n t i a l  of t h e  country which has  enabled hydropower 

development. A number of hot sp r ings  have been identified 

and these  do not  show any promise -as an  energy resource. 

The pea t  d e p o s i t s  a r e  of a poor q u a l i t y  and a r e  of no 

economic value. Fur ther  surveys may have t o  be conducted 

t o  l o c a t e  good q u a l i t y  depos i t s .  S r i  Lanka i s  poor i n  

energy resources.  



CHAPTER 5 

PRESENT ENERGY SITUATION AND 

MAIN RESOURCES - SRI LANKA 

GENERAL STATEMENT 

The p a t t e r n  of primary commercial energy sources  v a r i e s  

according t o  l o c a l  abundance o r  shortage. I n  t h e  absence 

of  coa l ,  petroleum and n a t u r a l  ga s ,  S r i  Lanka has ' t o  

depend on imports  of e s s e n t i a l  ' f u e l  mater ia l s .  Vood 

remains t h e  main f u e l  source i n  r u r a l  areas.  A l l  

petroleum products  and l imi t ed  q u a n t i t i e s  of c o a l  a r e  

imported. The Ceylon Petroleum Corporat ion i s  t h e  s o l e  

impor te r  and d i s t r i b u t o r  of petroleum products  and i t  

ope ra t e s  a r e f i n e r y  a t  Sapugaskanda. This  organiza t ion  

has a l s o  undertaken a c t i v i t i e s  i n  connect ion with o i l  

exp lo ra t i on  i n  the  country. Water power p o t e n t i a l  has 

enabled hydropower development. The e x i s t i n g  s t a t i o n s  

(hydropower anci thermal) w i th  a t o t a l  capaczty around, 430 

MW (1983) generated near ly  1700 Gwh of e l e c t r i c a l  energy. 

Ninety percent  of t h e  e l e c t r i c i t y .  generated was from 

hydropower. The t o t a l  hydropower resources  (with the  

e x i s t i n g  p r o j e c t s )  were es t imated  i n  1968 f o r  an i n s t a l l e d  

capac i ty  of around 1600 MW producing an  average annual 

pu tput  of 6260 Gwh (Table XII) .  It has t o  be noted now 

t h a t  p r o j e c t s  considered t o  be economically not v i ab l e  1 7  

y e a r s  ago could be highly v i a b l e  today wi th  t h e  s t eep  r i s e  

i n  t h e  o i l  p r i c e s  during t h e  in te rvening  period.  



. . 

Approximately 50 m i l l i o n  t o n s  (wet bas i s )  of low grade 

pea t  o r  5 m i l l i o n  tons  (dry  b a s i s )  have,  been proved ' t o  

occur i n  t h e  Muthurajawela swamp no r th  of Colombo. The 

depos i t  cannot be considered a promising one. Deposi ts  of 

uranium have s o  f a r  not  been observed. Promising a r eas  

f o r  uranium exp lo ra t i on  have however been i d e n t i f i e d  f o r  

d e t a i l e d  i nves t iga t ion .  Thorium minerals  occur i n  the 

I s l and ,  monazite being t h e  most important thorium bearing 

mineral.  Geothermal resources a r e  l imi ted .  A number of 

hot  sp r ings  have been i d e n t i f i e d  and they cannot be 

considered as a p o t e n t i a l  resource  f o r  energy purposes. 

F igures  3 and 4 a r e  presented t o  show the energy resources 

of S r i  Lanka. 

ENERGY CONSUMPTION PATTERNS 

I n  S r i  Lanka the  t o t a l  approximate energy consumption 

p a t t e r n ,  Fernando (1982), i s  a s  fo l lows:  

Firewood'- 60 pe r  cent  

Petroleum Products  - 27 pe r  cen t  

Hydro e l e c t r o c i t y  - 13 per c e n t  

The t o t a l  energy consumption f o r  t h e  year 1979/1980 has 

been es t imated  a t  10,000 Gwh ( e l e c t r i c i t y  replacement) of 

which 1200 Gr~h was produced by e l e c t r i c i t y ,  2700 Gwh from 

o i l  products  and 6100 Gwh by t r a d i t i o n a l  f u e l s ,  such a s  

firewood and a g r i c u l t u r a l  wastes. The primary source of 

energy i s  theref  o re  from t r a d i t i o n a l  sources. Around 90 

p e r  cen t  of t h e  households i n  S r i  Lanka use kerosene f o r  
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l i g h t i n g  and firewood f o r  coo!rinrg purposes. Nine pe r  cent  
of t h e  v i l l a g e s  have access  t o  e l e c t r i c i t y .  . Less t . b n  2 

p e r  cen t  i n  t he  domestic  s e c t o r  cons'ume gas. 

I WOOD 

S r i  Lanka i s  a t r o p i c a l  I s land  and covers an  a rea  Of 

25,332 square mi les  (65,600 sq. km) o r  ( 6 . 5  mil l ion  

hec t a re s ) .  I n  1900 (populat ion 3.5 mi l l ion) ,  70 per  cent  

of the  land a r e a  was under f o r e s t  cover. I n  1953, 

(popula t ion  8.1 mi l l ion)  t he  f o r e s t  cover had diminished 

t o  50 p e r  cent .  Today (1985 populat ion around 15 mi l l ion)  

only 4 m i l l i o n  a c r e s  o r  25 pe r  cent  of the  land a rea  i s  

under f o r e s t  cover,  (Forest  Department - S r i  Lanka). The 

e x p l o i t a t i o n  of our n a t i o n a l  f o r e s t s  has r e su l t ed  i n  rapid 

de fo res t a t ion .  The Mahaweli scheme a l s o  envisages the  

conversion of 650,000 a c r e s  of mainly f o r e s t  land t o  

i r r i g a t e d  ag r i cu l tu re .  

Plan made f o r e s t s  began wi th  t h e  p l a n t a t i o n  of 50 a c r e s  of 

t e a k  i n  1800 and i n  , 1976 p l a n t a t i o n  f o r e s t s  covered an  

a r e a  of about 250,000 acres .  This  f i g u r e  is  expected t o  

i nc rease  t o  750,000 ac re s  o r  4.6 per  cent  of t he  t o t a l  

land a r e a  by about 2000 AD, a t  t he  present  r a t e  of 

r e f o r e s t a t i o n  of about 20,000 a c r e s  pe r  annum. The main 

spec ies  used i n  r e f o r e s t a t i o n  i n  t h e  Dry Zone a r e  t eak  .and 

eucalyptus,  i n  t h e  Intermediate Zone i t  i s  mahogany and i n  

the  Wet Montane Zones, p ines  and eucalyptus. I p i l  I p i l  i s  
another  spec i e s  introduced l a t e l y  i n  t he  Dry Zone. These 

spec ies  are a l l  e x o t i c s  and a r e  f a s t  growing. Slow 

growing indigenous v a r i e t i e s  a r e  a l s o  planted.  



The n a t i o n a l  requirements  of firewood f o r  domestic use 

have not  been accu ra t e ly  assessed.  A reasonable es t imate  

of t h e  consumption of firewood o r  i t s  equiva len t  i s  

bel ieved t o  be i n  t he  range of 4.3 - 5.2 m i l l i o n  cubic 

metres  p e r  annum f o r  t h e  e n t i r e  I s land .  A s i g n i f i c a n t  

amount of m a t e r i a l  i s  a l s o  obta ined  from saw m i l l s  and 

waste from coconut p l a n t a t i o n s  and o t h e r  a g r i c u l t u r a l  

res idues .  Large s tocks  of firewood a r e  a v a i l a b l e  when 

f o r e s t s  a r e  c l ea red  f o r  v i l l a g e  set t lgment  schemes under 

t h e  var ious  mult ipurpose p r o j e c t s .  These s tocks  however, 

do not  reach  t h e  c i t i e s  due t o  t r a n s p o r t  d i f f i c u l t i e s .  . I n  

t h e  western and south-western a r eas  rubber wood i s  

a v a i l a b l e  from e s t a t e s  taken  up f o r  rep lan t ing .  This  wood 

i s  brought t o  Colombo. It i s  not  poss ib le  t o  g ive  a  

breakdown of t h e  q u a n t i t i e s  of fuelwood obtained from 

va r ious  sources.  It i s  est imated tha t  t h e  S t a t e  Timber 

Corporat ion supp l i e s  around 0.15. mi l l i on  cubic  metres. 

This  would mean t h a t  a  very l a r g e  p a r t  ' must undoubtedly 

come from s t a t e  f o r e s t s  a s  unrecorded co l l ec t i ons .  

Besides t h e  demand f o r  domestic use,  f u e l  wood i s  a l s o  

used i n  k i l n s  by a  number of i n d u s t r i e s  l i k e  t he  t ea ,  

tobacco, b r i c k  and t i l e ,  l i m e  and bakeries .  Timber i s  

a l s o  needed i n  l a r g e  q u a n t i t i e s  t o  operate  the  2 plywood 

f a c t o r i e s  (Gin to ta  and Salawa) and l a rge  q u a n t i t i e s  a r e  

so ld  ( l o g  and sawn) by the  S t a t e  Timber Corporation f o r  

bu i ld ing  cons t ruc t ion  purposes. Small q u a n t i t i e s  a r e  . ' a l s o  

used i n  t h e  mining industry.  The demand'for timber i n  S r i  

Lanka i s  growing very rap id ly .  

Cooking energy i n  r u r a l  and urban a r e a s  i s  mainly supplied 

by wood. The excess ive  e x p l o i t a t i o n  of f o r e s t s  



(de fo res t a t ion )  i n  t h e  i s l a n d ,  cal l  f o r  the improved 

u t i l i z a t i o n  of both f u e l s  and cooking devices. I n  recent  

yea r s  t he  S t a t e  Timber Corporat ion has given considerable 

a t t e n t i o n  t o  t h e  production of charcoal  i n  t he  country. 

The use of charcoal  w i l l  make a cons iderable  reduction i n  

firewood consumption i f  i t s  use becomes popular with the 

masses. 

Petroleum resources  i n  S r i  Lanka have not been i d e n t i f i e d  

up t o  now. The Ceylon Petroleum Corporation was 

e s t ab l i shed  i n  January 1961. It opera tes  a r e f ine ry  a t  

Sapugaskanda with an  i n s t a l l e d  capaci ty  of 2,300,000 

metr ic  tons ,  a blending p l an t  and a candle fac tory .  

Besides o the r  development p r o j e c t s  it i s  a l s o  responsible 

f o r  o i l  explorat ion.  Excluding firewood, petroleum 

products  a r e  the most important source of energy 

accounting f o r  t h e  major po r t ion  of t he  t o t a l  comnercial 

energy consumption i n  t h e  Is land .  Table VIII i s  presented 

t o  show t h e  energy consumption i n  S r i  Lanka from 1961 - 
1983 and Table I X  shows the  projected o i l  products 

requirements (1980 - 1990). 

The p r i c e  of crude o i l  has  been s t e a d i l y  r i s i n g  over the 

years .  S r i  Lanka has not d i r e c t l y  passed the  p r i c e  

inc reases  t o  t h e  consumer. A ga l lon  of super p e t r o l  - Rs. 

3.18, kerosene R s .  1.02 and au to  d i e s e l  Rs. 1.03 i n  1962 

has r i s e n  t o  p e t r o l  R s .  61.40, kerosene Rs. 29.97 and 

auto-d iese l  Rs .  36.98 i n  1985. With t h e  inc rease  i n  .crude 

o i l  p r i c e s  from t i m e  t o  time the  l o c a l  s e l l i a g  p r i ces  of 



petroleum products  have t o  be increased.  A s  S r i  Lanka has 

t o  depend on kerosene (domestic purposes),  heavy d i e s e l  

and furnace  o i l  ( i n d u s t r i a l  s ec to r )  and p e t r o l  (household 

. s ec to r )  t h e  out look f o r  o i l  seems very gloomy. Off-shore 

i n v e s t i g a t i o n s  f o r  p t r o l e u m  have however, commenced and 

t h e r e  i s  some hope t h a t  S r i  Lanka may discover o i l  i n  the 

fu tu re .  

The Gas Company which i s  S t a t e  owned i s  the  so l e  

d i s t r i b u t o r  of LPG g a s  a t  present .  The consumption of LPG 

gas  had feached 8915 MT- i n  1984 from 543 MT i n  1975. The 

Gas Company has now reached the  l i m i t  of suppl ies  from the  
Ceylon Petroleum Corporation. 



TABLE SIII 

ENERGY CONSUMPTION I N  SRI LANKA 
1961 - 1983 

( I n  Common Unit of Measure i .e.  Gwh.e.r.) 

Year E l e c t r i -  % O i l  % Coal % Tota l  
c i t y  

Conversion Factor:1000 t o n s  of o i l  = 3 Gigawatt hours 
1000 t o n s  of coa l  = 1.875 Gigawatt hours 
1 Mi l l i on  Kwh = 1 Gigawatt hour 

Source: Ceylon E l e c t r i c i t y  Board, Ceylon Petroleum 
Corporat ion and Customs Returns. 

Af t e r  : Edwin Ranasinghe - Manager (Economics and Planning) 
Ceylon ?troleum Corporation. 



TABLE I X  

PROJECTED OIL PRODUCTS REQUIREMENTS 
I N  SRI LANKA 

(1980 - 1990) 
(1000 m e t r i c  t o n s )  

- - - - -. - - - r 

Year Domesttc I n d u s t r i a l  Transpor t  Household T o t a l  
Kerosene (HD h PO) Auto D i e s e l  P e t r o l  

-. 

1980 188.9 156.4 401.4 88.1 840.8 
19 81 195.2 159.9 428.2 87.3 870.6 
1982 201.7 163.7 450.0 86.5 901.9 
1983 208.4 167.8 472.9 85.7 934.8 
1984 251.3 172.5 497.2 84.8 969.8 
1985 222.5 177.4 522.5 84.1 1006.5 
1986 229.9 182.5 549.2 83.3 1044.9 
1987 237.5 288.4 577.3 82.5 1085 7 
1988 245.4 194.6 606.7 81.8 1128.5 
1989 253.6 201.3 637& 6 81.0 1173.5 
1990 262.0 208.7 670.3 80.3 1221.3 

A f t e r  Edwin Ranasinghe Manager (Economics and Planning)  
Ceylon Petroleum Corporat ion.  

3. . ELECTRICITY 

The development of e l e c t r i c a l  power i n  S'ri Lanka h a s  been 

d e s c r i b e d ;  (De S i l v a  1980). E l e c t r i c i t y  was in t roduced  t o  

S r i  Lanka i n  1895 when Colombo was s u p p l i e d  w i t h  

e l e c t r i c i t y  f rom d i e s e l  e n g i n e s  i n  t h e  P e t t a h  Power 

S t a t i o n .  I n  1929 t h e  i n s t a l l e d  c a p a c i t y  was 2.4 !fiJ .and 

t h e  demand was 1.9 MW. The Sran ley  Power S t a t i o n  was 

c o n s t r u c t e d  a t  .Kolonnawa i n  1929 w i t h  , a n  i n s t a l l e d  



capaci ty  of 6 MW which w a s  l a t e r  increased  t o  9 MW. A 

f u r t h e r  3 MW was i n s t a l l e d  a t  t h e  P e t t a h  Power S t a t i o n  i n  

1939 and by t h i s  time the  system peak demand was 7.8 MW. 

The f i r s t  hydropower s t a t i o n  t o  be cons t ruc ted  was the  

~ a k s a p a n a  Power S t a t i o n  wi th  a n  i n s t a l l e d  capaci ty  of 25 
Ell1 and was dec lared  open i n  1950. The i n s t a l l e d  capaci ty 

of t h i s  s t a t i o n  was l a t e r  increased t o  50 MW and the  work 

was completed i n  1958. The Ke lan i t i s sa  thermal s t a t i o n  

(50 MW) was completed i n  1964 and i n  1958, t he  next 

hydropower s t a t i o n  a t  Norton Bridge (Wimalasurendra Power 

S t a t i o n )  wi th  an  i n s t a l l e d  capaci ty  of 50 MW was 

completed. These hydro schemes u t i l i z e d  t h e  water 

resources of t h e  Kehelgamuwa Oya. 

The next phase of development was based on the  u t i l i z a t i o n  

of water resources of t h e  Maskelioya and the  f i r s t  s t a t i o n  

was constructed at Po lp i t i ya  wi th  an i n s t a l l e d  capaci ty  of 

75 MW. This s t a t i o n  was commissioned i n  1969. The new 

Laksapana Power S t a t i o n  (100 MW) was completed i n  1974. 

Work on t h e  Canyon Power S t a t i o n  (30 MW) on t h e  Maskeliya 

Oya was completed i n  1983. By t h i s  time o ther  hydropower 

s t a t i o n s  connected t o  t h e  system were Ingin iyagala  i n  1954 

(10 MW) and Uda Walawe (6  MW) i n  1968r The power 

a v a i l a b l e  from these  two small s t a t i o n s  a r e  seasonal  (See 

Fig. 3). The Chunnakam ( d i e s e l )  s t a t i o n  ( 8  MW) was 

i n s t a l l e d  i n  1959. 'In order  t o  meet t he  expected energy 

s h o r t f a l l  i n  t he  immediate f u t u r e ,  thermal p l a n t s  wi th  a 

t o t a l  capac i ty  of 170 MW have been i n s t a l l e d  a t  

K e l a n i t i s s a  and a 80 ElW p l a n t  has been i n s t a l l e d  a t  

Sapugaskanda ( 1984). 



The Mahaweli Ganga development scheme w i l l  br ing under 
c u l t i v a t i o n  about 650,000 a c r e s  of new lands and provide 

assured water f o r  another  250,000 ac re s  of ex i s t i ng  

. , lands. The Maste,r P lan  envisages t h e  cons t ruc t ion  of 15 
r e s e r v o i r s  on t h e  Mahaweli Ganga, i t s  t r i b u t o r i e s  and the 

Pfaduru Oya. Eleven of t hese  r e s e r v o i r s  a r e  t o  include 

power s t a t i o n s .  The t o t a l  i n s t a l l e d  capaci ty  of t he  main 

s t a t i o n s  a r e  assessed  a t  around 500 MW i n  t he  Master 

Plan. It a l s o  provides f o r  t h e  f u t u r e  development of a 

number of hydropower s t a t i o n s  i n  t h e  upper catchment of 

t h e  r i v e r  g iv ing  an a d d i t i o n a l  , i n s t a l l e d  capaci ty  of 

nea r ly  450 MW. The work .wab t o  be uhdertaken i n  3 phases 

each cons i s t i ng  of a number of p r o j e c t s  and spread over ' a 

period of 30 years .  

Work on the  f i r s t  p ro j ec t  i n  t he  Master Plan, the  Polgol la  

Bowatenne d ive r s ion  was inaugurated i n  1970. The main 

f e a t u r e s  of t h e  p ro j ec t  a r e  t he  cons t ruc t ion  of a dam 

ac ross  t he  llahaweli Ganga a t  Polgol la  and the  d ive r s ion  of 

w a t e r  through a tunnel  (26100 f e e t  i n  length)  t o  Ukuwela 

where a power s t a t i o n  i s  operated with an  i n s t a l l e d  

capaci ty  of 40 ElW.  After  power generat ion the  water  flows 

t o  Bowatenne where a r e s e r v o i r  i s  crea ted  inc luding  a 

power s t a t i o n  wi th  an i n s t a l l e d  capaci ty  of 40 MW together  

with the  cons t ruc t ion  of a tunnel  (22900 f e e t  long) t o  

d i v e r t  p a r t  of t h e  waters  i n t o  the  Kandalana - Kalawewa 

basin. These complexes were completed i n  1976 including 

t h e  power s t a t i o n  a t  Ukuwela and the  Bowatenne power 

s t a t i o n  was commissioned i n  1981. 

I n  the  present  ( a f t e r  1977) acce lera ted  programme of 

Pahaweli development which i s  i n  progress,  t h e  S t a t e  has 



decided t o  t ake  up the-development of t he  f i r s t  s tage ,  t o  

be completed i n  about 6 years .  A number of r e s e r v o i r s  a r e  

being cons t ruc ted  wi th  an  i n s t a l l e d  power capaci ty  of over 

500 MW and t h e  i r r i g a t i o n  development of 320,000 a c r e s  of 

new land and 30,000 a c r e s  of e x i s t i n g  land. The main 

r e s e r v o i r s  inc lude  Vic to r i a  ( f i r s t  s t age  210 MW), Kotmale 

(134 157) and Randenigala (122 MW). Other r e se rvo i r s  

mentioned a r e  Maduru Oya (8 MU) Moragahakanda (40 MW) and 

Rantembe (46 MU) See Fig. 3. 

The i n s t a l l e d  c a p a c i t i e s  and the  expected annual energy 

outputs  of t he  genera t ing  s t a t i o n s  as a t  1985 and power 

s t a t i o n s  under cons t ruc t ion  and those planned f o r  

,development under the  acce l e ra t ed  programme of Mahaweli 

development and . t he  Walawe ganga p r o j e c t  a r e  presented . i n  

Table X. The predic ted  maximum power demands on the  

n a t i o n a l  g r i d  (Ceylon E l e c t r i c i t y  Board study i n  1981) f o r  

the period 1984 - 1996 a r e  presented i n  Table X I .  

The t o t a l  hydropower resources of S r i  Lanka ( e x i s t i n g  and 

unexploi ted)  as est imated i n  1968 a r e  presented i n  Table 

X I I .  A s  t h e r e  has been no sys temat ic  basin by basin study 

undertaken s o  f a r ,  f i g u r e s  presented f o r  hydropower 

resources  (Table X I I )  a r e  sub jec t  t o  revision.  The need 

t o  i n v e s t i g a t e  a l l  p o t e n t i a l  hydropower s i t e s  so a s  tb 

examine t h e i r  t echn ica l  f e a s i b i l i t y  and economic v i a b i l i t y  

has been emphasised from time t o  time. With a s tudy of 

t h i s  na ture  i t  would be poss ib l e  t o  draw up a Master Plan 

t o  develop the  hydropower resources  on a planned basis .  

I n  t h i s  connection the  Ceylon E l e c t r i c i t y  Board has- plans 

t o  ca r ryou t  a survey of t he  hydropower p o t e n t i a l  of the  

country under a Master P lan  study on the  sub jec t  of energy 

i n  S r i  Lanka. 



TABLE X 

SRI LANKA POWER STATIONS 

(Exis t ing  - under cons t ruc t ion  - those  planned) 

Ex i s t ing  Hydro Power (MW) Annual Energy Capabi l i ty  
(Wh) 

Kotmale 134 - 
Vic to r i a  210 - 
Old Laxsapana 5 0 325 
Ingin iyagala  10 6 0 
Uda Walawe 6 2 2 
blimalasurendra 5 0 10 5 
Po lp i t i ya  75 355 
New Laxsapana 100 410 
Ukuwela 4 0 220 
Bowa tenna 4 0 13 5 
Canyon 30 144 - 
Exis t ing  Thermal Power (MW) Annual Energy (Gwh) 

Sapugaskanda 80 - 
Kelan i t i s  s a  170 - 
C hunnakam 12 30 
Pe t t ah  ' 08 0 2 

Under Construct ion Power (MW) Annual Energy (Gwh) 
o r  Planned f o r  
Development 

Randenigala 
Moragahakanda 
lfaduruoya 
Rant ambe 
Samanalawewa 
(Walawe ganga) 

CEYLON ELECTRICITY BOARD.. 



S r i  Lanka's e l e c t r i c a l  energy.however, w i l l  be met mostly 
by h e r  hydropower resources till  about: the  year  1990. 

From the re  onward the  development i n  t h i s  source of energy 

i s  expected t o  be slow. The weather p a t t e r n  i n  S r i  Lanka 

i s  bel ieved t o  be changing. Recurrent droughts  have been 

experienced i n  recent  years .  Observations revea l  a 

progress ive  weakening of t he  south-west and north-east 

monsoon. A t  t he  moment t h i s  condi t ion  has not  posed any 

se r ious  problems wi th  hydropower generat ion.  

TABLE X I  

PREDICTED MAXIMUM POWER DEMAND 

ON NATIONAL G R I D  

YEAR MAX. LOAD MW. 
... *-=- 

1984 657 
1985 744 
1986 808 
1987 883 
1988 961 
1989 1046 
1990 1139 
19 91 1242 
199 2 1352 
1993 1472 
1994 1602 
19 95 1744 

& 

CEYLON ELECTRICITY BOARD 
(CEB Study i n  1981) 



TABLE XI1 

HYDRO POWER RESOURCES OF- SRI LANKA ,- 

( Inc ludes  e x i s t i n g  s t a t i o n s )  

- - - - - - -. - - - 

Location Capacity - Average Annual Output 
(Mw) ( Gwh) 

Mahaweli Complex 962 
Kelani  Ganga 305 
Kalu Ganga 13 5 
Walawe Ganga 12 6 
Jasmin Complex , 36 
Other Minor Rivers  28 

TOTAL 1592 6260' 

UNDP - FA0 Report 1968 
CEYLON ELECTRICITY BOARD 

4 .  PEAT 

Peat  i s  used a s  a f u e l  i n  many countr ies .  The l a r g e s t  

known depos i t  of peat  i n  S r i  Lanka i s  i n  the  

bfuthurajawela swamp, s i t u a t e d  on the  west c o a s t ,  no r th  of 

Colombo. The depos i t  covers an  a r e a  of 34 sq  km with an  

average th ickness  of 4 metres of peat.  Inves t iga t ions  by 

t h e  Geological Survey Department have proved 50 mi l l i on  

tons4(wet bas i s )  of pea t  i n  t he  area .  Actual reserves  a r e  

much l a rge r .  Drying is  one of the  g rea t  problems of peat 

workings. The pea t  conta ins  80 - 90 percent  water. This 

could be reduced t o  10 -15 percent  by slow drying over a 



per iod  of 10  - 12 days. TabTe XI11 shows t h e  r e s u l t s  

ob ta ined  for type  samples of pea t .  The m a t e r i a l  i s  of a 

low grade type  and t h e  format ions  a r e  no t  of a uniform 
cha rac t e r .  The d e p o s i t s  cannot  be considered of value 

u n t i l  f u r t h e r  i n v e s t i g a t i o n s .  

TABLE XI11 

CHEMICAL ANALYSES OF MUTHURAJAWELA PEAT 

Sample No. 1-A 3-A 8-C 10-E 13-A 

Moisture % 78.34 82.22 83.52 79.39 70.69 
Ash % 16.95 24.92 11.24 30.46 27.65 
V o l a t i l e  
Matter  % 56.07 44.01 51.22 42.69 46.25 
Nitrogen % 0.855 0.430 0.918 0.701 0.726 
T o t a l  Sulphur% 4.15 5.08 5.14 4.78 3.56 
Fixed Carbon% 26.98 31.07 37.54 26.75 26.00 

Ash con t en t  - range 10 t o  30 pe rcen t  (Average 20) 
Sulphur con t en t  - range 1 t o  8 percent  (Average 5) 
l l o i s t u r e  - range 80 t o  90 percent  
Nitrogen conten t  - l e s s  t h a n  1 percent  
Geological  Survey Department 
Colombo 2. 



5. URANIUM AND THORIUM MINERALS 

Deposits of Uranium have s o  f a r  not been i d e n t i f i e d  i n  S r i  

Lanka. I n  1979 a n  Is land  wide stream sediment survey was 

undertaken by the  Geological Survey Department with 

a s s i s t a n c e  from the  I n t e r n a t i o n a l  Atomic Energy Agency 

(IAEA) t o  i d e n t i f y  uranium minera l iza t ion .  The surve; 

which was coctfnued i n  1983 was a reconnaissance type 

geochemical explora t ion  programme which helped t o  

demarcate a r e a s  f o r  f u t u r e  more de t a i l ed  surveys. The 

promising a r e a s  inc lude  t h e  Kalaoya ( I ) ,  Galgamuwa (2), 

Polonmruwa (3) ,  Rukam - Mahaoya ( 4 ) ,  Kalmunai ( 5 ) ,  

Hanguranketa ( 6 ) ,  Passara ( 7 )  and Rakwana (8) areas.  

(Personal  conmunication - ~ayawardene  1983) See Fig. 4. 

These a r e a s  a r e  mainly composed of highly metamorphic 

rocks. Rocks of J u r a s s i c  age ( sha les ,  sandstone and 

arkose)  a r e  confined t o  a r e a  (1). The average uranium 

values obtained f o r  t he  s tream sediments a r e  i n  t he  region 

of 30 ppm U308, however, va lues  of over 300 ppm have a l s o  
been recorded. Although anomalous a reas  have been 

demarcated d e t a i l e d  surveys t o  i d e n t i f y  source rocks, 

followed by a programme of d r i l l i n g  and sample t e s t i n g  

have t o  be undertaken t o  d e t e c t  t he  presence of uranium 

o r e s  t h a t  a r e  commonly regarded a s  o r e  grades. Uranium i n  

hard rock formations should show high values f o r  economic 

exp lo i t a t ion .  I n  s o f t  rock formations low grade ores  

could be exp lo i t ed  economically (30 - 500 ppm.). The 

Geological Survey has plans  t o  carryout  fo l low up work on 

sys temat ic  l i n e s  i n  t h e  f i e l d  of uranium explorat ion.  



It is  bel ieved t h a t  thorium u t i l i z i n g  nuclear  r eac to r s  

appears  a p o s s i b i l i t y  i n  t h e  fu tu re .  This  would c rea t e  a 

s u b s t a n t i a l  market f o r  thorium when successfu l  thorium 

thermal and breeder r e a c t o r s  a r e  developed. Thorium i s  

a l s o  used i n  t h e  manufacture of gas  mantles, a i r c r a f t  

a l l o y s ,  r e f r a c t o r i e s  and c a t a l y s t s .  In S r i  Lanka 

t h o r i a n i t e  and t h o r i t e  have been found t o  , occur i n  

moderate amounts i n  t he  Bambarabo tuwa, Maddegama, 

N i r i e l l a ,  Malwela, Balangoda, Ratnapura and Pelmadulla 

a reas .  The bes t  known monazite depos i t  i s  loca ted  i n  

Kaikawala and Polkotuwa i n  the  beach sands near  Induruwa. 

Monazite a l s o  occurs a t ,  o t h e r  p o i n t s  and i n  the  beach 

mineral  sands which a r e  processed a t  Pulmoddai. Over 300 

tons  of monazite could be produced p e r  annum i n  the  

country. Table XIV is  presented t o  show t y p i c a l  analyses 

of monazite, t h o r i a n i t e  and tho r ike  from S r i  Lanka. 



TABLE XIV 

CHEMICAL ANALYSES OF MONAZI.TE THORIATITE AND 
THORITE-SRI LANKA 

M O N A Z I ~ E  

Canstitutents Dondra Ratnapura Beruwela 

Silica Si02 - 1.03 1.06 
Thoria Tho2 9.51 10.29 8.65 
Ceria C2O3 28.70 27.37 27.35 
Lanthanum La203 28.56 30 13 31.08 
Yttrium Y2O3 1.05 2.14 0.95 
Ferric Oxide Fe2Og 0.10 0.81 0.15 
Alumina A1203 1.31 0.17 0.78 
Lime CaO 0.89 0.41 0.20 
Phosphorus pentoxide P205 28.91 27.67 27.50 
Tit'anium Ti02 0.05 - 0.15 

Total 99.08 100.02 98.41 

Geological Survey Department 
Colombo 2 

. - 

THORIANITE AND THORITE 

Constituents Thorianite Thorite 
(Kondurugala) (Kondurugala) 

Tho2 
C203 
La203 
zr02 
uo3 
Fe203 
Pbo 
Si02 
CaO 

traces 
12.33 
0.35 
2.87 
0.12 - 

- 

Total 99.93 99.89 

(imperial Institute) 
London 



6 .  THERMAL SPRINGS 

A survey of hot  sp r ings  i n  S r i  Lanka has  been undertaken 

Fonseka e t  a l .  (1969). A t  p resent  they cannot be 

considered a s  a geothermal resource f o r  power generation. 

They do not  appear t o  have any d i r e c t  connection wi th  

volcanic  a c t i v i t y  a s  i n  some o the r  p a r t s  of the  world. 

For i n s t ance  Japan h a s  very r i c h  p o t e n t i a l  reserves  of 

geothermal energy wi th  about 65 a c t i v e  volcanoes. At 

present  Japan's  geothermal power genera t ion  output  amounts 

t o  about 250 MW. I n  S r i  Lanka hot spr ings  a r e  mainly 

loca ted  i n  t h e  e a s t e r n  p a r t s  of t he  country where d o l e r i t e  

dykes a r e  we l l  exposed (See Fig. 4). Nine sp r ings  have 

been i d e n t i f i e d  and the  waters  from these sp r ings  record a 

temperature (Table XV) i n  t h e  range 3 4 ' ~  t o  5 5 O ~  which i s  

considered f a i r l y  low. These hot spr ings  a r e  of no 

economic value a t  the  moment. 

7. OTHER RESOURCES 

Other resources inc lude  var ious  a g r i c u l t u r e  w a s t e s  such a s  

paddy husk, sawdust, s t r aw  and c o i r  dus t .  Invest igat ion 's  

a r e  being c a r r i e d  out  on the  app l i ca t ion  of s o l a r  energy. 

Wind m i l l s  have been cons t ruc ted  f o r  use i n  i r r i g a t i o n  and 

f o r  domestic purposes. The production of biogas has been 

undertaken and t h e  i n s t a l l a t i o n  of mini hydro power p l a n t s  

a r e  being examined. The production of a l coho l  f o r  power 

i s  a l s o  being considered. 



TABLE XV 

LIST OF THERMAL SPRINGS- IN SRI LANKA . 

Location DISCHARGE TEMPERATURE TOTAL 
~itres/hr (Centigrade) MINERALISATION 

Number Name grarnslli tre 

RANKIHIRIYA 
KANNIYAI 
GALWEWA , 

KAF'URELLA 
MAHA OYA 
MARANGAL LA 
WAHAWA 
KIVU1,AGAMA 
MAHAPtT,ESSA 

- 
1200 5 5 

Approximate . 54 
minimum 47 

AFTER FONSEKA ET AI. (1969) 

Recognising the importance of the marine sciences an 

Oceanography and Survey of Off-shore Area unit has been 

set up within the newly established National Aquatic 

Resources Agency (NARA). The establlishment of NARA also 

satisfies a long felt need for a National Oceanography 

Institute for Sri Lanka. Work programmes initiated by 

N A M  include hydrographic and oceanographic surveys 

including geological and geophysical surveys of off-shore 

areas. Special attention has been given to a study of the 

Trincomalee off -shore region which includes the 

Trincomalee Submarine Canyon (Fig. 5). The availability 

of deep water ranging from 100 to 2,500 metres in close 



proximity t o  t h e  coas t  a t  Trincomalee and the  exis tence  of 

a . s u i t a b l e  temperature g rad ien t  g ives  Trincomalee the 

i d e a l  condi t ions  f o r  l o c a t i o n  of ~ c c l ' h e r m a l  Energy 

Conversion (OTliC) systems. P re sen t ly  s t u d i e s  a r e  underway 

t o  ob ta in  f u r t h e r  oceanographic da t a  r e l a t i n g  t o  the  

same. These s t u d i e s  may a l s o  throw l i g h t  on the  o r i g i n  of 

t he  e a s t e r n  mineral ized zone (boundary between the 

Highland S e r i e s  and Eas tern  Vijayan) which could be t raced  

a s  f a r  a s  Trincomalee (Seruwila copper-magnetite deposi t) .  

FIG: 5 - THE TRLNCOMALEE SUBMARINE CANYON PHOTO 

REPRODUCTION OF PHYSIOGRAPHIC MODEL OF THE CANYON 
(COURTESY OF THE NATIONAL AQUATIC RESOURCES 

AGENCY ) 



SUMMARY 

Firewood s t i l l  remain the  most important  source of energy 

i n  t h e  r u r a l  a r e a s ,  accounting f o r  nea r ly  60 percent  of 

t h e  I s l a n d ' s  energy needs. A t  p r e sen t  only 25 percent  of 

t h e  country i s  covered by f o r e s t s .  It i s  envisaged t h a t  

p l a n t a t i o n  f o r e s t s  would cover  about  5 percent  of t he  land 

a r e a  by about 2000 AD. A t t en t ion  has a l s o  been g ive rn  t o  

t h e  product ion of charcoa l  i n  t h e  country.  S r i  Lanka i s  

devoid of o i l ,  and crude o i l  i s  imported and re f ined .  

Limited q u a n t i t i e s  of c o a l  a r e  imported. The pea t  

occurrences i n  t h e  I s l and  cannot be considered an energy 

source. This  a l s o  a p p l i e s  t o  t h e  known thermal springs.  

Monazite Qccurs  i n  apprec iab le  amounts. Although a r e a s  

have. been demarcated f o r  uranium surveys, much work 

remains t o  be done i n  t h i s  f i e l d  of a c t i v i t y .  The t o t a l  

hydropower resources  of S r i  Lanka were est imated i n  1968 

f o r  a n  i n s t a l l e d  capac i ty  of 1600 MW, (Average annual 

ou tput  - 6260 Gwh). P r o j e c t s  considered t o  be 

economically no t  v i a b l e  during t h i s  period (1968) could be 

h igh ly  v i a b l e  now wi th  t he  r i s e  i n  o i l  p r ices .  When the  

Plaster P l an  s tudy ( t o  be undertaken by t h e  Ceylon 

E l e c t r i c i t y  Board) on t h e  energy problem i s  completed a 

t r u e  p i c t u r e  of t he  hydropower p o t e n t i a l  i n  S r i  Lanka 

would be a v a i l a b l e .  The coun t ry ' s  e l e c t r i c a l  energy w i l l  

mainly be met by he r  hydropower resources till the  l a t e  

1990's.  According t o  power demand f o r e c a s t s  f o r  t he  

country t h e  probable demand on t h e  n a t i o n a l  g r i d  i n  t he  

year  1990 i s  around 1140 MW and i n  2000 AD, i t  would be i n  

t h e  reg ion  of 2500 MW (9  percent  growth r a t e  from 1992). 

Taking hydropower development t o  supply 1500 MbT by the  

year  2000 AD the  a l t e r n a t i v e  energy requirement . i s  

cons iderable .  Revised f i g u r e s  f o r  e l e c t r i c a l  energy 



demand i n  t h e  near  f u t u r e  a r e  bound t o  show higher  values 

than those mentioned here. 

I n d i c a t i o n s  a r e  t h a t  i f  a proper  s tudy i s  undertaken 

( t ak ing  i n t o  account t h e  r i s i n g  p r i c e s  of f o s s i l  f u e l s  and 

c o a l )  t h e  economically e x p l o i t a b l e  hydropower p o t e n t i a l  of 

. the  i s l a n d  a t  p r e sen t  would be i n  t h e  r eg ion  of 2500 - 
3000 MW. Although t h i s  f i g u r e  (3000 MW) is nea r ly  double 

t he  hydropower p o t e n t i a l  (1600 MW) a s  es t imated  i n  1968, 

hyd.ropower development i n  t he  country a f t e r  t he  t u r n  of 

. the century  i s  expected t o  be slow. The immediate need 

t h e r e f o r e  i s  t o  develop and in t roduce  new Lources of 

. energy . -  A l t e r n a t i v e  sources  of energy such a s  s o l a r ,  

wind, biogas a r e  not going t o  so lve  the  l a r g e  blocks of 

energy demands i n  S r i  Lanka around 2000 ADt. They a r e  

n a i n l y  accep tab l e  f o r  r u r a l  app l i ca t i on .  Power from c o a l  

has t o  be introduced and even power from nuclear  r e a c t o r s  

may have t o  be considered i n  order  t o  meet t h e  l a r g e  

blocks of energy demands i n  t he  near  fu tu re .  



CHAPTER 6 

SRI LANKA OPTIONS FOR THE FUTURE 

GENERAL STATEMENT 

Energy i s  t h e  fundamental element f o r  t he  maintenance and 

development of a n a t i o n a l  economy and society.  For S r i  

Lanka i n  p a r t i c u l a r  which i s  poor i n  domestic energy 

resources ,  t h e  energy problem i s  a c r u c i a l l y  important 

ma t t e r  and one t h a t  dominates t h e  f u t u r e  of our  country. 

With t h e  s teady  inc rease  i n  petroleum products  i t  i s  

e s s e n t i a l  that S r i  Lanka p l ans  f o r  a t r a n s i t i o n  t o  a 

l e s s e r  dependence on f o s s i l  f u e l s .  A wide range of 

technologica l  op t ions  i s  a v a i l a b l e  t o  most coun t r i e s .  A 

few however, may be of a c t u a l  relevance t o  them i n  

s p e c i f i c  s i t u a t i o n s  a s  regards  t h e i r  needs, c a p i t a l  cos t  

involved, t he  absorp t ive  capac i ty  of t he  populat ion i n  

gene ra l  and t h e  a v a i l a b i l i t y  of resources inciuding 

technologica l  hardware. Much debate,  now c e n t r e s  around 

which a l t e r n a t i v e  technologies  a r e  most app rop r i a t e  f o r  

t he  developing count r ies .  I n  t h i s  connection t h e  S t a t e  

has given cons ide ra t i on  t o  examine a '  broad spectrum of 

technologies  t h a t  could be considered a s  app rop r i a t e  t o  be 

appl ied  i n  S r i  Lanka. A number of organiza t ions  i n  t h e  

country a r e  engaged i n  new energy research ,  a p p l i c a t i o n  of 

known technologies  and t h e  s tudy of var ious  o t h e r  a spec t s  

of t he  subjec t .  



NEW GLOBAL ENERGY SOURCES 

There i s  no doubt whatsoever t h a t  petroleum products  w i l l  
cont inue t o  p l ay  a v i t a l  c e n t r a l  r o l e  i n  t h e  comnercial 

energy consumption of 5~3th t h e  developed and de..-eloping 

c o u n t r i e s  f o r  many more yea r s .  The world up t o  now has 

r e l i e d  upon chemical energy c a r r i e r s ,  p r e f e rab ly  i n  t he  

form of l i q u i d  f o s s i l  f u e l s  f o r  t r anspo r t  purposes. With 

f o s s i l  energy c a r r i e r s  g e t t i n g  sca rce ,  r e sea rch  has been 

undertaken on a l t e r n a t i v e s ,  t o  o i l -  The use  of e thanol  

( e t h y l  a l coho l )  from sugar cane and o t h e r  sources ins tead  

of gaso l ine  i s  widely used i n  B r a z i l  i n  modified 

automative engines.  This r a i s e s  t h e  ques t ion  of t h e  use 

of a g r i c u l t u r a l  land f o r  energy purposes r a t h e r  t han  for 

food crops. The products  of c o a l  hydrogenation with 

r e spec t  t o  t r a n s p o r t  and s to rage  o f f e r  t he  same advantages 

a s  o i l c  Although c o a l  hydrogerat ion techniques a r e  not 

y e t  economically competi t ive t h e i r  development is  of long 

term importance because of t he  fo re seeab le  shor tage  of 

o i l .  The genera t ion  of l i q u i d  products  from c o a l  ( o i l  

from c o a l )  is  s t i l l  being c a r r i e d  o u t  i n  South Africa,  

because of t h e  very h igh  p r i c e  of o i l  and the  abundzqce of 

cheap c o a l  i n  t h a t  country. If c o a l  i s  t o  be used i n  

l a r g e  q u a n t i t i e s  i n  t he  f u t u r e  i t  w i l l  a l s o  be necessary 

t o  render  i t  harmless from t h e  view po in t  of environment 

po l lu t i on .  Another pos s ib l e  candida te  :.s hydrogen which 

has a broad range of pos s ib l e  uses  a s  fuels. Techniques 

f o r  manufacture, t r anspo r t ,  s t o r age ,  and s a f e  handling of 

hydrogen a r e  y e t  t o  be solved. 

Research and development work i n  t h e  f i e l d  of a l t e r n a t i v e s  

t o  o i l  would t h e r e f o r e  r equ i r e  cons iderable  s t u d i e s .  before 



they can be per fec ted .  It i s  by ndw no su rp r i se  that coa l  

proves t o  be by f a r  t h e  most abundant of t h e  f o s s i l  

resources  s u f f i c i e n t  t o  cover  g l o b a l  needs f o r  hundreds of 

years .  Although coa l  i s  i n  abundance the  problem would be 

how i t  i s  t o  be used t o  s a t i s f y  the most press ing  

component of t h e  demand f o r  f o s s i l  f u e l s  - the  l i q u i d  f u e l  

component. 

' For the  case  of nuclear  power t h e r e  i s  a v a r i e t y  o f  

nuclear  technologies  which range from ex i s t ing  l i g h t  water 

r e a c t o r s  (LWRs) through f i s s i o n  f a s t  breeder r eac to r s  

which a r e  now been i n s t a l l e d  t o  fus ion  technologies,  an 

a rea  where a c t i v e  research  i s  being undertaken. For 

f i s s i o n  r e a c t o r s  t h e  resource i s  n a t u r a l  uranium. With 

improvements'in LWR e f f i c i e n c i e s  and recycling of spent 

f u e l  t oge the r  w i t h  t h e  in t roduc t ion  . of' breeder r eac to r s  

capable of using n a t u r a l  uranium t h a t  cannot be used 

d i r e c t l y  i n  LWRs, t h e  world known uranium resources  a r e  

expected t o  l a s t  f o r  many yea r s  beyond 2030. Nuclear 

r e a c t o r s  f o r  power genera t ion  have now been i n s t a l l e d  i n  

both t h e  developed and developing coun t r i e s  a s  i t  is  an 

economic source of energy~. Mention has however, been made 

by concerned s c i e n t i s t s  of acc idents  a t  nuclear  power 

p l a n t s  which may r e s u l t  i n  massive r ad ia t ion  poisoning. 

Statements  l i k e  these  have quarantined nuclear  power 

behind a b a r r i e r  of f e a r .  The most ser ious  inc iden t  i n  

t h e  h i s t o r y  of commercial nuclear  power genera t ion  took 

p lace  a t  t h e  Three Mile I s l and  nuclear  u n i t  i n  Harrisburg, 

Pennsylvania and no se r ious  harm was caused by t h i s  

i nc iden t .  Nuclear s c i e n t i s t s  now bel ieve  t h a t  the 

p robab i l i t y  of a s e r ious  acc ident  threa tening  any human 

being is  so  remote t h a t  soc i e ty  can e a s i l y  a f f o r d  t o  l i v e  

wi th  r i s k s  from nuclear  power generation. American 



s c i e n t i s t s  who conducted a two yea r  s tudy from t h e  

American Atomic Energy Commission had concluded t h a t  t he  

odds a g a i n s t  an  American dying from a nuc lear  power 

acc ident  a r e  300 m i l l i o n  t o  one' The most p ree t ig ious  
s c i e n t i f i c  minds i n  America ~ f t e r .  weighing t h e  f a c t s  have 

c a l i e d  f o r  a l l -out  development of n u c ~ e a r  power a s  i t  i r  

t h e  most promising of a l l  energy sources  novT or. t he  

horison.  A t  t h e  end of 1980, a t o t a l  of 253 nuc l ea r  power 

r e a c t o r s  were i n  ope ra t ion  supplying 8 pe r  cen t  of t he  

world 's  e i e c t r i c i t y  (IAEA - 1982). 

So la r  power i s  a more immediate p o s s i b i l i t y  t han  fusior.  

power. The p o t e n t i a l  of t h e  harc? s o i a r  power a p p l i c a t i o n i  

involv ing  l a r g e  centralLsed technolog kes i s  tremendous. 

Considering t h e  p o s s i b i l i t i e s  of s o l a r  p l a n t s  loca ted  i n  

space o u t s i d e  t h e  e a r t h ' s  atmospnere i nc reases   he . g l o b a l  

s o l a r  p o t e n t i a l  even more. Equipment requi red  t o  c o l l e c t  

incoming s o l a r  energy i s  expensive while  land a v a i l a b i l i t y  

nay not  be a probiem. Ma te r i a l  a v a i l a b i l i t y  may pose 

problems. The sun-rich c o u n t r i e s  ( t r o p i c a l  reg ions)  would 

bene f i t  most from s o l a r  technologies  some of whicb have 

a l ready  been perfected.  

The conclus ion  t o  be drawn from a v a i l a b l e  information i s  

t h a t  p r e sen t  day nuclear  f i s s i o n ,  f u t u r e  development of 

nuc lear  f u s i o n ,  s o l a r  technologies  and the  world 's  l a rge  

reserves  of coa l  a r e  t h e  ones t h a t  may provide t he  bases 

f o r  a f u t u r e  g l o b a l  energy system when o i l  reserves  ge t  

gradual ly  exhausted.  Other  forms of a l t e r n a t i v e  sources 

of energy f o r  f u t u r e  g l o b a l  use can only play ' a 

supplementary r o l e ,  though by no means an i n s i g n i f i c a n t  

one. 



NEW ENERGP RESEARCH AND D E V E L O P ~ N T  

I N  SRI LANE=A 

An at tempt has  been nade by t h e  S t a t e  towards the  

development of an  energy po l i cy  f o r  S r i  Lanka. The Ceylon 

E l e c t r i c i t y  Board, Ceylon Petroleum Corporation, Colombo 

Gas and Water Co. Ltd., the  Fores t  3epartment including . 
t h e  S t a t e  Timber Corporation and t h e  Ministry of Mahaweli 

Development Ere the  main organiza t ions  t h a t  a r e  d i r e c t l y  

connected wi th  t h e  sub jec t  of energy i n  S r i  Lanka. There 

a r e  a  s e r i e s  of o t h e r  i n s t i t u t i o n s  administered by a 

number of M i n i s t r i e s  who a r e  a l s o  concerned with problems 

r e l a t e d  t o  energy> There is  however, no separa te  agency t o  

co-ordinate, monitor and p lan  the  demand and supply of t he  

d i f f e r e n t  £ o m s  of energy and t o  promote the e f f i c i e n t  use 

of energy i n  t h e  i n d u s t r i a l  and domestic sec tors .  There 

i s  a l s o  no e f f e c t i v e  c e n t r a l  body f o r  undertaking research 

and development on new and renewable sources of energy 

inc luding  t h e  a p p l i c a t i o n  of known technologies. The 

National  Science Council of S r i  Lanka (NSC) which has now 

keen r e s t ruc tu red  (1982) and named the  Natural  Resources, 

Energy and Science Authori ty (NMSA) i s  a t  present  t he  

organisa t ion  which would co-ordinate a l l  matters 

pe r t a in ing  t o  energy undertaken by various organiza t ions  

wi th in  the  country including ma t t e r s  connected wi th  poiicy.  I 

The main organisa t ions  engaged i n  new energy research  and 

o t h e r  a spec t s  of energy toge the r  with a  f e w  of t h e i r  

important a c t i v i t i e s  r e l a t e d  t o  energy a r e  l i s t e d  below. - 



Natura l  Resources, Energy and Science Authority 
(NNSSA) . 
CO-ordination of a c t i v i t y  amongst i n s t i t u t i o n s  

concerned wi th  ma t t e r s  r e l a t i n g  t o  energy. 

Undertakes f e a s i b i l i t y  s t u d i e s  on var ious  a spec t s  of 

energy. 

Funding r e sea rch  a c t i v i t y .  

2. Ceylon I n s t i t u t e  of S c i e n t i f i c  and I n d u s t r i a l  
R e  s ea rch  (CISIR) . 

U t i l i z a t i o n  of organic  waste f o r  b iogas i f i ca t i on .  

Product ion of e t h y l  a l coho l  on a  p i l o t  p l a n t  s ca l e  

and improvement of a locho l  d i s t i l l e r i e s .  

E f f i c i e n t  product ion of charcoal .  

Improved cooking s toves  (fuelwood - charcoa l ) .  

Adoption and a p p l i c a t i o n  of known s o l a r  technologies .  

3. Nat iona l  Jngineering Research and Development Centre 

(NERD Centre) .  

Design and development of low cos t  equipment f o r  

mini-hydro e l e c t r i c  p l an t s .  

Adaption and a p p l i c a t i o n  of known s o l a r  technologies .  



Design and development of a n  a l t e r n a t i v e  cheap 

l i g h t i n g  system f o r  r u r a l  a p p l i c a t i o n  ( b a t t e r y ,  and 

f l u r o s c e n t  tube) .  

Improvements i n  t h e  de s ign  of bu l lock  c a r t s ,  t h e i r  

development and manufacture l&eping t o  t r a d t t i o n a l  

requirements .  ~ 

Design and development of wind m i l l s  (power 

g e n e r a t i o n  - l i f t  i r r i g a t i o n ) .  

Design and development of a g a s i f i e r  t o  be used wi th  

s t a t i o n a r y  and mobile prime movers. 

S tud i e s  on b a t t e r y  operated l i g h t  veh ic les .  

U t i l i z a t i o n  of waste hydrogen. 

4 .  I n d u s t r i a l  Development Board (IDB). 

Research, development and promotional a c t i v i t i e s  

i nc lud ing  popular iz ing  of biogas p l an t s .  

B r ique t t i ng  of a g r i c u l t u r a l  waste m a t e r i a l s  f o r  use 

a s  f u e l .  

Design and development of cheap cooking s toves  

(firewood-charcoal).  

Improvements i n  t h e  de s ign  of bul lock c a r t s .  

App l i ca t i on  of simple s o l a r  technologies .  



5. Atomic Energy Authori ty (AEA). 

Operat ion of a  radio-isotope cen t r e .  

Proposal  t o  s e t  up a  nuc l ea r  technology cen t r e  

(experimental  r eac to r ,  low c o s t  a c c e l e r a t o r  and 

o the r  f a c i l i t i e s )  wi th  a  view t o  prepare t he  

necessary i n f r a  s t r u c t u r e  and man power f o r  t h e  

e x p l o i t a t i o n  of nuc lear  technology inc luding  nuclear  

power r e a c t o r s .  

Funding r e sea rch  a c t i v i t y  and organizing advanced 

courses  p e r t a i n i n g  t o  t he  nuc lear  s c i ences  a t  

u n i v e r s i t y  l e v e l .  

6. Ceylon Petroleum Corporat ion (CPC) 

Organiza t ion  respons ib le  f o r  o i l  explora t ion  i n  S r i  

Lanka which i s  now i n  progress. 

I n s t i t u t i o n  respons ib le  f o r  importing, r e f in ing  and 

d i s t r i b u t i n g  petroleum products  i n  S r i  Lanka. 

7. Ceylon Gas and Water Supply Limited (CGWSL). 

Sole  d i s t r i b u t o r  of L.P. gas  purchased from t h e  

Ceylon Petroleum Corporat ion and o the r  sources when 

necessary. 

S t u d i e s  on pea t  g a s i f i c a t i o n .  



8. Geological Survey Department (GSD). 

Systematic surveys t o  d e t e c t  uranium minera l iza t ion  

and surveys f o r  thorium minerals.  

S tud ie s  on pea t  depos i t s .  

Geophysical surveys 

explora t ion .  

i n  connection wi th  o i l  

S tudies  on thermal springs.  

9. Meteorology Department (MD) . 
Col l ec t ion  of wind da ta .  

Records of du ra t ion  of sunshine a t  s eve ra l  s t a t i o n s  

i n  S r i  Lanka. 

10. Ceylon E l e c t r i c i t y  Board (CEB). 

Authori ty f o r  t he  generat ion,  t ransmission and 

d i s t r i b u t i o n  of e l e c t r i c i t y  i n  the Is land.  

Applicat ion of known ' s o l a r ,  wind and biogas 

technologies inc luding  research 'and development 

a c t i v i t i e s .  

Research on gaseous fue l s .  

F e a s i b i l i t y  s t u d i e s  on the  

mini-hydro power p lants .  

i n s t a l l a t i o n  of 



Stud ie s  on S r i  Lanka pea t  'deposi ts .  

Planning wi th  r e spec t  t o  o v e r a l l  energy development 

i n  S r i  Lanka. 

Organizat ion i n  charge of t he  Rural Energy 

Demonstration Centre f o r  t h e  Asian Region ( i n s t a l l e d  

a t  Pa t t i yapo la  v i l l a g e )  under t h e  a e g i s  of the  

United National  Environmental Programme (UNEP) and 

t h e  S r i  Lanka government. 

The p r o j e c t  i s  composed of a wind e l e c t r i c a l  system, 

a s o l a r  e l e c t r i c a l  system ( p a r t l y  on thermal power 

gene ra to r s  and p a r t l y  on photo-voltaic  genera tors )  

and a biogas p l an t .  The ob jec t ive  of t h e  p ro j ec t  i s  

t o  demonstrate t h e  t echn ica l ,  economic and s o c i a l  

f e a s i b i l i t y  of harnessing s o l a r ,  wind and biogas 

energy t o  meet t h e  energy needs of a remote v i l l age .  

The proponents of t h i s  system have claimed t h a t  i f  

t h e  p r o j e c t  i s  succes s fu l  i t  could be introduced i n  

i s o l a t e d  v i l l a g e s  i n  developing count r ies .  

11. Water Resources Board (WRB). 

Design, development and manufacture of wind m i l l s  a t  

t h e  Wind Energy Unit.  

Promotion d r i v e  f o r  t h e  p l a n t a t i o n  of I p i l  I p i l .  



12. Fo res t  Department (FD). 

Development and conserva t ibn  of t h e  f o r e s t  resources 

of t h e  country. 

Provide f o r  a sus ta ined  supply of timber and f u e l  

wood t o  meet n a t i o n a l  needs. 

Assess f u t u r e  needs of fuelwood and make plans  f o r  

r a i s i n g  fuelwood p l a n t a t i o n s  i n  s t r a t e g i c  loca t ions .  

13. S t a t e  Timber Corporation (STC). 

Exp lo i t a t ion  and marketing of fuelwood from S t a t e  

Fores ts .  

Development of t h e  wood charcoal  indus t ry  i n  S r l  

Lanka. 

Applicat ion of s o l a r  technologies (drying). 

14. Ministry of Mahaweli Development (MMD). 

Minis t ry  respons ib le  f o r  t h e  f i r s t  s tage  programme 

under t he  acce l e ra t ed  Mahaweli Development Scheme 

which a l s o  inc ludes  t h e  development of r e s e r v o i r  

head works with a t o t a l  i n s t a l l e d  capaci ty  of nearly 

500 MW of power (work is  i n  progress) .  



15. Min i s t ry  of I n d u s t r i e s  and S c i e n t i f i c  Affairs. 

Management a s p e c t s  of energy inc luding  t h e  e f f i c i e n t  

u se  of energy i n  t h e  i n d u s t r i a l  s e c t o r .  

16. Cen t r a l  Engineering Consultancy Bureau (CECB). 

Agency respons ib le  f o r  t he  var ious  engineering 

a s p e c t s  f o r  t h e  Mahaweli Development Programme. 

S t u d i e s  on mini-hydro power p l a n t s  and t h e i r  

i n s t a l l a t i o n .  

17 .  . Central .  Agr i cu l tu ra l  Research I n s t i t u t e  - Gannoruwa 

.( CAR1 ) . 
Appl ica t ion  of biogas technologies .  

S r i  Lanka Sugar corpora t ion  (SLSC) . 

Organiza t ion  responsible  f o r  S t a t e  sugar  cane 

p l an t a t i ons .  

Research and Development work on t h e  u t i l i z a t i o n  of 

a l coho l  a s  a  source of power. 

S tud ie s  on bagasse a s  a  source of energy. 

19. Minis t ry  of Local Government, Housing and . 

Construct ion (MLGHC). 



Promote a p p l i c a t i o n  of s o l a r  technologies f o r  r u r a l  
requirements. 

Promote app l i ca t ion  of wind energy, i n  r u r a l  areas.  

Promote biogas production i n  r u r a l  areas.  

20. Minis t ry  of Power and Energy. 

I n s t i t u t i o n  responsible f o r  energy policy. 

Energy management aspec ts .  

Promote a p p l i c a t i o n  of known technologies. , 

21. National  Livestock Development Board (NLDB). 

Agency respons ib le  f o r  t h e  development of l i v e s t o c k  

i n  S r i  Lanka (Note: Technology f o r  biogas production 

i s  known and a l s o  r e l i a b l e  p a r t i c u l a r l y  where 

l i ves tock  i s  abundant) - 

22. National  Aquatic Resources Agency (NARA) . 
I n s t i t u t i o n  charged wi th  t h e  r e s p o n s i b i l i t y  of 

car ry ing  out  and co-ordinating, research,  

development and management a c t i v i t i e s  on t h e  subjec t  

of aqua t i c  resources ( l i v i n g  and non-living 

resources) .  



The establ ishment  of NARA a l s o  s a t i s f i e s  a long f e l t  
need f o r  a National  Oceanographic I n s t i t u t i o n  f o r  

S r i  Lanka. 

Assess t h e  ocean energy resource p o t e n t i a l  around 

S r i  Lanka through t h e  j o i n t  e f f o r t s  of overseas 

oceanographic i n s t i t u t i o n s  and l o c a l  organisa t ions .  

23. Univers i ty  of S r l  Jayewardenapura (Nugegoda) - 
Department of Physics. 

S tud ie s  on biogas. 

S tud ie s  on s o l a r  energy. 

24. Univers i ty  of J a f f  na (Botany Department). 

S tud ie s  on p re se rva t ion  of food ma te r i a l s  using 

gamma i r r a d i a t i o n .  

S tud ie s  on a l coho l  production. 

25. Univers i ty  of Peradeniya (Department of Agr icu l tura l  

Engineering) .  

S tud ie s  t o  determine t h e  s u i t a b i l i t y  of buffalo 

breeds f o r  draught.  



26. Univers i ty  of Peradeniya (Facul ty  of Engineering). 

Design of .b iogas  d i g e s t e r s  and s t u d i e s  on biogas 

y i e lds .  

S tud ie s  on turb ines .  

I 
Stud ie s  on win6 energy. 

27. Univers i ty  of Moratuwa (Department of Mechanical 

Engineering) 

S tud ie s  on s o l s r  re f  r i g e r a t i o n ,  s o l a r  cooking, aid 

s o l a r  water  hea t ing  systems. 

S tud ie s  on o t h e r  uses  of s o l a r  energy. 

S tudies  on wind m i l l  pumps. 

28. Rubber Research I n s t i t u t e  (Ratmalana). 

U s e  of r a d i a t i o n  f o r  curing of na tu ra l  rubber l a t e x .  

U s e  of s o l a r  energy f o r  drying crepe rubber. 

29. Coconut Research I n s t i t u t e .  

S tud ie s  on c a l o r i f i c  values of coconut components 
f o r  use a s  a n  energy source-  

S tud ie s  on coconut o i l  a s  a f u e l  source. 



30.' S r i  Lanka School of Agr i cu l tu re  ( ~ n ~ u ~ k o l a ~ e l e s s a ) .  

S t u d i e s  on biogas. 

S tud ie s  on s o l a r  cooking and s o l a r  hot water  systems. 

31. Ceylon Plywood Corporation. 

S tud ie s  on I p i l  I p i l  p l a n t a t i o n s  a s  a  source of f u e l  

wood. 

32. P r i v a t e  Sec to r  I n s t i t u t i o n s .  

A few p r i v a t e  s e c t o r  organiza t ions  a r e  a l s o  involved 

i n  energy research  and development work inc luding  

in t roduc ing  known technologies  t o  S r i  lanka. The 

Ceylon Tobacco Company i n  p a r t i c u l a r  has undertaken 

R and D work on t h e  e f f i c i e n t  use  of a g r i c u l t u r a l  

wastes  f o r  power genera t ion  and f o r  o the r  hea t ing  

purposes. 

OPTIONS FOR THE FUTURE 

F o s s i l  f u e l s ,  mainly o i l ,  gas  and c o a l  w i l l  s t i l l  be t he  

main sources of energy u n t i l  t h e  t u r n  of t he  century. Coal 

i s  t h e  most abundant of t h e  f o s s i l  resources  and i s  

capable of s a t i s f y i n g  g l o b a l  needs f o r  hundreds of years.  

It i s  we l l  known now, t h a t  S r i  Lanka's e l e c t r i c a l  energy 

w i l l  be met mostly by he r  hydropower resources  t i l l  about 

t h e  l a t e  1990's. Due t o  t h e  l imi ted  p o t e n t i a l  i n  t h i s  



resource a f t e r  t h i s  da t e  t h e  development of hydropower 

w i l l '  be slow. 

The popula t ion  by about t h e  yea r  2000 i s  expected t o  be 

around 20 mi l l i on .  I n  o rde r  t o  meet t h e  l a r g e  blocks of 

energy demands beginning by about t he  year  1990 an 

a l t e r n a t i v e  source of energy f o r  e l e c t r i c  power genera t ion  

has t o  be introduced.  According t o  t he  growth i n  the  

maximum power demand a s  f o r e c a s t  i n  1981 by t h e  Ceylon 

E l e c t r i c i t y  Board ( see  Table X I )  t he  predic ted  maximum 

demand on t h e  n a t i o n a l  g r i d  by 1990 i s  1139 MW, and by 

1995 i s  1774 MW. E l e c t r i c i t y  p ro j ec t ions  of t he  Ceylon 

E l e c t r i c i t y  Board (CEB) f o r  t h e  year  2000 i s  around 2500 

FiW. (Energy i n  Gwh - 13500). These p ro j ec t ions  a r e  based 

on a 9 pe r  cen t  growth r a t e  from 1992 onwards. 

P ro j ec t ions  a r e  being rev ised  from time t o  time and t h e  

above mentioned f i g u r e s  may change and they a r e  only 

u s e f u l  a s  a guide. . 

About ha l f  t he  hydro p o t e n t i a l  (main r e se rvo i r s )  of S r i  

Lanka would have been tapped once t h e  acce lera ted  Mahaweli 

Programme i s  completed by t h e  l a t e  1980's. The genera t ing  

system i n  S r i  Lanka i s  t h e r e f o r e  predominently hydro based 

wi th  l imi t ed  thermal support (steam and d i e s e l  p l a n t s ) .  

Thermal p l a n t  i s  u sua l ly  used t o  back-up the  hydro 

shor tages  dur ing  per iods  of low r a i n f a l l  i n  r e s e r v o i r  

catchment a r e a s  and t o  improve i n  gene ra l  t h e  thermal 

back-up f o r  t h e  present  system. A t  p resent  (1985) about 

270 MW of thermal  p l a n t  is, ava i l ab l e .  Around 1990 

a l t e r n a t i v e  sources  of power genera t ion  would be 

p r o h i b i t i v e l y  expensive, a t  this time t h e  only 

a l t e r n a t i v e s  a v a i l a b l e  a r e :  



1. Coal P l a n t s  

11. Nuclear Power P l a n t s  

A t t en t ion  has  a l s o  been drawn t o  t he  neces s i t y  of 

i n s t a l l i n g  i n  s t a g e s  a  l a r g e  thermal p l a n t  f u e l l e d  by 

imported coa l  i n  t h e  range of 1000 MW (250 MW x  4 )  i n  t h e  

1990s t o  meet' t h e  base load  e l e c t r i c i t y  demand. This 

au tho r  a l s o  advocates  t h a t  while  planning f o r  t he  f i r s t  

1000 MW power p l an t  provis ion  be made f o r  a n  ex tens ion  of 

a  f u r t h e r  1000 MW t o  u t i l i z e  a l l  f a c i l i t i e s  of t he  f i r s t  

p l a n t ,  Fernando (1980). The development of a l t e r n a t i v e  

energy has t o  t ake  p lace  i n  s t ages ,  250 MW a t  each s tage  

and t h i s  should develop t o  1000 MW by t h e  year  2000. 

S r i  Lanka i s  devoid of coa l .  I f  t h e  above proposal i s  

accepted a  250 MW c o a l  p l an t  has t o  be e s t ab l i shed  a t  

l e a s t  by 1990. The lead  time necessary f o r  a  p ro j ec t  of 

t h i s  na tu re  i s  about 10  - 12 years .  An agreement t o  

o b t a i n  c o a l  supp l i e s ,  t h e  des ign  of t he  power p l a n t  i n  t he  

v i c i n i t y  of a  good harbour c l o s e  t o  t he  load c e n t r e  which 

i s  the  Colombo region toge the r  wi th  information on the  

p r i c e s  of c o a l  a r e  a r e a s  which should be c a r e f u l l y  

s tudied .  It i s  now envisaged t h a t  coa l  p l a n t s  of arround 

250 MW would be added t o  t h e  system beginning around 1990 

(Ceylon E l e c t r i c i t y  Board). Trincomalee has been 

mentioned a s  one of t h e  s i t e s  f o r  t h e  establ ishment  of a  

c o a l  p l an t .  

I n  1980 (23-7-1980) cab ine t  gave approval  t o  a  proposal t o  

s t a r t  a programme of work t h a t  would lead  t o  the  

product ion of e l e c t r i c i t y  using a  nuc lear  reac tor .  In 



power systems i t  is customary t h a t  t h e  l a r g e s t  set has t o  

be wi th in  10 - 15 p e r  cen t  of t h e  load i n  the  system. I n  

S r i  Lanka i n  about t h e  year  2000 t h e  load i n  the  system i s  

expected t o  be around 2,500 IN. Ten pe r  cen t  of t h i s  

f i g u r e  i s  250 MW. It i s  sa id  t h a t  t he  e c o n o d c  s i z e  of a 

nuclear  power p l a n t  today i s  600 MW. 'This would mean t h a t  

nuclear  power has t o  be ru l ed  out  i n  S r i  Lanka i n  t h i s  

century. It must however, h remembered t h a t  a s  

technology advances smal le r  nuclear  p l a n t s  may prove 

.econmical i n  t h e  near  fu tu re .  Whether S r i  Lanka goes f o r  

nuclear  energy o r  not it i s  d e s i r a b l e  t h a t  every e f f o r t  

must be made now t o  build our own c a p a b i l i t i e s  t o  handle 

nuclear  power generat ion.  A programme of work. i n  this, 
d i r e c t i o n  has a l r eady  been i n i t i a t e d  by the  Atomic Energy 

Authori ty w i th  a s s i s t a n c e  from t h e  Internat ional .  Atomic 

Energy Agency (IAEA).  I n  t h e  event that S r i  Lsnka has EO 

a l t e r n a t i v e  but t o  i n s t a l l  a nuclear  reac tor  f o r '  power 

generat  ion ,  such t r a i n i n g  programmes would. LY! extremely 

usefu l .  I n  t he  l i g h t  of t h e  information ava i l ab le  so f a r  

i t  may be mentioned t h a t  p r i o r i t y  should be given f o r  

t r a i n i n g  a t  a l l  l e v e l s  i n  t he  f i e l d  of nuclear  technology.' 

This  would enable ~ r i  Lankan s c i e n t i s t s  t o  handle a power 

r eac to r  i f  t he  need a r i s e s  by t h e  t u r n  of the  centuryc 

Studies  which have been undertaken so f a r  i .ndicate t h a t  

energy of t h e  f u t u r e  i s  not  g o  t o  be cheap. The 

proposal  t o  i n s t a l l  thermal p l a n t s  fue l l ed  ~ d t b  imported 

c o a l  seems t h e  bes t  answer t o  meet t he  energy crisis I n  

connection wi th  e l e c t r i c a l  power genera t ion  i n  the  not too 

d i s t a n t  fu tu re .  Very high l e v e l  p r i o r i t y  h a  a l s o  t o  be 

given t o  a f f o r e s t a t i o n  bearing i n  mind t h a t  the  populat ion 

of S r i  Lanka would be around 20 m i l l i o n  i n  t he  year  2000 

and t h a t  over  80 per  cen t  of t h e  present  populat ion ( 15 

m i l l i o n  - 1985) use firewood f o r  cooking purposes. 



~ l t e r n a t i v e  sources  l i k e  s o l a r ,  wind and biogas (where the  
technology i s  known and proved) should be introduced where 

poss ib l e  e s p e c i a l l y  i n  r u r a l  a reas .  

SUMMARY 

S r i  Lanka is  poor i n  domestic energy resources.  Inported 

petroleum products  w i l l  no doubt cont inue  t o  p lay  a v i t a l  

c e n t r a l  r o l e  i n  t h e  commercial energy consumption of t h e  

country f o r  many more years .  Even a t  p r e sen t ,  o i l  i s  

p r o h i b i t i v e l y  expensive e s p e c i a l l y  f o r  power generat ion.  

Approaching t h e  yea r  2000 a n  a l t e r n a t i v e  source of power 

gene ra t ion  has  t o  be introduced t o  meet t h e  l a r g e  blocks 

of .energy demands. The shor tage  f o r  an  a l t e r n a t i v e  source 

of energy w i l l  s t a r t  i n  about 1990. From ava i l ab l e  

informat ion  c o a l  and nuclear  power a r e  t h e  only sources 

a v a i l a b l e  t o  meet t he  f u t u r e  demands of energy i n  S r i  

Lanka . 

I n  power systems the  l a r g e s t  s e t  i n s t a l l e d  has t o  be 

wi th in  10 - 15 per  cen t  of t he  load i n  t he  system. 

Assuming t h a t  a 250 MW nuclear  power s e t  i s  considered t o  

be economical i n  t h e  near  f u t u r e ,  nuc lear  power genera t ion  

i n  S r i  Lanka could only be introduced by the  t u r n  of t h e  

century  when t h e  predic ted  maximum demand on t h e  na t iona l  

g r i d  i s  around 2500 MW. The lead time f o r  a p r o j e c t  of 

t h i s  na tu re  i s  10 - 15  years .  S r i  Lanka i s  new t o  nuclear  

technology. Every e f f o r t  should theref  o re  be made t o  bui ld 

up l o c a l  c a p a b i l i t i e s  t o  handle a nuc lear  power s e t  i n  t he  

event  S r i  Lanka i s  forced t o  i n s t a l l  a nuc l ea r  power 



The i n s t a l l a t i o n  i n  s t a g e s  of a l a r g e  thermal p l an t  (to 

supply t h e  count ry ' s  e l e c t r i c a l  demands) f u e l l e d  by 

imported c o a l  i s  l e s s  complidated and f o r .  t he  present .  

seems more p rac t i cab le .  

Taking i n t o  cons ide ra t ion  t h e  populat ion inc rease  by the  

t u r n  of t h e  century  t h e  S t a t e  has no choice but t o  give 

t h e  h ighes t  p r i o r i t y  t o  a f fo re s t a t ion .  Other forms of 

energy sources  ( s o l a r ,  wind and biogas) should a l s o  be 

considered f o r  i n s t a l l a t i o n  i n  r u r a l  a r e a s  and i n  

i n d u s t r i a l  concerns where poss ib le .  The energy of t h e  

f u t u r e  i s  not going t o  be cheap and i t  i s  very e s s e n t i a l *  

t h a t  t h e  e f f i c i e n t  use of energy should be encouraged and 

introduced i n  a l l  sec tors .  



CHAPTER 7 

SUMMARY AND CONCLUSIONS 

O i l  r esources  which a r e  gradual ly  being exhausted ' a r e  f o r  

a l l  p r a c t i c a l  purposes considered non-renewable. There i s  

usua l ly  a l a r g e  f a c t o r  of gamble i n  t he  s ea rch  f o r  o i l .  

A s  o i l  i s  a n  exhaus tab le  resource t h e r e  i s  cont inua l  

search  f o r  new a r e a s  and development of .new o i l  , f i e ld s .  

Experience has  ' a l s o  shown t h a t  a s  our  geologica l  

understanding and our  exp lo ra t i on  teachniques have 

improved s o  has t h e  ex t en t  of known o i l  f i e l d s  been 

enlarged.  Whether t he se  d i scove r i e s  a r e  l im i t ed  o r  

un l imi ted ,  would depend on t h e  s tock  of o i l  a v a i l a b l e  i n  

t h e  E a r t h ' s  c r u s t  which i s  unknown t o  us. 

The world up t o  now has r e l i e d  upon chemical energy 

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

f o r  t r a n s p o r t  purposes (gasol ine) .  Although c o a l  i s  

s u f f i c i e n t  t o  cover g loba l  needs f o r  hundreds of years ,  

t h e  r e a l  problem would be t o  s a t i s f y  t h e  demand f o r  l i q u i d  

f o s s i l  f u e l s  when o i l  g e t s  gradual ly  exhausted. o i l '  from 

c o a l  as produced i n  South Afr ica ,  a lcohol  . (e thanol )  from 

sugar  cane as produced i n  Braz i l  and s t u d i e s  on the  

gene ra t ion  of s y n t h e t i c  hydrocarbon f u e l s  and t h e  . u s e  of 

pure hydrogen a s  a f u e l  a r e  a r e a s  which have a t t r a c t e d  

a t t e n t i o n  i n  r ecen t  years .  The product ion of chemical 

ga so l ine  has a l s o  been adminis t ra ted  i n  Japan. 

A l t e r n a t i v e s  t o  o i  1 would . t he re f  ore .  r equ i r e  considerable 

r e sea rch  and development before they could be perfected.  

Petroleum products  w i l l  t h e r e f o r e  continue t o  be t h e .  main 



source of commercial energy (even a t  p roh ib i t i ve  p r i ces )  

f o r  many more y e a r s  a f t e r  t h e  t u r n  of t h e  century. , 

E l e c t r i c a l  energy i n  S r i  Lanka i s  met mostly by her 

hydropower resources.  Once t h e  -acce l le ra ted  h h a w e l i  

development programme i s  completed t h e  b e t t e r  known 

hydropower p o t e n t i a l  of t h e  country ( t h e  most promising 

ones) would have become tapped. Thereaf te r  t h e  

. development of this resource would be slow and an  

a l t e r n a t i v e  source of power genera t ion  has  t o  be 
introduced.  It i s  w e l l  known t h a t  t he  a l t e r n a t i v e 8  

a v a i l a b l e  inc lude  the  i n s t a l l a t i o n  of c o a l  p l a n t s  o r  

nuclear  p l a n t s  f o r  e l e c t r i c a l  power generation. S r i  Lanka 

does not posses any c a p a b i l i t i e s  a t  t he  moment i n  t h e *  

f i e l d  of nuclear  technology. It would the re fo re  be 

d e s i r a b l e  i n i t i a l l y  t o  i n s t a l l  thermal p l a n t s  f u e l l e d  by 

imported c o a l  f o r  power genera t ion .  Nuclear poker may be 

introduced t o  S r i  Lanka a f t e r  t h e  t u r n  of the  century,  It 

i s  the re fo re  best  t h a t  S r i  Lanka should f i r s t  bui ld  up her  

own c a p a b i l i t i e s  and be prepared t o  handle nuclear  power 

genera t ion  i n  t h e  event  t h e  country has t o  i n s t a l l  a 

nuclear  r e a c t o r  around the  year  2000. The Atouic Energy 

Authori ty (AEA) has a l ready i n i t i a t e d  teaching programmes 

a t  Univers i ty  l e v e l  i n  a r e a s  connected wi th  nuclear  

sciences.  

With t h e  increase  i n  populat ion t o  nearly 20 mi l l i on  by 

t h e  year  2000 t h e  demand f o r  fuelwood f o r  cooking purposes 

would inc rease  very rapid ly .  It i s  a l s o  un l ike ly  that 

r u r a l  S r i  Lanka w i l l  switch t o  a n  energy source o the r  than 

firewood for cook lng , ' f o r  many more years. S r i  Lanka has 

theref  o r e  t o  ensure fuelwood suppl ies  through the  



development of a r e a s  eaaar iced  f o r  t h i s  purpose and a l s o  
concen t r a t e  o s  :he development of t h e  country '  s rap id ly  

diminishi?< f o r e s t  cover. The S t a t e  has t h e r e f o r e  given 

t h e  h i g h e s ~  p r i o r i t y  t o  develop t h e  count ry ' s  f o r e s t  

resources  through t h e  Fo res t  Depar tment  by undertaking a 

long term programme t o  cover  a v a r i e t y  of f o r e s t r y  r e l a t e d  

a r e a s  inc luding  the  es tab l i shment  of new p l a n t a t i o n  

f o r e s t s ,  t i g h t e n i n g  of enforcement work r e l a t i n g  t o  timber 

of fences  and upgrading of t r a i n i n g  f o r  f o r e s t e r s  including 

the  commencement of a degree course i n  Fo re s t ry  a t  one of 

t h e  l o c a l  u n i v e r s i t i e s .  

The neces s i t y  f o r  i d e n t i f y i n g  a l t e r n a t i v e  sources of 

ene rgy  e s p e c i a l l y  f o r  a p p l i c a t i o n  i n  r u r a l  a r e a s  cannot be 

overlooked. Renewables seem t o  o f f e r  t h e  p o t e n t i a l  t o  

provide a s u s t a i n a b l e  energy base f o r  t h e  r u r a l  s e c t o r  of 

S r i  Lanka. The immediate concern of a l o c a l  programme 

should be t o  in t roduce  r e l a t i v e l y  simple technologies  such 

as t h e  product ion  of biogas,  use  of wind energy and the  

maximum use of s o l a r  energy where poss ib le .  Although 

these  technologies  have been introduced i n t o  t h e  country 

much more work has t o  be undertaken by t h e  var ious  

r e sea rch  and o t h e r  o rgan iza t ions  f o r  t he se  technologies  t o  

produce r e s u l t s  t h a t  a r e  u s e f u l  t o  people i n  t he  r u r a l  

s ec to r .  I n  a d d i t i o n  t o  making g r e a t e r  use of renewable 

sources of energy, b e t t e r  use  of a v a i l a b l e  energy should 

a l s o  be made. The e f f i c i e n t  use of energy i n  a l l  s e c t o r s  

would l ead  t o  s u b s t a n t i a l  savings i n  energy budgets. 

Action has a l r eady  been i n i t i a t e d  by NARESA t o  formulate  

an energy po l i cy  f o r  S r i  Lanka. I n s t i t u t i o n a l  

arrangements should a l s o  be s treamlined f o r  evolving 

e f f e c t i v e  s o l u t i o n s  t o  t h e  energy problem a s  a whole. 



The a l t e r n a t i v e  sources of energy discussed and o t h e r s  

which a r e  being s tudied  a t  p re sen t  a r e  not  going t o  so lve  

t h e  l a r g e  blocks of energy requirements i n  t he  country by 

t h e - t u r n  of t h e  century. S r i  Lanka w i l l  undoubtedly have 

t o  take  a d e c i s i o a  whether t o  use coa l  o r  nuclear  power o r  

both f o r  e l e c t r i c a l  power generat ion.  It must a l s o  be 

remembered t h a t  long lead t imes a r e  usual ly  assoc ia ted  

with p r o j e c t s  of t h i s  na ture  (10 - 1 5  years) .  In t h i s  

connection a r e a s  of i n t e r e s t  which have been s tudied  by 

the  Natural  Resources, Energy and Science Authori ty 

(NARESA) inc lude  : 

(1) The proposal  t o  use atomic energy f o r  t he  

genera t ion  af e l e c t r i c  power i n  S r i  Lanka. 

( 2 )  The proposal  of t he  Ministry of Agr icul tura l  

Development and ~ e s e a r c h  f o r  t h e  production 

of power a lcohol  and the  supply of energy 

from agro products. 

(3) The f e a s i b i l i t y  of ocean thermal energy 

conversion (OTEC) power f o r  S r i  Lanka. ( t h i s  

i s  an  a rea  which i s  not  o f '  i m e d i a t e  i n t e r e s t  

t o  S r i  Lanka). However, i f  a need a r i s e s ,  a 

prototype OTEC power system could be 

e s t ab l i shed  of f  Trincomalee when the  

required hydrographic and oceanographic 

surveys proposed by NARA have been undertaken. 

(4)  Research and Development p r o j e c t s  undertaken 

i n  S r i  Lanka on energy r e l a t ed  problems.. 
' 



The importance of energy t o  t h e  economy of n a t i o n s  has 

been underscored r epea t ed ly  i n  recent  years .  For  none i s  

energy of g r e a t e r  consequence than  f o r  t h e  people of the  

developing count r ies .  S r i  Lanka i s  poor i n  energy 

resources.  Available information on t h e  energy problem 

fac ing  S r i  Lanka i n d i c a t e  t h a t  an  a l t e r n a t i v e  source of 

energy has  t o  be introduced f o r  power genera t ion  i n  about 

8 t o  10 years  time. I n  t h i s  connection the  . Ceylon 

E l e c t r i c i t y  Board has  a l ready  p lans  t o  in t roduce  thermal 

p l a n t s  t o  t he  country f u e l l e d  by imported coa l ,  t he  

i n t roduc t ion  of nuc lear  power t o  S r i  Lanka by the  t u r n  of 

t h e  century  needs f u r t h e r  s tudy.  

blith t h e  tremendous advances now made i n  the  a r ea  of o i l  

p rospec t ing  toge the r  wi th  t h e  new techniques which a r e  

being worked out  and per fec ted  f o r  de t ec t ing  o i l  depos i t s  

inc luding  improvements i n  d r i l l i n g  techniques w i l l  

undoubtedly r e s u l t  i n  new o i l  f i e l d s  being discovered i n  

h i t h e r t o  unknown areas and t h e  e x t e n t  of new d i scove r i e s  

a r e  t h e r e f o r e  being enlarged each year.  World o i l  

product ion which i s  expected t o  t u r n  downward wi th in  t he  

next  25 t o  30 yea r s  may presumeably not  show se r ious  s igns  

of exhaus t ion  tak ing  i n t o  cons idera t ion  new o i l  

d i s cove r i e s  can  i n  f a c t  be made (as has  happened during 

t h e  l a s t  decade) t h e  dawn of t h e  so c a l l e d  energy c r i s e s  

which i s  normally expected 25 t o  30 years  hence, may 

probably g e t  considerably delayed. It i s  then l o g i c a l  t o  

assume that t h e  expected energy c r i s e s  would then take 

p lace  towards t h e  middle of t h e  twen ty f i r s t  century 

(2050): It may be s a i d  t h a t  t h e i r  i s  probably no one 

answer f o r  t h e  energy dilemma of na t ions  poor i n  energy 

resources.  F i n a l l y ,  i t  would be i n t e r e s t i n g  t o  



- m e n t i o n  t h e  p re sen t  p o s i t i o n  regarding t h e  world o i l  

scene. I n  i t s  prime during the 1970's OPEC a lone  set t h e  

course of t h e  p o l i t i c s  and economics'of o i l .  It d i c t a t e d  

how much o f  crude o i l  should be pibduced o r '  so ld  a t  w l k t  

p r i c e  and t o  whom. But today, o i l  demand (because df t h e  

r i s i n g  p r i c e s  and conserva t ion  measures) has f a l l e n  t o  its 

lowest l e v e l .  With new aources of o i l  being discovered 

a l l  t he  time ou t s ide  OPEC a reas ,  OPEC f i n d s  i t  cannot s e t  

p r i c e s  any longer. New expor t e r s  i nc lude  B r i t a i n ,  Norway, 

USSR, Egypt, China, Oman, Zai re ,  Columbia and Cameroon. 

Overa l l  production of crude o i l  by OPEC members is now 
l imi t ed  - to 17.5 m i l l i o n  b a r r e l s  a day compared wi th  a peak 

of over 30 m i l l i o n  b/d i n  t he  late 1970's. I n  1973 OPEC 

accounted f o r  two-thirds of world production of o i l .  

Twelve years  l a t e r  i t s  share  was down t o  two-fifths. 

During t h i s  period non-OPEC production rose by 35 per  cen t  

and today non-OPEC coun t r i e s  account f o r  67 per  c e n t  of 

t h e  immediately a v a i l a b l e  o i l  i n  the  world according t o  

e s t ima tes ' by  the  New York based Petroleum I n t e l l i g e n c e  

I7eekly. The c u r r e n t  o i l  g l u t  i s  predic ted  t o  run out  i n  

15 yea r s  o r  so ,  but t he  o i l  power of t he  Arabs w i l l  

continue a s  they hold the  worlds l a r g e s t  concent ra t ion  .of 

o i l  reserves  t h a t  could o u t l a s t  any df t h e i r  competitors. 
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