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tiik need  for research  and

DEVELOPMENT

ABSTRACT

The United Nations f o r e c a s t  f o r  a 76 pe r  cent increase  

in the A f r i c a n  popu lat ion  by the y ea r  2000 demands a  s t r a t e g i c  

v i*w  >if Hr. f':iliir«- «inT;.',y Ilr. |irt-r.«-n I ami fill lift- nr.«-r.
o f  energy have been d iscussed  and i t  has been est imated  that  

an o v e r a l l  energy, equ iva len t  to one b i l l i o n  tons o f  c o a l ,  

would be needed. The need f o r  a w e l l  c o -o rd in a te d  Energy  

Research and Development Programme i s  recommended and i t s  

terms o f  re fe rence  o u t l in ed .  P o s s ib le  new forms o f  energy  

a p p l i c a b le  to the A fr ican  Continent a re  a l s o  mentioned.



INTRODUCTION

The popu la t ion  o f  the  World increased  by almost  

7ri per cetil in the la:; I CIO yea rs ,  from 2. 5» b i l l i a ' i  in IDfiO 

to about 4 .4  b i l l i o n  in 1980. The increase  dur ing  th is  

[ « r iod  was q u i te  small in Kurope, fewer than 100 m i l l i o n  

added to  i t s  popu la t ion .  The deve lop ing  countr ie s  grew  

much more, both in numbers and r a t e s .  The ir  populat ion  

almost doubled ,  ¡net-easing from 1.7 lo .‘1. .'t b i l l i on .  Africa,  

in purl i e u l a r ,  doubled i t s  popu I a I ion from 2 19 mi l I ion to 4f>9 

miLLion over  th is  pe r iod .  The prospects  u n t i l  the year  2000 

are  f o r  a s low ing  o f  growth ra te s  f o r  a l l  a reas  except A f r i c a .  

Populat ion  p ro je c t io n  o f  the United  Nations a n t i c ip a t e ,  a 

rap id  popu la t ion  growth in Less developed coun tr ie s ,  with the 

l a r g e s t  p ropo r t iona te  inc rease  coming from A f r i c a  (+76 p e r  c e n t ) .

Because o f  the continued r i s e  in o i l  p r ic e s  s ince  1972 

and the need to su sta in  any reasonab le  economic growth, then 

i t  i s  obvious that  most A f r ic an  coun tr ie s  would incur dangerous ly  

growing fo re ign  exchange d e f i c i t s  by the year  2000. lln Less 

these coun tr ie s  can d iscover  more f o s s i l  fu e l  resources within  

th e i r  bo rders  or develop other sources  o f  energy, the energy  

«■rises fac ing  the A fr ican  coni incnl. by lb«* year  2000 would In­
al arm i ug ly  d i s a s t r o u s .

Research and development in enegy product ion ,  conversion  

and conservat ion  should even tua l ly  a l lo w  lo c a l  energy sources  

to be su b s t i tu te d  f o r  imported f u e l s .  Some o f  the a l t e r n a t i v e  

sources o f  energy a v a i l a b l e  to A f r i c a  nre  biomass energy,  

s o l a r  energy, h y d ro e le c t r ic  and f i r e -w ood  energy.

This paper d iscusses  the choice  o f  a l t e rn a t e  energy sources  

a p p l i c a b le  to A f r i c a ,  the need to i n s t i t u t e  a w e l l  c o -o rd in a ted  

Energy Research and Development Programme, and f i n a l l y  a s se sse s  

the im p l ica t ion s  o f  new energy technolog ies  f o r  the Lagos Plan  

o f  Act ion .



I-'UTURK USKS OK F.NHROY TN AFRICA

The Location and extent o f  the non-renewable f o s s i l  

resources  ( c o a l ,  l i g n i t e ,  petroleum, n a tu ra l  gas  l i q u id s  

and natu ra l  g a s )  have been l e s s  a c c u ra te ly  determined, «and 

no more than guesses can be made concerning the f r a c t i o n  

that could  be recovered or  the recovery  c o s t s .  Most a v a i l ­

a b le  s t a t i s t i c s  on energy use r e f e r  to s o - c a l l e d  commercial 

energy, that  i s ,  energy from f o s s i l  f u e l s  and h y d ro e le c t r ic  

i n s t a l l a t i o n s .  On average ,  the t o t a l  energy use i s  about  

tw ice  the amount o f  commercial energy .  The major p a r t  o f  

the d i f f e r e n c e  i s  made up o f  biomass f u e l s  —  wood, charcoa l ,  

a g r i c u l t u r a l  re s idues  and c a t t l e  dung —  and a s i g n i f i c a n t  

f r a c t i o n  i s  accounted f o r  by energy expended in human «and 

anim.nl Labour.

In the past ,  the p roport ion  o f  commercial energy has 

iiicirasi'il  with l i nit- and economic growth. This increase  

r e su l t e d  c h i e f l y  from the growth o f  the in d u s t r i a l  and 

t ran spo r ta t ion  sec to rs  and p a r t l y  because convenient commer- 

ci.nl sources were su b s t i tu te d  fo r  t rad i t i onn l ones as people  

migrated to  c i t i e s  and towns from the country s i d e .

H ae fe l  ( r e f . l )  has estimated that per c a p i t a  energy  

consumption in the deve lop ing  coun tr ie s  o f  A s i a ,  A f r i c a  and 

Lat in  America should increase  between three and f i v e  times 

over the next 50 y ea r s .  His conc lus ion  i s  supported i f  we 

examine fu tu re  energy needs in A f r i c a ,  which w i l l  p robab ly  

contain  800 m i l l i o n  people by the yea r  2000.

To produce the needed food su p p l i e s ,  approximately  

350 m i l l i o n  tons o f  food g ra in  equ iva len t  (w ith  an energy  

content equal to that in 160 miLlion tons o f  c o a l )  would be 

needed. Thermal energy used in r u r a l  households would
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t o t a l  45 miL l ion tons, and t ran spo r ta t ion  o.r a g r i c u l t u r a l  

harve s t s ,  ru ra l  in d u s t r ia l  products ,  farm inputs,  ami 

human be ings  cou ld  use as much as 150 m i l l i o n  tons o f  coa l  

eq u iv a len t .  Energy expend itures  in ru ra l  industry  would be 

between lOO and 160 m i l l i o n  tons. Household l i g h t i n g  cou ld  

add 0.25 k i low a t t  -  hour p e r  person per day o r  4 m i l l i o n  tons.

I t  would be expected that  r u r a l  incomes would s t i l l  be  

con s id e rab ly  lower than those o f  the urban popu la t ion s ,  con­

sequent ly ,  because o f  the c lo s e  r e l a t io n s h ip  between income 

and energy, urh-.n energy use per c ap i ta  would be between 

l  and 2 tons o f  coa l  equ iva len t  i . e .  500 m i l l i o n  tons. Thus 

the o v e r a l l  energy demand would be approximately  1 b i l l i o n  

tons o f  coa l  equivalent.  —  4 times present energy use.

For very few co u n t r ie s ,  with the i r  la rge  r c s e r  cs o f  

petroleum, such an in c rease  in  energy demand, would not 

s e r i o u s l y  endanger th e i r  socio -eronomieaI  programme.

Whereas f o r  most e o u n l r i e s  in A f r i c a ,  th e i r  present, known 

energy sources could not su s ta in  the large  increase  requ ired  

f o r  s o c i a l  and economic development. These coun tr ie s  w i l l  

e i t h e r  need to f ind  and «levelope new energy rcsou r re s  o r  

depend on l a r g e - s c a l e  imports o f  f o s s i l  f u e l s .  For the 

f i r s t  a l t e r n a t i v e ,  long -range  research and development w i l l  

be e s s e n t i a l .  The second a l t e r n a t i v e  i s ,  o f  n e c e s s i ty ,  be ing  

fo l lo w ed  by a sh o r t - r an ge  b a s i s ,  with p o t e n t i a l l y  d i s a s t r o u s  

r e s u l t s .

ENERGY RESEARCH AND DEVELOPMENT PROGRAMME

Such a programme, would need to be undertaken w ith in  the  

A fr ic an  continent with a s p e c i a l  thrust  and emphasis; and should  

be mandated to research in tc  the

( i ) p roduct ion ;

( i i ) ( 'O l ivers  i o n ;



( i i i )  

( i v )  
( v )

t r an sp o r ta t io n ;  

s to ra ge ;  

co n se rv a t io n .
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o f  new forms o f  energy .  The:.r economic and s o c i a l  im p l ica t ion s  

must not be over looked .

A systematic  search  f o r  o i l  and gas  d epo s i t s  in o f f s h o re  

areas  on the continent appears to be e s p e c i a l l y  promising.  

S ig n i f i c a n t  r e s u l t s  have a l r e a d y  been ob ta ined .  Other kinds  

o f  p o t e n t i a l  energy sources ,  such as wind, s m a l l - s c a l e  hydro-  

power, s o l a r ,  geothermal and f i r e -w o o d  would be needed in the 

near fu tu re .  The technology f o r  e x t r a c t in g  power from wind 

i s  r a p id ly  deve lop ing  o u ts id e  A f r i c a .  But a l l  wind system 

are  constra ined  by two r e l a t i o n s h ip s ;  the power produced  

var ied  with the cube o f  the wind v e l o c i t y ,  and no power i s  

produced below a c e r t a in  th resho ld  wind speed ( r e f .  2 ) .  I t  

is now known lh.it s t rong ,  steady winds ¡ire most l i k e l y  near  

th** sea coast ,  hence coun tr ie s  which have a r e l a t i v e l y  long  

seacoast ,  compared with i t s  a rea ,  may be a b le  to meet a 

s i g n i f i c a n t  f r a c t i o n  o f  t h e i r  energy demands by i n s t a l l i n g  

windmills  ( r e f .  3 ) .

An in v e s t i g a t io n  in to  the annual v a r i a t i o n s  in f lo w  o f  

small  and medium streams in h i l l y  reg ions  would be very  

u se fu l  f o r  i n s t a l l i n g  m ic ro -  or  m in i -  h y d ro e le c t r ic  

gen e ra to r s .  In Nepal and Thai land ,  an estimated 500 mega 

watts year  round power have been ex t rac ted  us ing  these  

generators  ( r e f .  4 ) .

The technology o f  s o l a r  energy i s  f a i r l y  w e l l  advanced,  
but the argument that, th is  form o f  energy con tr ibu tes  an 

ins g n i f i c a n t  amount to the g l o b a l  energy demand, remains 

a c t iv e .  An e f f e c t i v e  d en s i ty  o f  20 watt per  square metre f o r



the production o f  so Lar e l e c t r i c i t y ,  would take only  

5000,000 square  k i lom etres  to i n s t a l l  a r a p a c i t y  o f  lO T W -e le c t r i c . 

For instance ,  la rge  s o l a r  power machines cou ld  be i n s t a l l e d  in 

the Sahara.  The techno log ica l  and materia',  c o s t s  o f  s o l a r  

energy is  cons i ilcrab I y high and research  l o  minimize them is 

being a c t i v e l y  pursued.

A s ••arch f o r  s o u r c e s  o f  g e o th e rm a l  e n e r g y  lias been 

s u c c e s s fu l l y  in the P h i l ip p in e s  ( r e f . 5 ) ,  where the pLanned 

e l e c t r i c  g ene ra t ing  capac ity  may be 1900 MW by L988.

Research in th is  f i e l d  may be u se fu l  in A f r i c a .

Firewood i s  the p r in c ip a l  source o f  energy f o r  cooking  

and other  domestic uses in the ru ra l  a reas  o f  most countr ie s  

in A f r i c a .  In most o f  these cou n t r ie s ,  the f o r e s t s  a r e  be ing  

r a p id ly  destroyed  as popu lat ions  g^ow, not on ly  because o f  

the growing needs fo r  fuel  wood but a l s o  because o f  d e s t ru c t iv e  

logg ing  f o r  t imber,  c l e a r in g  o f  land f o r  s e t t l e d  a g r i c u l t u r e ,  

and shorten ing  o f  the ro ta t ion  cyc le  f o r  s la sh -an d -bu rn  

a g r i c u l t u r e .  In consequence, the upland a reas  are  sub jec ted  

to d e s t ru c t iv e  e ros ion ,  which r e s u l t  in turn,  in r ap id  s i l t i n g  

o f  i r r i g a t i o n  and destructive* f lo od s  i n downstream a r e a s .

I t  i s  th e re fo re  o f  v i t a l  importance, that  i f  f i rewood  i s  

considered  as a major source o f  energy in the fu tu re ,  a we l l  

managed Firewood Industry  should be e s t a b l i s h e d  some 

f a s t - g r o w in g  t r e e s  f o r  fu e l  production have been d iscovered ;  

these inc lude  Acacia  a u r i c u l i f o r m i s , Acacia  a l b i d a , acac ia  mangiurn 

Casurina e q u i s e t i f o l i a , C a l l i a n d ra  c a l l o t h y r s u s , and Eucalyptus  

camal d u l e n s i s . Much research ,  development and demonstration  

should be undertaken to determine the f a s t - g r o w in g  spec ie s  bes t  

su i t ed  to lo ca l  c l im ate ,  so i I .topographi c and s o c i a l  environment:'. 

The methods o f  p ro tec t ion  aga inst  f i r e ,  in s e c t s ,  d is e a se s  and 

browsing animals must a l s o  be determined.
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Wherever, i t  can be ohtiiined at  s u f f i c i e n t l y  low cost ,  

e s p e c i a l l y  in deve lop ing  co u n t r ie s ,  i t  has been shown that  

charcoa l  i s  p r e f e r r e d  over  wood as a domestic f u e l .  ('liar-coal 

has <-.n e f f i c i e n c y  o f  15 to 20 per  cent ,  whereas wood stoves  

a re  on ly  5 to lO per cent e f f i c i e n t .  Hecausc o f  i t s  high  

energy d en s i ty ,  charcoa l  co s ts  much l e s s s  to t ransp r t  than wood 

vLth an equ iva len t  energy content.  In  S i e r r a  Leone, the 

Nat iona l  Workshop and the U n iv e r s i ty  a re  c u r r e n t ly  c a r ry in g  

out resea rch  in to  making charcoal  from r i c e  husks, wood and 

sawmill  wastes .  A f r i c a  can d e r iv e  much from the experience  

gained by Indonesia ,  Sri  Lanka, Hang I adcsli anil Thailand in 

the f i e l d  o f  wood product ion .

Research in to  new forms o f  energy must inc lude  energy  

convers ion .  The problem to be in v e s t ig a t e d  may include  

convert ing  wood to ch a rcoa l ,  p y r o ly s i s  o f  o rgan ic  waste, wood 

combustion, the  mocroh i oh i o logy o f  anaerobic- p r o d u c t i o n  o f  

methane from human, animal and v ega tab le  waste, n itrogen  

f i x a t i o n  and the use o f  s o l a r  energy f o r  h ea t in g  water and 

dry ing  crops and wood.

The problems o f  energy t ran sp o r ta t io n ,  s to rage  and 

conservat ion  may a l s o  be the task  o f  the research  team. In 

a l l  these d i f f e r e n t  f i e l d s  o f  energy research ,  co -ope ra t ion  

with groups o f  i n t e rn a t io n a l  s c i e n t i s t s  and techn ic ians  would 

be needed.
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CONCLUSIONS

The attempts to s u b s t i t u t e  o ther  forms o f  energy f o r  

that o f  petroleum fu e l s  a re  g a in in g  co n s id e rab le  momentum 

and impetus. One o f  the tasks o f  n a t iona l  energy p lanners ,  

now and in the fu tu re ,  w i l l  be to a ssess  the b e n e f i t s  

and co s ts  o f  these a l t e r n a t i v e  sources  f o r  d i f f e r e n t  energy  

fu nc t ion s .  A l l  a v a i l a b l e  energy sources and a l l  energy uses 

with in  a p a r t i c u l a r  geograph ica l  a rea  must be cons idered  as 

p a r t s  o f  an in t e r a c t in g  system in which goods and s e rv ic e s  

^  a re  produced on a su s ta in a b le  b a s i s  t o  meet human needs.

The next 20 yea rs  i s  too b r i e f  a per iod  f o r  a complete  

t r a n s i t i o n  from f o s s i l  to r o n - f o s s i l  energy sources .

The A f r i c a n  energy problem, and indeed that  o f  the 

e n t i r e  World, can be so lved .  But th i s  w i l l  r e q u i r e  g rea t  

e f f o r t ,  w i l l  power, determination and a s t r a t e g i c  v i ew  and 

prudence.




