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The m a t e r i a l  presented i n  t h i s  Volume i S a summary o f  the  
f i n d i n g s  o f  the  Kenyan Fuelwood P r o j e c t .  The d e t a i l e d  a n a l y t i c a l  
da ta  on which these f i n d i n g s  r e s t  a r e  con ta ined  i n  a s e r i e s  o f  
t e c h n i c a l  volumes t o  be pub l i shed  l a t e r .  

I t  i s  wor th  r e c o r d i n g  how t h e  P r o j e c t  came i n t o  be ing  because i t s  
l o n g  p e r i o d  o f  i n c u b a t i o n  p r i o r  t o  s t a r t - u p  marks the  gradual 
s h i f t i n g  o f  pub1 i c percep t ions  about energy and energy p1 anning. 
As l a t e  as 1978 t h e  b e l i e f  was s t i l l  w i d e l y  h e l d  t h a t  o f  a l l  the  
p r imary  energy consumed i n  Kenya, about  80 p e r  c e n t  came f rom 
impor ted o i l .  Bu t  by 1980, the  r o l e  o f  wood, charcoal  and 
crop-wastes as f u e l s  became g e n e r a l l y  recognized.  By t h i s  t ime, 
i t  was be ing  suggested t h a t  maybe as much as t h r e e- q u a r t e r s  o f  
Kenya's annual p r i m a r y  energy was consumed as wood, charcoal  and 
c rop- res idues  w i t h  o n l y  about 20 per  c e n t  coming f rom o i l .  I n  
o t h e r  words, t h e  predominant use o f  b iomass- fuels  by o r d i n a r y  
households f o r  cooking, space-heating and even l i g h t i n g  a l s o  
began t o  be accepted as "energy" . Th is  p u t  the  25 per  c e n t  o r  so 
used i n  the  commercial and i n d u s t r i a l  s e c t o r s  i n t o  a more 
balanced p e r s p e c t i v e .  

I n  November 1977, t h e  r e c e n t l y  founded B e i j e r  I n s t i t u t e  began 
work on Energy and Development i ssues  as p a r t  o f  the  research 
r e m i t  mapped o u t  f o r  i t  by i t s  I n t e r n a t i o n a l  Advisory Board. 
Since t h e  energy problems i n  East  A f r i c a  seemed a t  t h a t  t ime  t o  
be c r i t i c a l  , i t  was decided t o  embark on a long- te rm s tudy  o f  
energyldevelopment i ssues  i n  East  A f r i c a  u s i n g  Kenya as a 
case- study.  D iscuss ions  began w i t h  Kenyan s c i e n t i s t s  i n  Stockholm 
and N a i r o b i  i n  February 1978. Fu tu re  energy p r o v i s i o n  was a l r e a d y  
under a c t i v e  c o n s i d e r a t i o n  w i t h i n  Kenya and d iscuss ions  l e d  t o  
an agreement w i t h  t h e  Kenyan Energy Sub-committee t o  develop a 
two-phase seminar. Under Phase I, t h e  Nat iona l  Counci l  f o r  
Science and Technology (NCST) o f  Kenya p lanned a Kenyan Nat iona l  
Energy Symposium t o  i d e n t i f y  the  main energy " a c t o r s "  w i t h i n  
Kenya and t o  i n i t i a t e  a forum f o r  energy debate. Th is  was h e l d  
v e r y  s u c c e s s f u l l y  i n  November 1978. 

Under Phase 11, t h e  Bei j e r  I n s t i t u t e  would p l a n  an I n t e r n a t i o n a l  
Workshop o f  a t e c h n i c a l  n a t u r e  t o  p r o v i d e  a fac t - base  f o r  
e l u c i d a t i n g  the  e n e r g y- p o l i c y  i ssues  o f  Kenya. Th is  was h e l d  i n  
N a i r o b i  i n  May 1979 w i t h  wide l o c a l  and i n t e r n a t i o n a l  attendance. 
The Workshop was o rgan ized  by  t h e  B e i j e r  I n s t i t u t e  and 
CO-sponsored by the  Kenyan Academy o f  Sciences and t h e  U n i t e d  
Nat ions Environment Programme who subsequent ly  pub l i shed  the  
Proceedings. 

As a r e s u l t  o f  t h i s ,  t h e  Government suggested t h a t  t h e  B e i j e r  
I n s t i t u t e  e x p l o r e  f u r t h e r  the  major  theme o f  i t s  Workshop - the  
r o l e  o f  fue lwood as a f o c a l  p o i n t  i n  t h e  energy economy o f  Kenya 
- and the  p r e l i m i n a r y  d iscuss ions  w i t h  t h e  M i n i s t r y  o f  Power and 
Communications were e v e n t u a l l y  t r a n s f e r r e d  t o  the  M i n i s t r y  o f  
Energy, newly formed a f t e r  t h e  October 1979 e l e c t i o n .  The 
M i n i s t r y  r e q u i r e d  a d e t a i l e d  work-p1 an t o  be prepared and 



submi t ted  t o  i t  f o r  d i s c u s s i o n  p r i o r  t o  o u r  embarking upon the  
work i t s e l f  which should be a  p re- inves tment  s tudy  f o r  a  l a r g e  
r o l l i n g  programme o f  f u t u r e  energy p r o v i s i o n ,  c o n c e n t r a t i n g  on 
t h e  p lace  o f  biomass i n  t h e  t o t a l  energy-matr ix  o f  Kenya. 

Accord ing ly ,  w i t h  t h e  h e l p  o f  some "seed-money" f rom t h e  Swedish 
Agency f o r  Research Co-operat ion w i t h  Developing Countr ies 
(SAREC), an I n t e r n a t i o n a l  Reference Group o f  energy spec ia l  i s t s  
s e l e c t e d  by  t h e  B e i j e r  I n s t i t u t e  met i n  Stockholm i n  January 1980 
t o  d iscuss  the  p o s s i b i l i t i e s  o f  mounting such a  wide- ranging 
systems s tudy  o f  Kenya's f u t u r e  energy requi rements.  A  f u r t h e r  
Group Meet ing i n  March eva lua ted  and adopted a  document t o  be 
forwarded t o  t h e  Kenyan Government who approved i t .  By August 
1980 i n i t i a l  f u n d i n g  had been secured by t h e  g e n e r o s i t y  o f  the  
Royal Nether lands M i n i s t r y  o f  Fore ign  A f f a i r s  and t h e  German 
Appropr ia te  Technology Exchange o f  t h e  German Agency f o r  
Technica l  Co-operat ion ( G T Z ) .  The p r o j e c t  was launched i n  
December, 1980. Both t h e  Swedish I n t e r n a t i o n a l  Development 
A u t h o r i t y  (SIDA) and t h e  U n i t e d  S ta tes  Agency f o r  I n t e r n a t i o n a l  
Development (USAID) subsequent ly  c o n t r i b u t e d  resources t o  
complete t h e  f u n d i n g  needed f o r  t h e  P r o j e c t .  

I t  took a lmost  3 years  o f  c a r e f u l  p r e p a r a t o r y  work t o  develop 
s e n s i b l e  a n a l y t i c a l  goal S, t o  w r i t e  d e t a i l e d  research  programmes 
and t o  b u i l d  c o n s t i t u e n c i e s  p r o v i d i n g  o f f i c i a l  moral and 
f i n a n c i a l  suppor t  f o r  a c t i o n  b o t h  i n  Kenya and among donor 
c o u n t r i e s .  A t  t h e  t i m e  i t  seemed a  p a i n f u l l y  slow and f r u s t r a t i n g  
process. Bu t  r e f l e c t i n g  now upon those years, I t h i n k  we a l l  
expected t h a t  t h e  changes i n  p u b l i c  percep t ion ,  which were needed 
t o  l e g i t i m i z e  our  approach and a l l o w  t h e  P r o j e c t  t o  be born, 
would happen much t o o  q u i c k l y .  

The work was comprehensive. Data on commercial supply  was 
c a r e f u l  l y  c a l c u l a t e d  w i t h  o f f  i c i  a1 s  f rom t h e  M i n i s t r y  o f  Energy 
and t h e  Cent ra l  Bureau o f  S t a t i s t i c s .  Commercial demand data was 
more d i f f i c u l t  t o  o b t a i n  b u t  East  A f r i c a n  Power and L i g h t  (EAPL) 
and t h e  o i l  companies gave v a l u a b l e  h e l p  and a l lowed access t o  
sa les  f i g u r e s .  I m p o r t a n t  demand i n f o r m a t i o n  was a1 so p rov ided  by 
p a r a s t a t a l  c o r p o r a t i o n s  and t h e  l a r g e r  p r i v a t e  consumers. I t  was, 
however, t h e  problem o f  o b t a i n i n g  good da ta  on supp ly  and demand 
i n  t h e  non-commercial energy s e c t o r  t h a t  concerned t h e  research 
team. 

From t h e  beg inn ing  o f  t h e  ana lys is ,  t h e  research team were 
preoccupied w i t h  i ssues  o f  non-commercial energy. A l though there  
were p r e l i m i n a r y  and c o n f l i c t i n g  es t imates  o f  fue lwood's  
c o n t r i b u t i o n  t o  t h e  t o t a l  energy balance o f  Kenya, i t  was c l e a r  
t h a t  i t  was t h e  s i g n i f i c a n t  resource.  The n a t i o n a l  demand surveys 
f o r  r u r a l  and urban, households and i n f o r m a l  i n d u s t r y ,  l a r g e l y  
conducted w i t h  t h e  Cent ra l  Bureau o f  S t a t i s t i c s ,  were a  major  
e f f o r t .  They a l lowed an accurate p i c t u r e  t o  be drawn o f  end-use 
consumption p a t t e r n s  across d i f f e r e n t  s o c i a l  c lasses .  Th is  
process o f  da ta  c o l l e c t i o n  and a n a l y s i s  was suppor ted by twelve 
d e t a i l e d  v i l  l age- leve l  case s t u d i e s  which p rov ided  an 
understanding o f  f u e l  procurement and consumption w i t h i n  the  
household economy f o r  every  e c o l o g i c a l  zone. 



Much d e t a i l e d  work was undertaken t o  analyse a l l  aspects  o f  
non-commerci a1 supply .  The Kenya Range1 and E c o l o g i c a l  M o n i t o r i n g  
U n i t  (KREMU) and t h e  Department o f  F o r e s t r y  o f  t h e  U n i v e r s i t y  o f  
N a i r o b i  p r o v i d e d  s t r o n g  suppor t  i n  remote sensing, photo 
i n t e r p r e t a t i o n  and mensurat ion exerc ises .  W i t h i n  t h e  P r o j e c t ,  the  
a n a l y s i s  o f  non-commercial supply, l i k e  t h e  a n a l y s i s  o f  
non-commercial demand, was a  depar tu re  f rom t h e  usual p e r f u n c t o r y  
t rea tment  o f  t r a d i t i o n a l  f u e l  S :  i t  a1 lowed a  comprehensive 
a n a l y s i s  o f  the  dominant energy s e c t o r  i n  Kenya. I t  a1 so a1 lowed 
a n a l y s i s  t o  be performed on assoc ia ted  problems such as s o i l  
e ros ion .  

A l l  t h i s  work produced a  snapshot o f  Kenya's energy balance f o r  
1980. The problem, however, was t o  c o n v e r t  t h i s  s t a t i c  p i c t u r e  
i n t o  one moving f o r w a r d  w i t h  t ime. The Cent ra l  Bureau o f  
S t a t i s t i c s  and t h e  M i n i s t r y  o f  Economic Development and P1 anni  ng 
p rov ided  i n v a l u a b l e  h e l p  i n  d iscuss ions  o f  demography and growth 
t a r g e t s  r e s p e c t i v e 1  y. The M i n i s t r y  o f  A g r i c u l  t u r e  gave ass is tance  
i n  o u t l i n i n g  t h e  i m p l i c a t i o n s  o f  t h e  Government o f  Kenya's food  
p o l i c y .  I t  was, however, t h e  M i n i s t r y  o f  Energy t h a t  encouraged 
t h e  team t o  b u i l d  t h e  end-use energy accoun t ing  system i n t o  a  
p01 i c y  t o o l  f o r  a n a l y s i s  and p lann ing  o f  programmatic o p t i o n s .  
Th is  volume c o n t a i n s  a  s y n t h e s i s  o f  t h a t  a n a l y s i s ,  a  s y n t h e s i s  
t h a t  has p e r m i t t e d  t h e  development o f  an energy p o l i c y  i n  Kenya. 
Bu t  the  impact  o f  t h e  work goes f a r  beyond ques t ions  o f  wood and 
energy n o t  l e a s t  because i t  focuses development i n i t i a t i v e  back 
on t h e  h i g h  p o t e n t i a l  l and .  

Work d i d  n o t  end w i t h  t h e  p r o d u c t i o n  o f  t h e  p o l i c y  a n a l y s i s .  
D e t a i l e d  c o n s i d e r a t i o n  was g iven  t o  t h e  c o s t s  and b e n e f i t s  o f  t h e  
programmatic o p t i o n s .  A  s e r i e s  o f  i n t e r v e n t i o n s  was proposed, 
adopted and i s  c u r r e n t l y  be ing  implemented. I n  p a r t i c u l a r ,  t h e  
work on a g r o f o r e s t r y  i s  a  s i g n i f i c a n t  depar tu re  which ho lds  g r e a t  
hope f o r  t h e  f u t u r e .  The impor tance o f  a g r o f o r e s t r y  t o  i n t e g r a t e d  
energy p1 anning i n  deve lop ing  c o u n t r i e s  cannot  be 
over-emphasised. 

I n  r e t r o s p e c t ,  many o f  t h e  broad conclus ions,  which a re  
a p p l i c a b l e  t o  o t h e r  A f r i c a n  c o u n t r i e s ,  seem commonplace. These 
conclus ions,  however, mark a  s i g n i f i c a n t  s h i f t  f rom t h e  accepted 
wisdom o f  energy p l a n n i n g  and suggest:  

( a )  t h a t  i f  terms o f  t r a d e  between developed and deve lop ing  
c o u n t r i e s  c o n t i n u e  t o  s tagnate t h e r e  w i l l  be l i t t l e  c a p i t a l  
a v a i l a b l e  t o  inc rease  t h e  p r o p o r t i o n  o f  commercial energy i n  
t h e  n a t i o n a l  energy budget.  Consequently, biomass 
u t i l i z a t i o n  w i l l  i nc rease  i n  abso lu te  terms and, i n  some 
cases, r e 1  a t i v e  terms; 

( b )  s i n c e  fue lwood i s  t h e  most i m p o r t a n t  biomass energy source, 
i n c r e a s i n g  p ressure  w i l l  be p laced  on i t  by  a  r i s i n g  
p o p u l a t i o n .  Consequently, t h e r e  w i l l  be inc reased  c u t t i n g  o f  
s t a n d i n g  s tocks  o f  wood because annual y i e l d s  a re  
i n s u f f i c i e n t  t o  suppor t  demand; 



( c )  t h a t  g i v e n  t h e  a c c e l e r a t e d  urban demand f o r  charcoal  as a  
r e s u i  t o f  r a p i d  u r b a n i z a t i o n ,  a c c e l e r a t i n g  wood removal w i l l  
occur  as charcoal  making o f t e n  causes t h e  complete 
d e s t r u c t i o n .  o f  whole t r e e s .  Consequently, a t t e n t i o n  should 
be g i v e n  t o  t h e  p r o v i s i o n  o f  fue lwood b e l t s  around urban 
areas; 

( d )  i f ,  as we b e l i e v e ,  r u r a l  biomass consumption i s  l a r g e l y  
based on t r e e s  o u t s i d e  t h e  f o r e s t  and r a r e l y  i n v o l v e s  the 
d e s t r u c t i o n  o f  who1 e  t rees ,  t h e  more dense1 y  populated 
h i g h - p o t e n t i a l  r e g i o n s  w i l l  exper ience g r e a t e s t  pressures.  
Consequently, i t  w i l l  be necessary t o  evo lve  programmes t h a t  
p r o v i d e  biomass energy f rom w i t h i n  farms; 

( e )  t h a t  t h e r e  appear t o  be many problems assoc ia ted  w i t h  the  
countrywide d i f f u s i o n  o f  new stoves, and so t h e r e  a re  
s t r u c t u r a l  c o n s t r a i n t s  t h a t  i n h i b i t  fuelwood conserva t ion .  
Consequently, i t  w i l l  be necessary t o  concen t ra te  s tove 
d i f f u s i o n  e f f o r t s  on the  proven market  o f  urban stoves;  

( f )  t h a t ,  g i v e n  t h e  l a c k  o f  c a p i t a l  f o r  technology and the 
problems o f  technology t r a n s f e r ,  conserva t ion  e f f o r t s  i n  the 
commercial f u e l  s e c t o r  w i l l  have a  slow impact.  
Consequent1 y ,  c a r e f u l  anal y s i  S o f  f u t u r e  f u e l  - techno l  ogy 
combinat ions i s  necessary i f  n a t i o n a l  e n t e r p r i s e s  w ish  t o  
remain v i a b l e .  

These p o i n t s  can be summarized as f o l l o w s .  Over t h e  n e x t  twenty 
years,  commercial f u e l  consumption w i l l  n o t  s u b s t a n t i a l l y  change 
i t s  percentage share o f  t h e  n a t i o n a l  energy budget.  Furthermore, 
t h e  c a p i t a l  l i m i t s  on conserva t ion  programmes w i l l  con t inue  t o  
f o r c e  much o f  t h e  cash burden on to  t h e  r e c u r r e n t  budget.  Fuelwood 
consumption w i l l  grow consuming i n c r e a s i n g  amounts o f  wood 
s tocks .  Bu t  i t  i s  t h e  d r i v e  t o  u r b a n i z a t i o n ,  and the  consequent 
demand f o r  charcoa l ,  t h a t  w i l l  cause acu te  problems o f  
wood- des t ruc t ion  i n  an energy economy t h a t  remains dominated by 
t h e  hewers o f  wood. 

The task  has been l o n g  and d i f f i c u l t  t o  c a r r y  o u t  b u t  has I t h i n k  
y i e l d e d  many v a l u a b l e  f r u i t s  f o r  f u t u r e  energy p o l i c y .  As i t s  
i n i t i a t o r ,  I am p a r t i c u l a r l y  p leased t h a t  a  f o l l o w- u p  programme 
under t h e  auspices o f  the  Nether lands Fore ign  M i n i s t r y  - the  
Kenyan Woodfuel Development Programme - w i l l  use the  f i n d i n g s  o f  
t h e  P r o j e c t  t o  l e a r n  how t o  s e t  up a  s e l f - s u s t a i n i n g  
" g r a s s- r o o t s "  t r e e  p l a n t i n g  process f o r  woodfuels among peasant 
farmers.  T h i s  has been s t a r t e d  by t h e  B e i j e r  I n s t i t u t e  i n  the  
Kakamega D i s t r i c t  o f  Kenya. 

A p a r t f r o m t h i s ,  r e f l e c t i n g  on t h e  P r o j e c t ' s  germina t ion ,  growth and 
i t s  f r u i t s ,  what remains f o r  me i s  a  sense o f  g r e a t  g r a t i t u d e ,  
and p r i d e  i n  t h e  tremendous e x h i l a r a t i o n  and commitment o b v i o u s l y  
f e l t  by a l l  those who shared i n  t h e  work o f  the  P r o j e c t  and 
c a r r i e d  i t  o u t  so s p l e n d i d l y .  

Gordon T. Goodman, D i r e c t o r .  
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CHAPTER 1. INTRODUCTION 

The purpose o f  t h i s  s tudy  i s  t o  c o n t r i b u t e  t o  the  process o f  
t i m e l y  energy p l a n n i n g  i n  Kenya. The achievement o f  near and l o n g  
term development o b j e c t i v e s  r e q u i r e s  t h a t  energy resources o f  the  
proper  t ype  and magnitude be a v a i l a b l e  t o  s u s t a i n  the  v a r i o u s  
sec to rs  o f  the  Kenyan economy. Indeed, as p o p u l a t i o n  growth 
combines w i t h  e s c a l a t i n g  w o r l d  f o s s i l  f u e l  p r i c e s ,  d e p l e t i o n  o f  
ind igenous wood f u e l  resources, and i n c r e a s i n g  c o n s t r a i n t s  on 
h i g h  q u a l i t y  a g r i c u l t u r a l  l and a v a i l a b i l i t y ,  t h e  need f o r  
a p p r o p r i a t e  p01 i c y  i n t e r v e n t i o n  becomes i n c r e a s i n g l y  u rgen t .  
Moreover, such p1 anning must occur  on a r e g i o n a l  as we1 l as 
n a t i o n a l  bas is ,  i n  o rder  t h a t  development goal s f o r  balanced 
growth be reached. 

Th is  volume, complemented by a s e t  o f  n i n e  volumes o f  
suppor t ing  m a t e r i a l ,  c o n t a i n s  t h e  summary f i n d i n g s  o f  t h e  B e i j e r  
Fuelwood Cycle Study. As t h e  p r o j e c t  t i t l e  suggests, the  p r i m a r y  
focus i s  on c l a r i f y i n g  the  problems a t t e n d a n t  upon t h e  
a c c e l e r a t i n g  d e p l e t i o n  o f  Kenya's ind igenous wood resource and 
assess ing a range o f  p o l i c y  i n i t i a t i v e s  which c o u l d  address t h a t  
problem. 

Problems o f  fue lwood supply  and demand, however, a re  l i n k e d  
c l o s e l y  t o  o t h e r  f a c t o r s  such as demographic t rends,  a1 t e r n a t i v e  
f u e l  a v a i l a b i l i t y ,  soc i  a1 p a t t e r n s ,  economic p r o j e c t i o n s ,  biomass 
a v a i l a b i l i t y ,  and government p o l i c i e s .  I n  t h i s  i n v e s t i g a t i o n ,  
fuelwood i ssues  a r e  p laced  w i t h i n  an i n t e g r a t e d  and i n c l u s i v e  
energy p l a n n i n g  framework. Consequently, t h e  p r o j e c t  has r e q u i r e d  
and generated a p r o d i g i o u s  o u t p u t  o f  r e l e v a n t  i n f o r m a t i o n .  Basic  
da ta  on t h e  p a t t e r n  o f  energy use i n  Kenya have been developed, 
much o f  t h i s  gathered through f i e l d  surveys. Long-range f o r e c a s t s  
o f  energy supply  and demand a t  a h i g h  l e v e l  o f  s e c t o r a l  and 
r e g i o n a l  d i s a g g r e g a t i o n  have been prepared. For  t h i s  purpose, an 
o r i g i n a l  computer-based resource  p lann ing  c a p a b i l i t y ,  o f f e r i n g  a 
unique emphasis on land-use and biomass a v a i l a b i l i t y ,  has been 
created.  By u s i n g  these methods, t r o u b l e  spots  i n  adequate 
suppl yldemand b a l a n c i n g  over  t ime  have been q u a n t i t a t i v e l y  
i d e n t i f i e d .  Candidate techno log ies ,  p r o j e c t s ,  and p01 i c i e s  which 
c o u l d  beg in  t o  s o l v e  such problems, p a r t i c u l a r l y  w i t h  r e s p e c t  t o  
fuelwood, have been assessed. The t ime frame f o r  which these 
analyses were under taken i s  the  1980-2000 p e r i o d .  

The body o f  t h i s  v01 ume i s  devoted t o  summarizing these 
methods and r e s u l  t s .  Other volumes a r e  l i s t e d  i n  Table 1.1. 

The B e i j e r  I n s t i t u t e  Fuelwood Cycle P r o j e c t .  

Late i n  1977, t h e  I n t e r n a t i o n a l  Board o f  the  I n s t i t u t e  f o r  
Energy and Human Ecology (The B e i j e r  I n s t i t u t e )  o f  the  Royal 
Swedish Academy o f  Sciences adopted "Improved Energy U t i l i z a t i o n  



TABLE 1 . l  

Suppor t ing  Technica l  Volumes 

1. Environmental Impacts o f  Wood Use i n  Kenya. 

2 .  F o r e s t r y  Issues i n  Kenyan Development. 

3 .  Economic Appra isa l  o f  Fuel wood Pol i c y .  

4 .  Issues i n  t h e  D i f f u s i o n  o f  Appropr ia te  Energy 
Technol ogy. 

5. V i l l a g e  S tud ies  o f  Energy U t i l i z a t i o n .  

6 .  Rural  Househol d Energy Consumption 

7.  Urban Energy Consumption. 

8. Issues i n  Kenyan Enerqy P lann ing  

9. Enerqy Account ing i n  Developing Count r ies .  

(These volumes w i l l  be pub1 i s h e d  l a t e r  i n  t h e  year  i n  t h i s  
same s e r i e s ) .  



i n  Developing Count r ies"  as a p r i o r i t y  area f o r  research  and 
development s t u d i e s .  I n  l i n e  w i t h  t h i s  p r i o r i t y  and i n  l i g h t  o f  
l ong-establ  i shed l i n k s  between the  Academy and Kenyan s c i e n t i f i c  
i n s t i t u t e s ,  i t  was decided t o  embark on a long- term s tudy  of 
energy and development i ssues  i n  East  A f r i c a  w i t h  Kenya s e r v i n g  
as a case s tudy.  D iscuss ions  began w i t h  t h e  Kenyan a u t h o r i t i e s  i n  
February 1978, l e a d i n g  t o  agreement w i t h  t h e  Kenyan Energy 
Committee t h a t  a two-phase seminar be he ld .  Under Phase 1, the  
Kenyan Academy o f  Sciences (KAS) planned a Kenyan Nat iona l  Energy 
symposium t o  i d e n t i f y  the  energy " a c t o r s "  w i t h i n  Kenya and t o  
i n i t i a t e  a forum f o r  energy debate. T h i s  was h e l d  i n  November 
1978. Under Phase 2 ,  t h e  Bei j e r  I n s t i t u t e  p lanned an 
I n t e r n a t i o n a l  Workshop o f  a t e c h n i c a l  n a t u r e  t o  p r o v i d e  a 
fac t- base  t o  e l u c i d a t e  energy p o l i c y  i ssues  i n  Kenya. Th is  was 
h e l d  i n  N a i r o b i  i n  May 1979. It was a t tended  by Kenyan e x p e r t s  as 
w e l l  as p a r t i c i p a n t s  f rom neighbour ing c o u n t r i e s  and f rom 
overseas. The meet ing was CO-sponsored by  t h e  Kenyan Academy o f  
Sciences and t h e  U n i t e d  Nat ions Environment Program which l a t e r  
pub1 i shed the  proceedings.  

A t  t h i s  p o i n t ,  t h e  Government o f  Kenya suggested t h a t  B e i j e r  
e x p l o r e  f u r t h e r  t h e  major  theme o f  the  workshop - the  r o l e  o f  
fuelwood as a f o c a l  p o i n t  i n  the  energy economy o f  Kenya. L i a i s o n  
u l t i m a t e l y  r e s i d e d  i n  t h e  M i n i s t r y  o f  Energy ( c r e a t e d  i n  1980) 
which i n v i t e d  the  Bei j e r  I n s t i t u t e  t o :  

( a )  Prepare a d e t a i l e d  work p l a n  f o r  c a r r y i n g  o u t  a 
systems s tudy  o f  the  fuelwood c y c l e  w i t h i n  t h e  energy 
and development c o n t e x t  o f  Kenya, u s i n g  an 
I n t e r n a t i o n a l  Reference Group f o r  t h i  S work; 

( b )  Submit the  p l a n  f o r  d e t a i l e d  d i s c u s s i o n  by the  
M i n i s t r y  o f  Energy; then 

( c )  embark upon the  systems study,  which would be 
implemented as a pre- investment  s tudy f o r  a l a r g e  
r o l l i n g  programme o f  energy p r o v i s i o n  by a small  team 
o f  i n t e r n a t i o n a l  and Kenyan exper ts ,  coord ina ted  by 
t h e  Bei j e r  I n s t i t u t e .  

Accord ing ly ,  an I n t e r n a t i o n a l  Reference Group o f  exper ts  was 
s e l e c t e d  by  the  B e i j e r  I n s t i t u t e  t o  meet i n  January and March 
1980 i n  Stockholm. The f i n a l  March meet ing o f  t h e  group approved 
a document which was c l e a r e d  as a s u i t a b l e  s tatement  and p l a n  o f  
the  tasks  needed t o  be implemented when c a r r y i n g  o u t  the  proposed 
systems study.  T h i s  document formed t h e  b a s i s  o f  a Work Plan f o r  
an Ana lys is  o f  t h e  Fuelwood Cycle i n  Kenya. The l a t t e r  document 
was approved by t h e  Government o f  Kenya i n  the  summer o f  1980. 
Funding f o r  t h e  p r o j e c t  was p rov ided  by f o r e i g n  ass is tance  
agencies r e p r e s e n t i n g  t h e  governments o f  t h e  Netherlands, the  
Federal Repub l i c  o f  Germany, Sweden and the  U n i t e d  S ta tes .  



The p r o j e c t  was in tended  t o  b u i l d  on t h e  e x i s t i n g  knowledge 
base o f  t h e  o v e r a l l  energy supply  and demand s i t u a t i o n  i n  Kenya 
and, more p a r t i c u l a r l y ,  t h e  supply  o f  and demand f o r  fuelwood. 
Est imates under taken p r i o r  t o  t h e  B e i j e r  I n s t i t u t e  e f f o r t  had 
i n d i c a t 3 d  a fuelwood demand i n  Kenya r a n g i g g  between a low value 
o f  1 m per  person and a h i g h  va lue  o f  2 m ( 1 ) .  A 1975 es t imate  
o f  growth per  annum a t  2  per  c e n t . ( 2 )  suggested t h a t  consumption 
exceeded annual p r o d u c t i o n  by the  e a r l y  1970's .  F u r t h e r ,  the  
problem was perce ived  as embedded i n  a m a t r i x  o f  e v o l v i n g  
demographic, economic, s o c i o l o g i c a l ,  and e c o l o g i c a l  determinants.  

The work p lan,  t h e r e f o r e ,  proposed t h e  implementat ion o f  a  
systems s tudy  i n  t h r e e  stages. The f i r s t  s tage would develop an 
energy account and p r o j e c t i o n s  f o r  energy demand and supply .  The 
second stage would i d e n t i f y  the  t e c h n i c a l  and socio-economic 
r e l a t i o n s h i p s  a f f e c t i n g  t h e  demand and supp ly  f o r  fuelwood. The 
t h i r d  phase would i d e n t i f y  p o t e n t i a l  p o l i c y  i n t e r v e n t i o n s  which 
m i g h t  be under taken t o  enhance the  n e t  supp ly  o f  fuelwood and t o  
a r r e s t  d e p l e t i o n  o f  s tocks .  

As mentioned e a r l i e r ,  t h e  body o f  t h i s  book i s  devoted t o  
summarizing t h e  main i ssues  and f i n d i n g s  o f  the  p r o j e c t  e f f o r t .  
S p e c i a l i z e d  m a t e r i a l  on i m p o r t a n t  aspects o f  the  energy problem 
i n  Kenya, a long  w i t h  d e t a i l e d  documentat ion o f  da ta  sources, 
f i e l d  surveys, and computer analyses, a r e  d e f e r r e d  t o  t h e  s e r i e s  
o f  t e c h n i c a l  books l i s t e d  i n  Table 1.1. 

Chapter 2 p rov ides  t h e  broad backdrop o f  the  i n q u i r y .  The 
r e l a t i o n s h i p  between economic development and energy consumption 
i s  considered i n  genera l  terms, the  performance and prospects  f o r  
the  Kenyan economy a r e  discussed, and t h e  broad i ssues  r e q u i r e d  
t o  i n f o r m  long- range energy p lann ing  a r e  i d e n t i f i e d .  Chapter 3 
summarizes t h e  c u r r e n t  energy f l o w  i n  Kenya. Considerable 
q u a n t i t a t i v e  d e t a i l  i s  g i ven  on t h e  s t r u c t u r e  o f  demand, w i t h  
es t imates  o f  consumption d isaggregated by  user  sec to r ,  f u e l  type, 
and s e l e c t e d  end-use c a t e g o r i e s .  Secondary convers ion processes 
( p r i m a r i l y  t h e  p r o d u c t i o n  o f  charcoal ,  e l e c t r i c i t y ,  and 
pe t ro leum)  a r e  c h a r a c t e r i z e d  and the  demands f o r  p r imary  sources 
o f  energy and impor ted  energy forms r e p o r t e d .  

Chapter 4 analyzes t h e  b a s i c  f e a t u r e s  o f  fuelwood supply  and 
demand i n  Kenya. The p h y s i c a l  resource  base i s  descr ibed  i n  
d e t a i l  by c o n s i d e r i n g  t h e  coun t ry  as a composite o f  r e g i o n s  each 
o f  which i n  t u r n  i s  broken down by e c o l o g i c a l  zone and then  by 
land-use p a t t e r n s .  The t h r e e f o l d  decomposi t ion i n t o  reg ions ,  
zones, and land-use c a t e g o r i e s  p e r m i t s  d e t a i l e d  s p e c i f i c a t i o n  o f  
wood stocks,  y i e l d s ,  and a v a i l a b i l i t y .  The c u r r e n t  s u f f i c i e n c y  o f  
fuelwood supply  and process o f  s tock  d e p l e t i o n  i S discussed. 
Moreover, t h i s  s e c t i o n  a l s o  descr ibes  the  o t h e r  key aspect  o f  
l and p r o d u c t i v i t y ,  a g r i c u l t u r a l  o u t p u t .  T h i s  i s  necessary, 
f i r s t l y  t o  complete t h e  p i c t u r e  o f  Kenya's o v e r a l l  performance 
and development o b j e c t i v e s ,  and second1 y, t o  i d e n t i f y  p o t e n t i a l  
areas o f  c o n f l  i c t  between a g r i c u l  t u r a l  and wood p r o d u c t i o n  and 
t h e i r  e c o l o g i c a l  consequences. 



I f  chap te rs  3 and 4 g i v e  a  snapshot o f  t h e  c u r r e n t  p a t t e r n  
o f  consumption and supply  o f  energy w h i l e  chap te r  5 p resen ts  a  
mot ion  p i c t u r e  o f  an e v o l u t i o n  and t r a n s f o r m a t i o n  o f  t h i s  p a t t e r n  
t o  t h e  end o f  t h i s  century,  g i v e n  t h e  c o n t r i b u t i o n  o f  p r e s e n t  
t rends .  These p r o j e c t i o n s  o f  end-use demand, land-use p a t t e r n s  
and fuelwood resources serve as y a r d s t i c k s  f o r  a n a l y z i n g  the  
s t r u c t u r e  o f  f u t u r e  requi rements i n  o r d e r  t o  i d e n t i f y  p o t e n t i a l  
resource  inadequacies, and f o r  t e s t i n g  t h e  impacts o f  a l t e r n a t i v e  
p a t t e r n s  and techno log ies  which a  preempt ive energy p o l i c y  m i g h t  
induce. Chapter 5 i s  t h e r e f o r e  l a b e l l e d  t h e  "Present  Trends" o r  
"Base Case", s i n c e  t h e  p r o j e c t i o n s  i n  i t  assume no major  
d e v i a t i o n  f rom e x i s t i n g  energy p o l i c y .  The Base Case, by 
i n d i c a t i n g  what i s  fo r thcoming  i n  t h e  absence o f  major  new energy 
p01 i c y  i n i t i a t i v e s ,  shows t h a t  major  i n c o n s i s t e n c i e s  w i l l  soon 
occur, r e q u i r i n g  s i g n i f i c a n t  p o l i c y  i n i t i a t i v e s ,  and p rov ides  a  
r e f e r e n c e  p o i n t  t o  a i d  i n  developing programme t a r g e t s  f o r  such 
i n i t i a t i v e s .  

Chapter 6 rev iews  t h e  major  s t r a t e g i e s  f o r  improv ing the  
long- te rm energy p i c t u r e  i n  Kenya. The b a s i c  c h a r a c t e r i s t i c s  o f  
each o p t i o n  a re  i d e n t i f i e d  and t h e i r  m e r i t s  i n  t h e  Kenyan c o n t e x t  
evaluated.  I n  chap te r  7, s p e c i f i c  t i m e t a b l e s  and p e n e t r a t i o n  
t a r g e t s  f o r  implement ing t h e  most p romis ing  o f  these s t r a t e g i e s  
a r e  developed. These a re  presented as " P o l i c y  Case" p r o j e c t i o n s  
o f  supply  and demand. These p r o j e c t i o n s  measure t h e  impacts o f  
p01 i cy- induced  t r a n s i t i o n s  f rom presen t  (Base Case) p a t t e r n s .  I n  
t h i s  manner, l i g h t  i s  shed on the  magnitude and repercuss ions  o f  
any g i v e n  s t r a t e g y .  The scale,  range, and t i m i n g  r e q u i r e d  o f  an 
i n t e g r a t e d  energy programme beg in  t o  emerge and a r e  summarized i n  
chap te r  8. 





CHAPTER 2. ENERGY I N  THE KENYAN ECONOMY. 

The f o l l o w i n g  chap te r  aims t o  p l a c e  t h e  c u r r e n t  t e c h n i c a l  
i n v e s t i g a t i o n  w i t h i n  t h e  p e r s p e c t i v e  o f  a  broader p lann ing  
con tex t .  F i r s t ,  genera l  c o n s i d e r a t i o n s  on t h e  r e 1  a t i o n s h i  p  o f  
energy t o  development a r e  presented and a  methodologica l  moral 
drawn. Then, t h e  n a t u r e  and p a s t  performance o f  the  Kenyan 
economy a r e  summarized and f u t u r e  t rends  and goa ls  d iscussed.  
F i n a l  l y, b a s i c  i ssues  i n  energy p1 anning a r e  out1 ined.  

Energy and Development 

Economic development has been l i n k e d  h i s t o r i c a l  l y  t o  
i n c r e a s i n g  energy consumption per  c a p i t a .  The p r o g r e s s i v e  
s u b s t i t u t i o n  o f  i nan imate  energy forms f o r  human and animal power 
i n  a g r i c u l t u r e ,  i n d u s t r y ,  and the  household has c h a r a c t e r i z e d  
economies i n  growth. A d d i t i o n a l l y ,  i n s p e c t i o n  o f  energy t o  o u t p u t  
r e l a t i o n s h i p s  across na t ions ,  a t  a  g i v e n  p o i n t  i n  t ime, r e v e a l s  
t h i s  phenomenon i n  i t s  aggregate aspect.  

The b a s i c  c o r r e l a t i o n  between economic o u t p u t  and energy 
consumption i s  i l l u s t r a t e d  i n  F i g u r e  2.1, where per  c a p i t a  energy 
consumption i s  p l o t t e d  a g a i n s t  pe r  c a p i t a  gross n a t i o n a l  p r o d u c t  
f o r  each c o u n t r y  ( 3 ) .  Only commercial energy forms (coa l ,  
petroleum, n a t u r a l  gas, h y d r o e l e c t r i c ,  n u c l e a r )  a re  i n c l u d e d  i n  
t h e  e n e r g y l o u t p u t  p1 o t  o f  F i g u r e  2.1, s i n c e  r e 1  i abl  e  i n f o r m a t i o n  
on t h e  s o- c a l l e d  non-commercial sources ( p r i m a r i l y  wood based 
f u e l s ,  animal dung, and a g r i c u l t u r a l  r e s i d u e s )  i s  n o t  a v a i l a b l e .  
Whi le  t h e  deve lop ing  c o u n t r i e s  have more than  t w o - t h i r d s  o f  t h e  
w o r l d ' s  popu la t ion ,  they  consume l e s s  than  20 per  c e n t  o f  t o t a l  
commercial energy. As we s h a l l  see, i n  Kenya today commercial 
energy comprises l e s s  than  o n e- t h i r d  o f  t o t a l  energy suppl i e s .  
Never the less,  t h e  f i g u r e  i n d i c a t e s  t h e  r e l a t i o n s h i p  between 
i n c r e a s i n g  energy use and economic development. 

Having no ted  t h i s ,  however, t h e  s c a t t e r  i n  F i g u r e  2.1 
suggests t h a t  i m p o r t a n t  caveats a re  i n  o rder .  Among t h e  l e s s  
developed c o u n t r i e s  LDC's, t h e r e  a re  wide v a r i a t i o n s  i n  the  
p a t t e r n  o f  development which l e a d  t o  s u b s t a n t i a l  spread i n  t h e  
r e l a t i o n s h i p  o f  energy t o  o u t p u t .  The OPEC c o u n t r i e s  o f  course 
have a  s p e c i a l  s t a t u s .  Bu t  even w i t h i n  t h e  non-OPEC LDC's, such 
f a c t o r s  as t h e  l e v e l  and type  o f  i n d u s t r i a l i z a t i o n ,  t h e  
a v a i l a b i l i t y  o f  ind igenous energy sources, and the  r o l e  o f  
p r imary  and a g r i c u l t u r a l  e x p o r t s  p l a y  an i m p o r t a n t  r o l e  i n  
de te rmin ing  t h e  p r e c i s e  energy requi rements f o r  growth. 
Furthermore, even w i t h i n  the  i n d u s t r i a l i z e d  c o u n t r i e s ,  t h e  
e a r l i e r  concept  o f  a  l o c k - s t e p  r e l a t i o n s h i p  between energy i n p u t s  
and economic o u t p u t  c l e a r l y  does n o t  s u r v i v e  c l o s e r  examinat ion 
and has been abandoned by  most ana lys ts .  The type  and magnitude 
o f  energy r e q u i r e d  t o  produce a  g i v e n  s e t  o f  goods can v a r y  





w i d e l y  depending on the  process employed, the  s p a t i a l  
c o n f i g u r a t i o n  o f  supply  and demand, and the  e f f i c i e n c y  o f  energy 
convers ion.  Indeed, l e a s t - c o s t  s t r a t e g i e s  f o r  ach iev ing  a g iven  
o u t p u t  show t h a t  energy consumption can be reduced d r a m a t i c a l l y  
and c o s t - e f f e c t i v e 1  y  ( 4 ) .  

The l e s s  developed c o u n t r i e s  have an o p p o r t u n i t y  t o  
i n c o r p o r a t e  l e v e l s  of energy-use e f f i c i e n c y  i n  t h e i r  veh ic les ,  
b u i l d i n g s ,  and equipment a t  an e a r l y  s tage o f  development. The 
change i n  energy i n p u t s  assoc ia ted  w i t h  o r  r e q u i r e d  t o  e f f e c t  a  
change i n  GNP need n o t  f o l l o w  the  p a t h  marked by the  s o l i d  l i n e  
i n  F i g u r e  2 .1 .  Rather l a r g e  growth i n  n a t i o n a l  economies can be 
accompanied by small  i nc reases  i n  commercial energy requi rements 
and v ice- versa .  Energy p o l i c y ,  t o  a cons iderab le  degree, can 
serve t o  manage t h e  r e l a t i o n s h i p  o f  energy t o  growth. Th is  i s  a  
theme t o  which we s h a l l  r e t u r n  below. 

I t  i s  c l e a r  t h a t  t h e  proper  assessment o f  the  energy 
requi rements f o r  economic growth must cons ider  t h e  d e t a i l e d  
p a t t e r n  o f  development i n  a g iven  coun t ry .  A l a r g e r  s e t  o f  bas ic  
development ques t ions  a re  r a i s e d  by t h e  energy i ssue .  Does the  
' m o d e r n i z a t i o n '  o f  the  r u r a l  s e c t o r  n e c e s s i t a t e  a t r a n s i t i o n  t o  
commercial energy use? Should p r i o r i t y  be g iven  t o  commercial 
energy use i n  the  i n d u s t r i a l  s e c t o r  w i t h  the  promise o f  f a s t e r  
GDP growth? How can l i m i t e d  h igh-qual  i t y  l a n d  be used t o  supply  
b o t h  s u f f i c i e n t  food  and biomass? What i s  t h e  most e f f e c t i v e  s e t  
o f  energy- re1 a t e d  r e g u l  a t o r y ,  p r i c i n g ,  and i n c e n t i v e  p01 i c i e s  t o  
s u s t a i n  development goal S ?  

Two independent phenomena have i n  r e c e n t  years  underscored 
the  urgency o f  r e s o l v i n g  these dilemmas. These a re  t h e  r a p i d  
inc reases  i n  t h e  p r i c e  o f  pet ro leum and p e t r o l  p roduc ts  s ince  
1973, and t h e  d e p l e t i o n  o f  f u e l  wood resources i n  r u r a l  areas wi t h  
assoc ia ted  damage t o  t h e  phys ica l  environment. Increased o i l  
p r i c e s  - as w e l l  as those o f  impor ted food, raw m a t e r i a l  and 
manufactured goods - have undermined the  balance o f  payment 
accounts o f  o i l - i m p o r t i n g  LDC's. Trade d e f i c i t s  have f o r c e d  
inc reases  i n  deb t  l e v e l s ,  d e b t - s e r v i c i n g  burdens, and taxes.  
Meanwhile, the  need t o  expand economic a c t i v i t y  becomes more 
u r g e n t  as p o p u l a t i o n  growth and r u r a l - u r b a n  m i g r a t i o n  proceeds 
apace. 

The b a r r i e r s  t o  inc reased  energy independence are 
s u b s t a n t i a l .  Research and development i n t o  a1 t e r n a t i v e  energy 
sources and techno log ies  a re  c o s t l y ,  and g e n e r a l l y  a re  f i nanced  
by scarce f o r e i g n  c a p i t a l  . Even where a v a i l  ab le,  the  development 
of non-renewables such as t a r  sands, o i l  shales, and so on, 
r e q u i r e s  massive a1 l o c a t i o n  o f  scarce c a p i t a l  . Poss ib le  
s u b s t i t u t e s  f o r  h i g h  p r i c e  o i l  (e.g., coal  and n a t u r a l  gas)  may 
exper ience comparable p r i c e  increases.  

The second problem mentioned - the  " o t h e r  energy c r i s i s "  - 
i s  t h e  d e p l e t i o n  of fuelwood i n  the  r u r a l  areas. Th is  i s s u e  s h a l l  
be a p r i m a r y  focus  of ou r  a n a l y s i s  s p e c i f i c  t o  Kenya. I n  genera l ,  
the  i n c r e a s i n g  i n a c c e s s i b i l i t y  o f  fuelwood p u t s  severe s t r e s s  on 



t h e  r u r a l  economy as c o l l e c t i o n  t imes and e f f o r t  r i s e ,  f u e l  cos ts  
inc rease  (g, as a  r e s u l t  o f  charcoal  s u b s t i t u t i o n ) ,  and 
a g r i c u l t u r a l  p r o d u c t i v i t y  i s  threatened.  The l a t t e r  impact  can 
r e s u l t  when, i n  t h e  absence o f  adequate development p lanning,  the  
i n t e r r e l a t e d  processes o f  d e f o r e s t a t i o n ,  e ros ion ,  and l o s s  o f  
w a t e r - r e t e n t i  on damage t h e  s t r u c t u r e  and n u t r i t i o n a l  c o n t e n t  o f  
t h e  s o i l .  I n  a d d i t i o n ,  fuelwood s c a r c i t y  may f o r c e  households t o  
use animal dung o r  c r o p  res idues  f o r  d i r e c t  energy purposes 
r a t h e r  than as a g r i c u l t u r a l  i n p u t s .  Such p r a c t i c e s  a1 t e r  the  
r e 1  a t i o n s h i p  between t r a d i t i o n a l  energy i n p u t s  and a g r i c u l t u r a l  
resources w i t h  long- te rm repercuss ions.  

The i s s u e  o f  a g r i c u l t u r e  and energy i s  o f  fundamental 
impor tance s i n c e  t h e  adop t ion  o f  s p e c i f i c  s t r a t e g i e s  here has 
i m p o r t a n t  i m p l i c a t i o n s  f o r  t h e  charac te r  o f  n a t i o n a l  development 
i n  genera l .  I n c r e a s i n g  a g r i c u l t u r a l  o u t p u t  i s  an o b j e c t i v e  i n  a l l  
deve lop ing  c o u n t r i e s .  Beyond the  d e s i r e  t o  improve the  n u t r i t i o n  
o f  t h e  popu la t ion ,  a g r i c u l t u r a l  su rp luses  p r o v i d e  a  b a s i s  f o r  a  
growing urban economy and f o r  e x p o r t .  Development o f  the  r u r a l  
s e c t o r  i s  a  key component i n  deepening and expanding demand and 
g e n e r a t i n g  t h e  sav ings f rom which development i n  genera l  can 
occur .  

The approach t o  a g r i c u l t u r a l  development w i l l  depend on the  
l eve1 o f  modern iza t ion ,  resource endowment, development 
ph i1  osophy, and soc io- cu l  t u r a l  p a t t e r n s  i n  t h e  coun t rys ide .  Some 
c o u n t r i e s  emphasize l a r g e- s c a l e  mechanized a g r i c u l t u r e ,  o t h e r s  
emphasize s m a l l - s c a l e  l a b o u r - i n t e n s i v e  farming,  and some a t tempt  
the  j o i n t  development o f  b o t h  s t r a t e g i e s  simul taneousl y .  The 
l a r g e- s c a l e  approach r e q u i r e s ,  i n  a d d i t i o n  t o  heavy c a p i t a l  
o u t l a y s ,  h i g h  non-renewable energy inpu ts ,  i n c l u d i n g  i n o r g a n i c  
f e r t i l i z e r .  

By c o n t r a s t ,  smal l -sca l  e  a g r i c u l  t u r e  p r i m a r i l y  uses 
fuelwood, s m a l l - s c a l e  water  power, and human and animal power. 
Here, such techniques as t h e  i n t r o d u c t i o n  o f  h i g h  y i e l d i n g  crop 
v a r i e t i e s ,  m u l t i p l e  cropping,  more e f f i c i e n t  i r r i g a t i o n ,  and 
i n t e n s i v e  use o f  f e r t i l i z e r s  a re  r e l i e d  on t o  inc rease  y i e l d s .  
More s o p h i s t i c a t e d  use o f  r u r a l  biomass t o  p r o v i d e  t h e  energy 
b a s i s  f o r  r a i s i n g  a g r i c u l t u r a l  p r o d u c t i v i t y  (3, producer gas 
d r i v e n  pumps and moto rs )  i s  a  s u b j e c t  o f  emerging importance f o r  
development p1 anning. Given t h e  problem o f  fue lwood d e p l e t i o n ,  
i n t e g r a t e d  s t r a t e g i e s  f o r  enhancing b o t h  t h e  biomass resource 
base and a g r i c u l t u r a l  p r o d u c t i o n  a r e  i n d i c a t e d .  Otherwise, 
i n c r e a s i n g  demands f o r  impor ted energy t o  f u e l  a  r a p i d l y  
i n c r e a s i n g  a g r i c u l  t u r a l  s e c t o r  may i n t e r f e r e  w i t h  devel opment 
goa ls  i n  o t h e r  s e c t o r s  which a l s o  r e l y  on t h e  i m p o r t a t i o n  o f  
f u e l ,  m a t e r i  a1 S, and machinery f rom abroad. L i m i t a t i o n s  on 
fore ign-exchange earn ings,  exacerbated by s k y- r o c k e t i n g  f u e l  
cos ts ,  p1 ace c o n s t r a i n t s  on j o i n t  a g r i c u l t u r a l  and i n d u s t r i a l  
p1 anning and growth t a r g e t s .  

Development t h e o r y  has t o  date n o t  exp l  i c i  t l y  i n c o r p o r a t e d  
t h e  problem o f  t h e  energy c o n s t r a i n t s  t o  growth o r  the  need t o  



b lend  a r e a l i s t i c  energy p l a n  i n t o  t h e  w ider  s o c i a l  and economic 
p l a n n i n g  process.  An adequate theory  would have t h e  a b i l i t y  t o  
address such i ssues  as t h e  r e l a t i o n s h i p  between energy 
consumption and economic growth, t h e  impac t  o f  t h e  c o s t  inc rease  
f o r  impor ted  energy on growth p a t t e r n s  and domestic p r i c e s ,  the  
i m p l i c a t i o n s  o f  commod i t i za t ion  o f  t r a d i t i o n a l  energy sources 
(e.g., t h e  c o l l a p s e  o f  wood as " f r e e  good" and t h e  t r a n s i t i o n  t o  
charcoal  ), and t h e  r o l e  o f  government energy p01 i c y  a c t i o n s  i n  
development p1 anni  ng through investment ,  r e g u l  a t i o n ,  
s u b s i d i z a t i o n ,  p r i c i n g ,  marke t ing .  

I n  t h e  end, few genera l  hypotheses on t h e  energy/development 
dynamic o f f e r  u s e f u l  guidance i n  the  c o n t e x t  o f  t h e  p a r t i c u l a r  
economic t r a j e c t o r y ,  i n s t i t u t i o n s ,  and resources  o f  a g i v e n  
coun t ry .  The p roper  assessment o f  energy problems and 
a1 t e r n a t i v e s  r e q u i r e s  c o u n t r y - s p e c i f  i c  d e t a i l  on c u r r e n t  and 
f o r e c a s t  end-use consumption, supply  and convers ion  pathways, and 
e c o l o g i c a l  and land-use p a t t e r n s .  Only i n  a d e t a i l e d  p l a n n i n g  
framework can t h e  complex connect ions between development and 
energy be c l a r i f i e d .  And, o n l y  then can p lanners  ensure t h a t  
development t a r g e t s  a re  c o n s i s t e n t  w i t h  energy c o n s t r a i n t s  and 
converse ly  t h a t  t i m e l y  energy p01 i c y  i n i t i a t i v e s  p e r m i t  t h e  
achievement o f  economic and s o c i  a1 goal s . 
The Kenyan Economy 

I n  t h e  years  s i n c e  independence, Kenya has made s i g n i f i c a n t  
advances i n  economic and s o c i a l  development. Both the  needs and 
t h e  o p p o r t u n i t y  f o r  s u b s t a n t i  a1 f u r t h e r  progress now e x i s t .  The 
r e c e n t  h i s t o r y  o f  development has prepared t h e  way f o r  a 
t r a n s i t i o n  t o  t h i s  new phase. A t  t h e  same t ime, aspects o f  t h i s  
v e r y  development, and o f  t h e  i n t e r n a t i o n a l  economic con tex t ,  p u t  
c o n s t r a i n t s  on a c h i e v i n g  such a t r a n s i t i o n .  

Energy- re la ted  i ssues  a re  s i g n i f i c a n t  here.  As t h e  modern 
s e c t o r  has grown, so t o o  have commercial energy requi rements,  
p a r t i c u l a r l y  f o r  o i l ,  w i t h  severe consequences f o r  t h e  balance o f  
payments as o i l  p r i c e s  have inc reased  d r a m a t i c a l l y .  S i m i l a r l y ,  
t h e  c o s t  o f  o t h e r  impor ts  r e q u i r e d  f o r  development, i n c l u d i n g  
machinery and t r a n s p o r t  equipment and i n t e r m e d i a t e  goods, have 
a l s o  been r i s i n g  d u r i n g  t h i s  per iod,  and a r e  expected t o  do so 
(5,6,7).  On t h e  o t h e r  hand, i n c r e a s i n g  q u a n t i t i e s  o f  energy and 
c a p i t a l  i n p u t s  a r e  i m p o r t a n t  components o f  development. 
A d d i t i o n a l l y ,  a r a p i d  annual r a t e  o f  u r b a n i z a t i o n ,  c l o s e  t o  7 per  
c e n t  i n  the  l a s t  decade, poses some problems and cha l lenges  i n  
Kenya where s t a b i l i z a t i o n  and d i v e r s i f i c a t i o n  o f  t h e  r u r a l  
economy, expanded f o o d  p roduc t ion ,  and improved c o n d i t i o n s  o f  
l i f e  f o r  the  r u r a l  p o p u l a t i o n  a r e  des i red .  Here, too, more energy 
and c a p i t a l  investments may be r e q u i r e d .  

The performance o f  the  Kenyan economy can be summarized by 
examining t h e  behaviour  o f  some o f  the  q u a n t i t a t i v e  development 
i n d i c a t o r s  d u r i n g  t h e  post- independence era.  The r e a l  annual 



growth r a t e  i n  GDP averaged 5.8 per  c e n t  d u r i n g  t h i s  per iod ,  w i t h  
however, s u b s t a n t i a l  v a r i a t i o n s  (6 .4  per  c e n t  f rom 1964 t o  1972, 
and 4.7 per  c e n t  f rom 1972 t o  1977) ( 8 ) .  A t  the  same t ime 
p o p u l a t i o n  inc reased  a t  a  r a t e  o f  about  3.9 per  cen t .  Thus, two 
i n d i c a t o r s  o f  development, growth o f  abso lu te  r e a l  GDP ( t h a t  i s ,  
domestic o u t p u t  o f  goods and s e r v i c e s )  and growth o f  r e a l  GDP per 
c a p i t a  (abou t  1 .9  per  c e n t  f rom 1964-78), were a t  reasonably  
heal t h y  l eve1 s  d u r i n g  t h e  course o f  t h i s  p e r i o d .  F1 uc tua t ions ,  
a r i s i n g  f rom f o r  example sharp r i s e s  o r  d e c l i n e s  i n  e x p o r t  
commodities p r i c e s ,  f rom adverse weather c o n d i t i o n s ,  o r  from 
s t a g n a t i o n  i n  t h e  i n t e r n a t i o n a l  economy, a r e  d i f f i c u l t  t o  avoid, 
b u t  c o u l d  be ame l io ra ted  by f u r t h e r  development and 
d i v e r s i f i c a t i o n  o f  t h e  economy. Desp i te  some setbacks and 
slowdown s i n c e  t h e  mid  1 9 7 0 ' ~ ~  t h e  o v e r a l l  achievement has been 
s u b s t a n t i a l .  

The t a b l e s  below summarize t h e  o v e r a l l  economic growth i n  
Kenya f rom 1970 t o  1979 as w e l l  as some o f  t h e  s t r u c t u r e  o f  t h a t  
growth. (A1 l f i g u r e s  a r e  c a l c u l a t e d  t o  i n f o r m  energy accounts f o r  
a  base year  o f  1980) .  As i n d i c a t e d  i n  Table 2.1, r e a l  GDP has 
grown a t  an average annual r a t e  o f  4 .9 per  c e n t  s i n c e  1970. I n  
c u r r e n t  p r i c e s  most s e c t o r s '  c o n t r i b u t i o n  t o  GDP grew a t  
s u b s t a n t i a l  r a t e s  - 9-17% per  year  (see Table 2 .2 )  ( 9 ) .  

The va lue  o f  b o t h  impor ts  and e x p o r t s  has inc reased  f o u r f o l d  
d u r i n g  t h e  1970-79 per iod ,  and thus the  t r a d e  balance d e f i c i t  has 
a l s o  inc reased  by t h i s  amount, f rom K£ 49.2 m i l l i o n  t o  K£ 206.9 
m i l l i o n  (see Table 2.3 f o r  summary s t a t i s t i c s ) .  Onemajor  
component o f  t h i s  change has been f u e l  and l u b r i c a n t s  impor ts ,  
which have inc reased  t e n f o l d  i n  v a l u e  and f rom a  t e n t h  o f  t o t a l  
impor ts  i n  1970 t o  a  q u a r t e r  i n  1979. A t  t h e  same t ime, key 
d e b t - s e r v i c e  i n d i c a t o r s  have remained r e 1  a t i v e l y  s t a b l e .  Debt 
s e r v i c e s  as a  percentage o f  GNP changed f rom 2.6 per  c e n t  i n  1970 
t o  2.4 per  c e n t  i n  1978, and as a  percentage o f  expor ts ,  f rom 7.9 
per  c e n t  t o  8.3 per  c e n t  (10) .  

A g r i c u l t u r e  con t inues  t o  be t h e  dominant s e c t o r  o f  the 
economy, c o n t r i b u t i n g  more than o n e - t h i r d  o f  t o t a l  GDP and 
employing more than  t h r e e- q u a r t e r s  o f  Kenya's l a b o u r  f o r c e .  There 
has n o t  been any d ramat i c  change i n  t h i s  over  t h e  l a s t  decade and 
a  h a l f .  However, t h e  small  d e c l i n e s  i n  the  f r a c t i o n  o f  the  work 
f o r c e  occupied i n  a g r i c u l t u r e  have been accompanied by l a r g e  
increases i n  t h e  f r a c t i o n s  i n  i n d u s t r y  and s e r v i c e s .  

Other consequences o f  socio-economic development i n c l u d e  
s u b s t a n t i a l  improvement i n  the i n f r a s t r u c t u r e ,  s e r v i c e s  and 
i n d u s t r i a l  c a p a c i t y  o f  t h e  na t ion ,  i n c l u d i n g  r o a d  improvement and 
ex tens ion ,  r a i l w a y  r o l l i n g - s t o c k  a c q u i s i t i o n ,  p i p e l i n e ,  a i r p o r t  
and new h y d r o - e l e c t r i c  f a c i l  i t y  c o n s t r u c t i o n ,  i r r i g a t i o n  scheme 
expansion, and a d d i t i o n a l  school S, h o s p i t a l  S, and ex tens ion  
s e r v i c e s .  A  d ramat i c  inc rease  i n  t h e  numbers o f  c h i l d r e n  
a t t e n d i n g  p r i m a r y  and secondary schools  has occur red  i n  the  l a s t  
two decades. The percentage o f  the  r e s p e c t i v e  age groups e n r o l l e d  
i n  schools  has grown f rom 47 per  c e n t  i n  1960 t o  about 100 per 



Table 2 . 1  

GDP GROWTH RATES, 1970-80 

GDP Growth Rate 
(Percen t )  

Year 
Cur ren t  Cons t a n  t* 
P r i c e s  P r i c e s  

1970 9.7 6 . 8  
1971 12.2 7.0 
1972 13.8 6 .8  
1973 14.6 4.3 
1974 18.9 1.1 
1975 12.6 4 .1  
1976 20.8 2 .4  
1977 28.4 8.8 
1978 10.5 6.6 
1979 10 .4  3.3 
1980 12 .6  3.0 

Mean 15.0 4 .9  

Source: Schipper  (Revised)  * Using GDP D e f l a t o r .  
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c e n t  i n  1977 f o r  p r i m a r y  schools, and 2 per  c e n t  i n  1960 t o  17 
per  c e n t  i n  1977 f o r  secondary schools, w h i l e  d u r i n g  t h i s  same 
p e r i o d  t h e  a d u l t  l i t e r a c y  r a t e  has inc reased  f rom 20 per  c e n t  t o  
40 per  cen t .  The number o f  nurses per  c a p i t a  has doubled f rom 
1960 t o  1977, and l i f e  expectancy has inc reased  f rom 47 t o  53 
years.  

The 1979-83 Development Plan o u t l i n e s  a  number o f  key 
o b j e c t i v e s  f o r  t h e  Kenyan economy. Among these a re  inc reased  and 
more equ i  tab1 e  d i s t r i b u t i o n  o f  r e a l  income and improved 
c o n d i t i o n s  o f  l i f e  f o r  t h e  Kenyan people. A  t a r g e t  o f  6.3 per 
c e n t  o v e r a l l  economic growth has been s e t .  T h i s  i s  t o  be 
accompanied by  a  s h i f t  f rom t h e  successfu l  i m p o r t  s u b s t i t u t i o n  
phase ( f r o m  1964 t o  t h e  p resen t ) ,  t o  a  phase based upon expansion 
o f  expor ts .  Given t h e  c o n s t r a i n t s  imposed by balance o f  payments 
d e f i c i t s  t h i s  w i l l  be d i f f i c u l t ,  e s p e c i a l l y  s ince  expansion 
r e q u i r e s  inc reased  f u e l  and c a p i t a l  i n p u t s .  Thus more e f f i c i e n t  
use o f  p h y s i c a l  and monetary resources has been emphasized. 
Emphasis i s  a1 so g i v e n  t o  d i v e r s i f i c a t i o n  and geographica l  
d i s p e r s i o n  o f  i nves tment  and t h e r e f o r e  o f  development. Thus some 
a t t e n t i o n  w i l l  s h i f t  back f rom t h e  e a r l i e r  p r i o r i t y  on urban 
i n f r a s t r u c t u r e  t o  r u r a l  i n f r a s t r u c t u r e  and i n s t i t u t i o n s .  F i n a l l y ,  
t h e  need t o  expand f o o d  p roduc t ion ,  as p o p u l a t i o n  expands by 
about  4  per  c e n t  per  annum and inc reased  n u t r i t i o n a l  l e v e l s  are 
ta rge ted ,  r e q u i r e s  b o t h  expansion o f  a g r i c u l t u r e  i n t o  new lands  
and i n t e n s i f i c a t i o n  through techniques such as double c ropp ing  
and improved methods o f  c u l t i v a t i o n .  Inc rease  i n  the  
p r o d u c t i v i t y  o f  l and would l i k e l  y  r e q u i r e  a d d i t i o n a l  c a p i t a l  and 
o t h e r  i n p u t s  such as f u e l s  and f e r t i l i z e r .  

I n t e g r a t e d  Energy P1 a n n i n q  

The o b j e c t i v e  o f  energy p1 anning assessment i s  t o  f a c i l i t a t e  
the  achievement o f  near  and l o n g  term economic and s o c i a l  
development goals .  Success i n  ach iev ing  these goa ls  r e q u i r e s  t h a t  
energy resources o f  t h e  proper  t ype  and magnitude be a v a i l a b l e  t o  
s u s t a i n  t h e  e v o l u t i o n  o f  v a r i o u s  s e c t o r s  o f  soc ie ty ,  and t h a t  
c o s t - e f f e c t i v e  energy use pathways f rom resources and 
i n t e r m e d i a t e  convers ion  t o  f i n a l  demand be achieved. 

A1 l t o o  o f t e n  t h e  development o f  an i n t e g r a t e d  energy 
p l a n n i n g  process - one which can s p e c i f y  needs and e s t a b l i s h  
t i m e l y  programmes - has been eva lua ted  on an aggregate b a s i s  o r  
w i t h  r e s p e c t  t o  p a r t i c u l a r  p r o j e c t s .  The t w i n  p i t f a l l s  f o r  
n a t i o n a l  energy p1 anning o f  overgenera l  i z a t i o n  and 
o v e r s p e c i f i c i t y  do n o t  p r o v i d e  an adequate b a s i s  f o r  concre te  
programmatic long- range p lann ing .  Aggregate r e p r e s e n t a t i o n s  do 
n o t  p r o v i d e  s u f f i c i e n t  d e t a i l  t o  i d e n t i f y  problems, c o n s t r a i n t s  
and o p p o r t u n i t i e s  t o  which p01 i c y  i n i t i a t i v e s  can be addressed i n  
a  t i m e l y  manner. A  focus  upon s p e c i f i c  p r o j e c t s ,  sectors ,  o r  
elements o f  t h e  energyldevelopment supply-demand p i c t u r e  does n o t  



take  account  o f  t h e  v a r i e t y  o f  i n t e r a c t i v e  e f f e c t s  and t r a d e o f f s  
assoc ia ted  w i t h  energy-use and energy-p01 i c y  o p t i o n s .  Both 
approaches f a i l  t o  address t h e  energy and development i ssues  i n  
an i n t e g r a t e d  and sys temat i c  manner. Therefore,  i n  address ing the  
problem o f  energy and development i n  a  s p e c i f i c  n a t i o n a l  con tex t ,  
t h e  genera l  i ssues  d iscussed e a r l i e r  must be represen ted  
a n a l y t i c a l  l y w i t h  s u f f i c i e n t  d e t a i l ,  a r t i c u l a t i o n ,  and 
comprehensiveness t o  a l l o w  f o r  i n t e g r a t e d  energy, resource,  and 
s t r a t e g i c  economic p1 anning. 

The genera l  requi rements can be made more s p e c i f i c .  F i r s t ,  
development o b j e c t i v e s  embody economic and demographic f u t u r e s  
w i t h  which energy c o n s t r a i n t s  and requi rements must be 
assoc ia ted .  These i n c l  ude s e c t o r - s p e c i f  i c  growth i n  ou tpu t ,  
energy in tens iveness ,  and f u e l  mix .  Changes i n  income 
d i s t r i b u t i o n  w i l l  a1 so a f f e c t  consumption p a t t e r n s  through 
technology and f u e l  choices.  Moreover, expec ta t ions  and 
o b j e c t i v e s  f o r  t h e  r e 1  a t i v e  growth i n  t r a d i t i o n a l  and modern 
sec to rs  must be represen ted  a n a l y t i c a l  l y i n  o r d e r  t o  a n t i c i p a t e  
problems and f o r m u l a t e  p01 i c y .  S i m i l a r l y ,  p01 i c y  must be based 
upon s u f f i c i e n t  i n f o r m a t i o n  on a  r e g i o n a l  as w e l l  as n a t i o n a l  
b a s i s  i f  l o c a l  imbalances a re  t o  be i d e n t i f i e d  and c o r r e c t e d .  
Futhermore, c o n s t r a i n t s  on f o r e i g n  exchange and l a b o u r  r e q u i r e  
t h a t  energy supplyldemand problems and p o l i c i e s  be addressed i n  
s u f f i c i e n t  d e t a i l  and a r t i c u l a t i o n  so t h a t  o p p o r t u n i t i e s  and 
c o n s t r a i n t s  t o  deve lop ing  ind igenous resources,  u s i n g  l o c a l  
l a b o u r  and manufac tu r ing  capac i t y ,  can be i d e n t i f i e d .  The 
competing uses o f  l a n d  f o r  food, expor ts ,  and f u e l ,  each o f  which 
has energy and f o r e i g n  exchange requi rements and impacts must be 
adequate ly  addressed i n  any a t tempt  t o  develop an a n a l y t i c  
framework f o r  energy p1 anning. F i n a l  l y,  t h e  costs ,  b e n e f i t s ,  
f o r e i g n  exchange and socio-economic aspects  o f  energy p o l i c y  
o p t i o n s  must be eva lua ted  so t h a t  a l t e r n a t i v e s  can be compared i n  
a  meaningfu l  way. 

Most o f  t h e  requi rements f o r  energy p l a n n i n g  d icussed above 
a re  embodied i n  t h e  analyses undertaken f o r  t h e  Fuelwood Cycle 
p r o j e c t .  The a n a l y t i c a l  t o o l  developed f o r  energy account ing and 
supplyldemand a n a l y s i s  - the  LDC Energy A1 t e r n a t i v e s  P lann ing  
Model (LEAP) - p r o v i d e s  the  bas is  f o r  r e p r e s e n t i n g  t h e  major  
economic, demographic, and p h y s i c a l  i n t e r a c t i o n s .  I n  t h e  chapters 
t h a t  f o l  low these and r e 1  a t e d  analyses a r e  descr ibed  and r e s u l  t s  
presented and d iscussed.  





CHAPTER 3  KENYA'S CURRENT ENERGY BALANCE 

I n  t h i s  c h a p t e r  we w i s h  t o  document t h e  e x i s t i n g  f l o w  
p a t t e r n  o f  e n e r g y  use i n  Kenya f r o m  sou rces  t h r o u g h  c o n v e r s i o n  
p rocesses  t o  t h e  f i n a l  p o i n t  o f  consumpt ion.  The r e s u l t  i s  a  
" snapsho t "  s u p p l y  and demand r e l a t i o n s h i p  f o r  1980, t h e  base y e a r  
used t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .  T h i s  p i c t u r e ,  w h i l e  he1 p f u l  
i n  i t s  own r i g h t  i n  c l a r i f y i n g  t h e  c u r r e n t  s i t u a t i o n ,  se rves  as 
t h e  p o i n t  o f  d e p a r t u r e  f o r  t h e  Base and P o l i c y  Case p r o j e c t i o n s  
deve loped  i n  l a t e r  c h a p t e r s .  

We summarize i n  t h e  s u b s e c t i o n s  be low t h e  f i n d i n g s  on t h e  
c u r r e n t  e n e r g y  f l o w s ,  r e f e r r i n g  where r e l e v a n t  t o  t h e  a p p r o p r i a t e  
t e c h n i c a l  v01 umes f o r  more d e t a i l e d  d e s c r i p t i o n .  I n  k e e p i n g  w i t h  
i t s  s p e c i a l  f o c u s  i n  t h i s  s tudy ,  t h e  wood r e s o u r c e  i n  Kenya i s  
d i s c u s s e d  i n  i t s  own c h a p t e r  4 .  Summary r e s u l t s  a r e  p r e s e n t e d  i n  
T a b l e  3 . 1  be low i n  t h e  f o r m  o f  an ene rgy  b a l a n c e  s h e e t .  T h i s  
t r a c e s  t h e  f l o w  f r o m  p r i m a r y  ene rgy  r e s o u r c e s  ( i n d i g e n o u s  and 
i m p o r t e d )  t h r o u g h  c o n v e r s i o n  l o s s e s ,  and e x p o r t s  ( a p p e a r i n g  as 
n e g a t i v e  consumpt ion  i n  t h e  t a b l e )  t o  f i n a l  consumpt ion.  T h i s  
f i n a l  consumpt ion  i s  i n  t u r n  b r o k e n  down f u r t h e r  b y  key  
s e c t o r a l l e n d - u s e  components o f  demand. 

As shown i n  T a b l e  3.1, o f  t h e  t o t a l  annua l  p r i m a r y  ene rgy  
r e q u i r e m e n t s  (443.46 PJ) ,  74.3 p e r  c e n t  comes f r o m  non-commercial  
sou rces  ( f u e l  wood and r e s i d u e s )  . Wood a1 one, i n c l u d i n g  
commerc ia l  l y e x p l o i t e d  wood r e s o u r c e s  f o r  i n d u s t r i a l  l y  r e 1  a t e d  
purposes,  compr i ses  a b o u t  t h r e e - q u a r t e r s  o f  t h e  ene rgy  r e s o u r c e  
base i n  Kenya. 

The p r o p o r t i o n  o f  t o t a l  f i n a l  consumpt ion  accoun ted  f o r  b y  
wood i s  o n l y  72 p e r  c e n t ,  however.  T h i s  r e f l e c t s  t h e  l a r g e  amount 
o f  wood l o s s ,  a b o u t  84.38 PJ ( p e r  annum) o r  1 9  p e r  c e n t  o f  t o t a l  
e n e r g y  r e q u i r e m e n t s ,  i n  t h e  c o n v e r s i o n  o f  wood t o  c h a r c o a l .  The 
c o m p o s i t i o n  o f  f i n a l  ( o r  end- use)  consumpt ion  b y  m a j o r  f u e l  t ypes  
i s  shown i n  T a b l e  3.2 be low.  As i n d i c a t e d ,  p e t r o l e u m  p r o d u c t s ,  
c o a l  and e l e c t r i c i t y  a c c o u n t  f o r  27 p e r  c e n t  o f  t o t a l  f i n a l  
ene rgy  consumpt ion  (87.96 P J ) .  O f  t h i s  q u a n t i t y ,  t h e  b u l k ,  93 p e r  
c e n t  i s  m e t  b y  p e t r o l e u m  p r o d u c t s .  

D e t a i l e d  d i s c u s s i o n  o f  c u r r e n t  f i n a l  consumpt ion,  
c o n v e r s i o n ,  p rocesses ,  and ene rgy  r e s o u r c e s  a r e  t h e  s u b j e c t s ,  
r e s p e c t i v e l y ,  o f  t h e  n e x t  t h r e e  s e c t i o n s .  

End-Use Approach 

The demand s i d e  a n a l y s i s  employed an "end- use"  approach.  I t  
i s  based on t h e  p r i n c i p l e  o f  d i s a g g r e g a t i o n  w h e r e i n  ene rgy  
r e q u i r e m e n t s  a t  t h e  p o i n t  o f  consumpt ion a r e  used as t h e  a n a l y t i c  
b u i l d i n g  b l o c k s .  Such an approach p e r m i t s  demand p r o j e c t i o n s  and 
p r o v i d e s  a  c l e a r  q u a n t i t a t i v e  f ramework f o r  e v a l u a t i n g  t h e  
p o t e n t i a l  f o r  and c o s t s  o f  a1 t e r n a t i v e  p01 i c y  o p t i o n s  b y  t r a c k i n g  



Table 3.1 

1980 KENYA ENERGY BAWUCE: (Fhllim Giga-Joules) - - -- - - -- - - - -- - -- - - - ---- -. .-. -- -- 

Petrol eun @o- Elec- Total 8 imss/  ~o t a l  bn- 
Coal Crude Froducts liydro* thermal tncity 1 n d . M  Canmrcial Fuelwwd Charcoal Fcesidue Canmrcial Band Total 

Indigenous 
w r t s  
Export- 

Total Requirmts 

0lst.Loss 
El w .&neration 
Refi nenes 
Charcoal Prod. 
Mill and Harvest 

Total Final Consunpl 

Urban Museholds 
Cwking/Heating 
Lighting 
Other 

Rural Musehol ds 
Cwking/Heating 
Lighting 

Pgncul b r e  
Industrv 

~ a r g  
Informal Urban 
Informal Rural 

Canmrcial 
School s/tbsp1 tal S 

Off1 ces 
tbtel S 
%l l 

Transportation 
Road 
Rail 
AI r 
Other 

* Efficiency taken a t  one. (This analysis excludes bagasse, which accounts for 5.6 mill ion GJ in industry). 



Table 3.2 

1980 ENERGY FOR FINAL DEMAND: PERCENTAGE BREAKDOWNS ( m i l l i o n  GJ) 

Commerc ia l% 

E l e c t r i c i t y  5.81 6 
Petro.Products  
Plus Coal 82.15 8 7 
Charcoal - - 
Fuel wood - - 
Crop Residue - - 
I n d u s t r i a l  Wood 6.30 7 

94.26 100% 

To ta l  28% 

Non- 
Commercial % 

- - 
- - 

25.31 11 
203.43 85 

8.98 4 - - 

237.72 100% 

72% 

T o t a l  % 

5 .81  2 

82.15 25 
25.31 8 

203.43 60 
8.98 3 
6.30 2 

331.99 100% 

100% 



impacts a t  t h e  l e v e l  o f  user  equipment and behaviour  adjustments. 
F u r t h e r ,  t h e  concre te  r e l a t i o n s h i p  between economic goals, 
p h y s i c a l  equipment s tock ,  and energy requi rements can be 
s p e c i f i e d .  F i n a l  l y, a p p r o p r i a t e  t imeframes f o r  e f f e c t i v e  phase- in 
o f  demand management p01 i c y  o p t i o n s  (e.g., f u e l  sw i tch ing ,  
e f f i c i e n c y  improvement, p r i c i n g  p o l i c y )  and supp ly  enhancement 
s t r a t e g i e s  can be eva lua ted .  (For  more d e t a i l ,  see volume 9 c i t e d  
i n  Table 1 . 1 )  

The end-use approach can be c o n t r a s t e d  w i t h  long- range 
aggregate p r o j e c t i o n s  o f  energy. P r o j e c t i o n s  based on t ime 
t r e n d i n g  o f  summary energy s t a t i s t i  CS o r  g1 obal h i s t o r i c  
r e 1  a t i o n s h i p s  between economic v a r i  ab les  and energy demand can be 
m i s l e a d i n g  and n o t  a l l o w  f o r  p o l i c y  assessment a t  an adequate 
l e v e l  o f  d e t a i l .  Making p r o j e c t i o n s  based on h i s t o r i c  
r e l a t i o n s h i p s  has been l i k e n e d  t o  a t t e m p t i n g  t o  d r i v e  f o r w a r d  by 
l o o k i n g  th rough  a  r e a r v i e w  m i r r o r .  

The goal o f  d i s a g g r e g a t i n g  o f  demand a t  the  p o i n t  o f  end-use 
i s  l i m i t e d  by  t h e  a v a i l a b l i t y  and q u a l i t y  o f  d a t a  t o  c h a r a c t e r i z e  
t h e  t ype  and q u a n t i t y  o f  t h e  major  c a t e g o r i e s  o f  energy-using 
s tock  and t h e i r  usage l e v e l s .  A  good deal o f  research  and survey 
e f f o r t  went i n t o  supplementing t h e  e x i s t i n g  da ta  base f o r  
Kenya. (For  more d e t a i l ,  see volume 1- 8  c i t e d  i n  Table 1.1)  The 
degree o f  d i s a g g r e g a t i o n  which t h e  d a t a  suppor ts  a t  t h i s  t ime  and 
which was used i n  t h i s  e x p l o r a t i o n ,  i s  summarized i n  Table 3.3. 
Moreover, these sector /subsector /end-use combinat ions a re  
d isaggregated one s t e p  f u r t h e r  i n t o  dev ice  and f u e l  combinat ions; 
f o r  example, cook ing  may be under taken on e l e c t r i c  stoves, 
charcoal  j i k o  e t c .  F i n a l l y ,  end-use demand depends upon 
consumption p a t t e r n s  which may d i f f e r  f o r  s o c i a l  and economic 
reasons, e.g. between urban and r u r a l  households and a t  v a r i o u s  
i ncome l eve1 S. 

A f t e r  summarizing t h e  end-use consumption es t imates  below, 
t h e  remainder o f  t h i s  subsect ion i s  devoted t o  b r i e f  sec to r- by  
s e c t o r  d i c u s s i o n s  o f  t h e  r e s u l t s .  F u r t h e r  e x p l i c a t i o n  o f  data, 
methodology, and d e t a i l e d  computer o u t p u t s  a r e  d e f e r r e d  t o  the  
v01 ume on Energy P1 anning i n  Developing Count r ies .  

Summary Demand C h a r a c t e r i s t i c s  

As r e p o r t e d  i n  Table 3.1 above, f i n a l  consumption o f  energy 
a t  the  end-use was about  331.99 PJ i n  1980. T h i s  excludes, i t  
w i l l  be r e c a l l e d ,  t h e  111.47 PJ o f  energy consumption i n  the  
energy s e c t o r  i t s e l f  ( charcoa l  p roduc t ion ,  e l e c t r i c a l  generat ion,  
and f u e l  r e f i n i n g )  as w e l l  as losses  i n c u r r e d  i n  the  d i s t r i b u t i o n  
o f  f u e l  t o  t h e  p o i n t  o f  consumption. The s t r u c t u r e  o f  t h e  end-use 
demand i s  r e v e a l e d  i n  Table 3 .4  below which g i v e s  es t imates  o f  
the  1980 percentage composi t ion o f  demand by  major  s e c t o r  and 
f u e l  types.  We s h a l l  have occasion below, i n  t h e  d e t a i l e d  
d i s c u s s i o n  o f  s e c t o r a l  demand c h a r a c t e r i s t i c s ,  t o  r e f e r  t o  t h i s  



Table 3 . 3  

END-USE CATEGORIES EMPLOYED 

Sector  l Subsector  l End-Use + 

Urban Household 5 Income Groups CookingIWater Hea t ing  
Space Hea t ing  
L i g h t i n g  
R e f r i g e r a t i o n  
Mi sce l  l aneous 

Rura l  Household 3 Income Groups Cooki ng/Water Heat1 ng 
Space Hea t inq  
L i q h t i n g  
Mi sce l  l aneous 

A g r i c u l  t u r e  I * ! * 

In fo rma l  I n d u s t r y  
Urban 

( 4  Ca tegor ies )  L i g h t i n g  
Process Heat 
Cooki ng 
Washing 
Motor  D r i v e  
M1 sce l  l aneous 

Larqe I n d u s t r y  (11 Categor ies )  l * 

I n f o r m a l  I n d u s t r y  
Rura l  

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

T e r t i a r y  

( 8  Ca tegor ies )  

P r i v a t e  Passenger 
P u b l i c  Passenger 
R a i l  
Ai r 
P i p e l  i ne 
Steamship 

* 

School s/Hospi t a l  s  
O f f i c e s  
Hote l  s  
Small Consumers 

Auto, P ickups 
Trucks, Buses, Min ibuses 
Passenger, F r e i g h t  
Commercial, Other  
Pumpi ng 
Commerci a1 

+ Each end-use broken down by a p p r o p r i a t e  dev ice  and f u e l  
combinat ions.  

* Cur ren t  da ta  a v a i l a b i l i t y  d i d  n o t  suppor t  f u r t h e r  
d i s a g g r e g a t i o n .  
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Table 3.4 

COMPOSITION OF END-USE CONSUMPTION BY SECTOR AND MAIN FUEL TYPE 

Sector  Wood 
(63%) 

Urban HH 1 % 
Rural HH 72 
A g r i c u l  t u r e  - 
I n d u s t r y  2 6 
Commerci a1 1 
T r a n s p o r t a t i o n  - 

100% 

Charcoal 
(8%)  

50% 
37 
- 

12 
1 
- 

100% 

Residue 
(3%) 

- 
100 

- 
- 
- 
- 

100% 

Petroleum 
Products 

(24%) 

5% 
5 
9 

24 
1 

5 6 

100% 

E l e c t r i c i t y  
( 2 % )  

36% 
- 
10 
31 
22 
1 

100% 

T o t a l  
(100%) 

6% 
53 

2 
2 4 
1 

14 

100% 



s t r u c t u r e .  The v a r i a t i o n  i n  s e c t o r a l  p o r t i o n s  o f  f u e l  demands i s  
p a r t i c u l  a r l  y  noteworthy i n  p r o v i d i n g  an i n i t i a l  roadmap f o r  
p01 i c y  a t t e n t i o n .  

Urban Household Sector  

I n  1980, end-uses assoc ia ted  w i t h  t h e  urban 
domestic s e c t o r  consumed 21.45 m i l l i o n  g i g a j o u l e s  o f  energy, 
r o u g h l y  6 per  c e n t  o f  t o t a l  f i n a l  energy consumption i n  Kenya. 
Charcoal consumption w i t h i n  t h i s  s e c t o r  amounts t o  50 per  c e n t  o f  
the  n a t i o n a l  t o t a l .  Thus, i n  des ign ing  a  framework f o r  fuelwood 
p01 i c y ,  t h e  urban household s e c t o r  war ran ts  p a r t i c u l a r  a t t e n t i o n .  
While t h i s  s e c t o r  a t  p r e s e n t  does n o t  account f o r  a  major  
abso lu te  share o f  energy requi rements,  i t s  s i g n i f i c a n c e  f o r  
energy p l a n n i n g  i s  g r e a t e r  than i t s  p r e s e n t  dimensions would 
suggest.  Energy use w i t h i n  t h i s  s e c t o r  i s  expected t o  grow 
r a p i d l y  due p r i m a r i l y  t o  a  p a t t e r n  o f  s i g n i f i c a n t  m i g r a t i o n  f rom 
the  r u r a l  areas t o  t h e  c i t i e s  (Chapter 5 ) .  Much o f  the  p resen t  
urban popu la t ion ,  f o r  example, c o n s i s t s  o f  r e c e n t  m ig ran ts .  

As ide f rom i n s u r i n g  g r e a t e r  q u a n t i t a t i v e  s i g n i f i c a n c e  f o r  
t h i s  sec to r ,  t h e  phenomenon o f  m i g r a t i o n  f rom c o u n t r y s i d e  t o  c i t y  
has a  number o f  q u a l i t a t i v e  consequences i n  r e g a r d  t o  energy use 
among urban households. F i r s t 1  y, the  mass i n f l u x  o f  p o p u l a t i o n  
f rom low income areas i n  t h e  c o u n t r y s i d e  i m p l i e s  t h a t  many urban 
households w i l l  i n i t i a l l y  be i n  a  r e l a t i v e l y  weak economic 
c o n d i t i o n .  Secondly, t h e y  w i l l  be i n c l i n e d  toward energy modes 
assoc ia ted  w i t h  t h e i r  e a r l i e r  p r a c t i c e s  and customs. These 
consequences a r e  indeed borne o u t  by t h e  c u r r e n t  research.  For  
example, p r o j e c t  surveys show t h a t  wood consumption d i r e c t l y  as 
wood f u e l  i s  a  s i g n i f i c a n t  c o n t r i b u t o r  t o  t o t a l  energy use among 
low income urban households (see Table 3.5 f o r  income 
c a t e g o r i e s ) .  I n  f a c t ,  t h e  urban energy consumption o f  t h e  l o w e s t  
income households i s  a lmost  e n t i r e l y  wood based, much o f  i t  i n  
t h e  fo rm o f  charcoa l .  T h i s  p a t t e r n  presumably has become more 
pronounced as a  consequence o f  the  r i s e  i n  t h e  p r i c e  o f  kerosene 
r e 1  a t i v e  t o  charcoal  and r e s u l t i n g  s u b s t i t u t i o n  e f f e c t s .  

A t  t h e  same t ime, those urban households which become more 
thorough ly  i n t e g r a t e d  i n t o  the  commercial economy show marked 
q u a l i t a t i v e  changes i n  t h e i r  p a t t e r n s  o f  energy usage. For  
instance,  low t o  m i d d l e  l eve1 urban households use kerosene f o r  
l i g h t i n g  and t o  a  more l i m i t e d  degree f o r  hea t ing .  The use o f  
b o t t l e d  gas a1 so begins t o  emerge a t  m i d d l e  income l e v e l s .  
F i n a l l y ,  w i t h  r i s i n g  income, e l e c t r i c i t y  i s  used f o r  an 
i n c r e a s i n g  v a r i e t y  o f  purposes. E l e c t r i c i t y  among lower  and 
midd le  income users i s  u t i l i z e d  m a i n l y  f o r  l i g h t i n g ,  d i s p l a c i n g  
kerosene w i t h i n  t h a t  end-use category.  More a f f l u e n t  households 
expand and v a r y  t h e i r  uses o f  e l e c t r i c i t y .  E l e c t r i c i t y  i s  used by 
such f a m i l i e s  f o r  cooking and r e f r i g e r a t i o n  and, among t h e  most 
a f f l u e n t ,  f o r  wa te r  and space heat ing,  and t o  power m isce l  l aneous 
consumer durab les .  



These o b s e r v a t i o n s  a r e  a l l  r e f l e c t e d  i n  o u r  base y e a r  d a t a  
f o r  t h e  u r b a n  househo ld  s e c t o r .  The d a t a  were  d e r i v e d  p r i m a r i l y  
f r o m  two s u r v e y s  o f  a  c r o s s - s e c t i o n  o f  u r b a n  househo lds .  The 
f i r s t  s u r v e y  was conduc ted  i n  t h e  p r i m a t e  c i t y ,  N a i r o b i ,  t h e  
c a p i t a l  o f  Kenya. The second survey,  based on an u n d e r s t a n d i n g  o f  
c i t y  r a n k - s i z e  r e l a t i o n s h i p  ( e x c l u d i n g  t h e  p r i m a t e  c i t y ) ,  
su rveyed  a  m a j o r  u r b a n  c e n t r e ,  Mombasa, a  f r o n t i e r  town, I s i o l o  
and i n c l u d e d  such d i v e r s e  r e g i o n a l  env i ronmen ts  as Machakos, 
Kisumu, and Meru. These su rveys  a t t emp ted ,  among o t h e r  t h i n g s ,  t o  
i d e n t i f y  t h e  r a n g e  o f  end-uses, e n e r g y  modes, and f u e l  
consumpt ion  r a t e s  f o r  v a r i o u s  u rban  househo lds .  The p r i m a r y  
d i s t i n g u i s h i n g  c h a r a c t e r i s t i c  among househo lds  i s  income. 
Househo lds  a r e  d i v i d e d  i n t o  f i v e  m a j o r  income c l a s s e s  as 
d e l i n e a t e d  i n  T a b l e  3 .5 .  

The a n a l y s i s  r e v e a l s  t h e  presence o f  a  s i g n i f i c a n t  i n f l u e n c e  
o f  income on e n e r g y  demand, b o t h  i n  a  q u a l i t a t i v e  and i n  a  
q u a n t i t a t i v e  sense. T a b l e  3.6 shows consumpt ion  o f  wood f u e l ,  
c h a r c o a l  and e l e c t r i c i t y  o v e r  a l l  end-uses f o r  each o f  t h e  f i v e  
income c l a s s e s .  No te  t h e  marked dec rease  i n  f ue lwood ,  t h e  more 
g r a d u a l  d e c l i n e  i n  c h a r c o a l  usage, and t h e  r i s e  i n  t h e  use o f  
e l e c t r i c i t y .  

There  a r e  a  number o f  i m p l i c a t i o n s  o f  t h e s e  o b s e r v a t i o n s  f o r  
p l a n n e r s .  O f  p r i m a r y  i n t e r e s t  i s  t h e  long- known a s s o c i a t i o n  
between u r b a n i z a t i o n  and c h a r c o a l  use.  I n s o f a r  as c h a r c o a l  
p r o d u c t i o n  i n v o l v e s  t h e  secondary  c o n v e r s i o n  o f  wood, t h e  
c o n t i n u e d  m i g r a t i o n  f r o m  r u r a l  t o  u r b a n  a reas  i n  Kenya w i l l  
e x a c e r b a t e  t h e  f u e l w o o d  c r i s i s  c o n s i d e r a b l y ,  i n  t h e  absence o f  
p01 i c i e s  t o  improve  t h e  e f f  i c i e n c i  es o f  c h a r c o a l  c o n v e r s i o n  
p rocesses .  T h i s  i s  bo rne  o u t  i n  t h e  e n e r g y  use p r o j e c t i o n s  
d e s c r i b e d  l a t e r .  

O f  f u r t h e r  consequence a r e  c e r t a i n  n e g a t i v e  feedback 
phenomena a s s o c i a t e d  w i t h  economic deve lopment .  As deve lopment  
p roceeds  and u r b a n  f a m i l i e s  e x p e r i e n c e  i n c r e a s e s  i n  income, t h e y  
a r e  a p t  t o  s w i t c h  f r o m  a wood based r e g i m e  t o  an e n e r g y  use 
p a t t e r n  w h i c h  emphasizes e l e c t r i c i t y  and i m p o r t e d  ene rgy  fo rms .  
The c a p i t a l  and f o r e i g n  exchange r e q u i r e m e n t s  imposed b y  t h i s  
t r a n s i t i o n  can  s e r v e  t o  i n h i b i t  t h e  a l l o c a t i o n  o f  c a p i t a l  and 
f o r e i g n  exchange f o r  pu rposes  o f  i n d u s t r i a l i z a t i o n  and expans ion  
o f  i n f r a s t r u c t u r e s  and s e r v i c e s ,  r e t a r d i n g  t h e  deve lopment  
p rocess ,  i f  f o r e i g n  exchange h o l d i n g s  r e m a i n  s t a t i c .  I n  r e a l i t y ,  
i n d u s t r i a l i z a t i o n  and t h e  g row th  o f  t h e  modern s e c t o r  p roceed  
apace, as does t h e  consumpt ion  o f  modern f u e l  b y  t h e  u rban  
p o p u l a t i o n .  The demand f o r  modern f u e l  p r o p e l s  t h e  deve lopment  o f  
t h e  ene rgy  s e c t o r  ( e . g .  e l e c t r i c i t y  and m i n i n g ) .  B u t  t o  
u n d e r s t a n d  t h i s  demand, t h e  income e t c .  t h e  i ncome e l a s t i c i t y  
a s p e c t s  o f  u r b a n  househo ld  ene rgy  use a r e  o f  c e n t r a l  impo r tance .  



Table 3.5 

INCOME GROUP CATEGORIES 

Income Group 1980 KSh per  Annum 

Rural Domestic Sector  

Kenya i s  s t i l l  a predominant ly  r u r a l  coun t ry .  I n  1980, 
e i g h t y - f i v e  p e r c e n t  o f  t h e  t o t a l  p o p u l a t i o n  was r u r a l  (see 
Chapter 5 ) .  F u r t h e r ,  1980 energy consumption i n  Kenya o r i g i n a t i n g  
i n  t h e  r u r a l  household s e c t o r  equal l e d  173 m i l l  i o n  g i g a j o u l e s .  
This ,  as we have seen i n  Table 3.4, i s  more than h a l f  o f  t o t a l  
resource  end-use consumption, a l eve1 c o n s i d e r a b l y  g r e a t e r  than 
t h a t  o f  any o t h e r  s e c t o r .  Moreover, t h i s  s e c t o r  accounted f o r  15 
m i l l i o n  g i g a j o u l e s  o f  f i n a l  fuelwood consumption, o r  about 
t h r e e- q u a r t e r s  o f  the  n a t i o n a l  t o t a l .  Even charcoal  consumption 
i n  t h i s  s e c t o r  a t  9 .25 m i l l i o n  g i g a j o u l e s  i s  36 per  c e n t  o f  t o t a l  
charcoal  consumption, a somewhat u n a n t i c i p a t e d  r e s u l t .  

C l  e a r l y ,  then, the  f o r m u l a t i o n  o f  energy p01 i c y  f o r  the  
s h o r t  and medium range f u t u r e  must take  c l o s e  account o f  the  
dynamics o f  t h e  r u r a l  household s e c t o r .  The c u r r e n t  s tudy  
acknowledged t h e  c e n t r a l  importance o f  t h e  s e c t o r  by  conduc t ing  
an e x t e n s i v e  energy-use survey o f  r u r a l  households i n  c o n j u n c t i o n  
w i t h  the  Kenyan Cent ra l  Bureau o f  S t a t i s t i c s .  Th is  i s  desc r ibed  
i n  d e t a i l  i n  t h e  volume on r u r a l  household energy consumption. 
Through the  survey, t h e  major  energy-use p a t t e r n s  among r u r a l  
households were i d e n t i f i e d .  I n  p a r t i c u l a r ,  i t  was d iscovered  t h a t  
r e g a r d l e s s  o f  income c l  ass, biomass c o n s t i t u t e s  t h e  overwhelming 
b a s i s  f o r  r u r a l  energy consumption. E l e c t r i c i t y  does n o t  occur  
as a s i g n i f i c a n t  f a c t o r  p r i m a r i l y  because o f  l i m i t a t i o n s  i n  the  
e x t e n t  o f  t h e  d i s t r i b u t i o n  g r i d .  Kerosene accounts f o r  o n l y  3.7 
m i l l i o n  g i g a j o u l e s  i n  t h e  sec to r ,  o r  1 per  c e n t  o f  demand. The 
r u r a l  household s e c t o r  i s  by and l a r g e  p r e i n d u s t r i a l  i n  i t s  
energy-use p a t t e r n s .  

A f u r t h e r  o b s e r v a t i o n  o f  consequence emerges upon 
examinat ion o f  t h e  end-use breakdown w i t h i n  t h i s  s e c t o r .  Cooking 
emerges as the  overwhelming end-use a l l o c a t i o n  o f  energy, 
accoun t ing  f o r  169 m i l l i o n  g i g a j o u l e s ,  o r  98 per  c e n t  o f  demand. 
L i g h t i n g ,  the  o t h e r  end-use r e p o r t e d  by a s i g n i f i c a n t  number o f  
househol ds, accounts f o r  the  remainder. 





The p o l i c y  i m p l i c a t i o n s  o f  t h i s  s i t u a t i o n  a r e  c l e a r .  
Reduct ion i n  t h e  demand f o r  fuelwood can be e f f e c t e d  e i t h e r  
through improvements i n  t h e  end-use e f f i c i e n c y  o f  r u r a l  cooking 
o r  through s w i t c h i n g  o f  f u e l s  a t  t h e  end-use. The l a t t e r  c o u l d  be 
achieved i n  p r i n c i p l e ,  f o r  example, by ex tend ing  t h e  c e n t r a l  
e l e c t r i c i t y  g r i d ,  promot ing decen t ra l  i z e d  techno log ies  r e 1  y i n g  on 
ind igenous sources o f  energy such as min i- hydro,  s o l a r ,  
photovol  t a i c ,  b iogas,  wind, e tc . ,  o r  by  the  i n t r o d u c t i o n  o f  
" h o r i z o n t a l  " techno log ies  (e.g. maize m i l l  i n g )  t h a t  would reduce 
t h e  energy r e q u i r e d  f o r  food  p r e p a r a t i o n .  We s h a l l  see, however, 
t h a t  f u e l  s w i t c h i n g  t o  e l e c t r i c i t y  exacerbates t h e  modern s e c t o r  
problems o f  o i l  dependence and c a p i t a l  i nves tment  c o n s t r a i n t s .  
And t h e r e  i s  every  i n d i c a t i o n  t h a t  e l e c t r i c i t y ,  i n  t h e  n e x t  
coup le  o f  genera t ions ,  would n o t  be a p r i m a r y  f u e l  f o r  cooking. 

Consumption per  household f o r  cooking occurs i n  a range o f  
62-69 g i g a j o u l e s  over  a l l  t h r e e  income c lasses  considered.  The 
r u r a l  household sec to r ,  t h e r e f o r e ,  o f f e r s  i n  a sense a f o r t u n a t e  
c o n c e n t r a t i o n  o f  energy expend i tu re  i n  a s i n g l e  mode and end-use. 
The problem i s  s t r a i g h t f o r w a r d , t o  i d e n t i f y  and account f o r  much 
o f  t h e  o v e r a l l  n a t i o n a l  consumption. C u r r e n t l y ,  energy 
requ i rement  i n  t h i s  s e c t i o n  i s  l arge l  y  independent o f  the  
v i c i s s i t u d e s  o f  commercial and economic f a c t o r s  such as p r i c e  and 
i ncome. 

A g r i c u l  t u r e  

I t  i s  an apparent  i r o n y  t h a t ,  w h i l e  a g r i c u l t u r e  i s  t h e  major  
occupa t ion  o f  t h e  work ing  popul a t i o n ,  commercial energy 
consumption i n  t h e  a g r i c u l t u r a l  s e c t o r  (8.2 m i l l  i o n  g i g a j o u l e s )  
amounts o n l y  t o  2.5 p e r  c e n t  o f  t o t a l  energy consumption i n  
Kenya. T h i s  i s  about  6.0 per  c e n t  o f  f i n a l  demand f o r  
non-household consumption. The r e 1  a t i v e l y  low p r o p o r t i o n  o f  
a g r i c u l t u r e  i n  o v e r a l l  energy use i s  a  f u n c t i o n  o f  severa l  
f a c t o r s ,  t h e  most n o t a b l e  o f  which i s  t h a t  a g r i c u l t u r e  i n  Kenya 
r e l i e s  t o  a s i g n i f i c a n t  degree on human and animal d raugh t  power 
and on d i r e c t  s o l a r  power f o r  t h e  d r y i n g  o f  crops.  None o f  these 
energy sources i s  accounted d i r e c t l y  i n  our  a n a l y s i s  as a b a s i s  
f o r  energy use. 

The composi t i o n  o f  commercial f u e l s  employed i n  the  
a g r i c u l t u r a l  s e c t o r  r e f l e c t s  m a i n l y  t h e  use o f  t r a c t o r s  and o t h e r  
farm machinery i n  l a r g e  commerci a1 farms. D iese l  f u e l  comprises 
e i g h t y  p e r c e n t  o f  a1 l commercial energy employed i n  a g r i c u l  t u r e .  
About 12 per  c e n t  i s  g a s o l i n e  and 7 per  c e n t  e l e c t r i c i t y .  

As ide f rom s o l a r  and animate forms o f  energy, which a r e  n o t  
i n c l u d e d  i n  t h e  above f i g u r e s ,  a d d i t i o n a l  non-commerci a1 energy 
i s  consumed i n  the  p rocess ing  (e.g. d r y i n g  and c u r i n g )  o f  some 
a g r i c u l t u r a l  p roduc ts .  In p a r t i c u l a r  about  17 .4  m i l l i o n  
g i g a j o u l e s  o f  wood a r e  consumed i n  the  l a r g e r  tea, tobacco and 
sugar i n d u s t r i e s ,  and i n  a d d i t i o n  about  35 m i l l i o n  g i g a j o u l e s  o f  



wood a r e  consumed f o r  a g r i c u l t u r a l  d r y i n g  and tobacco c u r i n g  i n  
r u r a l  c o t t a g e  i n d u s t r y .  These a d d i t i o n a l  c a t e g o r i e s  a r e  t r e a t e d  
s e p a r a t e l y  i n  t h e  f o l l o w i n g  s e c t i o n .  Q u i t e  c l e a r l y ,  they add 
s u b s t a n t i a l  l y  t o  non-househol d  r u r a l  energy use. 

I n d u s t r y  

The impor tance o f  the  l a r g e  i n d u s t r i a l  s e c t o r  l i e s  n o t  so 
much i n  t h e  abso lu te  demand f o r  energy o r i g i n a t i n g  i n  t h i s  
sec to r ,  b u t  r a t h e r  i n  i t s  r e 1  iance  on commercial f u e l s .  Large 
i n d u s t r y  accounts f o r  18 per  c e n t  o f  t o t a l  energy consumption i n  
Kenya, b u t  23 per  c e n t  o f  t h e  demand f o r  pe t ro leum produc ts  and 
31 per  c e n t  o f  t h e  demand f o r  e l e c t r i c i t y  (see Table 3 .1 ) .  The 
economical use o f  pe t ro leum impor ts  would thus be f a c i l i t a t e d  by 
a  more e f f i c i e n t  p a t t e r n  o f  energy use by l a r g e  i n d u s t r i a l  f i r m s .  
A t  the  same t ime, l a r g e  i n d u s t r y  o f f e r s  scope f o r  the 
conserva t ion  o f  impor ted  o i l  through f u e l  s w i t c h i n g  away f rom o i l  
and toward biomass and n o n- o i l  generated e l e c t r i c i t y .  We s h a l l  
r e t u r n  t o  these p o s s i b i l i t i e s  i n  chap te rs  6  and 7. 

The magnitude o f  energy use among d i f f e r e n t  i n d u s t r i e s  i s  
h i g h l y  v a r i a b l e .  G e n e r a l l y  speaking, i n  Kenya, t h e  more energy 
i n t e n s i v e  s e c t o r s  account  f o r  a  small  p r o p o r t i o n  o f  t o t a l  
i n d u s t r i a l  a c t i v i t y  and show slower growth than  s e c t o r s  which are 
l e s s  energy i n t e n s i v e  as shown i n  Table 3.7. Note t h a t  
non-metal1 i c  m a t e r i a l s  and c l a y  and g1 ass rank  l a s t  i n  b o t h  t h e i r  
c u r r e n t  a c t i v i t y  l e v e l s  and i n  t h e i r  growth r a t e s ,  b u t  f i r s t  i n  
energy in tens iveness .  

I n  a d d i t i o n  t o  t h e  p r i m a r i l y  urban, modern i n d u s t r i a l  
s e c t o r s  descr ibed  above, a  complete n a t i o n a l  energy demand 
accoun t ing  must i n c l u d e  f u e l  use i n  o t h e r  i n d u s t r i e s  l o c a t e d  
p r i m a r i l y  i n  r u r a l  areas. Th is  i s  e s p e c i a l l y  i m p o r t a n t  f o r  the 
p r e s e n t  s tudy  s i n c e  these i n d u s t r i e s  depend on wood as t h e i r  
p r i n c i p a l  energy resource .  The fuelwood demand i n  t h i s  i n d u s t r i a l  
sub- sector  occurs i n  i n d u s t r i e s  assoc ia ted  w i t h  a g r i c u l  t u r a l  
p rocess ing  ( d r y i n g  and c u r i n g  f o r  tea, tobacco, and sugar)  i n  
r u r a l  wood process ing,  i n  the  use o f  w a t t l e  f o r  tanning,  and i n  
p o t t e r y l b r i c k ,  and bak ing  f a c i l i t i e s .  

Est imates o f  c u r r e n t  annual f u e l  wood use i n  these i n d u s t r i e s  
have been made on t h e  b a s i s  o f  research  under taken by  Mungale 
( l l ) ,  Akinga ( 1 2 ) ,  and Openshaw ( 1 3 ) .  These es t imates  appear i n  
Table 3.8. 

Average annual consumption o f  wood i n  these i n d u s t r i e s  i s  
about  1.08 m i l l i o n  tonnes (17.2 PJ) .  T h i s  i s  about 8  per  c e n t  o f  
t o t a l  fue lwood consumption n a t i o n a l l y .  

Bagasse (sugar  cane waste)  accounts f o r  about  12 per  c e n t  o f  
i n d u s t r i a l  energy (5 .6  PJ) .  I t  i s  used e x c l u s i v e l y  by the  sugar 
i n d u s t r y  i n  t h e  process o f  sugar r e f i n i n g  and supp ly ing  
e l e c t r i c i t y  t o  t h e  sugar e s t a t e s .  A t  p r e s e n t  an es t imated  10 per 
c e n t  o f  bagasse i s  wasted and i t  c o u l d  be used t o  supply  
e l e c t r i c i t y  t o  the  g r i d  system i f  agreement c o u l d  be reached 
between the  sugar companies and government. 



Tab le  3.7 

ENERGY INTENSITIES FOR SELECTED LARGE INDUSTRY SECTORS 

S e c t o r  

Food 
T e x t i  l es 
Paper 
Non-Metal l i c 
M a t e r i a l s  
C lay  & G1 ass 
Chemicals 

Growth Rate 
1977179 

13 
2 2 
3 3 

- 2 
11 
4 3 

197% GDP 
(10  K £ )  

54.06 
11.79 

6.06 

4.7  
0.62 
5.01 

(Energy I n t e n s i t y )  
GJ/1000 K£  Ou tpu t  

O i l  E l e c t r i c i t y  

59.5 
114.8 
279.0 

1185.1 
1280.3 

167.2 

9.9 
24.6 
13.7 

26.4 
49.4 
1 4 . 1  



Table 3 .8  

OTHER INDUSTRIAL WOOD REOUIREMENTS 

Indus t r y  

Tea 
Tobacco 
Sugar 
Wood Process ing 
Watt1 e 
P o t t e r y / B r i c k  
Baking 

To ta l  Fuelwood 

Annual Wood Consumption 
(1000 Tonnes) 

220-330 (275 Avg.) 
80 
50 

300 
4 0 
3 0 

300 

1020-1130 (1075 Avg.) 

Annual Wood Consumption 
(GJ/Capi t a l  ) 

.22-.33 ( . 2 8  Avg.) 
.08 
.05 
.30 
.04 
.03 
.30 

1.02-1.13 (1 .08  Avg.) 



Urban In fo rma l  I n d u s t r y  

The " i n f o r m a l  i n d u s t r y "  s e c t o r  i s  found throughout  urban 
Kenya. The s e c t o r  i n c l u d e s  such economic endeavors as small  
t e x t i l e  and appare l  workshops, garages, f u r n i t u r e  makers, 
r e s t a u r a n t s ,  and t h e  l i k e .  As a  group, t h e y  a re  d i s t i n g u i s h e d  
f rom the  l a r g e  i n d u s t r i a l  and commercial c a t e g o r i e s  by t h e i r  
smal l s c a l e  and pre-modern t e c h n o l o g i c a l  and management 
charac te r .  The v a s t  m a j o r i t y  o f  these es tab l i shments  c a r r y  on 
t h e i r  o p e r a t i o n s  w i t h o u t  s u b s t a n t i a l  use o f  modern s e c t o r  f u e l s .  
Nonetheless, because i n f o r m a l  i n d u s t r i  a1 es tab l i shments  a r e  so 
widespread, i t  was deemed u s e f u l  t o  s tudy  t h e  p a t t e r n  o f  i n f o r m a l  
urban i n d u s t r y  energy use, e s p e c i a l l y  demands f o r  fuelwood and 
charcoa l .  Th is  i s s u e  was researched through an ex tens ive  survey 
o f  i n f o r m a l  i n d u s t r i a l  f i r m s  i n  N a i r o b i  and Meru which i s  
descr ibed  i n  d e t a i l  i n  volume 7 .  

The cho ice  o f  those two urban areas was in formed by the  
f o l l o w i n g  method01 o g i c a l  c o n s i d e r a t i o n .  We sought t o  e x p l o r e  the  
hypo thes is  t h a t  the  i n f o r m a l  i n d u s t r y  s e c t o r  shows u n i f o r m  
p a t t e r n s  o f  energy use d e s p i t e  the  s i z e  o f  c i t y  i n  which the  
es tab l i shment  i s  l o c a t e d .  For  t h i s  purpose we chose two c i t i e s ,  
one a  major  m e t r o p o l i s  and t h e  second a  moderate s i z e d  town. Were 
the  responses t o  our  survey i n d i c a t i v e  o f  s u b s t a n t i a l  d i f f e r e n c e s  
i n  energy consumption p a t t e r n s  between t h e  two c i t i e s ,  we would 
have under taken a d d i t i o n a l  research  t o  a s c e r t a i n  energy use 
p a t t e r n s  th roughou t  t h e  urban h i e r a r c h y .  However, our  survey 
i n d i c a t e d  t h a t  energy use i n  i n f o r m a l  i n d u s t r y  i s  indeed 
independent o f  urban p o p u l a t i o n .  Given t h i s  apparent  i n v a r i a n c e  - 
and t h e  smal l  r o l e  o f  i n f o r m a l  i n d u s t r y  on n a t i o n a l  aggregate 
consumption - t h i s  research  s u f f i c e d  t o  a l l o w  g e n e r a l i s a t i o n  t o  
n a t i o n a l  l eve1 . 

What t h e  su rvey  shows o v e r a l l  i s  t h a t  i n f o r m a l  i n d u s t r y  i s  
inconsequen t ia l  as a  user  o f  t r a d i t i o n a l  f u e l s  and consumes v e r y  
l i t t l e  e l e c t r i c i t y  o r  hydrocarbon f u e l s .  The techno log ies  
assoc ia ted  w i t h  t h i s  s e c t o r  a r e  h i g h l y  l a b o u r  i n t e n s i v e .  In fo rma l  
urban i n d u s t r y  accounts f o r  b u t  0 .4  per  c e n t  o f  t o t a l  end-use 
energy consumption and 0.6 per  c e n t  o f  wood and charcoal  
consumption. Most o f  t h e  fuelwood use o r i g i n a t e s  i n  the  f o o d  and 
d r i n k  sub- sector ,  p r i m a r i l y  r e s t a u r a n t s  u s i n g  charcoal  f o r  
cooking.  Thus, 87 per  c e n t  o f  the  fuelwood used i n  i n f o r m a l  urban 
i n d u s t r y  occurs i n  t h e  food  and d r i n k  subsector .  Workshops by  
c o n t r a s t  account f o r  o n l y  7 per  cent .  

The d a t a  on energy consumption per  es tab l i shment  t ype  
developed through t h e  two- c i  t y  survey were employed t o  generate a  
na t ionw ide  e s t i m a t e  by mu1 t i p 1  i c a t i o n  w i t h  t h e  number o f  such 
e s t a b l  i shments under taken by the  Cent ra l  Bureau o f  S t a t i s t i c s .  
The b a s i c  end-use d a t a  a r e  summarized i n  Table 3.9.  



Table  3 . 9  

1980 URBAN INFORMAL END-USE ASSUMPTIONS (PJ)  

$ F i rms  

5400 

1990 

4110 

1720 

End-Use 
( %  w i t h  end-use) 

L i g h t i n g  (21%) 

Process Heat (31%) 

Cooking (17%)  

Washing (17%) 

I L i g h t i n g  (41%) 

, Process Heat (664)  

I Cooking (22%) 

Washing (41%)  

Motor  O r i v e  (41%)  

L i g h t i n g  (77%)  

Process Heat ( 92%)  

Cooking ( W % )  

Space Heat ( 8 % )  

L i g h t i n g  (44%) 

Process Heat (56%) 

Cooking (272)  

P a i n t  M i x i n g  (17%) 
Motor  D r i v e  (27%)  
Washing (13%)  
Space Heat ( 6 % )  

Fuel S p l i t  

40% Kerosene 
60% e l e c t r i c i t y  
75% cha rcoa l  
25% e l e c t r i c i  t y  
50% kerosene 
50% cha rcoa l  
40% kerosene 
60% p e t r o l  

15% kerosene 
85% e l e c t r i c i  t y  
19% cha rcoa l  
19% kerosene 
38% p e t r o l  
52% e l e c t r i c i t y  
86% cha rcoa l  
292 kerosene 
85% kerosene 
62% p e t r o l  
15% d i e s e l  
46% p e t r o l  
54% e l  e c t r i  c i  t y  

91% kerosene 
13% e l e c t r i c i t y  
12% wood 
89% cha rcoa l  

4% kerosene 
20% wood 
94% cha rcoa l  
43% wood 
57% cha rcoa l  

58% kerosene 
42% e l e c t r i c i  t y  

4% wood 
32% cha rcoa l  
16% kerosene 
60% e l e c t r i c i  t y  

8% wood 
85% cha rcoa l  
23% kerosene 

100% kerosene 
100% e l e c t r i c i  t y  
100% kerosene 

50% wood 
50% cha rcoa l  

I n t e n s i t y  
( G J / f i r m ) *  

* Average ene rgy  consumption p e r  end-use/ fue l  comb ina t i on  among 
f i r m s  i n  subsec to r  u s i n g  t h a t  comb ina t i on .  



Rural  In fo rma l  I n d u s t r y  

The i n f o r m a l  r u r a l  i n d u s t r y  s e c t o r  i n c l  udes two c a t e g o r i e s  
o f  demand, c o t t a g e  i n d u s t r y  and r u r a l  s e r v i c e s .  ( T h i s  d i s c u s s i o n  
exc ludes t h e  demand f o r  wood as c o n s t r u c t i o n  m a t e r i a l  a l though  
t h i s  t o p i c  i s  covered i n  chap te r  4 ) .  

S i g n i f i c a n t  energy demand, i n  p a r t i c u l a r  f o r  fuelwood and 
charcoa l ,  occurs i n  t h e  r u r a l  i n f o r m a l  o r  c o t t a g e  i n d u s t r i e s .  
These i n d u s t r i e s  a r e  q u i t e  d ive rse ,  i n c l u d i n g  brewing, p o t t e r y  
and b r i c k  making, b lacksmi ths ,  a g r i c u l t u r a l  d r y i n g ,  f i s h  c u r i n g ,  
tobacco, b u t c h e r i e s ,  bak ing  and e a t i n g  p laces .  Est imates have 
been made o f  annual f u e l  demands i n  each o f  these i n d u s t r i e s .  
These es t imates  a r e  p r o v i d e d  i n  Table 3.10. 

The average annual consumption o f  fue lwood and charcoal  i n  
these i n d u s t r i e s  i s  2.66 GJ per  c a p i t a  f o r  wood and . l 5  GJ per  
c a p i t a  f o r  charcoa l .  Most o f  t h e  r u r a l  s e r v i c e  requi rements 
(e.g., h o s p i t a l  S and school S )  a r e  i n c l u d e d  under the  "commercial " 
s e c t o r  d e s i g n a t i o n .  

Commercial I n s t i t u t i o n a l  

Th is  s e c t o r  i n c l u d e s  a  number o f  energy u s i n g  a c t i v i t i e s  
i n c l u d i n g  school S, h o s p i t a l  S, o f f i c e  b u i l d i n g s ,  and h o t e l  S .  I t  
i n c l u d e s  a l s o  a  ca tegory  o f  " smal l  consumers", which r e f l e c t s  
commercial accounts w i t h  East  A f r i c a  Power and L i g h t ,  which a re  
too  small  t o  be accounted as l a r g e  i n d u s t r y  and too  l a r g e  t o  be 
accounted as i n f o r m a l  i n d u s t r y .  A l l  i n  a l l ,  t h e  commercial s e c t o r  
embraces 1.3 per  c e n t  o f  t o t a l  end-use energy demand w i t h i n  
Kenya. 

I n  s p i t e  o f  i t s  r e l a t i v e l y  small  magnitude as an element i n  
o v e r a l l  energy use, t h e  commercial s e c t o r  shows some i n t e r e s t i n g  
p r o p e r t i e s  which deserve mention. For  exampl e, a  h i g h  p r o p o r t i o n  
o f  schools  i n  Kenya a r e  r u r a l - b a s e d  board ing  school S, l a r g e l y  
i n a c c e s s i b l e  t o  such commerci a1 energy sources as e l  e c t r i  c i  t y .  
Woodfuel, and t o  a  l e s s e r  e x t e n t  charcoa l ,  a r e  employed i n  such 
schools  as p r i m a r y  f u e l s .  For t h i s  reason wood-based f u e l s  amount 
t o  83 per  c e n t  o f  t o t a l  consumption i n  t h e  schools  sub- sector .  

Tourism i s  a  major  source o f  f o r e i g n  exchange earn ings  i n  
Kenya, growing a t  an annual r a t e  o f  7  per  c e n t  between 1968-75. 
Indeed t h e  1979-1983 Development Plan s t a t e s  t h a t  every  e f f o r t  
w i l l  be made t o  inc rease  t h e  c o n t r i b u t i o n  o f  t o u r i s m  and w i l d l i f e  
t o  f o r e i g n  exchange earn ings .  While the  abso lu te  magnitude o f  
t o u r i s m ' s  c o n t r i b u t i o n  t o  energy use i s  n o t  l a r g e ,  we s h a l l  see 
t h a t  i t s  o r i e n t a t i o n  toward commercial f u e l s  o f f e r s  some scope 
f o r  c o s t - e f f e c t i v e  conserva t ion  measures (Chapter 6 ) .  

O f f i c e  b u i l d i n g s  and s e r v i c e s  a re  even more i m p o r t a n t  as an 
o r i g i n a t i n g  end-use i n s o f a r  as they  account f o r  a lmost  twenty per  
c e n t  o f  t o t a l  e l e c t r i c i t y  consumption. Here too  the  p o t e n t i a l  f o r  
conserva t ion ,  e.g., through more e f f i c i e n t  water  h e a t i n g  
i n s t a l l a t i o n s ,  i s  p romis ing .  



Table 3 .10  

RURAL COTTAGE INDUSTRY DEMAND (1980)  

Annual Consumption 
(1000 tonnes) 

Brewing 
P o t t e r y / B r i c k  
B1 acksmi t h s  
A g r i c .  Dry ing  
F i s h  Cur ing 
Tobacco 
Butchers 
Baking 
E a t i n g  P1 aces 
Poles 

Annual Consumption 
(GJ per  c a p i t a  r u r a l  ) 

I n d u s t r y  

900 - 
5 0 
- 23 (200 Wood) 

3 0 - 
20 - 
3 0 - 

200 23 (200 Wood) 
110 - 
140 16  (140 Wood) 
420 - 

Wood Charcoal Wood Charcoal 

To ta l  

A 

1900 62 (540 Wood) 2.27 . l 5  



The 1980 breakdowns a r e  d i s p l a y e d  i n  Table 3.11. 

Table 3.11 

1980 COMMERCIAL/INSTITUTIONAL CONSUMPTION 
(PJ) 

School s/Hospi t a l  s 
Woodf ue l  
Charcoal 
B o t t l e d  Gas 
Kerosene 
Residual  O i l  
E l e c t r i c i t y  
Sol a r  

O f f  i ces/Other SE 0.92 
B o t t l e d  Gas 0.04 
Kerosene 0.01 
Residual O i l  0.08 
E l e c t r i c i t y  0.78 
Sol a r  0.00 

Hote l  s 0.67 
B o t t l e d  Gas 0.14 
Kerosene 0.06 
Residual O i l  0.32 
E l e c t r i c i t y  0.16 
S o l a r  0.00 
WoodICharcoal 

Small Consumers 0.24 
E l e c t r i c i t y  0.24 

To ta l  4.21 

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

The t r a n s p o r t a t i o n  s e c t o r  i n  Kenya i s  a s i g n i f i c a n t  user  o f  
energy. T o t a l  1980 consumption o r i g i n a t i n g  i n  t h i s  s e c t o r  
amounted t o  45.38 m i l l i o n  g i g a j o u l e s ,  o r  13.7 per  c e n t  o f  f i n a l  
consumption. Consumption by the  t r a n s p o r t a t i o n  s e c t o r  i s  an 
i m p o r t a n t  component o f  commercial f u e l  requi rements.  O f  t h e  13.4 
m i l l i o n  b a r r e l s  o f  o i l  consumed w i t h i n  Kenya i n  1980, 6.0 m i l l i o n  
b a r r e l s  o r i g i n a t e d  i n  the  t r a n s p o r t  s e c t o r .  O f  t h e  rema in ing  uses 
o n l y  t h e  modern i n d u s t r i a l  s e c t o r  proved a s i g n i f i c a n t  user  o f  



pet ro leum produc ts  a t  3.4 m i l l i o n  b a r r e l s ,  and 1 . 4  m i l l i o n  
b a r r e l s  a r e  used i n  r e f i n i n g  t h e  crude o i l .  Household 
consumption, l a r g e l y  i n  the  form o f  kerosene f o r  l i g h t i n g ,  
amounted t o  o n l y  8 per  c e n t  o f  t o t a l  consumption. Thus, i t  i s  
f a i r  t o  say t h a t  o i l - i m p o r t  burdens i n  Kenya a r e  l a r g e l y  a 
problem o f  t r a n s p o r t  demand. 

The Kenyan t r a n s p o r t  s e c t o r  i s  a lmos t  e n t i r e l y  a  user  o f  
l i q u i d ,  pe t ro leum based f u e l s .  Only i n  t h e  t r a n s p o r t  o f  o i l  v i a  
p ipe1 i n e  i s  t h e r e  ev idence o f  s i g n i f i c a n t  e l e c t r i c i t y  use, f o r  
example. I t  shou ld  be noted, however, t h a t  o n l y  inan imate  sources 
o f  energy have been considered here. Animal and human power f o r  
t r a n s p o r t  a r e  i m p o r t a n t  a d d i t i o n a l  sources. 

Mechanized t r a n s p o r t  a c t i v i t y  i n  Kenya, though petro leum 
based, uses h i g h l y  d i v e r s e  forms i n c l u d i n g  gasol ine,  d i e s e l ,  
r e s i d u a l  o i l ,  and j e t  f u e l .  Consumption, moreover, i s  d i s t r i b u t e d  
among a wide v a r i e t y  o f  end-uses, as shown i n  Table 3.12. 

Conversions 

There a r e  t h r e e  i m p o r t a n t  i n t e r m e d i a t e  energy convers ion 
processes i n  Kenya a t  t h i s  t ime. They are, r e s p e c t i v e l y ,  the  
convers ion  o f  wood t o  charcoal ,  t h e  convers ion  o f  crude o i l  t o  
r e f i n e d  pe t ro leum products ,  and the  convers ion  o f  v a r i o u s  p r imary  
energy forms i n  t h e  g e n e r a t i o n  o f  e l e c t r i c i t y .  These a r e  d icussed 
below i n  t u r n .  

Charcoal P roduc t ion  

O f  t h e  20.0 m i l l i o n  tonnes o f  wood f u e l  consumed i n  Kenya i n  
1980, 7.3 m i l l i o n  tonnes were conver ted  t o  charcoal ,  and t h e  
rema in ing  12.7 m i l l  i o n  tonnes was b u r n t  d i r e c t l y  as f u e l .  
V i r t u a l l y  a l l  o f  t h e  charcoal  consumed i n  Kenya was produced i n  
t r a d i t i o n a l  ea r then  k i l n s  a t  a  r e 1  a t i v e l y  low e f f i c i e n c y .  
However, t h e  r e 1  a t i v e  w a s t e f u l  e a r t h  k i l n  p r o d u c t i o n  methods a re  
t h e  o n l y  a p p r o p r i a t e  methods f o r  many savannah areas where the 
c o s t  o f  t r a n s p o r t i n g  wood t o  e f f i c i e n t  modern k i l n s  o r  
t r a n s p o r t i n g  modern, mob i le  k i l n s  t o  t h e  wood i s  p r o h i b i t i v e .  The 
7.3 m i l l i o n  tonnes o f  p r imary  wood resource  was conver ted t o  
about  0 .7 m i l l i o n  tonnes o f  charcoal ,  thus t h e r e  appears t o  be a 
s u b s t a n t i a l  energy l o s s .  Indeed, i f  wood was b u r n t  d i r e c t l y  the re  
would be an energy saving, b u t  n o t  as much as f i r s t  appears. 

F i r s t ,  t h e  energy c o n t e n t  o f  charcoal  i s  about t w i c e  t h a t  o f  
fuelwood (33.1 g igagou les  versus 16 g i g a j o u l e s  per  tonne) .  Thus, 
charcoal  i s  more conven ien t  t o  use and cheaper t o  t r a n s p o r t  be-  
cause o f  h igher  energy i n t e n s i t y  per  u n i t  and lower  water  con ten t .  
Second, t h e  convers ion  e f f i c i e n c y  o f  charcoal  j i k o  i s  t y p i c a l l y  
about  t w i c e  t h a t  o f  t r a d i t i o n a l  open f i r e s  i n  Kenya. Therefore,  
the  apparent  1 0 : l  r a t i o  i n  favour  o f  wood i s  reduced t o  2 .5 : l  
when these two f a c t o r s  a r e  considered.  Th is  i s  i l l u s t r a t e d  i n  
F i g .  3.1. and F i g .  3.2. 



Table 3.12 

DISTRIBUTION OF ENERGY CONSUMPTION AMONG ALTERNATIVE 
TRANSPORT MODES WITHIN THE TRANSPORT SECTOR 

* O f  which 10.7 PJ was used by  i n t e r n a t i o n a l  f l i g h t s .  

T ranspor t  Mode 

P r i v a t e  Veh ic les  
Pub1 i c  Commercial Veh ic les  
( I n c l u d i n g  Mata tu )  
R a i l  
A i r  
P i  p e l  i ne 
Steamshi p 

T o t a l  

Energy Consumption 
(PJ) 

16.62 

13.11 
2.52 

11.89* 
0.05 
1.18 

45.38 

Percent  

36.6 

28.9 
5 .6  

26.2 
0 .1  
2.6 

100.0 



Figure 3.1 Overall Conversion - Fuelwood Versus Charcoal per Energy Unit 

Figure 3.2 Translates the above conversion ratios and gives a wood fuel energy flow for Kenya 
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I t  can  be seen, then,  t h a t  unde r  c u r r e n t  c o n d i t i o n s  and 
p r a c t i c e s  c h a r c o a l  use p l a c e s  a  g r e a t e r  bu rden  on wood r e s o u r c e s  
t h a n  use o f  f u e l w o o d  f o r  a  g i v e n  f i n a l  demand s e r v i c e d  (%about 
2.5 t o  1).  Losses i n  t h e  k i l n  c o n v e r s i o n  p rocess  f i g u r e  
p rom inen t1  y  i n  t h i s  r e 1  a t i v e  d i sadvan tage .  

D e s p i t e  t h e  o b s e r v a t i o n s  made above, t h e r e  a r e  i m p o r t a n t  
reasons  why c h a r c o a l  r ema ins  an a t t r a c t i v e  f u e l  i n  Kenya and 
p rom ises  t o  i n c r e a s e  i n  impor tance .  These reasons  a r e  a s s o c i a t e d  
w i t h  c u l t u r a l ,  economic,  geog raph i c  and demographic f a c t o r s .  
Charcoa l  usage i n  househo lds  i s  p r i m a r i l y  an u r b a n  and h i g h e r  
income phenomenon. F i r s t ,  s i n c e  t h e  e n e r g y  c o n t e n t  o f  c h a r c o a l  i s  
a b o u t  t w i c e  t h a t  o f  f ue lwood  p e r  u n i t  w e i g h t ,  conven ience  and 
economies i n  t r a n s p o r t ,  s t o r a g e  and use  make i t  d e s i r a b l e .  
Moreover,  t h e  h i g h e r  e f f i c i e n c i e s  o f  j i k o  add t o  t h e s e  economies. 
Urban a r e a s  a r e  l o c a t e d  a l o n g  m a j o r  t r a n s p o r t  r o u t e s  so t h a t  a  
w i d e r  wood r e s o u r c e  base ( p r i m a r i l y  i n  r a n g e l a n d s  and savannah) 
may b e  drawn upon, b e n e f i t t i n g  f r o m  t r a n s p o r t  economies. J i k o  use 
i s  c o n s i d e r e d  a  more c o n v e n i e n t  and a t t r a c t i v e  t e c h n o l o g y  than  
s i m p l e  wood b u r n i n g  and i s  g e n e r a l l y  an e x p r e s s i o n  o f  income 
m o b i l i t y .  F i n a l l y ,  t h e  commodity s t a t u s  o f  c h a r c o a l  makes i t  an 
a t t r a c t i v e  o p t i o n  t o  e n t r e p r e n e u r s  who can d e r i v e  incomes f r o m  
i t s  p r o d u c t i o n  and d i s t r i b u t i o n .  

Fuelwood i s  t h e  t r a d i t i o n a l  e n e r g y  sou rce  i n  r u r a l  Kenya f o r  
cook ing ,  h e a t i n g ,  l i g h t i n g ,  s o c i a l  and ce remon ia l  purposes.  I t  i s  
more r e a d i l y  a c c e s s i b l e  t o  t h e  r u r a l  p o p u l a t i o n  f o r  l o g i s t i c a l  
and economic reasons .  I t  has t h e  advantage o f  p r o v i d i n g  l i g h t ,  
a l o n g  w i t h  o t h e r  s e r v i c e s ,  where e l e c t r i c i t y  and ke rosene  a r e  n o t  
a v a i l  a b l e  o r  a f f o r d a b l e .  On t h e  o t h e r  hand, as l o c a l  sou rces  a r e  
d e p l e t e d ,  f u e l  wood use p1 aces i n c r e a s i n g  bu rdens  on n a t u r a l  
s t o c k s  o f  wood resou rces ,  househo ld  l a b o u r  t i m e  budgets ,  and 
perhaps s o i l  q u a l i t y  i n  a reas  where f o o d  p r o d u c t i o n  i s  c a r r i e d  
o u t .  However, compared t o  o t h e r  e n e r g y  fo rms  t h e  c o o k i n g  d e v i c e s  
have v e r y  l o w  e f f i c i e n c i e s  and a  l i t t l e  improvement  b o t h  i n  
f u e l w o o d  and c h a r c o a l  s t o v e s  w i l l  save a  c o n s i d e r a b l e  amount o f  
ene rgy .  

E l e c t r i c i t y  G e n e r a t i o n  

E l e c t r i c a l  e n e r g y  u t i l i z a t i o n  r e q u i r e s  two d i s t i n c t  
c o n v e r s i o n  p rocesses .  A t  t h e  end-use, e l e c t r i c i t y  d r i v e s  a  
v a r i e t y  o f  equ ipmen t  (motors ,  pumps, h e a t e r s ,  l i g h t b u l  bs, 
communicat ion  d e v i c e s ,  e t c . ) .  

The seconda ry  c o n v e r s i o n  s t a g e  i n v o l v e s  t h e  use o f  some 
p r i m a r y  e n e r g y  sou rce  such as o i l  o r  f a l l i n g  w a t e r  t o  gene ra te  
e l e c t r i c i t y .  Energy  l o s s e s  o c c u r  a t  each o f  t h e s e  two s tages  as 
w e l l  as i n  t h e  t r a n s m i s s i o n  and d i s t r i b u t i o n  o f  e l e c t r i c  power. 
E l e c t r i c i t y  g e n e r a t e d  b y  t h e  combus t i on  o f  p r i m a r y  f u e l  i s  l e s s  
e f f i c i e n t  t h a n  t h e  d i r e c t  use o f  t h a t  f u e l  due t o  t hese  
e f f i c i e n c y  l o s s e s ,  i n  p a r t i c u l a r  a t  t h e  secondary  c o n v e r s i o n  



stage where thermodynamic c o n s t r a i n t s  l i m i  t p r a c t i c a l  convers ion 
e f f i c i e n c i e s  t o  about  o n e- t h i r d  ( e l e c t r i c a l  energy o u t  t o  p r imary  
f u e l  i n ) .  However, e l e c t r i c i t y  possesses some unique o f f s e t t i n g  
advantages. I t  i s  energy o f  e x c e p t i o n a l l y  h i g h  q u a l i t y  which can 
be used as a source o f  b o t h  thermal and mechanical energy. 
Pr imary f u e l s  by  c o n t r a s t  a r e  o f t e n  l e s s  v e r s a t i l e .  For example, 
f a l l i n g  water  can be used as a mechanical source i n  the  form o f  
water  wheel S, b u t  n o t  as a d i r e c t  h e a t  source; coal  can be 
e a s i l y  burned f o r  heat,  b u t  o n l y  w i t h  d i f f i c u l t y  can i t  serve as 
a source o f  mechanical energy i n  t h e  f o r m  o f  a  steam engine. 
Steam engines a r e  r e l a t i v e l y  cumbersome and u n s u i t a b l e  f o r  many 
mechanical a p p l i c a t i o n s .  Indeed, the  v e r s a t i l  i t y  o f  e l e c t r i c i t y  
as a "mot ive f o r c e "  i s  a  p r i m a r y  reason why h i s t o r i c a l l y  i t  has 
been l i n k e d  t o  i n d u s t r i a l i z i n g  and d i v e r s i f y i n g  economies. 

A d d i t i o n a l  l y,  e l e c t r i c i t y  genera t ion  p e r m i t s  t h e  convers ion  
o f  h i g h l y  s p e c i a l i z e d  energy sources i n t o  a u s e f u l  energy form. 
The c o n t r o l l e d  f i s s i o n  r e a c t o r  i s  n o t  v e r y  u s e f u l  as a d i r e c t  
source o f  energy b u t  w i d e l y  used as an e l e c t r i c i t y  source. Wind 
power i s  harnessed u s e f u l l y  as an e l e c t r i c i t y  generator .  
P h o t o e l e c t r i c i t y  conver ts  sun1 i g h t  d i r e c t 1  y  i n t o  e l e c t r i c i t y .  
Even t h e  energy o f  t h e  ocean waves and o f  the  t i d e s  can be 
conver ted  i n t o  e l  e c t r i  c i  t y .  

The s u b s t a n t i a l  advantages o f  e l e c t r i c i t y  as an energy 
source suggest t h a t  t h e  e l e c t r i f i c a t i o n  o f  Kenya should be a 
s i g n i f i c a n t  p r i o r i t y  i n  Kenya's medium term development s t r a t e g y .  
E l e c t r i c i t y  i s  a  major  f a c t o r  i n  t h e  expansion o f  i n d u s t r i a l  
a c t i v i t y .  Furthermore, t h e  n a t u r a l  endowment i s  weighted i n  
favour  o f  energy goods which can b e s t  be u t i l i z e d  as a source o f  
e l e c t r i c  power. F o s s i l  f u e l s  a re  e n t i r e l y  imported, w h i l e  
h y d r o - e l e c t r i c  power and geothermal resources  a re  a v a i l a b l e  
domes ti c a l  l y .  

H y d r o e l e c t r i c  resources a re  e s p e c i a l l y  prominent  i n  Kenya 
r e 1  a t i v e  t o  o t h e r  sources o f  e l e c t r i c a l  genera t ion .  To ta l  
h y d r o e l e c t r i c  p1 anned p o t e n t i a l  i s  o f f i c i a l  l y es t imated  a t  1,115 
MW, approximate1 y  t h r e e  t imes e x i s t i n g  e l e c t r i c i t y  demand. O f  
t h i s  p o t e n t i a l ,  295 MW i s  now i n s t a l l e d  and 820 MW i s  planned. A t  
present ,  a1 l i n s t a l  l e d  h y d r o e l e c t r i c  c a p a c i t y  i s  assoc ia ted  w i t h  
t h e  Tana R i v e r  watershed (see Table 3 .13)  encompassing f o u r  
separate f a c i l  i t i e s .  Seventy per  c e n t  o f  p1 anned h y d r o e l e c t r i c  
development w i l l  a1 so tap  Tana R i v e r  wa te r .  A l l  hydro 
p o s s i b i l i t i e s  o t h e r  than those shown i n  Table 3.13 a re  o f  small  
s i z e  and o f  l i t t l e  consequence t o  t h e  o v e r a l l  energy balance. 
(See chap te r  6 f o r  more d i s c u s s i o n  on min i - hydro .  ) Another 
i n d i r e c t  source o f  hydro power cou ld  be v i a  i n t e r c o n n e c t i o n s  w i t h  
ne ighbour ing  c o u n t r i e s .  Kenya p r e s e n t l y  o b t a i n s  30 MW from the  
Uganda E l e c t r i c i t y  Board. Tanzania and t h e  Sudan o f f e r  
p o t e n t i a l l y  usab le  s i t e s  w i t h  l i k e l y  e x p o r t  p o t e n t i a l .  

Other than hydro power, a  s i g n i f i c a n t  n o n- f o s s i l  source o f  
e l e c t r i c a l  energy i n  Kenya i s  geothermal power. P1 anned 
developments o f  geothermal energy f o r  e l e c t r i c a l  genera t ion  a re  



Table 3.13 

HYDRO AND GEOTHERMAL RESOURCES (MW) 

Locat ion/Power S t a t i o n  

TanaIWanj i i  
K i  ndaruma 
Kamburu 
Gi t a r u  
Upper Rese rvo i r  (Mi t h i n g a )  
K1 ambere 
Mutonga 
Grand F a l l s  
Karura 
Adamson ' S  Fa1 l s 
Koreh 
Usuani 

To ta l  Tana 

Webuye F a l l s  
Kirnundi Conf luence 
Sondu 
Kapsowar 
Turkwel l Gorge 

To ta l  Other R i ve rs  

To ta l  1 I n s t a l  l e d  1 Planned 1 Exp lo i  tab1 e 
Capac i ty  Po ten t i  a1 P o t e n t i a l  

Geothermal 01 k a r i a  V a l l e y  
Other Areas 

To ta l  Geothermal 

Tota l  Power 295 820 1,565 



l i m i  t e d  t o  t h e  01 k a r i a  Val l y  s i t e s  where p o t e n t i a l  geothermal 
c a p a c i t y  i s  accounted as 500 MW. Another s tudy i d e n t i f i e s  
p o t e n t i a l  geothermal s i t e s  i n  the  v i c i n i t y  o f  Lakes Bogoria, 
Naivasha, El ementei ta, Magadi and Bar ingo (14) .  

C u r r e n t  l o a d  c h a r a c t e r i s t i c s  o f  t h e  e l e c t r i c i t y  consuming 
market  i n  Kenya, coupled w i t h  t h e  low c a p a c i t y  f a c t o r s  o f  hydro 
i n s t a l l a t i o n s  due t o  e r r a t i c  stream f l o w  and s i l  t a t i o n ,  i m p l y  the  
need f o r  supplementing baseload and peaking i n s t a l l a t i o n s  as we 
s h a l l  see i n  chap te r  5. These f a c i l i t i e s  p r e s e n t l y  employ e x o t i c  
f o s s i l  f u e l s  l a r g e l y  i n  the  forms o f  p a r a f f i n ,  r e s i d u a l  and 
d i s t i l l a t e  o i l s .  O f  p r i m a r y  impor tance i n  t h e  p r e s e n t  supply  
c o n f i g u r a t i o n  i s  t h e  o i l - f i r e d  steam genera to r  a t  Kipevu, 
Mombasa, r a t e d  a t  93 MW. The l o c a t i o n  o f  t h i s  baseload f a c i l i t y  
on t h e  c o a s t  o f  Mombasa y i e l d s  economies o f  t r a n s p o r t ,  as t h i s  
f a c i l i t y  i s  i n  t h e  neighborhood o f  Kenya's o n l y  o i l  r e f i n e r y .  
Other f o s s i l - f i r e d  p l a n t  i n c l u d e s  two u n i t s  t o t a l  i n g  26 MW o f  gas 
t u r b i n e  c a p a c i t y  and 23 MW o f  d i e s e l  u n i t s .  One o f  t h e  gas 
t u r b i n e  u n i t s  burns p a r a f f i n ,  r a t h e r  than  d i s t i l l a t e .  

As ide f rom t h e i r  r e l i a n c e  on impor ted  energy sources, t h e  
thermal g e n e r a t i n g  f a c i l i t i e s  i n  Kenya a r e  disadvantageous i n  
t h a t  t h e y  a r e  r e l a t i v e 1  y  i n e f f i c i e n t  i n  comparison t o  
s t a t e - o f - t h e - a r t  model S .  The e f f i c i e n c i e s  o f  e x i s t i n g  u n i t s  i n  
Kenya a r e  summarized i n  Table 3.14. T h i s  i s  due i n  p a r t  t o  t h e  
o l d e r  c o n d i t i o n  o f  many o f  these u n i t s  which has r e s u l t e d  i n  
cons iderab le  d e r a t i n g  o f  c a p a c i t y .  The p r e s e n t  r a t i o  o f  e f f e c t i v e  
year- long  c a p a c i t y  t o  nominal c a p a c i t y  accoun t ing  f o r  seasonal 
f l u c t u a t i o n s  i n  stream f l o w  i s  about  35 p e r  cent .  Th is  r a t i o  
c o u l d  be improved i f  t h e  watershed areas were p r o t e c t e d  f rom 
i n d i s c r i m i n a t e  c u l  t i v a t i o n ,  and t r e e s  were p r o t e c t e d  and 
r e p l a n t e d .  Conversely, i f  t h e  t r e e s  a r e  removed and t h e  l a n d  
c u l t i v a t e d ,  then  t h e  r i v e r  f l o w  may become v e r y  e r r a t i c .  Table 
3.15 summarizes t h e  c a p a c i t y  and g e n e r a t i o n  es t imates  f o r  1980 
norma l i zed  t o  average c o n d i t i o n s  o f  stream f low,  l o a d  shape and 
weather c o n d i t i o n s .  

Petroleum Produc t ion  

The e a s t  A f r i c a n  O i l  R e f i n e r y  began o p e r a t i o n s  a t  Mombasa i n  
1964. The des ign  c a p a c i t y  o f  t h e  f a c i l i t y  i s  4.2 m i l l i o n  tonnes 
per  year  o f  crude o i l ,  though the  ach ievab le  o u t p u t  appears t o  be 
around 3.6 m i l l i o n  tonnes p e r  year  (15) .  To date, Kenya en joys  no 
ind igenous p r o d u c t i o n  o f  crude o i l .  The q u a n t i t y  and v a l u e  o f  
impor ts  have inc reased  over  t ime  as shown f o r  s e l e c t e d  years  i n  
Table 3.17.(16) The p r i c e  r i s e s ,  o f  1973 and 1979, a r e  q u i t e  
s t r i k i n g .  

A l l  o f  t h e  crude o i l  processed i n  1980 o r i g i n a t e d  i n  t h e  
M idd le  East.  The r e f i n e r y  system c u r r e n t l y  does n o t  have t h e  
c a p a b i l i t y  o f  t r a n s f o r m i n g  t h e  h e a v i e s t  components o f  t h i s  crude 
i n t o  t h e  l i g h t e r  pe t ro leum produc ts .  The o u t p u t  m ix  i s  n o t  
matched t o  domestic demand i n  Kenya, as shown i n  Table 3.18. 



Table 3.14 

EFFICIENCIES OF EXISTING THERMAL GENERATING UNITS I N  KENYA 

l it 

pevu 

pevu 

pevu 

pevu 

~i r o b i  

ru th 

Type 

O i l  - f i r e d  
Steam 

O i l - f i r e d  
Steam 

O i l - f i r e d  
Steam 

Gas t u r b i n e  

Gas t u r b i n e  

D iese l  

Rated 
Capac i t y  

30 MW 
33 MW 

12.5 MW 
(2  ) 

5 MW 
(2  

12.2 MW 

15.7 MW 

30.1 MW 
6 u n i t s  

Fuel 

Residual 
O i l  

Res idual  
O i l  

Res idual  
O i l  

P a r a f f i n  

D i s t i l l a t e  

D i s t i l l a t e  

Kg/Kwh 

.30 

.39 

.51  

.43 

.43 

.29 

Thermal 
E f f i c i e n c y  

27.7% 

21.3 

16.3 

19.4 

19.4 

28.7 



Table 3.15 

1980 ELECTRIC GENERATION AND CAPACITY 

E l e c t r i c  s a l e s  c u r r e n t 1  y have t h e  s e c t o r a l  breakdowns shown 
i n  Table 3.16. 

Uganda Impor ts  
Hydro Power 
Combustion Turb ine  
D iese l  
O i l  Steam 

T o t a l  

Capaci ty  
(MW 

3 0 
300 

22 
19 
9 3 

464 

Genekation 
(10 KWH) 

333 
1100 

26 
2 6 

349 

1835 



Table 3.16 

1980 ELECTRIC ENERGY DEMANDS 

Sector  !Demand (106 KWH) I % 

Urban Household 
A g r i c u l  t u r e  
Commerci a1 
I n d u s t r y  
T r a n s p o r t a t i o n  
Transmiss ion and 
D i s t r i b u t i o n  Losses 



Table 3.17 

QUANTITY AND VALUE OF CRUDE OIL  IMPORTS 

t 

Year 

1965 
1970 
1975 
1980 

Q u a n t i t y  
(Thousand Tonnes ) 

1851 
2206 
2825 
3038 

Value 
( M i l l i o n  K f )  

9 .1  
11.0 
86.8 

281.7 



Tab1 e 3.18 

1980 M I X  OF REFINERY OUTPUT AND DOMESTIC DEMAND 

Product  

Gas O i l  and D iese l  O i l  
Kerosene 
Fuel O i l  and Bitumen 
Gas01 i nes 
LPG 

To ta l  

Demand % W t .  

27.6 
26.2 
24.8 
19.6 
1.8 

100.0 

Output  % W t .  

20.7 
14.8 
49.2 
14.5 

0.8 

100.0 



I n  essence, t o  meet kerosene and gas demand excess f u e l  o i l  
i s  produced. A  b e t t e r  match c o u l d  be achieved by  i n t r o d u c i n g  new 
c r a c k i n g  u n i t s  ( e i t h e r  hydro c r a c k i n g  o r  t h e  l e s s  expensive b u t  
l e s s  e f f e c t i v e  thermal c r a c k i n g )  which would reduce t h e  i m p o r t  
crude requ i rements .  

R e f i n e r y  o u t p u t  was supplemented i n  1980 by a  small  q u a n t i t y  
o f  impor ted  products ,  about  22.2 thousand tonnes o f  g a s o l i n e  and 
g a s o i l .  The excess r e f i n e r y  p roduc ts  a r e  i n  t u r n  expor ted.  The 
balance i s  shown i n  F i g u r e  3.3. 

Energy Resources Supp l ied  

The energy resources s u p p l i e d  t o  meet Kenya's energy demand 
i n  our  base year ,  1980, a r e  presented i n  Table 3.19. 

Note t h a t  t h i s  accoun t ing  o f  energy resources  exc ludes crude 
o i l  impor ts  r e q u i r e d  f o r  r e - e x p o r t a t i o n  o f  r e f i n e d  o i l  products .  
Only two sources o f  energy a r e  s i g n i f i c a n t  today, o i l  and wood 
which t o g e t h e r  comprise over  95 per  c e n t  o f  p r imary  energy 
requi rements.  As we s h a l l  see i n  chap te r  5, t h e  Base Case 
p r o j e c t i o n s  show a  growing dependence on these f u e l s  over  the  
n e x t  two decades and, i n  t h e  absence o f  p o l i c y  ac t ion ,  s e r i o u s  
u n c e r t a i n t i e s  r e g a r d i n g  t h e i r  s u f f i c i e n c y .  F i r s t ,  however, 
g r e a t e r  a n a l y t i c  d e t a i l  i s  r e q u i r e d  on t h e  wood resource i t s e l f  
t o  b e t t e r  understand i t s  r e g i o n a l ,  l a n d  use and supply  
c h a r a c t e r i s t i c s  i n  Kenya today.  



Figure 3.3 1980 Petroleum Balances - Thousand tonnes 
Million barrels 



Table 3.19 

ENERGY RESOURCES SUPPLIED 

% 

75.0 
0 .9  
2 . 1  

19.3 
2 . 1  
0 .3  
0.3 

100.0% 

1 
Ind igenous 

Wood 
Hydro 
Resi dues 

Impor ts  
Crude O i l  
Re f ined  O i l  
Coal 
E l e c t r i c i t y  

To ta l  

Q u a n t i t y  (PJ) 

332.6 
4 .0  
9 .3  

85.6 
9.3  
1 .4  
1 .2  

443.5 





CHAPTER 4. WOOD RESOURCES AND AGRICULTURE 

Wood resources  have t r a d i t i o n a l l y  p layed  an i m p o r t a n t  r o l e  
f o r  energy needs i n  e a r l y  stages o f  n a t i o n a l  economic 
development. As development proceeds t h e  emergence o f  more 
f l e x i b l e  so l  i d  and l i q u i d  f u e l s  and e l e c t r i c i t y  i s  expected t o  
d i s p l a c e  wood as the  major  p r imary  energy resource.  T h i s  i s  
espec ia l  l y t r u e  i n  urban areas as i n d u s t r i a l  and commercial 
a c t i v i t y  inc reases  and standards o f  l i v i n g  r i s e ,  i n  r u r a l  areas 
as a g r i c u l t u r e  i s  modernized and s c a l e  economies a r e  r e a l i z e d ,  
and as t r a n s p o r t a t i o n  and o t h e r  i n f r a s t r u c t u r e s  and s e r v i c e s  a re  
expanded. U n f o r t u n a t e l y ,  as b o t h  t h e  needs and c o s t s  f o r  impor ted  
f u e l  s  have been escal  a t i n g  r a p i d 1  y, con t inued  pressure on wood 
resources has r e s u l  ted.  The problems t h a t  emerge i n c l u d e  
inc reased  t ime a1 l o c a t e d  by r u r a l  househol ds t o  f u e l  wood 
ga ther ing ,  d e f o r e s t a t i o n  and the  p o t e n t i a l  d e t e r i o r a t i o n  o f  s o i l  
c o n d i t i o n s  and a g r i c u l  t u r a l  p r o d u c t i v i t y ,  and, i n  genera l ,  t h e  
p o t e n t i a l  f o r  d e s t a b i l  i z a t i o n  and d e v o l u t i o n  o f  t h e  r u r a l  
economy. A t  t h e  c e n t e r  o f  t h i s  s e t  o f  problems l i e s  the  
competi t i o n  between wood requi rements and a g r i c u l  t u r a l  p r o d u c t i o n  
requi rements f o r  scarce p r o d u c t i v e  land .  Thus, a v a i l a b i l i t y  o f  
and access t o  l a n d  f o r  b o t h  wood resources  and a g r i c u l t u r a l  
a c t i v i t y ,  and t h e  e c o l o g i c a l  c o n d i t i o n s  govern ing b o t h  wood and 
a g r i c u l t u r a l  o u t p u t  a r e  c r i t i c a l  aspects  o f  t h e  wood 
supplyldemand p i c t u r e  i n  Kenya. 

The p r e s e n t  and f u t u r e  supply  o f  wood resources i n  Kenya 
w i l l  depend on t h e  i n t e r a c t i o n  between wood demand, t h e  s tocks  
and y i e l d s  o f  woody biomass, the  competing uses o f  land,  
geographic  f a c t o r s  i n f l u e n c i n g  access t o  and t r a n s p o r t a b i l i t y  o f  
woodfuels, and socio-economic f a c t o r s  such as access t o  t o o l s ,  
household l abour economy and l and tenure.  These mutual l y  
c o n d i t i o n i n g  f a c t o r s  determine t h e  r a t e  a t  which wood resources 
a re  drawn down. T h i s  i s  i m p o r t a n t  since, due t o  the  supplyldemand 
i n t e r a c t i o n ,  wood i S n o t  a  s t r i c t l y  renewable resource  excep t  
under c o n d i t i o n s  o f  e i t h e r  n a t u r a l  abundance o r  wood management 
where supp ly  i S mai n t a i  ned above the  l eve1 s o f  demands. 

As has been shown, a t  p r e s e n t  the  demand f o r  wood resources 
i n  Kenya dominates t h e  o v e r a l l  energy requi rements o f  t h e  
n a t i o n a l  economy. A t  t h e  end-use l e v e l  wood and charcoal  
requi rements amount t o  more than 75 per  c e n t  o f  t o t a l  demand. The 
wood component o f  p r i m a r y  energy resource  requi rements s a t i s f i e s  
two major  c a t e g o r i e s  o f  demand. These are:  

(1) D i r e c t l y  consumed as fuelwood, p r i m a r i l y  i n  r u r a l  
households and t h e  r u r a l  economy. 

( 2 )  Consumed as charcoal  a f t e r  convers ion  i n  k i l n s ,  
p r i m a r i l y  i n  urban households. 



I n  a d d i t i o n  a  t h i r d  i m p o r t a n t  use, e s p e c i a l l y  i n  va lue  added 
terms, i s :  

( 3 )  Feedstock used i n  sawmi l ls ,  paper and p u l p  m i l l s ,  the  
panel i n d u s t r i e s ,  and i n d u s t r i a l  and r u r a l  c o n s t r u c t i o n .  

A breakdown o f  es t imated  1980 consumption i s  con ta ined  i n  Table 
4.1. 

Because o f  t h e  n a t u r e  o f  t h e  suppl y/demand i n t e r a c t i o n  f o r  
wood resources,  i t  i s  necessary t o  make these d i s t i n c t i o n s  
( i n c l u d i n g  a  f u r t h e r  d i s t i n c t i o n  between i n d u s t r i a l  and r u r a l  
c o n s t r u c t i o n )  i n  o r d e r  t o  a l l o c a t e  these demands p r o p e r l y  t o  the  
a p p r o p r i a t e  e c o l o g i c a l  and geographica l  resource  base. On the  
wood resource  s ide,  then, i t  i s  i m p o r t a n t  t o  d i s t i n g u i s h  th ree  
l e v e l s  i n  s p e c i f y i n g  a v a i l a b l e  wood resources  - geographic ( i . e .  
r e g i o n a l  ) ,  e c o l o g i c a l ,  and l and use category.  On t h i s  b a s i s  wood 
p r o d u c t i o n  c h a r a c t e r i s t i c s  can then be s p e c i f i e d  i n  terms o f  
s tocks  and annual y i e l d s  o f  woody biomass, and o ther  
c h a r a c t e r i s t i c s  i n f l u e n c i n g  the  r e l a t i o n s h i p  between resources 
and b o t h  l o c a l  and n a t i o n a l  demands. 

Land Use 

I n  s p e c i f y i n g  l a n d  use c h a r a c t e r i s t i c s  i n  Kenya, a t t e n t i o n  
was g i v e n  t o  geographica l  and e c o l o g i c a l  f a c t o r s ,  competi ng 
f u n c t i o n s ,  and socio-economic c h a r a c t e r i s t i c s  a1 l o f  which a f f e c t  
the  a v a i l a b i l i t y  o f  wood resources.  The l a n d  i n  Kenya was d i v i d e d  
accord ing  t o  t h r e e  h i e r a r c h i c a l  l e v e l  S :  p rov inces ,  e c o l o g i c a l  
zones w i t h i n  p rov inces ,  and land-uses w i t h i n  each e c o l o g i c a l  
zone. A d e s c r i p t i o n  o f  t h e  sources, methods, and r e s u l t s  o f  these 
c a l c u l a t i o n s  i s  g i v e n  i n  Volume 9. 

Seven p rov inces  were s p e c i f i e d  - C e n t r a l / N a i r o b i ,  Coast, 
Eastern, Nor theastern,  Nyanza, R i f t  Val l ey, and Western 
p rov inces .  Whi le  Kenya has g r e a t  d i v e r s i t y  i n  the  e c o l o g i c a l  
c h a r a c t e r  o f  i t s  land,  due p r i m a r i l y  t o  the  wide range o f  
a1 ti tudes and r a i n f a l l  regimes th roughou t  t h e  coun t ry ,  i t  was 
convenient ,  based upon e x i s t i n g  sources o f  data, t o  i d e n t i f y  
t h r e e  broad e c o l o g i c a l  zones - High P o t e n t i a l ,  Medium P o t e n t i a l ,  
Semi-Arid. These c a t e g o r i e s  and es t imated  l a n d  areas a r e  based 
p r i m a r i l y  upon da ta  from t h e  Large Farm Survey, t h e  I n t e g r a t e d  
Rura l  Survey, and t h e  Kenya Rangeland E c o l o g i c a l  M o n i t o r i n g  U n i t  
(KREMU) l and c l a s s i f i c a t i o n  systems. 

Table 4.2 p r o v i d e s  t h e  e c o l o g i c a l  zone breakdowns on a  
p r o v i n c i a l  and n a t i o n a l  b a s i s .  Note t h a t  on a  n a t i o n a l  b a s i s  o n l y  
about  twenty per  c e n t  o f  l a n d  i s  h i g h  o r  medium p o t e n t i a l .  These 
a re  t h e  l a n d s  upon which a l l  a g r i c u l t u r a l  p r o d u c t i o n  and a l l  
c losed  f o r e s t s  a re  p r i m a r i l y  l o c a t e d .  However, 70 per  cen t  o f  
t r e e  resources a re  on t h e  semi- ar id  lands .  I n  a d d i t i o n ,  t h e  h igh  
o r  medium p o t e n t i a l  l a n d  suppor t  the  b u l k  o f  the p o p u l a t i o n  and a 
l a r g e  p a r t  o f  n a t i o n a l  economic a c t i v i t y .  



Table 4.1 

1980 KENYA ESTIMATED k.1000 CONSUMPTION 

M i  l l i o n  Tonnes 
Roundwood E q u i v a l e n t  % 

Woodfuel 19.64 
Fuel wood (12.83)  
Charcoal (6 .81)  * 

I n d u s t r i  a1 Wood 0.77 ** 4 l 
l 
1 

* Energy l o s s  i n  convers ion  process i s  es t imated  a t  5.18 
m i l l  i o n  tonnes o f  wood e q u i v a l e n t .  

** I t  i s  es t imated  t h a t  0.30 m i l l i o n  tonnes o f  i n d u s t r i a l  
wood waste i s  used f o r  woodfuel and i s  thus a l r e a d y  
i n c l u d e d  i n  t h e  woodfuel t o t a l .  I n  a d d i t i o n ,  0.08 
m i l l i o n  tonnes o f  wood waste i s  n o t  used. 





Before  proceeding t o  descr ibe  i n  g r e a t e r  d e t a i l  t h e  r a t h e r  
l a r g e  number o f  l a n d  uses and t h e i r  areas, i t  i s  u s e f u l  a t  t h i s  
p o i n t  t o  h i g h l i g h t  t h e  p r e v a i l i n g  c o n d i t i o n s  o f  land-use i n  h i g h  
and medium p o t e n t i a l  l ands .  O f  t h e  twenty per  c e n t  o f  t o t a l  l and 
area, o r  11,305 thousand hectares,  i n  these e c o l o g i c a l  zones, 
about 25 per  c e n t  i s  p r e s e n t l y  cropped, about  40 per  c e n t  i s  
uncropped a g r i c u l t u r a l  l a n d  ( a  l a r g e  p o r t i o n  o f  which i s  
assoc ia ted  w i t h  g r a z i n g  requ i rements ) ,  and about  12 per  c e n t  i s  
i n  n a t u r a l  f o r e s t s  o r  p1 an ta t ions ,  e x c l u d i n g  f o r e s t  w i t h i n  the 
Nat iona l  Parks (61,000 ha) .  Table 4.3 p rov ides  these percentages 
on a  p r o v i n c i a l  b a s i  S .  

Other l and-uses which a r e  n o t  i n c l u d e d  i n  t h i s  t a b l e  i n c l u d e  
urban and r u r a l  s e t t l e m e n t  land,  parks  and reserves,  and 
rangeland.  Large areas o f  rangeland e x i s t  i n  medium p o t e n t i a l  
l a n d  i n  Coast and Eas te rn  p rov inces .  The s i g n i f i c a n c e  o f  t h e  
above f i g u r e s  i s  t w o f o l d :  f i r s t ,  they  show t h e  lands  assoc ia ted  
w i t h  the  e x i s t i n g  a g r i c u l t u r a l  and wood resource  bases; and 
second, they  i n d i c a t e  t h e  scope and c o n s t r a i n t s  i n  a t t e m p t i n g  t o  
expand these bases. S ince l a r g e  inc reases  i n  domestic food  
p r o d u c t i o n  a r e  necessary t o  meet t h e  needs o f  the  expanding 
popul a t i o n  and s i n c e  t h e  Development P1 an and Nat iona l  Food 
P o l i c y  t a r g e t  no convers ions o f  l a n d  under e x p o r t  crops and no 
f u r t h e r  d e s t r u c t i o n  o f  f o r e s t  l and, t h e  l i m i  t e d  p r o d u c t i v e  l and 
resources i n  Kenya must be a l l o c a t e d  and u t i l i z e d  e f f i c i e n t l y  i f  
food  and fue lwood requi rements a r e  t o  be s a t i s f i e d  i n  the  f u t u r e .  
The a g r i c u l t u r a l  and wood resource  p o l i c i e s  necessary t o  meet 
t h i s  cha l lenge  w i l l  be d iscussed i n  subsequent sec t ions  o f  t h i s  
v01 ume. 

A f u l l  l i s t  o f  t h e  e x i s t i n g  land-use types i n  Kenya t h a t  
have been s p e c i f i e d  i n  t h i s  s tudy  i s  g i v e n  i n  Table 4.4, where 
l a n d  areas a re  g i v e n  on a  p r o v i n c i a l  and n a t i o n a l  bas is ,  
aggregated over  e c o l o g i c a l  zones. 

The d e t a i l e d  r e g i o n a l  and e c o l o g i c a l  zone breakdown i s  g iven  
i n  Volume 1 o f  the  suppor t  m a t e r i a l ,  a long  w i t h  the  sources and 
methods o f  e s t i m a t i o n s .  Here, i t  i s  u s e f u l  t o  c l a r i f y  t h i s  t a b l e  
by drawing a t t e n t i o n  t o  t h r e e  p o i n t s .  

The f i r s t  p o i n t  concerns t h e  d i s t i n c t i o n  between 
a g r i c u l t u r a l  l a n d  use c a t e g o r i e s .  Large and small  farms a re  
broken down by t h e  average s i z e  o f  ho ld ing .  Twenty hectares was 
taken as t h e  d i v i d i n g  p o i n t  i n  accordance w i t h  pub l i shed  sources. 
Food crops i n c l u d e  a l l  l and p l a n t e d  t o  food, i n c l u d i n g  sugarcane. 
Temporary crops r e f e r  t o  temporary i n d u s t r i a l  crops, such as 
pyrethrum and c o t t o n .  Permanent crops a re  cash crops, 
p redominan t l y  c o f f e e ,  tea, and cashew nu ts .  Uncropped l a n d  i s  
uncul t i v a t e d  l and used f o r  g r a z i n g  and s o c i a l  a c t i v i t i e s .  

The second p o i n t  concerns t h e  d i s t i n c t i o n  between rangeland, 
savannah bush, and savannah grass.  Whi le  a l l  t h r e e  c a t e g o r i e s  
can, i n  f a c t ,  be cons idered  rangeland, t h i s  p a r t i c u l a r  name i s  
used t o  r e f e r  t o  u n c u l t i v a t e d  medium p o t e n t i a l  l a n d  t h a t  c o u l d  be 
c u l t i v a t e d  i n  t h e  f u t u r e .  Savannah bush r e f e r s  t o  semi- ar id  l a n d  





Cent ra l  North-  R i f t  
Land Use, Category N a i r o b i  Coast Eastern Eas te rn  Nyanza V a l l e y  Western T o t a l  

Large Farm I Food 
Laroe Farm 
I - ~ e m p .  Crops 25 6 
Large   arm I perm. c r o i s  38 33 13 
Large Farm I Uncropped 256 45 246 
Small Farm 1 Food ' 

Small Farm 
I Temporary 11 3 13 
Small   arm - 

Permanent 
Small Farm 

I Uncropped 128 132 902 664 403 353 2582 
Urban B u i i  t 

Rura l  B u l l  t 
I Env. 37 45 112 50 92 31 366 
Parks/  

Reserves* 121 1633 1245 53 35 562 1 3650 
N a t u r a l  F o r e s t s  I ( ~ x c l  ud ing  Nat. Parks)  205 118 132 3 653 56 1166 

P1 a n t a t i o n  

Savannah Bush 

Savannah Grass 

Range1 and 

* F o r e s t s  w i t h i n  
N a t i o n a l  Parks 



w i t h  a  canopy cover  o f  g r e a t e r  than two per  cent ,  w h i l e  savannah 
grass s i g n i f i e s  semi- ar id  l a n d  o f  l e s s  than two per  c e n t  canopy 
cover .  Whi le  these a r e  n o t  l a n d  use c a t e g o r i e s  p e r  se, they  were 
dev ised t o  be c o n s i s t e n t  w i t h  the  aims o f  t h e  s tudy.  

T h i r d ,  n a t u r a l  f o r e s t s  i n c l u d e  b o t h  the  areas assoc ia ted  
w i t h  non-commercial species ( i n c l u d i n g  bamboo) which a r e  used 
p r i m a r i l y  f o r  r u r a l  fuelwood and c o n s t r u c t i o n  p01 es, and 
commercial species which a re  used f o r  wood feeds tocks  i n  
c o n s t r u c t i o n ,  pu lp,  and paper i n d u s t r i e s .  P1 a n t a t i o n s  a re  d i v i d e d  
i n t o  woodlots  c o n t a i n i n g  euca lyp tus  and w a t t l e ,  which m a i n l y  meet 
woodfuel c o n s t r u c t i o n  needs. Other f o r e s t  p1 an ta t ions ,  i n c l u d i n g  
cypress and p i n e  f o r e s t s ,  a re  assoc ia ted  w i t h  c o n s t r u c t i o n  and 
i n d u s t r i a l  feeds tock  demands. Wood resources f o r  fuelwood 
requi rements a r e  found  more g e n e r a l l y  o u t s i d e  t h e  f o r e s t s  on 
a g r i c u l  t u r a l  and s e m i - a r i d  lands .  

Standing Stocks and Y i e l d s  o f  Wood Resources 

Es t imat ions  o f  s tand ing  s tocks and y i e l d s  o f  woody biomass 
f o r  t h e  v a r i o u s  r e g i o n a l  l a n d  types  i n  Kenya were made on the  
b a s i s  o f  surveys and measurements under taken by f o r e s t e r s  work ing 
on t h e  p r o j e c t  as w e l l  as recorded  s t a t i s t i c s .  (For  f u r t h e r  
d e t a i l s ,  readers  shou ld  consul t t h e  t e c h n i c a l  v01 umes). Three 
separate c a t e g o r i e s  o f  t h e  wood resource  base were i d e n t i f i e d  i n  
these procedures, each o f  which was f u r t h e r  broken down by 
r e g i o n ,  ecozone, and l a n d  type.  These t h r e e  a re :  wood resources 
i n  f o r e s t s  ( i n c l u d i n g  v a r i o u s  n a t u r a l  f o r e s t  types and 
p1 a n t a t i o n s ) ,  wood resources  i n  low p o t e n t i a l  l ands  ( p r i m a r i l y  
savannah and range lands)  compr is ing  more than e i g h t y  percen t  o f  
Kenya's l a n d  area, and wood resources  on h i g h  and medium 
p o t e n t i a l  l ands ( p r i m a r i l y  on t h e  v a r i o u s  a g r i c u l  t u r a l  l and 
types 

F o r e s t  s tocks  and y i e l d s  o f  woody biomass were es t imated  on 
t h e  b a s i s  o f  d e t a i l e d  knowledge o f  the  s p e c i f i c  f o r e s t  l a n d  
areas, t h e i r  e c o l o g i c a l  c h a r a c t e r i s t i c s ,  and t h e  c h a r a c t e r i s t i c s  
and c o n d i t i o n s  o f  t h e  v a r i o u s  species w i t h i n  each f o r e s t  area 
i d e n t i f i e d .  These i n c l u d e  the  average s i z e  and ages o f  t rees ,  
t h e i r  t y p i c a l  growth p a t t e r n ,  and t h e  c o n d i t i o n s  o f  management 
where a p p l i c a b l e .  I n  a d d i t i o n ,  i n  o r d e r  t o  e s t i m a t e  woody biomass 
by weight ,  t y p i c a l  v01 ume t o  we igh t  r a t i o s  were appl ied,  rang ing  
f rom 1.98 c u b i c  meters per  tonne f o r  cypress and p i n e  t o  1.06 
c u b i c  meters per  tonne f o r  mangrove. A l l  r a t i o s  were c a l c u l a t e d  
assuming 1 5  per  c e n t  m o i s t u r e  con ten t .  

Whi le  no separate l a n d  area w i t h i n  n a t u r a l  f o r e s t s  e x i s t s  
f o r  commercial species,  the  wood s tocks  and y i e l d s  f rom t h i s  
p o r t i o n  o f  n a t u r a l  f o r e s t s  were added s e p a r a t e l y  s ince  they  o f t e n  
d i f f e r  and a r e  p r i n c i p a l l y  a l l o c a t e d  t o  i n d u s t r i a l  and 
c o n s t r u c t i o n  feeds tock  uses. Moreover, due t o  the  p r o t e c t e d  
s t a t u s  o f  n a t u r a l  f o r e s t  t h e r e  may be g r e a t e r  i n c e n t i v e  and 



o p p o r t u n i t y  t o  app ly  management techniques here (e.g. t h i n n i n g )  
w i t h  t h e  o b j e c t i v e  o f  i n c r e a s i n g  s tocks and y i e l d s .  I t  should be 
no ted  t h a t ,  i n  genera l ,  d e s p i t e  the  p r i m a r y  use o f  these wood 
resources,  s u b s t a n t i a l  res idues  (more than  f i f t y  per  c e n t  o f  
t o t a l  wood o f f t a k e  l e f t  as branches and tops i n  t h e  f o r e s t  and 
c u t t i n g s  and scrap a t  t h e  m i l l s )  a re  a v a i l a b l e  f o r  fuelwood. An 
es t imated  0.27 m i l l i o n  tonnes o u t  o f  0.77 m i l l i o n  tonnes o f  
i n d u s t r i a l  wood i s  used as f u e l ,  b u t  more i s  a v a i l a b l e  f o r  use. 
Also, some o f  t h e  i n d u s t r i a l  wood p roduc ts  a r e  b u r n t  when t h e i r  
u s e f u l  l i f e  i s  over .  

N o n- i n d u s t r i a l  species ( i n c l u d i n g  scrub and bamboo) a re  
a v a i l  a b l e  f o r  fue lwood and c o n s t r u c t i o n  wood under c o n d i t i o n s  
when o t h e r  wood resources  more d i r e c t 1  y  access ib le  t o  the 
p o p u l a t i o n  a r e  exhausted. P1 a n t a t i o n s  have been d i v i d e d  i n t o  two 
groups: those such as cypress, p ine,  and o t h e r  species ( i n c l u d i n g  
some hardwoods) t h a t  a r e  used as i n d u s t r i a l  and c o n s t r u c t i o n  
feedstock;  and those (such as euca lyp tus  and w a t t l e )  which serve 
p r i m a r i l y  l o c a l  f u e l  and c o n s t r u c t i o n  requi rements.  The s tocks  
and y i e l d s  on e x i s t i n g  p1 a n t a t i o n s  r e f l e c t  c o n d i t i o n s  o f  v a r i o u s  
stages o f  m a t u r i t y .  Thus, i t  i s  expected t h a t  these w i l l  i nc rease  
over  t h e  n e x t  twenty years .  

Woody biomass resource  es t imates  f o r  h i g h  and medium 
p o t e n t i a l  l ands  were made on the  b a s i s  o f  mensurat ion surveys 
under taken i n  Kenya i n  1981 as p a r t  o f  t h e  p r o j e c t .  S i m i l a r l y ,  
t h e  wood resource  base i n  rangelands was es t imated  on t h e  b a s i s  
o f  d e t a i l e d  survey and a n a l y s i s .  These surveys a r e  descr ibed  i n  
Volumes 1 and 2 o f  t h e  t e c h n i c a l  a n a l y s i s .  Tables 4.5 and 4.6 
summarize t h e  r e s u l t s  o f  t h e  wood resource  e s t i m a t i o n s  made 
d u r i n g  t h e  course o f  t h e  p r o j e c t .  These r e s u l t s  a r e  presented on 
a  per- hec ta re  b a s i s  i n  o rder  t o  h i g h l i g h t  t h e  d i f f e r e n t  o v e r a l l  
e c o l o g i c a l  and land-use c o n d i t i o n s  on a  p r o v i n c i a l  b a s i s  i n  
Kenya. Tables 4.7 and 4.8, which f o l l o w ,  p r o v i d e  wood resource  
i n f o r m a t i o n  i n  terms o f  es t imated  p h y s i c a l  s tocks  and y i e l d s .  

Beyond t h e  immediate wood p r o d u c t i o n  c h a r a c t e r i s t i c s  o f  the  
v a r i o u s  l a n d  areas i n  Kenya, o t h e r  f a c t o r s  i n f l u e n c e  the  
r e 1  a t i o n s h i p  between t h e  a v a i l a b i l i t y  o f  wood resources and the  
demand f o r  these resources.  These i n c l u d e  t h e  geographic  and 
socio-economic c o n d i t i o n s  a f f e c t i n g  access t o  and movements o f  
wood and wood d e r i v e d  commodities. I n  p a r t i c u l a r ,  a l though  each 
l a n d  area produces g i v e n  q u a n t i t i e s  o f  wood, n o t  a l l  o f  t h i s  can 
serve t o  meet wood requi rements.  For each l a n d  type  a  parameter 
which measures a c c e s s i b i l i t y  t o  wood resources has been 
est imated.  The a c c e s s i b i l i t y  f r a c t i o n  i s  a  measure o f  a  more 
s p e c i f i c  r e l a t i o n s h i p  which i n c l u d e s :  d i s t a n c e  o f  p o p u l a t i o n  t o  
wood resources,  l i m i  t s  t o  household l a b o u r  t ime  budget a1 l o c a t e d  
t o  fue lwood ga ther ing ,  a v a i l  ab i  l i t y  o f  t o o l  s  and labour ,  and 
p r i v a t i z a t i o n  o f  l a n d .  We s h a l l  r e t u r n  t o  t h i s  concept below. 

As d iscussed e a r l i e r ,  each o f  the  ma jo r  c a t e g o r i e s  o f  wood 
demand i s  assoc ia ted  i n  a  p a r t i c u l a r  way w i t h  t h e  v a r i o u s  wood 
resource  bases. Fuelwood and r u r a l  c o n s t r u c t i o n  demands a r e  met 



K 
L  
0) 
C, 
VI 

S 

3 
C,-  
%-  
.r m 
E >  

m 
N 
K 
m 
h 
Z 

S 
l  L  
c 
W C ,  
L m  
0 m 
Z W  

t 
L 
aJ 
W  
VI 
m 
W 

W  
VI 
m 
0 
v 

\ 
7 .r 
m n  
L 0 
C, L 
S .r 
aJ m 
V Z  

W  
v, 
2 

Q 
S 
m 
-1 

aJ 
S 
0 

I B 1  

O O c n O O m O C  
~ r n c o b ~ e 4  . . . . . . . .  
O b N C O d C O 4 N  
4 m d W 0  

d 4 I I I I I I t I  I I I I I  

0 0 C O 0 0 0 0 0  0 0 C O 0 w 0  v2 m o w c  
w m m a m w ~ ~ o  ~ r n r n m m r -  m  

a . . . . . . .  . . . . . . .  . . U .  

W b m c  

~ r n - i m m m e a ~  m b a m d m  4 m m  4 ~n 
3 G d m L n  N m  N dQ1N 

4 4 4 I  l  

O O C O O O O C  Ln 
OCOcnNbOCO m  . . . . . . . .  
CObNW4T')CRLn 3 
d d W W N  N 

3 I I I I I I I  I I I I I  

> aJ 
+ C ,  L L 

E E - - a 0  S 
L L . r . r  VILL 0 
m m 3 3 4) 
L L L L ~ ~ ~ - W W  

- - . m o m  a - -  S v, L - W  
m- m m x  3-0 S 
L m ~n L W  o m 
m E X L m m 0 -  
- ~ m c r ~ a z x a  



Land Use 
Cent ra l  / Nor th-  R i f t  
N a i r o b i  Coast Eastern  Eastern  Nyanza V a l l e y  Western 

Large Farm 
Small Farm 
Rura l  B u i l t  
Urban Bui  l t 
Parks/Reserves 
Na tu ra l  F o r e s t  
Wood1 o t  
P1 a n t a t i o n  

Large Farm 
Small Farm 
Rura l  Bui l t 
Urban B u i l t  
Parks/Reserves 
Na tu ra l  F o r e s t  
P1 a n t a t i o n  
Range1 and 

Urban B u i l  t 
Parks/Reserves 
Na tu ra l  F o r e s t  
Savannah Bush 
Savannah Grass 

* V a r i a t i o n  between p rov inces  r e f l e c t s  v a r i a t i o n  i n  t h e  age and d i s t r i b u t i o n  o f  t r e e s .  



TOTAL WOOD STOCKS BY PROVINCE AND LAND TYPE (MILLION TONNES) 

Land Use Category 

Large Farm Food 
Large Farm Temp. 
Large Farm Perm. 
Large Farm Uncrpd. 
Small Farm Food 
Smal l Farm Temp. 
Small Farm Perm. 
Small Farm Uncrpd. 
Urban Bui l t Env. 
Rura l  B u i l t  Env. 
Parks/Reserves 
N a t u r a l  F o r e s t s  
Wood1 o t  
P1 a n t a t i o n  
Savannah Bush 
Savannah Grass 
Range1 and 

Cent ra l  / 
N a i r o b i  Coast 

Nor th-  
Eas te rn  Eas te rn  Nyanza 

R i f t  
V a l l e y  Western To ta l  

T o t a l  49.17 139.68 234.73 190.73 11.26 302.56 13.66 934.8 





by  l o c a l  wood resources  p r i m a r i l y  on a g r i c u l t u r a l  lands,  e x i s t i n g  
woodlots, res idues  f rom c o n s t r u c t i o n  and feedstock wood g a t h e r i n g  
and p rocess ing  a c t i v i t i e s ,  and as necessary f rom non-commercial 
species i n  n a t u r a l  f o r e s t s  f rom w i t h i n  r e g i o n s .  Charcoal demands, 
on t h e  o t h e r  hand, f rom each r e g i o n  a r e  met by wood resources. 
( a f t e r  convers ion  t o  c h a r c o a l )  f rom ne ighbor ing  r e g i o n s  as w e l l  
as t h e  r e g i o n  i t s e l f .  As a  measure o f  t h i s ,  a  m a t r i x o f  
i n t e r - r e g i o n a l  charcoal  movements has been developed t o  account 
f o r  such geographic  suppl y/demand r e 1  a t i o n s h i p s .  F i n a l  l y, 
i n d u s t r i a l  and c o n s t r u c t i o n  feedstock requi rements a r e  met on a  
n a t i o n a l  b a s i s  by  wood resources a v a i l a b l e  p r i m a r i l y  f rom managed 
f o r e s t  p l a n t a t i o n s ,  as w e l l  as f rom commercial species i n  n a t u r a l  
f o r e s t s .  These r e 1  a t i o n s h i p s  a re  geographic  and economic s ince  
t h e  commodity c h a r a c t e r  o f  charcoal  and the  p roduc ts  d e r i v i n g  
f rom wood feeds tocks  make i t  more c o s t - b e n e f i c i a l  t o  t r a n s p o r t  
these i terns. I n  a d d i t i o n ,  t h e r e  a r e  d i  seconomies i n  t r a n s p o r t i n g  
fuelwood over  l o n g  d is tances  under c u r r e n t  c o n d i t i o n s .  However, 
severa l  i n d u s t r i e s  such as tobacco c u r i n g  and t e a  d r y i n g  have 
overcome t h i s  o b s t a c l e  by  growing t h e  fuelwood near t h e  f a c t o r y .  
Also, t h e  economic t r a n s p o r t  d i s t a n c e  c o u l d  be inc reased  by 
p re- dry ing ,  d e n s i f y i n g  and p e l l e t i z a t i o n .  D e t a i l e d  c o s t  est imates 
a r e  con ta ined  i n  t h e  t e c h n i c a l  volume on economic p01 i c y  and wood 
resources.  

Land P r o d u c t i v i t y  i n  A g r i c u l  t u r e  

As we have st ressed,  t h e  energy problem cannot  be adequate ly  
addressed w i  t h o u t  c o n s i d e r a t i o n  o f  t h e  devel opmental c o n t e x t  
w i t h i n  Kenya. One o f  the  more p r e s s i n g  goa ls  expressed i n  the  
most r e c e n t  F i v e  Year Plan i s  the  a t t a i n m e n t  o f  s e l f - s u f f i c i e n c y  
i n  food  p roduc t ion .  The f a c t  t h a t  t h e  a r a b l e  l a n d  resources o f  
t h e  c o u n t r y  a r e  so l i m i t e d  i m p l i e s  t h a t  food  p r o d u c t i o n  
requi rements be taken as a  c o n s t r a i n t  w i t h i n  which t h e  energy 
needs o f  t h e  p o p u l a t i o n  must be met. I n  o rder  t o  do t h i s ,  i t  i s  
necessary f i r s t  t o  g e t  a  p i c t u r e  o f  t h e  c u r r e n t  food  requi rements 
and p r o d u c t i o n  p o s s i b i l i t i e s .  These requi rements can then be 
p r o j e c t e d  i n t o  t h e  f u t u r e  t o  see how l a n d  use p a t t e r n s  and 
t h e r e f o r e  p o t e n t i a l  woodfuel suppl i e s  w i l l  change t o  account f o r  
t h e  inc reased  demand f o r  food.  Because t h e  focus o f  t h i s  
m o d e l l i n g  e f f o r t  i s  on energy, rough es t imates  o f  food 
requi rements and a g r i c u l t u r a l  p r o d u c t i o n  a re  s u f f i c i e n t  t o  g i v e  a  
r e l a t i v e  p i c t u r e  o f  r e q u i r e d  l a n d  use adjustments.  

A f t e r  examinat ion o f  the  es t imates  f o r  f o o d  p r o d u c t i o n  and 
consumption t h a t  e x i s t  f o r  Kenya, i t  was decided t h a t  the  
es t imates  f rom t h e  Nat iona l  Food P o l i c y  Paper ( 1 7 )  a r e  the  most 
c o n s i s t e n t  and pose t h e  fewes t  d isc repanc ies .  Table 1 o f  t h a t  
paper g i v e s  es t imates  o f  p r o d u c t i o n  o f  t h e  n i n e  major  food 
p roduc ts  consumed i n  Kenya i n  1980. O f  these n i n e  products ,  o n l y  
seven were d i r e c t l y  asc r ibed  t o  t h e  l a n d  use accoun t ing  system 



used i n  t h e  a n a l y s i s ,  i . e .  a g r i c u l t u r a l  crops.  Meat and d a i r y  
p roduc ts  a r e  asssumed t o  be produced p r i m a r i l y  i n  uncropped 
a g r i c u l  t u r a l  l ands  and range1 ands. Some adjustments were a1 so 
made t o  i n c l u d e  a g r i c u l t u r a l  crops n o t  i n c l u d e d  i n  t h e  l i s t  f rom 
the  Food P o l i c y  Paper. The es t imates  o f  base-year f o o d  p r o d u c t i o n  
and requi rements a r e  p r o v i d e d  i n  Table 4.9. 

I n  o r d e r  t o  cap tu re  t h e  f u t u r e  a g r i c u l t u r e  o u t p u t  p r o p e r l y ,  
as l a n d  i s  b rough t  i n t o  p r o d u c t i o n  i n  d i f f e r e n t  reg ions  and farm 
types (e.g. small  h01 der  and l argehol d e r )  , es t imates  were 
developed o f  a g r i c u l  t u r e  p r o d u c t i v i t y  on an o u t p u t  per  hec ta re  
b a s i s .  A  summary i s  presented i n  Table 4.10 below. The 
d i f f e r e n c e s  can be a s c r i b e d  t o  a  combinat ion o f  d i f f e r e n t  c r o p  
mixes as w e l l  as t h e  v a r i a t i o n  i n  average l a n d  p r o d u c t i v i t y .  

Cur ren t  Wood Use P a t t e r n s  

As has a l r e a d y  been i n d i c a t e d ,  the  t o t a l  demand f o r  wood has 
t h r e e  components: f o r  fuelwood, f o r  wood t o  produce charcoal ,  and 
f o r  wood as i n d u s t r i a l  feedstock.  I n  t h e  base year, 1980, t o t a l  
demand f o r  wood has been es t imated  a t  20.82 m i l l i o n  m e t r i c  
tonnes, o f  which 12.83 m i l l  i o n  tonnes (61  per  c e n t )  was f o r  
fuelwood, 6.81 m i l l  i o n  tonnes (33 per  c e n t )  f o r  use i n  the  
p r o d u c t i o n  o f  charcoal ,  0 .4 m i l l i o n  tonnes (2  per  c e n t )  f o r  use 
as r u r a l  housebu i ld ing  and f e n c i n g  poles,  and 0 .8  m i l l i o n  tonnes 
f o r  i n d u s t r i a l  feeds tock  and c o n s t r u c t i o n  t imber .  However, an 
es t imated  0.3 m i l l i o n  tonnes o f  t h i s  wood i s  used as fuelwood and 
has a l r e a d y  been counted. T h i s  wood i s  s u p p l i e d  f rom resources 
t h a t  a re  found on the  v a r i o u s  l a n d  types i n  Kenya. Fuelwood i s  
drawn l a r g e l y  f rom t h e  s tand ing  t imber  on a g r i c u l t u r a l  land;  
charcoal  i s  drawn main1 y  f rom a g r i c u l  t u r a l  , range and bush1 and; 
and i n d u s t r i a l  feeds tock  i s  s u p p l i e d  p redominan t l y  f rom managed 
p l a n t a t i o n s  and commercial species i n  t h e  n a t u r a l  f o r e s t s .  Th is  
s e c t i o n  d iscusses t h e  c u r r e n t  supply  o f  and demand f o r  wood 
resources f o r  i n d u s t r i a l ,  fuelwood, and charcoal  purposes. Table 
4.11 c o n t a i n s  d e t a i l s  o f  t h e  n a t i o n a l  wood demand. 

Rura l  C o n s t r u c t i o n  Wood 

Rura l  c o n s t r u c t i o n  uses wood resources t h a t  g e n e r a l l y  do n o t  
come f rom l a r g e  managed p l a n t a t i o n s .  The sources o f  supp ly  f o r  
r u r a l  c o n s t r u c t i o n  o f t e n  c o i n c i d e  w i t h  fue lwood supply  sources. 
The requi rements f o r  wood i n  r u r a l  areas, f o r  po les  used i n  
f e n c i n g  and o t h e r  c o n s t r u c t i o n  purposes, comprised a  s i g n i f i c a n t  
p o r t i o n  o f  t o t a l  n a t i o n a l  wood resource demand. I t  i s  i n s t r u c t i v e  
t o  break o u t  t h i s  demand s e p a r a t e l y  f o r  a  number o f  reasons, 
r a t h e r  than, say, aggrega t ing  i t  w i t h  i n d u s t r i a l  
cons t ruc t ion- wood feeds tock  demand. F i r s t ,  t h i s  demand w i l l  
depend p r i m a r i l y  on r u r a l  p o p u l a t i o n  and i t s  expansion over  t ime.  



Table 4.9 

ESTIMATED FOOD PRODUCTION FOR BASE YEAR 1980 

> 

Est imated Produc t ion  
Crops (1000 Tonnes) 

Maize 1942+ 
Wheat F1 our  142 
SorghumIMi l l e t  369 
R ice  23 
Beans 140 
Potatoes 450 
Sugar 402* 
Other 971 

+ Accord ing t o  t h e  Sessional Paper, 1980 was an 
anomalously low year  f o r  maize p roduc t ion .  F o l l o w i n g  the 
suggest ion made there,  t h e  average o f  the  1976 and 1980 
f i g u r e  has been used here. 

* Sugar i s  i n c l u d e d  as n e t  r e f i n e d  sugar; the  cane t o t a l  
i s  about  4  m i l l i o n  tonnes. 



Table 4.10 

AGRICULTURAL PRODUCTIVITY (TONNESIHA) 

Nor th-  R i f t  
Category Cen t ra l  Coast Eas te rn  Eas te rn  Nyanza Val l ey Western 

\ 
Food 3.52 3.99 1.37 - 3.05 2.74 2.69 

I Temporary Crops 0.22 1.26 0.55 - 0.57 0.44 0.38 1 l 

- 1.25 V 
Permanent Crops 2.99 1.09 0.60 1.26 2.52 1 - 

I 





Moreover, i t  i s  a  l o c a l  demand s e r v i c e d  i n  t h e  main by l o c a l  wood 
resources.  F i n a l l y ,  the  resources p r o v i d e d  t o  meet t h i s  demand 
a r e  g e n e r a l l y  ob ta ined  f rom t r e e s  o u t s i d e  the l a r g e  f o r e s t  
p1 a n t a t i o n s  and commercial species i n  n a t u r a l  f o r e s t s ,  b o t h  o f  
which s e r v i c e  p r i m a r i l y  modern s e c t o r  c o n s t r u c t i o n  and feedstock 
demands. The r u r a l  c o n s t r u c t i o n  wood requi rements a re  met 
p r i m a r i l  y  f rom non-commercial species i n  n a t u r a l  f o r e s t s  
( i n c l u d i n g  bamboo), f rom t r e e s  o u t s i d e  t h e  f o r e s t s ,  and f rom 
smal l  wood lo t  p l a n t a t i o n s  i n  r u r a l  areas. Thus, t h e  burden t h a t  
t h i s  demand p laces  on wood resources i s  d i s t r i b u t e d  d i f f e r e n t l y  
than i n d u s t r i a l / c o n s t r u c t i o n  wood feedstock demand. As such, we 
have i n t e g r a t e d  t h e  r u r a l  c o n s t r u c t i o n  demand w i t h  t h e  demand f o r  
woodfuel . 

The es t imates  o f  t h e  c u r r e n t  demand f o r  r u r a l  c o n s t r u c t i o n  
po les  i n  Kenya i s  about  420,000 tonnes o f  wood ( 6 . 7  PJ) .  Th is  
demand a lone  i s  about  t h e  same magnitude as t h e  f i n a l  demand o f  
a1 l t h e  i n d u s t r i a l  / c o n s t r u c t i o n  wood feeds tock  demands combined, 
and accounts f o r  about  2 per  c e n t  o f  t o t a l  n a t i o n a l  demand f o r  
wood resources  i n  Kenya. 

Feedstocks 

I n d u s t r i a l  wood and feedstock i n c l u d e s  a1 l m i l  l e d  l umber 
t h a t  i s  processed f o r  use as paper and pulp,  p a n e l l i n g ,  and urban 
c o n s t r u c t i o n .  The f i n a l  demand f o r  wood i n  t h i s  s e c t o r  i s  about 
0 .4 m i l l i o n  tonnes (6.5 PJ). However, about  0 .8  m i l l i o n  tonnes o f  
roundwood a r e  r e q u i r e d  t o  produce the  f i n a l  product .  Th is  i s  
i l l u s t r a t e d  i n  Table 4.12. 

S u b s t a n t i a l  q u a n t i t i e s  o f  waste i n  t h e  form o f  branches, 
tops, bark,  o f f c u t s  and sawdust e t c .  a r e  p o t e n t i a l l y  a v a i l  a b l e  
f o r  use and i t  i s  es t imated  t h a t  bou t  0.32 m i l l i o n  tonnes o u t  o f  
0.369 m i l l i o n  tonnes a re  i n  f a c t  used, thus t h e  e f f e c t i v e  demand 
f o r  i n d u s t r i a l  roundwood i s  o f  t h e  o rder  o f  0 .4 m i l l i o n  tonnes. 

E i g h t y - f i v e  per  c e n t  o f  the  base-year demand f o r  feedstock 
i s  met f rom the  s u s t a i n a b l e  y i e l d  o f  the  managed p l a n t a t i o n  areas 
i n  Kenya. The rema in ing  f i f t e e n  per  c e n t  i s  taken f rom e x i s t i n g  
commercial species found i n  the  n a t u r a l  f o r e s t  areas. 

The base-year demand f o r  fuelwood, 12.83 m i l l i o n  tonnes, 
represen ts  l a r g e l y  the  demand f o r  r u r a l  energy consumption i n  
bo th  tne  domestic and i n d u s t r i a l  s e c t o r s .  As mentioned e a r l i e r ,  
t h i s  wood i s  drawn f rom t h e  s tand ing  t imber  rema in ing  on 
a g r i c u l t u r a l  land,  uncropped land, and rangeland accord ing t o  the  
p r o p o r t i o n  o f  t h a t  t imber  deemed t o  be access ib le .  U n l i k e  
feedstock demand, fue lwood demand must be s a t i s f i e d  f rom l o c a l  
sources. A  ru le- o f- thumb i n  t h e  East  A f r i c a n  c o n t e x t  i s  t h a t  
wood can be economica l l y  t r a n s p o r t e d  o n l y  f o r  d i s tances  l e s s  than 
e i g h t y  k i l o m e t e r s  by road.  For t h i s  reason, i t  i s  assumed i n  the  
a n a l y s i s  t h a t  the  r e g i o n a l  demand f o r  fuelwood i s  met p r i m a r i l y  
by s u p p l i e s  w i t h i n  the  p rov inces .  People g e n e r a l l y  do n o t  t r a v e l  



Table 4.12 

DEMAND FOR INDUSTRIAL/CONSTRUCTION WOOD FEEDSTOCK (1980) 
UNITS 1000 TONNES 

Product  

I n d u s t r i a l  Poles 
P i  tsawn Timber 
Machinesawn 
Timber 
Panel Products  
Pu lp  (and paper)  

To ta l  

Roundwood Wood i n  F i n i s h e d  
Requirements Product  Waste 

60 5 0 10 
140 55 85 

275 125 150 
40 2 6 14 

255 153 102 

770 409 361 



l a r g e  d i s t a n c e s  t o  c o l l e c t  f i rewood.  The l i t t l e  wood t h a t  i s  
t r a n s p o r t e d  commerc ia l l y  i s  g e n e r a l l y  s u b j e c t  t o  t h e  80 Km l i m i t .  
Whi le  cases where fue lwood i S t r a n s p o r t e d  s i g n i f i c a n t  d is tances  
can be found, t h e y  a r e  few. 

The second f a c t o r  l i m i t i n g  t h e  a v a i l a b i l i t y  o f  wood f o r  
fuelwood i s  a c c e s s i b i l i t y ,  a  complex f a c t o r  f o r  t a k i n g  i n t o  
c o n s i d e r a t i o n  t h e  e f f e c t  o f  technology, t r e e  succession, l and 
p r i v a t i z a t i o n ,  and d i s t a n c e  on t h e  r u r a l  p o p u l a t i o n ' s  p o t e n t i a l  
fuelwood supply .  The f i r s t  component o f  a c c e s s i b i l i t y ,  the  
t e c h n o l o g i c a l  f a c t o r ,  i s  taken t o  r e p r e s e n t  t h e  p r o p o r t i o n  o f  
t r e e s  on a  g i v e n  l a n d  type  t h a t  can be c u t  by those h a r v e s t i n g  
t h e  fuelwood, (e.g., by  u s i n g  a  panga f o r  small  h o l d e r s )  p l u s  an 
a d d i t i o n a l  p r o p o r t i o n  t o  account f o r  branchwood and deadwood. The 
t e c h n i c a l  f a c t o r  i s  then  mu1 t i p 1  i e d  by  a  f a c t o r  r e p r e s e n t i n g  the  
l o c a t i o n a l  a c c e s s i b i l i t y  f o r  a  g i v e n  l and use type.  A c c e s s i b i l i t y  
i s ,  t h e r e f o r e ,  a  combinat ion o f  t h e  a b i l i t y  t o  h a r v e s t  wood and 
t h e  l o c a t i o n  o f  p o p u l a t i o n  c e n t e r s  r e l a t i v e  t o  those wood 
s u p p l i e s .  I t s  c a l c u l a t i o n  i n c l u d e s  no c o n s i d e r a t i o n  f o r  
p r i v a t i z a t i o n  as t h e  measure was designed t o  be a  maximum 
a c c e s s i b i l i t y  assuming t h a t ,  under c o n d i t i o n s  o f  s c a r c i t y ,  
households would o b t a i n  access t o  whatever woodstocks were 
a v a i l a b l e ,  e i t h e r  d i r e c t l y  o r  through commodi t i z a t i o n .  On 
sma l lho lder  l a n d  t h e  a c c e s s i b i l i t y  p r o p o r t i o n  ranges f rom 0.2 f o r  
Eastern p r o v i n c e  t o  0.6 f o r  Western p rov ince .  For  la rgeho lders ,  
t h e  p r o p o r t i o n  i s  0 .8 as they  a re  assumed t o  have g r e a t e r  
t e c h n i c a l  a c c e s s i b i l i t y .  The a c c e s s i b i l i t y  measure does n o t  take  
i n t o  account  t h e  p o s s i b i l i t y  t h a t  t e c h n o l o g i c a l  means f o r  
h a r v e s t i n g  fue lwood may change as s u p p l i e s  become i n c r e a s i n g l y  
scarce. F u t u r e  research  needs t o  focus  more c l o s e l y  on the  
determinants o f  a c c e s s i b i l  i t y  and i t s  impacts on f u e l  
a v a i l  ab i  l i t y .  

The demand f o r  charcoal  (6.81 m i l l i o n  tonnes o f  wood) 
represen ts  a  demand f o r  domestic energy t h a t  i s  predominant ly  
urban i n  na tu re .  Urban households depend h e a v i l y  upon charcoal  as 
a  source o f  energy f o r  cooking p r i m a r i l y  because o f  the  
n o n- t r a n s p o r t a b i l  i t y  o f  wood: charcoal  can bear t r a n s p o r t a t i o n  
whereas wood cannot.  Wood f o r  charcoal  comes p r i m a r i l y  f rom 
a g r i c u l t u r a l  l and, range1 and, and bush1 and, b u t  i t  i s  n o t  l i m i  t e d  
t o  l o c a l  sources as i s  t h e  demand f o r  fuelwood. I t  i s  f r e e  t o  
f l o w  between r e g i o n s  accord ing  t o  t h e  p r o p o r t i o n s  e s t a b l i s h e d  by 
a  charcoal  t r a n s p o r t  m a t r i x  developed on t h e  b a s i s  o f  es t imated  
i n t e r - r e g i o n a l  exchanges. The n a t i o n a l  demand f o r  charcoal  i s  
broken down p r o v i n c i a l l y  by the  p r o p o r t i o n  o f  t o t a l  urban 
p o p u l a t i o n  wh ich  i s  l o c a t e d  w i t h i n  each p rov ince .  I n  t h i s  way, i t  
i s  represen ted  as a  p redominan t l y  urban phenomenon. 

The charcoal  m a t r i x  i s  designed t o  r e p r e s e n t  t h e  p r o p o r t i o n  
o f  charcoal  consumed w i t h i n  one p rov ince  s u p p l i e d  f rom o u t s i d e  
p rov inces .  As such, i t  c o n t r o l s  t h e  f l o w s  o f  charcoal  w i t h i n  and 
between r e g i o n s .  For  every  prov ince,  t h e  m a t r i x  represen ts  the  
p r o p o r t i o n  o f  charcoal  which i s  s u p p l i e d  f rom t h a t  p rov ince  



i t s e l f ,  and t h e  p r o p o r t i o n  which i s  s u p p l i e d  f rom every  o ther  
p rov ince .  The p r o p o r t i o n s  a r e  based on f i e l d  observa t ion .  For 
C e n t r a l I N a i r o b i  p rov ince ,  t e n  per  c e n t  o f  the  charcoal  comes from 
w i t h i n  t h e  p rov ince ,  t h i r t y  percen t  comes f rom Eastern, and s i x t y  
percen t  f rom R i f t  V a l l e y .  These es t imates  were based on 
i n t e r v i e w s  w i t h  charcoal  dea le rs  i n  N a i r o b i  and ad jus ted  t o  
account f o r  o t h e r  c i t i e s  i n  t h e  p rov ince .  

The n a t i o n a l  supply  o f  and demand f o r  wood i s  broken down by 
p rov ince  and type  o f  wood-demand i n  Table 4.1. The t o p  p o r t i o n  o f  
t h e  t a b l e  g i v e s  t o t a l  woodfuel demand f rom w i t h i n  t h e  p rov ince  
and woodfuel e x p o r t s  ( i n  the  form o f  c h a r c o a l )  f rom t h a t  p rov ince  
t o  o t h e r  p rov inces .  These sum t o g e t h e r  w i t h  the  es t imates  o f  
feeds tock  demand w i t h i n  t h e  r e g i o n  t o  produce t o t a l  wood demand 
f o r  t h e  p rov ince .  The bot tom h a l f  o f  t h e  t a b l e  p rov ides  est imates 
o f  how these demands a r e  met. The f i r s t  f i g u r e  g i v e s  t h a t  p o r t i o n  
o f  r e g i o n a l  wood demand t h a t  i s  met through the  h a r v e s t i n g  o f  
s u s t a i n a b l e  y i e l d  f rom e x i s t i n g  woodstocks. The second f i g u r e  i s  
an e s t i m a t e  o f  t h e  q u a n t i t y  o f  wood demand t h a t  i s  met through 
the  c u t t i n g  o f  s tand ing  s tocks .  These two f i g u r e s  sum t o  equal 
t h e  p r o v i n c i a l  and n a t i o n a l  demand es t imates .  Note t h a t  the re  i s  
no s h o r t f a l l  i n  wood supp ly  f o r  t h e  base year .  While t h e r e  may be 
pockets o f  unmet demand i n  the  base year ,  as wi tnessed t o  by the 
p e r c e n t  o f  t o t a l  r u r a l  energy t h a t  i s  a t t r i b u t a b l e  t o  dung and 
c r o p  wastes ( 4  per  c e n t  o f  t o t a l  r u r a l  biomass consumption), 
supply  and demand a re  assumed t o  be i n  balance. 

Two p a t t e r n s  emerging f rom t h e  t a b l e  w a r r a n t  d i s c u s s i o n  a t  
t h i s  p o i n t .  The f i r s t  i s  t h a t  t h e  demand f o r  wood f rom o ther  
r e g i o n s  i s  s i g n i f i c a n t  i n  o n l y  f o u r  p rov inces :  Eastern, R i f t  
Va l ley ,  Western and Nor theastern.  Th is  i s  t h e  case because e x t r a  
charcoal  supply  i s  r e q u i r e d  f o r  the  c i t i e s  i n  surrounding 
r e g i o n s .  Eastern and R i f t  V a l l e y  a r e  charcoal  e x p o r t e r s  t o  
N a i r o b i ;  Western and R i f t  V a l l e y  supply  charcoal  t o  Kisimu; and 
Nor theas te rn  s u p p l i e s  a  small  amount o f  charcoal  t o  Mombasa. 
These p a t t e r n s  a r e  as would be expected f rom g iven  t r a n s p o r t a t i o n  
r o u t e s  and t h e  i n t e r r e g i o n a l  f l o w  o f  charcoa l .  

The second p o i n t  t o  emerge i s  t h a t  the  h i g h  p o p u l a t i o n  
d e n s i t y  p rov inces ,  Cen t ra l ,  Nyanza, and Western, have a l ready  
begun the  process o f  c u t t i n g  woodstocks. I n  each o f  the 
prov inces,  over  h a l f  o f  t h e  wood i s  s u p p l i e d  f rom e x i s t i n g  s tocks 
i n s t e a d  o f  s u s t a i n a b l e  y i e l d .  There i s  c u r r e n t l y  i n s u f f i c i e n t  
wood a v a i l a b l e  on a  sus ta ined  y i e l d  b a s i s  t o  meet a l l  o f  the  wood 
demand i n  t h e  r e g i o n s .  Woodstocks a re  be ing  c u t  a t  a  r a t e  which 
can o n l y  exacerbate t h e  f u t u r e  wood shor tage and l e a d  t o  f u r t h e r  
env i ronmenta l  degreda t ion .  The c u t t i n g  o f  wood stocks s i g n i f i e s  
the  beg inn ing  o f  a  process which leads  t o  a  more ser ious  s e t  o f  
s o c i a l  and envi ronmenta l  problems. 







CHAPTER 5 .  BASE CASE PROJECTIONS 

I n  t h e  p r e v i o u s  chapters,  t h e  c u r r e n t  (1980) p a t t e r n  o f  
Kenyan energy supply  and demand has been descr ibed.  The f u n c t i o n  
o f  t h a t  e x e r c i s e  was t w o f o l d :  f i r s t ,  t o  i l l u m i n a t e  t h e  p r e s e n t  
energy s i t u a t i o n  w i t h  r e s p e c t  t o  the  q u a n t i t a t i v e  l inkages 
between p r i m a r y  sources, convers ions and end-use demands; and, 
second, t o  p r o v i d e  a  d e t a i l e d  depar tu re  p o i n t  ( t h e  "base y e a r " )  
f o r  long- range p r o j e c t i o n s  o f  Kenya's energy f u t u r e  (demands, 
requi rements,  land- use p a t t e r n s ,  r e g i o n a l  wood shortages, e t c . ) .  
T h i s  s e c t i o n  descr ibes  those p r o j e c t i o n s .  

R e l i a b l e  f o r e c a s t s  o f  f u t u r e  energy supplyldemand p i c t u r e s  
r e q u i r e  two components. F i r s t ,  a  mathematical model i s  r e q u i r e d  
which i s  capable o f  a c c u r a t e l y  s i m u l a t i n g  the  r e a l  - w o r l d  
s t r u c t u r e  de te rmin ing  energy demand and resources.  For  t h i s  
i n v e s t i g a t i o n ,  a  computer-based system has been c rea ted  which i s  
designed f o r  d isaggrega ted  p r o j e c t i o n s  o f  end-use demand 
resources,  r e g i o n a l  biomass a v a i l  a b i l  i t y ,  l and-use c o n s t r a i n t s ,  
and so on. T h i s  p l a n n i n g  t o o l ,  t h e  LDC Energy A1 t e r n a t i v e s  
P lann ing  (LEAP) system i s  descr ibed  i n  t e c h n i c a l  volume 9. 

The second requ i rement  o f  a  r e 1  i a b l e  f o r e c a s t  i s  t h a t  i t  
i n c o r p o r a t e  a  s e l f - c o n s i s t e n t  and r e a l i s t i c  s e t  o f  assumptions on 
t h e  e v o l u t i o n  o f  t h e  p r i m a r y  d r i v i n g  v a r i a b l e s  which e f f e c t  t h e  
l eve1 and c h a r a c t e r  o f  energy requi rements.  Broadly  ca tegor i zed ,  
t h e r e  a r e  f i v e  ma jo r  c lasses  o f  v a r i a b l e s  e f f e c t i n g  t h e  e v o l u t i o n  
o f  energy demandlsupply p a t t e r n s :  

economi c  (income, t rade,  p r i c e s ,  e t c . )  

demographic (popul a t i o n ,  household fo rmat ion ,  
u r b a n i z a t i o n ,  e t c . )  

t e c h n o l o g i c a l  (equipment, processes, a g r i c u l  t u r a l  p r a c t i c e s ,  
e t c .  ) 

i n s t i t u t i o n a l  ( v a l  ues, customs, t e n u r i  a1 p a t t e r n s ,  e t c .  ) 

p01 i c y  ( r e g u l a t i o n ,  subsidy, p r i c i n g ,  
promotion, e t c .  ) 

These f i v e  dimensions, o f  course, a r e  n o t  independent, r a t h e r  
they a r e  m u t u a l l y  and i n t e r a c t i v e l y  c o n d i t i o n i n g .  A  p r o j e c t i o n  
r e q u i r e s ,  then, n o t  on1 y  a  capable mathematical s i m u l a t i o n  t o o l ,  
b u t  a n a l y t i c a l l y  i n t e r e s t i n g  assumptions on t h i s  c l u s t e r  o f  
v a r i a b l e s .  

The f u n c t i o n  o f  t h e  Base Case i s  t o  p r o v i d e  a  bench-mark f o r  
g u i d i n g  i n  the  development o f  energy p01 i c y  i n i t i a t i v e s .  I t  
should e s t a b l i s h  t h e  timeframe, type, and magnitude o f  problems 
emerging i n  energy s u f f i c i e n c y  under "business-as-usual"  



c o n d i t i o n s .  Therefore,  t h e  Base Case a t tempts  t o  i n c o r p o r a t e  bes t  
es t imates  o f  t h e  r e g u l  a r  u n f o l d i n g  o f  socio-economic v a r i a b l e s ,  
e.g. t a r g e t e d  economic growth, e v o l v i n g  demographic pa t te rns ,  
and, most i m p o r t a n t l y  here, c o n t i n u i t y  i n  Kenyan energy p01 i c y .  

As w i l l  become apparant  i n  t h e  f o l l o w i n g ,  t h e  Base Case 
p r o j e c t i o n  i s  n o t  a  r e a l i s t i c ,  o r  even p o s s i b l e  outcome. Major 
i n c o n s i s t e n c i e s  between demand and p o s s i b l e  supp ly  w i l l  r a p i d l y  
develop under t h e  assumptions adopted. The devel opment pa th  
o u t l i n e d  i n  the  Base Case p r o j e c t i o n  can t h e r e f o r e  n o t  r e a l l y  
happen. It i s  mere ly  developed here i n  o r d e r  t o  i l l u s t r a t e  t h e  
approximate t i m i n g  and s c a l e  o f  t h e  problems t h a t  a r i s e  ahead. 
Consis tency between demand and supp ly  r e q u i r e s  major  p o l i c y  
i n i t i a t i v e s ,  some o f  which w i l l  have t o  be i n i t i a t e d  w i t h i n  the  
near f u t u r e  i f  severe s o c i a l  d i s r u p t i o n  i s  go ing  t o  be avoided. 
The Base Case p r o j e c t i o n s ,  as developed i n  t h i s  Chapter, w i l l  
p r o v i d e  t h e  b a s i s  f o r  development o f  a  p r e s c r i p t i v e  P o l i c y  Case 
p r o j e c t i o n  w i t h  t h e  i n c l u s i o n  o f  energy programme t a r g e t s  which 
d e v i a t e  f rom business-as-usual assumptions. S p e c i f i c a l l y ,  the  
Base Case assumption o f  energy p o l i c y  c o n t i n u i t y  w i l l  be r e l a x e d  
and i t  w i l l  be suggested t h a t  unprecedented l e v e l  S o f  p01 i c y  
e f f o r t  a r e  r e q u i r e d  t o  a v o i d  se r ious  problems i n  t h e  f u t u r e .  But  
f i r s t ,  t h e  Base Case p r o j e c t i o n s  - and t h e  energy problems i t  
f o r e t e l l s  - a r e  descr ibed  below. 

Demand 

Base Case energy demand p r o j e c t i o n s  have been performed, 
u s i n g  the  LEAP system, t o  the  end o f  the  cen tu ry .  The key 
demographic and economic assumptions employed a r e  d iscussed l a t e r  
i n  t h i s  chap te r .  Here we summarize t h e  major  f o r e c a s t  f i n d i n g s .  

The growth i n  end-use demand i s  shown i n  F i g u r e  5.1. To ta l  
demand i s  p r o j e c t e d  t o  grow a t  an average annual growth r a t e  o f  
4.6 per  c e n t .  Wood and charcoal  end-use consumption grow a t  3 .8  
per  c e n t  and 5.9 per  c e n t  per  annum, r e s p e c t i v e l y ,  r e f l e c t i n g  an 
i n c r e a s i n g  t r e n d  toward u r b a n i z a t i o n .  O i l  consumption grows a t  
6 .1  per  c e n t  per  annum, f rom 15.4 m i l l i o n  b a r r e l s  a n n u a l l y  i n  
1980 t o  41.5 m i l l i o n  b a r r e l s  i n  2000. Sec to ra l  p r o j e c t i o n s  o f  
demand d isaggregated by f u e l  t ype  a r e  d i s p l a y e d  i n  Table 5.1. 
Because p r o v i s i o n  has t o  be made f o r  t o t a l  wood supply, n o t  j u s t  
woodfuel p r o j e c t i o n s  have been made f o r  r u r a l  po les  and 
i n d u s t r i a l  wood, and these a re  a l s o  g i v e n  i n  t h e  t a b l e  i n  terms 
o f  energy e q u i v a l e n t s .  Likewise, j e t  f u e l  t o  supply  i n t e r n a t i o n a l  
planes, w h i l e  n o t  domestic consumption, has s t i l l  t o  be planned 
f o r .  

Demographic Cons idera t ions  



Figure 5.1 Base - Case Forecast of 
End - Use Fuel Consumption 



Tab le  5 . 1  

BASE CASE SECTORAL PROJECTIONS ( P J )  

Leve l  /Year 1980 1985 1990 1995 2000 

SECTOR 
U r b a n H o u s e h o l  d 

Fuelwood 
Charcoa l  
B o t t l e d  Gas 
Kerosene 
E l e c t r i c i t y  

SECTOR 
R u r a l  Household 

Fuelwood 
Charcoa l  
B i  omass/Resi due 
Kerosene 
Ma ize  

SECTOR 
A g r i c u l t u r e  

D i e s e l  
E l e c t r i c i  t y  
P e t r o l  

SECTOR 
m a l  I n d  Urban 

Fuelwood 
Charcoa l  
Biornass/Resi due 
B o t t l e d  Gas 
Kerosene 0.07 0 .11  0 15 0 . 2 1  0 .27  
D i e s e l  
E l e c t r i c i  t y  
P e t r o l  

SECTOR 
P 

I n f o r m a l  I n d  R u r a l  
Fuelwood 
Charcoal  

SECTOR 
Large  I n d u s t r y  

Fue l  wood 
Lumber 
B o t t l e d  Gas 
Kerosene 
Res idua l  O i l  
Coal 
E l e c t r i c i  t y  

SECTOR 
P 

T r a n s p o r t a t i o n  
D i e s e l  
J e t  Fue l  
Res idua l  O i l  
E l e c t r i c i  t v  
P e t r o l  

SECTOR 
Cornmerci a1 

Fuelwood 
Charcoal  
B o t t l e d  Gas 
Kerosene 
Res idua l  O i l  
S o l a r  
E l e c t r i c i  t y  



The Kenyan p o p u l a t i o n  i s  growing more r a p i d l y  than any o t h e r  
n a t i o n a l  p o p u l a t i o n  i n  t h e  wor ld ,  a t  an annual r a t e  o f  3.9 per  
cent .  The p rox imate  e x p l a n a t i o n  o f  t h i s  h i g h  r a t e  o f  n a t u r a l  
i nc rease  i s  s imple:  f e r t i l i t y  l e v e l s  a r e  q u i t e  h igh,  w i t h  a  crude 
b i r t h  r a t e  o f  53 b i r t h s  per  thousand o f  popu la t ion ,  and m o r t a l i t y  
l e v e l s  a r e  low, w i t h  a  crude dea th  r a t e  o f  14 per  thousand. A 
deeper e x p l a n a t i o n  o f  t h e  r a p i d  r a t e  o f  p o p u l a t i o n  growth l i e s  i n  
the  h i s t o r i c a l  p a t t e r n  o f  economic development i n  Kenya, which 
has l e d  t o  expansion o f  h e a l t h  and medical s e r v i c e s  b u t  has n o t  
y e t  m o t i v a t e d  s i g n i f i c a n t  d e c l i n e s  i n  d e s i r e d  f a m i l y  s i z e .  

E s t i m a t i o n  o f  t h e  growth and s p a t i a l  d i s t r i b u t i o n  o f  t h e  
Kenyan p o p u l a t i o n  over  t h e  n e x t  twenty years  must be based upon a  
c a r e f u l  assessment o f  h i s t o r i c a l  changes i n  Kenya over  t h e  l a s t  
twenty years,  as w e l l  as some c o n s i d e r a t i o n  o f  t h e  demographic 
h i s t o r y  o f  c o u n t r i e s  a t  s i m i l  a r  l eve1 s  o f  economic development. 
Several i m p o r t a n t  p o i n t s  emerge f rom t h e  extended d i s c u s s i o n  o f  
these t o p i c s  i n  t h e  t e c h n i c a l  volume on i ssues  i n  energy p o l i c y .  

A  s e r i e s  o f  census r e s u l t s  and e x c e p t i o n a l l y  h i g h  q u a l i t y  
surveys show t h a t  f e r t i l i t y  l e v e l s  have inc reased  i n  Kenya over  
t h e  l a s t  15 years,  f rom a  t o t a l  f e r t i l i t y  r a t e  (average b i r t h s  
per  s u r v i v i n g  female)  o f  6.8 i n  1962 t o  8.1 i n  1978. Some o f  t h i s  
inc rease  may be a t t r i b u t e d  t o  improvements i n  maternal  h e a l t h  and 
concomitant  inc reases  i n  successfu l  pregnancies, b u t  c e r t a i n  
s o c i a l  changes, such as t h e  dec l  i n e  i n  polygamous marr iages, have 
a l s o  had a  p o s i t i v e  e f f e c t  on f e r t i l i t y .  As many researchers  have 
noted, t h e  economic i n c e n t i v e s  f o r  r e a r i n g  c h i l d r e n  remain q u i t e  
high, and t h e  "Knowledge, A t t i t u d e s ,  P r a c t i c e s "  Survey o f  1977/78 
showed v e r y  h i g h  l e v e l s  o f  d e s i r e d  f a m i l y  s i z e ,  a t  an average o f  
e i g h t  c h i l d r e n .  S tud ies  a l s o  show t h a t  expansion o f  f a m i l y  
p l a n n i n g  s e r v i c e s  has succeeded i n  improv ing  awareness o f  
c o n t r a c e p t i v e  techniques,  b u t  has n o t  c o n t r i b u t e d  s i g n i f i c a n t l y  
t o  f e r t i l i t y  d e c l i n e .  

F a i l u r e  t o  recogn ize  t h e  p e r s i s t e n c e  o f  h i g h  l e v e l s  o f  
d e s i r e d  f a m i l y  s i z e  has c o n t r i b u t e d  t o  a  tendency t o  overes t imate  
p o t e n t i a l  f o r  f e r t i l i t y  d e c l i n e  i n  Kenya. While severa l  
p r o j e c t i o n s  made i n  t h e  e a r l y  1970s were based on t h e  assumption 
t h a t  t h e  t o t a l  f e r t i l i t y  r a t e  (TFR) m i g h t  f a l l  t o  4  o r  even t o  3  
by t h e  year  2000, more r e c e n t  p r o j e c t i o n s  have exp lo red  t h e  
p o s s i b i l i t y  t h a t  t h e  TFR m i g h t  remain a t  approx imate ly  8  o r  even 
inc rease  by  t h e  year  2000. The e f f e c t  o f  improvements i n  maternal  
h e a l t h  on f e r t i l  i t y ,  however, have p robab ly  been f u l l y  r e a l i z e d ,  
and the  two f e r t i l i t y  scenar ios  t h a t  c u r r e n t l y  appear most 
p1 a u s i b l e  a re :  

( a )  d e c l i n e  i n  t h e  TFR t o  6  i n  t h e  year  2000, which i s  
p robab ly  t h e  most r e a l i s t i c  d e c l i n e  t h a t  c o u l d  be 
expected t o  accompany r a p i d  economic development, and 

( b )  c o n s t a n t  l e v e l s  o f  average f e r t i l i t y ,  which may p e r s i s t  
i f  economic development and u r b a n i z a t i o n  a r e  
i n s u f f i c i e n t  t o  reduce t h e  economic i n c e n t i v e s  f o r  
l a r g e  f a m i l i e s .  



L i f e  expectancy i n  Kenya has r i s e n  f rom an es t imated  40-45 years 
i n  1962 t o  48.5 i n  1969 t o  53.5 i n  1977. Many observers agree 
t h a t  an o v e r a l l  l i f e  expectancy o f  60 i s  l i k e l y  by  the  year  2000, 
a1 though s i g n i f i c a n t  i n t e r p r o v i n c i a l  d i f f e r e n c e s  i n  m o r t a l i t y  
w i l l  p robab ly  p e r s i s t .  I f  the  pace o f  economic development i s  
slowed, a n t i c i p a t e d  r e d u c t i o n s  i n  m o r t a l  i t y  may n o t  occur, 
l e a v i n g  m o r t a l i t y  l eve1 s e s s e n t i a l l y  unchanged. Because impor tan t  
h e a l t h  s e r v i c e s  a r e  a l r e a d y  i n  p1 ace, i t  i s  u n l i k e l y  t h a t  
m o r t a l i t y  w i l l  i nc rease .  

P a t t e r n s  and l i k e l y  t rends  o f  s p a t i a l  d i s t r i b u t i o n  o f  the  
Kenyan p o p u l a t i o n  a r e  more d i f f  i c u l  t t o  d iscern ,  l a r g e l y  because 
o f  inadequacies o f  e x i s t i n g  data.  Whi le  t h e  censuses o f  1962 and 
1969 p r o v i d e  a measure o f  l i f e t i m e  m i g r a t i o n ,  i t  was n o t  u n t i l  
t h e  1979 census t h a t  any ques t ions  r e l e v a n t  t o  c a l c u l a t i o n  o f  
annual m i g r a t i o n  r a t e s  were inc luded .  The 1979 r e s u l t  shows t h a t  
N a i r o b i  exper ienced n e t  immigra t ion  o f  10.6 per  c e n t  i n  t h e  year 
p reced ing  t h e  census, and Coastal and R i f t  p rov inces  a lso  
exper ienced n e t  ga ins.  They a l s o  suggest t h a t  the  c o u n t r y  as a 
whole exper ienced a n e t  immigra t ion  o f  50,000. The p a t t e r n  o f  
r e 1  a t i v e  p r o v i n c i a l  growth r a t e s  ( n o t  i n c l u d i n g  N a i r o b i  ) r e f l e c t s  
a s i g n i f i c a n t  amount o f  r u r a l - r u r a l  m i g r a t i o n  t o  R i f t  and Coastal 
p rov inces ,  and t h i s  i s  expected t o  d e c l i n e  i n  t h e  f u t u r e ,  as 
r u r a l  -urban m i g r a t i o n  becomes r e 1  a t i v e l  y  more impor tan t .  

Kenya remains a t  a  f a i r l y  modest l e v e l  o f  u r b a n i z a t i o n ,  w i t h  
15 per  c e n t  o f  t h e  p o p u l a t i o n  l i v i n g  i n  towns o f  2000 o r  more. 
U r b a n i z a t i o n  proceeded a t  an annual r a t e  o f  about  7.5 per  cen t  
between 1969 and 1979, a l though  changes i n  d e f i n i t i o n s  o f  urban 
boundar ies render  comparisons i n  h i s t o r i c a l  growth r a t e s  between 
p rov inces  q u i t e  d i f f i c u l t .  The M i n i s t r y  o f  P lann ing  and o ther  
sources e s t i m a t e  t h a t  approx imate ly  30 per  c e n t  o f  Kenya's 
p o p u l a t i o n  w i l l  be u rban ized  by t h e  year  2000. The percentage 
d i s t r i b u t i o n  o f  t h e  urban p o p u l a t i o n  between t h e  p rov inces  hinges 
l a r g e l y  upon assumptions r e g a r d i n g  N a i r o b i ' s  growth r a t e  over  the 
p e r i o d .  Whi le  N a i r o b i  c o u l d  inc rease  a t  an annual r a t e  o f  7  - 9 
per  c e n t  over  t h e  n e x t  20 years, e f f o r t s  t o  slow i t s  r e l a t i v e  
growth c o u l d  succeed i n  reduc ing  i t s  r a t e  o f  annual i nc rease  t o  5 
per  cen t .  The urban p r i o r i t i e s  o u t l i n e d  i n  t h e  Government o f  
Kenya's F o u r t h  Development Plan suggest t h a t  t h i s  i s  n o t  an 
un l  i k e l y  p rospec t .  

Changes i n  t h e  s i z e  o f  Kenyan households over t h e  n e x t  20 
years  a r e  q u i t e  probable.  I n  1979 average household s i z e  was 
approx imate ly  5.7 members. The h i s t o r i c  t r e n d  towards decreasing 
household s i z e  (abou t  8 per  c e n t  s i n c e  1969) i s  expected t o  
con t inue .  For  purposes o f  the  c u r r e n t  a n a l y s i s  t h e  f o l l o w i n g  
household s i z e  assumptions a re  used: urban households decreasing 
f rom 4.4 t o  4.0 persons per  household between 1979 and 2000 and 
r u r a l  households decreas ing  f rom 6.0 t o  5.5 over  the  same per iod .  
T h i s  decrease i n  household s i z e  w i l l  l e a d  t o  an inc rease  i n  per 
c a p i t a  consumption o f  household energy i f  the  e f f i c i e n c y  o f  



end-use devices remains constant ,  f o r  per  c a p i t a  consumption o f  
energy (and o t h e r  consumer goods) genera l  l y  decl  i nes w i t h  
i n c r e a s i n g  household s i z e .  Th is  f a c t  has been taken i n t o  account 
when f o r e c a s t i n g  househol d  energy, p01 es and sawnwood 
consumption. O f  course, i t  i s  d i f f  i c u l  t t o  a c c u r a t e l y  f o r e c a s t  
household s i z e .  The i n t e r p r e t a t i o n  t h a t  i s  adopted here, and 
documented i n  t h e  s u p p o r t i n g  t e c h n i c a l  volumes, assumes a  
c o n t i n u a t i o n  o f  c u r r e n t  demographic t rends .  Th is  i s  n o t  
n e c e s s a r i l y  go ing  t o  happen e s p e c i a l l y  i f  t h e  l a b o u r  shortage, 
i n c l u d i n g  a  shor tage o f  l abour f o r  f u e l  wood c o l  l ec t ion ,  f o r c e s  
r u r a l  people t o  have l a r g e r  f a m i l i e s .  

The p robab le  f u t u r e  t rends  descr ibed  above fo rm a  b a s i s  f o r  
a  s e r i e s  o f  p r o j e c t i o n s  o f  t h e  Kenyan p o p u l a t i o n  t o  the  year  2000 
name1 y, 

Case A: Constant  F e r t i l i t y ,  Constant  M o r t a l i t y .  

Case B:  D e c l i n e  i n  TFR f rom 8  t o  6, Constant 
Mor ta l  i t y .  

Case C: D e c l i n e  i n  TFR f rom 8  t o  6, i nc rease  i n  l i f e  
expectancy t o  60 years.  

Case D: Constant  F e r t i l i t y ,  i nc rease  i n  l i f e  
expectancy t o  60 years.  

A l l  o f  these cases make u n i f o r m  assumptions r e g a r d i n g  s p a t i a l  
d i s t r i b u t i o n  o f  t h e  popu la t ion ,  and u t i l i z e  1979 P r o v i n c i a l  l e v e l  
Census d a t a  as a  s t a r t i n g  p o i n t  f o r  a  c o h o r t  - components method 
p r o j e c t i o n  developed as p a r t  o f  the  LEAP system. D e t a i l s  on 
demographic assumptions a r e  descr ibed  i n  t h e  volume on i ssues  i n  
energy p01 i c y .  

An o p t i m i s t i c  v iew o f  Kenya's economic development p a t h  over 
t h e  n e x t  20 years  suggests t h a t  Case C i s  t h e  most l i k e l y  and i t  
i s  t h e  one used as p a r t  o f  ou r  Base Case p r o j e c t i o n s .  The Base 
Case p r o j e c t i o n s  i n d i c a t e  t h a t  Kenya's p o p u l a t i o n  w i l l  grow a t  
t h e  r a p i d  r a t e  o f  3.86 per  c e n t  annua l l y ,  w i t h  t h e  l o w e s t  growth 
o c c u r r i n g  i n  Nor theas t  p r o v i n c e  (2.36 per  c e n t )  and t h e  h i g h e s t  
i n  R i f t  p r o v i n c e  (5.11 per  c e n t ) .  Because o f  t h e  d e c l i n e  i n  
household s i z e ,  households w i l l  grow a t  t h e  s i g n i f i c a n t l y  more 
r a p i d  r a t e  o f  4.56 per  c e n t  annua l l y .  By t h e  year  2000, t h e  t o t a l  
p o p u l a t i o n  o f  Kenya w i l l  be 33,962,000 and 47 per  c e n t  o f  t h i s  
p o p u l a t i o n  w i l l  be under t h e  age o f  15. Base Case p r o j e c t i o n s  f o r  
p o p u l a t i o n  and households a r e  presented, r e s p e c t i v e l y ,  i n  Tables 
5.2 and 5.3 below. 



Tab le  5.2 
BASE CASE POPULATION PROJECTIONS 

SUMMARY POPULATION PROJECTIONS (THOUSANDS) 
KENYA - DECLINING MORTALITY, DECLINING FERTILITY - CASE C 

Year N a i r o b i  Nyanza N-East E a s t  C e n t r a l  Coast  West R i f t  T o t a l  

1979 
URBAN 828.  208. 60. 233. 129. 407. 106. 338. 2309. 
RURAL 0. 2436. 314. 2479. 2217. 936. 1727. 2902. 13011. 

T o t a l  828. 2644. 374. 2712. 2346. 1343. 1833. 3240. 15319. 

1980 
URBAN 882. 245. 65.  250. 139. 446. 121. 385. 2533. 
RURAL 0. 2493. 319. 2559. 2293. 968. 1772. 3048. 13452. 

T o t a l  882. 2738. 384. 2809. 2432 1415. 1893. 3432. 15985. 

1985 
URBAN 1190. 459. 93 347. 2 0 1  683. 210. 686. 3870. 
RURAL 0 .  2749. 343. 2976. 2716. 1127. 1993. 3867. 15771. 

T o t a l  1190. 3208. 436. 3323. 2916. 1811. 2202. 4553. 19640. 

1990 
URBAN 1549. 728. 127. 468. 282. 991. 321. 1122. 5589. 
RURAL 0. 2968. 365. 3436 3233. 1266. 2218. 4805. 18291. 

T o t a l  1549. 3696. 492 3904. 3516. 2257 2539. 5927. 23879. 

1995 
URBAN 1935. 1058. 167. 618. 390. 1371. 459. 1712. 7709. 
RURAL 0. 3161. 383. 3950. 3859. 1365. 2454. 5796. 20968. 

T o t a l  1935. 4219 550 4568. 4249 2736 2914. 7508 28678 

2000 
URBAN 2330. 1459. 212. 801 529 1821. 630. 2462. 10243. 
RURAL 0. 3330. 398. 4517 4584 1414 2704. 6772 23720. 

T o t a l  2330. 4789. 610 5318 5113 3236. 3333. 9233. 33962. 

Average Annual Growth Rates 1979-2000 

URBAN 5.05% 9.72% 6.18% 6 05% 6 95% 7.40% R.87% 9.91% 7 35% 
RURAL 0.0% 1.50% 1 1 4 %  2 9 0 %  3 .52% 1.99% 2.16% 4.12% 2.90% 

T o t a l  5 05% 2 87% 2 36% 3 264 3 78% 4 28% 2 89% 5.11% 3 .86% 



Tab le  5.3 
BASE CASE HOUSEHOLD PROJECTIONS 

SUMMARY HOUSEHOLD PROJECTIONS (THOUSANDS) 
KENYA - OECLINING MORTALITY, OECLINING FERTILITY - CASE C 

Year N a i r o b ~  Nyanza N-East  E a s t  C e n t r a l  Coast  West R ~ f t  T o t a l  

1979 
URBAN 188. 47. 14. 53. 29. 92. 24.  77. 525 
RURAL 0. 406. 52. 413. 369. 156. 288. 484 2168. 

T o t a l  188. 453. 66. 466. 399. 248. 312. 561.  2693. 

1980 
URBAN 201. 56. 15. 57. 32. 102.  28 88. 578. 
RURAL 0. 417. 53. 428. 384. 162. 296. 510 2251. 

T o t a l  201. 473. 68. 485. 415. 264. 324. 598 2829 

1985 
URBAN 278. 107. 22. 81. 47.  159. 49. 160. 903 
RURAL 0. 469. 59. 508. 464. 192. 340. 660. 2693. 

T o t a l  278. 576. 80. 589. 510. 352. 389. 820.  3595. 

1990 
URBAN 370. 174. 30. 112. 67. 236. 77. 268 1334. 
RURAL 0. 517. 64. 599. 563. 221. 387. 837. 3188. 

T o t a l  370. 691. 94. 711. 631. 457. 463. 1105. 4521. 

1995 
URBAN 472. 258. 41.  151. 95. 335. 112. 418. 1883. 
RURAL 0. 562 68. 703. 687. 243. 437. 1032 3732. 

T o t a l  472. 821. 109. 854. 782. 578. 549. 1449. 5614. 

2000 
URBAN 582. 365. 53. 200. 132. 455. 157. 615. 2561. 
RURAL 0. 606. 72. 821. 834. 257. 492 1231. 4313. 

T o t a l  582. 970. 125. 1022. 966. 712. 649 1847. 6873. 

Average Annual Growth Rates 1979-2000 

URBAN 5.53% 10.22% 6 .67% 6.53% 7.44% 7.89% 9.36% 10.41% 7.84% 
RURAL 0.0% 1.92% 1.56% 3.33% 3 95% 2 41% 2.58% 4.55% 3.33% 

T o t a l  5.53% 3.69% 3 11% 3.81% 4.30% 5.14% 3.55% 5.84% 4.56% 



Economic Growth and D i s t r i b u t i o n  Assumptions 

The LEAP system r e q u i r e s  t h a t  a c t i v i t y  l e v e l s  assoc ia ted  
w i t h  each end-use be p r o j e c t e d  s e p a r a t e l y  and t h a t  urban and 
r u r a l  income d i s t r i b u t i o n s  be s p e c i f i e d .  The general procedure 
used i n  deve lop ing  p r o j e c t i o n s  i s  t o  key a c t i v i t y  growth t o  one 
o f  a  number o f  p r i n c i p a l  demographic and economic v a r i a b l e s .  
These v a r i a b l e s ,  a l o n g  w i t h  t h e i r  p r o j e c t e d  growth r a t e s ,  a r e  
summarized i n  Tabl e  5.4. A1 though i t  would have been u s e f u l  t o  
t a k e  a  broader  measure than  GDP growth r a t e  t o  p r o j e c t  change, no 
such s t a t i s t i c a l  s e r i e s  t h a t  i s  a v a i l a b l e  f o r  Kenya can be used 
w i t h  conf idence.  Furthermore, i n  b u i l d i n g  an end-use ana lys is ,  an 
e f f o r t  t h a t  r e q u i r e s  t h e  i n t r o d u c t i o n  o f  a  new s t a t i s t i c a l  base, 
i t  was f e l t  t h a t  t h e  work would become t o o  unwie ldy  i f  new 
economic f o r e c a s t i n g  methods were in t roduced .  I n  p a r t i c u l a r ,  
e f f o r t s  were made t o  u t i l i s e  i n p u t - o u t p u t  models b u t  t h i s  was 
abandoned because o f  l a c k  o f  t i m e  s e r i e s  d a t a  and t h e  d i f f i c u l t y  
o f  r e s u l t  i n t e r p r e t a t i o n  which a p p l i e s  even t o  t h e  F i r s t  World 
s t u d i e s .  

F u t u r e  income d i s t r i b u t i o n  f r a c t i o n s  a r e  summarized i n  Table 
5.5.  C u r r e n t  income d i s t r i b u t i o n  curves f rom b o t h  urban and r u r a l  
households were c o n s t r u c t e d  on t h e  b a s i s  o f  a  s tudy  undertaken 
under t h e  auspices o f  t h e  World Bank. (18)  These d i s t r i b u t i o n  
curves were then  advanced a t  an annual growth r a t e  o f  1.6 per  
cen t .  (When combined w i t h  t h e  d i f f e r e n t  r u r a l  /urban abso lu te  
l e v e l  o f  income and t h e  urban m i g r a t i o n  p a t t e r n ,  t h i s  y i e l d s  an 
o v e r a l l  p e r  c a p i t a  income growth o f  2  per  c e n t  p.a. ). 

As no ted  above, g i v e n  these u n d e r l y i n g  demographic and 
economic assumptions, v a r i o u s  end-use a c t i v i t y  l e v e l s  were 
p r o j e c t e d  i n t o  t h e  f u t u r e  by key ing  them t o  these growth r a t e s  as 
a p p r o p r i a t e .  For  example, i t  was assumed t h a t  t h e  number o f  
i n f o r m a l  urban es tab l i shments  would grow a t  the  same r a t e  as 
urban p o p u l a t i o n .  However, one major  e x c e p t i o n  t o  t h i s  procedure 
shou ld  be noted:  f u t u r e  growth r a t e s  f o r  each modern i n d u s t r i a l  
s e c t o r  were d e r i v e d  d i r e c t l y  f rom 1978-82 p r o j e c t i o n s ,  assoc ia ted  
w i t h  t h e  F i v e  Year Development Plan. However, i n  l i g h t  o f  the  
o v e r a l l  performance t o  da te  which f a l l s  s h o r t  o f  these 
p r o j e c t i o n s ,  a  d i s c o u n t  f a c t o r  o f  3 pe r  c e n t  was a p p l i e d  t o  each 
sec to r .  P r o j e c t i o n s  f o r  s e l e c t e d  Base Case a c t i v i t y  measures are 
presented i n  Tabl e  5 .6  be1 ow. 

Expansion o f  A g r i c u l t u r e  

The r a p i d  p o p u l a t i o n  inc rease  expected d u r i n g  the  1980-2000 
p e r i o d  w i l l  p u t  a  heavy burden on t h e  use o f  t h e  l i m i t e d  areas o f  
p r o d u c t i v e  l a n d  i n  Kenya. The combined n a t i o n a l  o b j e c t i v e s  o f  
i nc reased  n u t r i t i o n a l  i n t a k e  and s e l f - s u f f i c i e n c y  i n  f o o d  can be 
achieved o n l y  by a  massive expansion o f  a g r i c u l t u r a l  p roduc t ion .  
Such expansion can occur  as a  r e s u l t  o f  b o t h  i n t e n s i f i c a t i o n ,  



Table 5 .4  

SUMMARY OF BASE CASE DEMOGRAPHIC AND ECONOMIC GROWTH ASSUMPTIONS 

. i a b l e  Name 
1980 1990 2000 Average 

Base Value Value Value Annual Growth 

Popu la t ion  - To ta l  
( M i l l i o n s )  

Popu la t ion  - Urban 
( M i l l i o n s )  

Popu la t ion  - Rura l  
( M i l l i o n s )  

Persons Per 
Household - To ta l  

Persons Per 
Household - Urban 

Persons Per 
Household - Rura l  

Gross Domestic 
Product  K: X 10 

Gross Domestic Product  
Per Cap i ta  K£ 



Table 5.5 

SUMMARY OF BASE CASE INCOME DISTRIBUTIONS 

Base Year 1990 2000 
V a r i a b l e  F r a c t i o n  F r a c t i o n  F r a c t i o n  

Urban 

Income Group 1 0.05 0.07 0.08 
Income Group 2 0.23 0.26 0.28 
Income Group 3 0.26 0.26 0.27 
Income Group 4 0.34 0 .31  0.30 
Income Group 5 0.12 0.10 0 .08  

Rural 

Income Group 1 0.16 0.19 0.22 
Income Group 2 0 .50 0.51 0.51 
Income Group 3 0.35 0.30 0.27 



Tab le  5.6 

SUMMARY OF BASE CASE PROJECTIONS FOR LEAP ACTIVITY MEASURES 

Base Year 1990 2000 Bas is  For  
Value Value Value P r o j e c t i o n  t y  Measure U n i t s  

ban Households M i l l i o n  Hh. 
r a l  Households M i l l i o n  Hh. 
r i c u l  t u r a l  M i l l i o n  Ha. 
fo rma l  I n d u s t r i a l  
t i v i  t y ,  Urban Number o f  F i rms  
fo rma l  I n d u s t r i a l  Rura l  Popu la t ion ,  
t i v i t y ,  Rura l  M i l l i o n  Pers.  

See Tex t .  

Urban P o p u l a t i o n  

Rural  P o ~ u l  a t i o n  

r g e  I n d u s t r i a l  A c t i v i t y :  
Food GDP O r i g i n a t i n g  M i l l i o n  

1980 Ki Schipper (Techn ica l  V o l )  
T e x t i l e s  
Paper 
Rubber 
Chemicals 
C lay lG lass  
Non Meta l1  i c  (Cement) " 
Metal P roduc ts  
T ranspor t  Equipment. " 
C o n s t r u c t i o n  
Other I n d u s t r y  

GOP 

a n s p o r t a t i o n :  
Auto & S t a t i o n  Wagon 
Pickups 
L o r r i e s  & Trucks 
BusesICoaches 
M in i  buses 
R a i l  -Passenger 
R a i l  - F r e i g h t  
AI rCommerc ia1  
Pi  pe l  i ne 
Steamships 

B i / l i o n  V e h i c l e  Km 

B i l l i o n  Passenger Km 
B i l l i o n  Tonne Km 
Thousand F11 h t s  
M i l l i o n  cu.m 9 
M i l l i o n  F r e i g h t  Tons 

N a t i o n a l  Popu la t ion  

GDP 
N a t i o n a l  Popu la t ion  
BDP 
GDP 

Assumed Constant  
GDP 

nmerc ia l  : 
School s IHospi  t a l  s  R e l a t i v e  A c t i v i t y  

R a t i o  t o  Base Year 
O f f i c e s I O t h e r  Serv.  
H o t e l s  (1000 beds)  A v a i l  a b l e  Beds 

N a t i o n a l  Popu la t ion  
Urban Popu la t ion  
Oev. P1 an. P r o j e c t i o n  
(7 .4%)  

Small Consumers R e l a t i v e  A c t i v i t y  
R a t i o  t o  Base Year Assumed Constant  



t h a t  i S, i nc reased  p r o d u c t i v i t y  o f  l and under c u l t i v a t i o n ,  and 
ex tens ion  o f  c u l  t i v a t i o n  i n t o  new l and. These o b j e c t i v e s  
themselves compete w i t h  y e t  another  n a t i o n a l  o b j e c t i v e ,  increased 
p r o d u c t i o n  f o r  e x p o r t .  The f o r e i g n  exchange earn ings  from 
a g r i c u l t u r a l  e x p o r t s  such as c o f f e e  and t e a  a r e  i m p o r t a n t  i n  
s t i m u l a t i n g  t h e  economy as a  whole, pu rchas ing  needed c a p i t a l  
goods and f u e l ,  and i n  t h e  process o f  expanding a g r i c u l t u r e  
i t s e l f .  

I n  t h e  p r e s e n t  s tudy  a  number o f  assumptions a r e  made i n  the 
Base Case t rea tment  o f  t h e  a g r i c u l  t u r a l  s e c t o r .  Whi le  t h e  focus 
here i s  n o t  on a g r i c u l t u r e  i t s e l f ,  i t  i s  necessary t o  under take 
t h i s  e x e r c i s e  f o r  two reasons: f i r s t ,  t o  complete t h e  p i c t u r e  o f  
t h e  Kenyan economy d u r i n g  t h e  p e r i o d  o f  i n t e r e s t ,  and second, t o  
i d e n t i f y  a  c o n s i s t e n t  s e t  o f  l a n d  use changes t h a t  would occur 
over  t h i s  per iod ,  e s p e c i a l l y  i n s o f a r  as these a f f e c t  o r  c o n s t r a i n  
energy requi rements and wood resource  a v a i l a b i l i t y .  Expansion o f  
a g r i c u l t u r e  c o u l d  reduce t h e  scope f o r  c e r t a i n  forms o f  wood 
p r o d u c t i o n  schemes even as i t  increases t h e  demand f o r  wood (e.g. 
f o r  c r o p  d r y i n g ) .  The f i g u r e s  used f o r  these p r o j e c t i o n s  r e f l e c t  
t h e  p o l i c y  o f  t h e  Government o f  Kenya. It shou ld  be noted 
however, t h a t  t h e r e  i s  a  general pe r  c a p i t a  d e c l i n e  i n  food 
p r o d u c t i o n  th roughou t  sub Saharan A f r i c a .  The a g r i c u l t u r a l  
p r o j e c t i o n s ,  t h e r e f o r e ,  a r e  o v e r - o p t i m i s t i c .  

It i s  assumed here t h a t  p r o d u c t i o n  o f  e x p o r t  crops w i l l  be 
inc reased  by  expanding t h e  l a n d  devoted t o  these c rops  by  50 per  
c e n t  over  t h e  n e x t  twenty years.  T h i s  w i l l  be achieved by 
b r i n g i n g  uncropped h i g h  p o t e n t i a l  l a n d  i n t o  p roduc t ion .  No 
inc rease  i n  p r o d u c t i v i t y  i s  assumed f o r  t h i s  ca tegory  as modern 
techniques a r e  a1 ready  i n  wide use and a d d i t i o n a l  p r o d u c t i o n  
c o u l d  be on l e s s  p r o d u c t i v e  l and. The Food P o l i c y  Paper has 
i d e n t i f i e d  some problems, such as s o i l  e ros ion ,  assoc ia ted  w i t h  
i n t e n s i v e  c u l t i v a t i o n  o f  some e x p o r t  crops i n  t h e  past .  
Accord ing ly ,  about  320 thousand hec ta res  w i l l  be conver ted  t o  
t h i s  use by t h e  year  2000. Food p r o d u c t i o n  f o r  domestic 
consumption i s  assumed t o  inc rease  i n  two ways. F i r s t ,  as 
i d e n t i f i e d  i n  t h e  Food P o l i c y  Paper g r e a t e r  p r o d u c t i v i t y  w i l l  be 
sought through i n t e r c r o p p i n g ,  m u l t i p l e  cropping,  a g r o f o r e s t r y ,  
and inc reased  f e r t i  l i zer, water ,  mechanical and o t h e r  i n p u t s ,  and 
ex tens ion  s e r v i c e s .  Whi le  the  p r e c i s e  m ix  o f  a p p r o p r i a t e  
programmes and techniques i s  y e t  t o  be determined, i t  i s  assumed 
here t h a t  a  p roduc t i v i , t y  inc rease  o f  50 per  c e n t  w i l l  be achieved 
by  t h e  year  2000. T h i s  would s t i l l  l e a v e  t h e  n a t i o n  f a r  s h o r t  o f  
food  s e l f - s u f f i c i e n c y .  Thus, a  massive inc rease  i n  l a n d  under 
f o o d  crops i s  assumed. On a  p rov ince- by- prov ince  bas is ,  once new 
l a n d  a l l o c a t e d  t o  e x p o r t  crops i s  est imated,  and t a k i n g  g raz ing  
requi rements i n t o  account, the  rema in ing  usab le  uncropped h igh  
and medium p o t e n t i a l  a g r i c u l t u r a l  l a n d  i s  assumed t o  be conver ted 
t o  f o o d  p r o d u c t i o n  over  t h e  1980-2000 per iod .  O f  course, i n  
a d d i t i o n  t o  f o o d  crops, meat and d a i r y  p r o d u c t i o n  would have t o  
inc rease  s u b s t a n t i a l l y  t o  meet growing f o o d  requi rements.  Thus, 



t h e  approaches i d e n t i f i e d  i n  the  Food P o l i c y  Paper, e.g. improved 
animal husbandry p r a c t i c e s ,  as w e l l  as inc reased  use o f  
rangelands would be r e q u i r e d .  

The assumptions embodied i n  the  Base Case t rea tment  o f  
a g r i c u l t u r e  a r e  summarized below i n  Table 5.7. 

The d e t a i l e d  p r o v i n c i a l  breakdowns and f u r t h e r  d i s c u s s i o n  
a re  p resen ted  l a t e r .  Here i t  i s  u s e f u l  t o  n o t e  t h a t  the  p r i n c i p a l  
expansion occurs i n  R i f t  V a l l e y  p rov ince  ( 1  m i l l i o n  hec ta res  
food, 0.32 m i l l i o n  hec ta res  e x p o r t  c rops) ,  and Coast p r o v i n c e  
(0.32 m i l l  i o n  a d d i t i o n a l  hec ta res  f o r  f o o d  p r o d u c t i o n ) .  F u r t h e r  
scope f o r  inc reased  a g r i c u l  t u r a l  o u t p u t  c o u l d  occur  i f  uncropped 
areas i n  medium p o t e n t i a l  l and, e.g. range1 and i n  Coast p r o v i n c e  
and some o f  t h e  semi- ar id  lands  o f  Eas te rn  p rov ince ,  were b rough t  
i n t o  p roduc t ion .  

F u t u r e  End-Use Demand 

Tables 5.8, 5 .9  and 5.10 below r e p o r t  Base Case p r o j e c t i o n s  
o f  s e l e c t e d  end-use demands. D iscuss ion  o f  subsector  and end-use 
c a t e g o r i e s  were p resen ted  i n  Chapter 3. 

Demand on Energy Resources 

The f u t u r e  requi rements on p r i m a r y  energy resources a re  
l i n k e d  t o  the  end-use demands j u s t  d iscussed by a  s e r i e s  o f  
convers ion  processes. A schemata o f  t h e  major  l i n k a g e s  i s  shown 
i n  F i g u r e  5.2. 

The l o n g  range Base Case p r o j e c t i o n s  f o r  t h e  convers ion  
processes themselves ( e l e c t r i c i t y ,  genera t ion ,  charcoal  
p roduc t ion ,  and o i l  r e f i n i n g )  a r e  d iscussed below f o l l o w e d  by a  
summary o f  p r o j e c t e d  energy resource  requi rements.  

Conversions 

The Base Case p r o j e c t i o n s  o f  e l e c t r i c a l  genera t ion  a re  
summarized i n  Table 5.11. The expansion o f  c a p a c i t y  f o r  hydro, 
geothermal and combustion t u r b i n e s  i s  taken a t  t h e  planned 
p o t e n t i a l  t a r g e t s .  O i l  steam i s  assumed t o  make up the  a d d i t i o n a l  
g e n e r a t i o n  requ i rements .  E l e c t r i c i t y  demand i s  p r o j e c t e d  t o  grow 
a t  6.7 per  c e n t  which would, i n  t h e  absence o f  conserva t ion  
e f f o r t s  o r  use o f  non- convent ional  f u e l s  f o r  generat ion,  r e q u i r e  
an inc rease  o f  over  1,100 MW by t h e  end o f  t h e  cen tu ry .  

The p r o j e c t i o n s  i n c l u d e  a d d i t i o n s  by  the  year  2000 as 
f o l l o w s :  Hydro E l e c t r i c  (550 MW), Geothermal (100 MW) and O i l  
Steam (486 MW). Re t i rement  o f  a l l  d i e s e l  generators  i s  a l s o  
assumed. O f  t he  hydro c o n s t r u c t i o n  planned, 220 MW a re  assoc ia ted  
w i t h  t h e  Tana watershed and 230 MW w i t h  o t h e r  r i v e r s .  The l a t t e r  
i n c l u d e s  the  amb i t ious  Turkwel Gorge p r o j e c t ,  which i s  p lanned t o  
y i e l d  60 MW o f  f i r m  power o u t  o f  a  t o t a l  c a p a c i t y  o f  100 MW. 



Table 5.7 

NATIONAL AGRICULTURAL GROWTH - BASE CASE 

Present  Land Added Produc t i  v i  t y  
Land (10  Ha.) By 2000 (10 Ha.) Inc rease  By 2000 

Food Crops 2.30 1.36 51% 

Expor t  Crops .65 .32 None 

To ta l  2.95 1.68 



Table  5 .8  

SELECTED BASE CASE END-USE FORECASTS - URBAN HOUSEHOLDS (PJ) 

~ h s e c t o r  End-Use 

Demand 

Fuel 1980 1990 2000 

lcome Group 1 Cooking, Water Heat ing ,  
Space Hea t i ng  

L i g h t i n g  
Other  

lcome Group 2 Cooking, Water Heat ing ,  
Space Heat ing  

L i g h t i n g  

Other  

come Group 3 Cooking, Water Heat inq, 
Space Hea t i ng  

L i g h t i n g  

Other  

)come Group 4 Cooking, Water Heat ing ,  
Space Heat ing  

L i g h t i n g  

Other  

)come Group 5 Cooking, Water Heat ing, 
Space Hea t i ng  

L i g h t i n g  

Other  

Wood 
Charcoal 
Kerosene 
Kerosene 
Charcoal 

Wood 
Charcoal 
Kerosene 
Kerosene 
E l e c t r i c i t y  
Charcoal 

Wood 
Charcoal 
Kerosene 
Kerosene 
E l e c t r i c i t y  
Charcoal 
E l e c t r i c i t y  

Wood 
Charcoal 
Kerosene 
E l e c t r i c i t y  
Kerosene 
E l e c t r i c i  t y  
Charcoal 
E l e c t r i c i t y  

Wood 
Charcoal 
Kerosene 
E l e c t r i c i  t y  
Kerosene 
E l e c t r i c i  t y  
Charcoal 
E l e c t r i c i t y  





Tab le  5.10 

SELECTED BASE CASE END-USE FORECASTS - OTHER SECTORS (PJ)  

Demand 
, e c t o r  End-Use Fuel  1980 1990 2000 

i g r i c u l  t u r e  Gasol i ne 
D i e s e l  
E l e c t r i c i t y  

n fo rmal  
n d u s t r y  Urban Process Heat Wood 

Charcoal  
Cooki ng Wood 

Charcoal  

n fo rmal  
n d u s t r y  Rura l  Brewing 

P o t t e r y l B r i c k  
B1 acksmi t h  
C u r i n g  
D r y i n g  
Shops 

Wood 
Wood 
Charcoal  
Wood 
Wood 
Wood 
Charcoal  
Wood 
Wood 
Wood 
Wood 
Charcoal  

Po les  
Tobacco 
Bak ing  
E a t i n g  P1 aces 

arge  I n d u s t r y  Process B o t t l e d  Gas 
Kerosene 
Res idua l  O i l  
E l e c t r i c i t y  

Feeds t o c k  Wood 
Mi s c e l  l aneous Wood 

r a n s p o r t a t i  on P r i v a t e  V e h i c l e s  G a s o l i n e  
Trucks  D i  e s e l  
Buses D i e s e l  
M i n i  bus Gas01 i ne 
R a i l  O i l  
A i r  ( I n t e r n a l  & 

E x t e r n a l  ) J e t  Fuel  

ommerci a1 
c h o o l  s /Hosp i  t a l  s  

Space C o n d i t i o n i n g ,  Wood 
L i g h t i n g  Charcoal  

B o t t l e d  Gas 
O i l  
El  e c t r i c i  t y  

' f  f i ces L i g h t i n g  E l e c t r i c i t y  .78  1.73 3.17 
01 1  .08  . l 8  .33 

o t e l  s  L i g h t i n q  Oi l .32 .64 1 . 3 1  
E l e c t r i c 1  t y  . l 6  .32 .65  
B o t t l e d  Gas . l 4  .28  .57 
Kerosene .06 . l 1  .23 

m a l l  Consumers A l l  E l e c t r i c i t y  .24 .24 .24 



Figure 5.2 Schema of Energy Flows 
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Tab le  5.11 

ELECTRICAL GENERATION (MW CAPACITY & GWh GENERATION) 
BASE YEAR PROJECTIONS 

Uqanda I m p o r t s  
C a p a c i t y  (MW) 30. 30. 30. 30. 30. 
Generat .  (GWh) 333. 237. 237. 237. 237. 

Hydro Power 
C a p a c i t y  (MW) 300. 450. 600. 725. 850. 
Generat .  (GWh) 1100. 1971. 2628. 3176. 3723. 

Geothermal 
C a p a c i t y  (MW) 0. 23. 45. 73. 100. 
Generat .  (GWh) 0. 59 .  118. 191. 263. 

Combust Tu rb ines  
C a p a c i t y  (MW) 
Generat.  (GWh) 

D iese l  
C a p a c i t y  (MW) 
Generat.  (GWh) 

O i l  Steam 
C a p a c i t y  (MW I 
Generat .  (GWh) 

T o t a l  E l e c t r i c  
Capac i t y  (MW) 
Generat .  (GWh) 



The Base Case does n o t  assume o p e r a t i o n  o f  two 15 MW 
geothermal f a c i l i t i e s  a t  O l k a r i a  V a l l e y .  T h i s  p r o j e c t  i s  
p r e s e n t l y  underway. A d d i t i o n a l  s i t e s  i n  t h e  01 k a r i a  area have 
y i e l d e d  es t imates  o f  an a d d i t i o n a l  144 MW o f  e x p l o i t a b l e  
p o t e n t i a l .  However, we have n o t  assumed t h a t  a l l  these w i l l  come 
o n- l i n e  i n  our  Base Case. Fur ther ,  a d d i t i o n a l  geothermal areas 
w i t h  326 MW o f  e x p l o i t a b l e  p o t e n t i a l  have been i d e n t i f i e d  south 
o f  Lake Bogor ia  and i n  t h e  Eburna area, n o r t h  o f  Lake Naivasha. 
High temperatures have a l s o  been found i n  sha l low boreholes near 
Lake El ementei ta, Lake Magadi and Lake Bar ingo.  Indeed, 
geothermal g e n e r a t i o n  f i g u r e s  t o  be a  major  source o f  f u t u r e  
energy. However, i n s o f a r  as t h e  e x a c t  magnitude o f  t h i s  
development i s  y e t  uncer ta in ,  t h e  p ruden t  course i s  t o  assume 
t h a t  f u t u r e  developments a r e  l i m i t e d  t o  t h e  01 k a r i a  f a c i l i t y  
p r e s e n t l y  under c o n s t r u c t i o n .  

Est imated r e t i r e m e n t s  a r e  based on t h e  s tandard p r a c t i c e  i n  
e l e c t r i c a l  systems p l a n n i n g  o f  t a k i n g  t h e  economic l i v e s  o f  
g e n e r a t i n g  f a c i l i t i e s  as 50, 25, and 15 years  f o r  hydro, 
o i l  -steam, gas t u r b i n e  and d i e s e l  p1 an ts  r e s p e c t i v e l y .  EAP&L, f o r  
instance,  proposed i n  1978 the  r e t i r e m e n t  o f  82.8 MW o f  c a p a c i t y  
by  1986. The Base Case shows o n l y  t h e  n e t  increment  i n  each c l a s s  
o f  p l a n t ,  equal t o  new p l a n t  l e s s  r e t i r e m e n t s .  

Capac i t y  f a c t o r s  (average t o  maximum power o u t p u t )  and 
e f f i c i e n c i e s  f o r  each type  o f  p l a n t  a r e  assumed t o  remain a t  
c o n s t a n t  l eve1 s  over  t h e  f o r e c a s t  hor i zon .  Conversion 
e f f i c i e n c i e s  f o r  o i l - f i r e d  f a c i l i t i e s  were r e p o r t e d  i n  Table 3.14 
f rom da ta  p r o v i d e d  i n  t h e  Na t iona l  Development P1 an. Capaci ty  
f a c t o r s  a r e  a  f u n c t i o n  o f  system o p e r a t i o n  and b o t h  p lanned and 
f o r c e d  outages. For  instance,  t h e  i r r e g u l a r  r a i n f a l l  p a t t e r n  
c h a r a c t e r i s t i c  o f  t h e  Tana watershed accounts f o r  t h e  e s t i m a t e  o f  
35 p e r  c e n t  f o r  t h e  c a p a c i t y  f a c t o r  assoc ia ted  w i t h  h y d r o e l e c t r i c  
genera t ion .  

Prospects  f o r  non- convent ional  sources o f  e l e c t r i c  
genera t ion  a r e  d iscussed  i n  Chapter 6. None a r e  found t o  have 
adequate ly  passed t h e  t e s t s  o f  a v a i l a b i l i t y ,  f e a s i b i l i t y ,  and 
c o s t - e f f e c t i v e n e s s  a t  t h i s  t ime  t o  w a r r a n t  i n c l u s i o n  i n  a  P o l i c y  
Case p1 anni  ng programme. 

We t u r n  now t o  t h e  convers ion  o f  wood t o  charcoa l .  
T r a d i t i o n a l  ea r then  k i l n s ,  f rom which a lmost  a1 l charcoal  used i n  
Kenya i s  produced, i n  t h e  absence o f  ma jo r  p01 i c y  i n i t i a t i v e s  
( t h e  Base Case), a r e  assumed t o  remain dominant throughout  the  
remainder o f  t h e  c e n t u r y .  The r e 1  a t i v e l  y low energy e f f i c i e n c y  o f  
t h i s  process (abou t  24 per  c e n t ) ,  o r  about  one t h i r d  o f  the 
maximum ( l ) ,  makes t h i s  a  h i g h  p r i o r i t y  problem as charcoal 
requi rements inc rease  r a p i d l y  over  t h e  n e x t  two decades. More 
e f f i c i e n t  k i l n s ,  however, a r e  cos t1  y  and r e q u i r e  economies o f  
s c a l e  i n  o p e r a t i o n  t h a t  a r e  n o t  s a t i s f i e d  by t h e  c u r r e n t  
p r a c t i c e s  o f  charcoal  p roduc t ion ,  done l a r g e l y  by small 
independent producers u s i n g  wood f rom i s o l a t e d  t r e e s  and scrubs 
on rangelands and savannah. Thus, d e s p i t e  growing charcoal 



requi rements,  ma jo r  i n t r o d u c t i o n  o f  more e f f i c i e n t  k i l n s  would 
most l i k e l y  have t o  be assoc ia ted  w i t h  more concen t ra ted  
p r o d u c t i o n  f rom l a r g e  fuelwood p1 a n t a t i o n s  o r  f o r e s t s .  

The f i n a l  convers ion  process t o  be considered here i s  the 
p r o d u c t i o n  o f  pe t ro leum produc ts  t o  meet f i n a l  consumption 
requi rements.  Base Case p r o j e c t i o n s  a r e  summarized i n  Table 5.12. 
The t a b l e  i n c l u d e s  a  summary o f  i n t e r n a l  uses where we see the  
r a p i d  o v e r a l l  growth r a t e  i n  i n t e r n a l  demand f o r  pet ro leum 
produc ts  (6.2 per  c e n t  p.a. ) d r i v e n  by t h e  l a r g e  i n d u s t r y ,  
t r a n s p o r t a t i o n ,  and e l e c t r i c i t y  genera t ion  sec to rs .  The r a p i d  
inc rease  i n  impor ted  r e f i n e d  o i l  r e f l e c t s  t h e  Base Case 
assumption o f  non-expansion o f  the  r e f i n e r y  c a p a c i t y .  Were 
r e f i n e r y  c a p a c i t y  added, then o f  course impor ted crude would 
s u b s t i t u t e .  A d d i t i o n a l l y ,  no c o n t r i b u t i o n  f rom domestic crude i s  
i n c l u d e d  i n  t h e  Base Case p r o j e c t i o n s .  U n t i l  t h e r e  i s  a  p o s i t i v e  
i d e n t i f i c a t i o n  o f  d o m e s t i c a l l y  a v a i l  a b l e  o i l  resources which can 
be economica l l y  e x t r a c t e d ,  p l a n n i n g  prudence d i c t a t e s  t h a t  no 
such resources  be assumed. 

( 1 )  The maximum t h e o r e t i c a l  convers ion  percentage i s  83 on an 
energy f o r  energy b a s i s .  Th is  i s  e q u i v a l e n t  t o  a  convers ion 
percentage o f  44 on a  (bone d r y )  w e i g h t  f o r  w e i g h t  r a t i o  
which r e p r e s e n t s  t h e  maximum amount o f  f i x e d  carbon i n  
c e l  l u l  ose. 

Forecas t  o f  Requirements 

F u t u r e  Base Case requi rements,  t a k i n g  account o f  p r o j e c t e d  
end-use demand-use demand and c o n v e r s i o n / d i s t r i b u t i o n  losses  i s  
summarized i n  Table 5.13. 

Here we see t h e  a n t i c i p a t i o n  o f  r a p i d  growth i n  Base Case 
energy source requi rements o f  4.9 per  c e n t  p .a.* , led by  growth i n  
t o t a l  o i l  requi rements a t  4.0 per  c e n t  p.a. and con t inued  
s u b s t a n t i a l  growth i n  wood requi rements a t  4.6 per  c e n t  p.a. 
Increases i n  wood used f o r  charcoal  p r o d u c t i o n  i s  notable,  
growing a t  6 .0 per  c e n t  p.a. and i n c r e a s i n g  i t s  share o f  t o t a l  
wood requi rements f rom 33 per  c e n t  t o  43 per  c e n t  over  t h e  s tudy 
t imeframe. 

The requi rements f o r  wood and o i l  a r e  re- expressed i n  
p h y s i c a l  terms i n  Table 5.14. Note t h a t 3  the  n a t i o n a l  wood 
requ i rement  i s  e q u i v 3 l e n t  t o  about 1.3 M per  c a p i t a  i n  1980 
(conver ted  a t  1 .4  M pe r  tonne f o r  a i r - d r i e d  wood). Th is  
independent l y  d e r i v e d  e s t i m a t e  i s  c o n s i s t e n t  w i t h  many aggregate 
ru le- o f- thumb es t imates  i n  the  l i t e r j t u r e .  The f i g u r e  a c t u a l l y  
increases i n  t h e  p r o j e c t i o n s  (1.5 M p .c .  i n  2000) due t o  the 
inc reased  usage o f  charcoal  accompanying t h e  u r b a n i z a t i o n  process 
w i t h  concomitant  convers ion  losses  i n  charcoal  p roduc t ion .  

*p.a. = p e r  annum 



Tab le  5.12 

BASE CASE SOURCES AND USES OF OIL  (MILLION BARRELS) 

mported Crude 
omest i  c Crude 
mported Ref ined 

o t a l  Sources 122.2 21.3 30.5 40.5 50.a 

ses 
n t e r n a l  Demand 

Urban Household 
Rura l  Household 
A g r i c u l t u r e  
I n f o r m a l  I n d .  Urban 
I n f o r m a l  Ind.Rura1 
Large I n d u s t r y  
T r a n s p o r t a t i o n  
Commerci a1 
E l  ec.  Genera t i  on 

x p o r t e d  R e f i n e d  
e f i n e r y  Loss 
x p o r t e d  Crude 

o t a l  I n t e r n a l  14 .8  20.5 26.3 38 .1  49.6 

e f  i n e r y  C a p a c i t y  126.3 26.3 26.3 26.3 26.3 

o t a l  Used 22.2 26.3 30.5 40.5 50.4 



Table 5 .13  

PROJECTED ENERGY RESOURCE REOUIREMENTS TO MEET KENYA DEMAND ( P J )  

Source 1980 1985 1990 1995 2000 

Total Wood 332.6 430.7 527.7 669.0 810.9 

Wood For Firewood 209.1 255.6 302.2 362.7 423.6 

Wood For Charcoal 111.0  158.1  204.1 277.3 350.7 

/ Wood For I ndus t .  12 .5  17 .0  21.4 29.0 36.6 

Total Oil 136.9  162.3  188.4  250.2 311.0 

Refined Oil 9 . 3  13 .3  26 .1  87 .9  l a 8 . 7  

Imported Crude 127.6 l a 9 . 0  162.3  162.3  162.3  

Hydro 4 . 0  7 .1  9 .5  11 .4  13 . a  

Geothermal 0 . 0  0 .5  1 . 1  1 . 7  2 .4  

Elec .  I m ~ o r t s  1 . 2  0 . 9  0 . 9  0 . 9  0 . 9  

Coal 1 .4  2 .2  3 . 0  4 .7  6 . 4  

Biomass 9 . 3  11 .2  13 .0  15 .2  17 .5  

So l a r  0 . 0  0 . 0  0 . 0  0 . 0  0 .0  

Total Sources :  485.4 614.9 743.6 953.1 1162.4 



Tab le  5.14 

WOOD AND OIL  REQUIREMENTS TO MEET KENYAN DEMAND 

o t a l  Wood 
Wood F o r  Fuel  
M i l l i o n  Tonnes 

Wood F o r  Charcoal  
M i l l i o n  Tonnes 

Wood For  I n d u s t r y  
M i l l i o n  Tonnes 

o t a l  O i l  
R e f i n e d  011 
M i l l i o n  BBL 

Impor ted  Crude 
M i l l i o n  BBL 



Wood Resource Adequacy 

As we have seen, wood resources f o r  meeting fuelwood, 
charcoal ,  r u r a l  p o l e s  and i n d u s t r i a l  / c o n s t r u c t i o n  demands a re  
d e r i v e d  f rom b o t h  annual p r o d u c t i o n  ( o r  y i e l d s )  and s tand ing  
s tocks  on t h e  v a r i o u s  landtypes.  The amounts o f  each type  
consumed depend on r e g i o n a l  suppl yldemand b a l  ances. The 
a c c e s s i b i l i t y  o f  wood resources i s  c i r cumscr ibed  by geographic, 
t e c h n o l o g i c a l ,  and socio-economic f a c t o r s ,  as descr ibed  e a r l i e r .  
I n  ins tances  ( p a r t i c u l a r  p rov inces / land types)  where demand 
exceeds annual p r o d u c t i o n  o f  woody biomass a n e t  d e p l e t i o n  o f  
s tand ing  s tocks  w i l l  occur  i n  t h e  a t tempt  t o  s a t i s f y  demand. 
There i s  ev idence t h a t  t h i s  process i s  a l r e a d y  be ing  exper ienced 
on a l o c a l  b a s i s  i n  Kenya. A t  p resen t  some animal waste and c r o p  
r e s i d u e  i s  be ing  used t o  s e r v i c e  r u r a l  energy needs. And, a t  
p resen t  about  45 p e r  c e n t  o f  wood resource  demand i n  Kenya, some 
9.26 m i l l i o n  tonnes, i s  met by a n e t  r e d u c t i o n  i n  s tand ing  
s tocks .  

I n  assess ing wood resource  adequacy two p r i n c i p a l  dimensions 
o f  t h e  problem deserve a t t e n t i o n .  F i r s t ,  i s  t h e  access ib le  supply  
s u f f i c i e n t  t o  meet demand as i t  inc reases  r a p i d l y ,  as p r o j e c t e d  
by  t h e  Base Case, over  t h e  n e x t  twenty y e a r s ?  Second, as demand 
increases t o  what e x t e n t  a r e  s tand ing  s tocks  o f  woody biomass 
dep le ted?  Assoc ia ted  w i t h  t h i s  second problem i s  t h e  p o t e n t i a l  
f o r  s o i l  l o s s ,  e s p e c i a l l y  on c u l t i v a t e d  a g r i c u l t u r a l  l and .  

Land Use P r o j e c t i o n s  

A number o f  changes i n  l a n d  use p a t t e r n s  a r e  expected t o  
occur  i n  Kenya over  t h e  n e x t  twenty years  as a consequence o f  
demographic t rends  and development o b j e c t i v e s .  The assumptions 
made f o r  t h e  purposes o f  t h i s  i n v e s t i g a t i o n  and the  r e s u l t s  
d e r i v i n g  f rom these assumptions a r e  summarized i n  Table 5 .15 .  

F i r s t ,  as d iscussed above, a g r i c u l t u r a l  l a n d  devoted t o  food  
p r o d u c t i o n  must inc rease  i n  o rder  t h a t  t h e  n a t i o n a l  food p o l i c y  
goal o f  s e l f - s u f f i c i e n c y  be achieved. S ince an o v e r a l l  i nc rease  
i n  p r o d u c t i v i t y  o f  50 per  c e n t  has been assumed here, t h i s  
i m p l i e s  t h a t  l a n d  under food  crops w i l l  need t o  inc rease  f rom 
about  2.3 m i l l i o n  hec ta res  a t  p resen t  t o  3.66 m i l l i o n  hec ta res  by 
t h e  year  2000. T h i s  expansion o f  1.36 m i l l i o n  hectares i s  assumed 
t o  occur  i n  Coast, R i f t  Va l ley ,  and Western p rov inces  where 
usab le  u n c u l t i v a t e d  a g r i c u l t u r a l  l a n d  e x i s t s .  I n  R i f t  Val ley,  700 
thousand hec ta res  o f  u n c u l t i v a t e d  l a n d  on l a r g e  farms and 300 
thousand hec ta res  f rom uncul t i v a t e d  l and on small  farms, b o t h  on 
h i g h  p o t e n t i a l  l and ,  i s  conver ted t o  f o o d  p r o d u c t i o n  by the  end 
o f  the  cen tu ry .  T h i s  i S c o n s i s t e n t  w i t h  government r e s e t t l e m e n t  
p01 i c y  t o  c o n v e r t  uncul t i v a t e d  l argehol der  l ands t o  small  h01 der  
farming.  I n  Coast p r o v i n c e  80 thousand hec ta res  o f  u n c u l t i v a t e d  
h i g h  p o t e n t i a l  l a n d  and 240 thousand hec ta res  o f  rangeland i s  



Table 5.15 

LAND USE CHANGES - BASE CASE 1980/2000 (THOUSANDS OF HECTARES) 

Land type  
Cent ra l  1 North-  R i f t  
N a i r o b i  Coast Eas te rn  Eas te rn  Nyanza V a l l e y  Western To ta l  

Large Farm Food 
Large Farm Temp. 
Large Farm Perm. 
Large Farm Uncv. 
Small Farm Food 
Small Farm Temp. 
Smal l Farm Perm. 
Small Farm Uncv. 
Urban Bui l t Env. 
Rura l  B u i l t  Env. 
ParksIReserves 
Natu ra l  F o r e s t s  
Wood1 o t  E x i s t  
MGD F o r e s t  P1 n t .  
Savannah Bush 
Savannah Grass 
Range1 and 



s h i f t e d  t o  food  p r o d u c t i o n .  I n  Western p rov ince  40 thousand 
hec ta res  o f  u n c u l t i v a t e d  h i g h  p o t e n t i a l  l a n d  i s  b rough t  i n t o  food 
p r o d u c t i o n  d u r i n g  t h i s  p e r i o d .  

I t  i s  a l s o  p robab le  t h a t  some f o r e s t  l a n d  w i l l  be conver ted 
t o  a g r i c u l t u r a l  use by  t h e  year  2000, maybe about  0.12 m i l l i o n  
hec ta res  o r  10  per  c e n t  o f  t h e  gaze t ted  f o r e s t  area under t r e e s .  
Again t h e r e  a r e  some 0.45 m i l l i o n  hec ta res  o f  gaze t ted  f o r e s t  
l a n d  w i t h  l i t t l e  o r  no t r e e  cover, and some, i f  n o t  t h e  m a j o r i t y  
o f  t h i s  l a n d  w i l l  be under ( i l l e g a l  ) a g r i c u l t u r e .  However, food 
p r o d u c t i o n  f o r  s e l f - s u f f i c i e n c y  i s  a  p r i o r i t y  and more f o r e s t  
l a n d  c o u l d  be g i v e n  up v o l u n t a r i l y  f o r  a g r i c u l t u r e  p rov ided  more 
i n t e n s i v e  f o r e s t  management i s  a p p l i e d  t o  t h e  rema in ing  areas. 
Wi th b e t t e r  management, u n i t  wood p r o d u c t i o n  c o u l d  a t  l e a s t  be 
doubled, b u t  t h i s  w i l l  r e q u i r e  t r a i n e d  manpower and the  
i n t r o d u c t i o n  o f  improved techniques.  

I f  some f o r e s t  l and i s  t o  be conver ted  t o  a g r i c u l t u r e ,  i t  
c o u l d  be made a  c o n d i t i o n  t h a t  a  c e r t a i n  number o f  t r e e s  be l e f t  
on the  l a n d  o r  new v a r i e t i e s  be p l a n t e d  so a t  l e a s t  these 
surrendered areas w i l l  be s e l f - s u f f i c i e n t  i n  wood p roduc ts .  Also, 
t h i s  c o n d i t i o n  c o u l d  a p p l y  t o  the  gaze t ted  f o r e s t  l a n d  t h a t  has 
a1 ready been conver ted  t o  a g r i c u l  t u r e .  Such areas would be 
demonstrat ion u n i t s  f o r  a g r o - f o r e s t r y  techniques and be a  
p o s i t i v e  s t e p  t o  h e l p  t h e  r u r a l  people produce b o t h  more food  and 
f u e l  . 

Land devoted p r i m a r i l y  t o  e x p o r t  c rops  i s  assumed t o  
inc rease  by 50 per  c e n t  by t h e  end o f  t h e  c e n t u r y  f rom about  650 
thousand hec ta res  t o  970 thousand hectares by  the  year  2000. Th is  
i s  achieved by c o n v e r t i n g  f rom u n c u l t i v a t e d  h i g h  p o t e n t i a l  l a n d  
on l a r g e  farms i n  R i f t  V a l l e y  p rov ince .  

Other l a n d  use changes a re  assoc ia ted  w i t h  p o p u l a t i o n  
inc reases  and t h e  need t o  expand urban and r u r a l  s t r u c t u r e s  and 
i n f r a s t r u c t u r e s  t o  s a t i s f y  t h e  l i v i n g  and work ing  requi rements o f  
the  p o p u l a t i o n .  Land devoted t o  r u r a l  and urban b u i l t  
environments ( s t r u c t u r e s ,  roads, e t c .  ) i s  t h e r e f o r e  expected t o  
grow a t  r a t e s  commensurate w i t h  t h e  expansion o f  these 
p o p u l a t i o n s .  Rura l  b u i l t  environment w i l l  i nc rease  f rom about  366 
thousand hec ta res  t o  655 thousand hectares,  w h i l e  urban 
envi ronment  w i l l  grow f rom about  39 thousand hectares t o  167 
thousand hec ta res  by t h e  end o f  t h e  cen tu ry .  Th is  expansion w i l l  
o f  course d i f f e r  by p rov ince  accord ing  t o  p r o v i n c e- s p e c i f i c  
demographic t rends .  Moreover, i n  each p r o v i n c e  expansion o f  b u i l t  
env i ronment  w i l l  occur  a t  t h e  expense o f  o t h e r  land types  
a v a i l  a b l e  f o r  t h i s  convers ion.  The p r i n c i p a l  l andtypes i n t o  which 
urban b u i l t  env i ronment  expands a re  l a r g e h o l d e r  and sma l lho lder  
uncropped l a n d s  i n  h i g h  p o t e n t i a l  areas and range land  and 
savannah lands  i n  medium and semi- ar id  areas. Rura l  b u i l t  
env i ronment  i s  assumed t o  expand i n t o  u n c u l t i v a t e d  sma l lho lder  
l ands. 

The d e t a i l s  o f  l a n d  use changes on a  r e g i o n a l  and economic 
b a s i s  a r e  p resen ted  i n  t h e  f i r s t  t e c h n i c a l  volume. Here they  are 
summarized f o r  t h e  years  1980 and 2000 i n  Table 5.15, where 
changes a r e  i n d i c a t e d  f o r  t h e  year  2000. 



Wood Suppl y/Demand Re1 a t i o n s h i p s  

As n o t e d  e a r l i e r ,  Kenya i s  p r e s e n t l y  i n  a  s i t u a t i o n  where 
s tocks  a re  b e i n g  d e p l e t e d  i n  o rder  t o  h e l p  s a t i s f y  fuelwood and 
charcoal  demands. Moreover, t h e  beg inn ing  o f  a  s h i f t  towards the 
use o f  animal waste and c rop  r e s i d u e  i s  o c c u r r i n g .  The a n a l y s i s  
here i s  n o t  d i r e c t e d  towards i d e n t i f y i n g  more l o c a l  pockets o f  
u n s a t i s f i e d  demand which, t o  be sure, a re  a l r e a d y  be ing  
experienced. The forms i n  which t h i s  i s  expressed c o u l d  i n c l u d e :  
use o f  non-woody biomass (3 per  c e n t  o f  end-use biomass energy 
demand), s h o r t e r  cook ing  t imes, more i n f r e q u e n t  cooking, and 
g r e a t e r  c a r e  i n  t h e  use o f  fuelwood, and fewer s o c i a l  uses. 

More s e r i o u s  problems, however, beg in  t o  emerge on a  
n a t i o n a l  b a s i s  by  t h e  e a r l y  1980s when demand i n c r e a s i n g l y  
exceeds wood y i e l d .  I n  a  v i c i o u s  c i r c l e ,  as s tand ing  s tocks  beg in  
t o  be depleted,  y i e l  ds a r e  f u r t h e r  decreased and s tock  d e p l e t i o n  
i s  f u r t h e r  acce le ra ted .  (19)  Th is  i s  summarized i n  Table 5.16 and 
F i g u r e  5.3. 

From these r e s u l t s  i t  i s  apparent  t h a t  on a  n a t i o n a l  b a s i s  a  
fue lwood c r i s i s  i s  a l r e a d y  o c c u r r i n g  w i t h  r e s p e c t  t o  n e t  s tock 
d e p l e t i o n ,  wh ich  beg ins  t o  e s c a l a t e  r a p i d l y  a f t e r  t h e  l a t e  1 9 8 0 ~ ~  
reach ing  a  s t a g g e r i n g  21.62 m i l l i o n  tonnes per  year  by 1995. 
Stock d e p l e t i o n  o n l y  beg ins  t o  abate a f t e r  1995 as a  consequence 
o f  c o n s t r a i n t s  on a c c e s s i b i l i t y .  Tha t  i s ,  a c c e s s i b l e  s tocks  i n  
some p rov inces  become exhausted, l e a v i n g  the  l o c a l  p o p u l a t i o n  
w i t h o u t  means o f  o b t a i n i n g  fuelwood. Standing s tocks as a  whole 
a r e  expected t o  d e c l i n e  about  30 per  c e n t  over  t h e  1980-2000 
per iod .  The d e p l e t i o n  o f  a c c e s s i b l e  s tocks  i s ,  o f  course, much 
more dramat ic ,  as i s  e v i d e n t  f rom t h e  r a p i d  inc rease  i n  supp l ies  
f rom t h i s  source a f t e r  1985 f o l l o w e d  by  a  r a p i d  d e c l i n e  a f t e r  
1995. One shou ld  p i c t u r e  much o f  t h e  rema in ing  s tock,  n o t  as 
p r i s t i n e  f o r e s t ,  b u t  as s t r i p p e d  t r e e  t r u n k s .  

The o t h e r  ma jo r  problem embodied i n  these r e s u l t s  i s  t h a t  
wood supply  i n s u f f i c i e n c y  begins i n  t h e  e a r l y  1 9 8 0 ~ ~  increases 
s t e a d i l y  through t h e  e a r l y  1990s, and expands r a p i d l y  i n t o  a  huge 
p o t e n t i a l  s h o r t f a l l  by  the  end o f  t h e  cen tu ry .  By 1985 a  
s h o r t f a l l  o f  6 . 1  m i l l i o n  tonnes, about  23 per  c e n t  o f  wood 
demand, i s  reached. By 1990 the  s h o r t f a l l  w i l l  grow t o  10.8 
m i l l  i o n  tonnes, o r  about  one t h i r d  o f  t o t a l  demand. F i n a l l y ,  by 
t h e  y e a r  2000 a  s h o r t f a l l  o f  32.1 m i l l i o n  tonnes i s  p ro jec ted ,  
about  65 p e r  c e n t  o f  wood demand n a t i o n a l l y ,  i f  p r e v a i l i n g  
c o n d i t i o n s  and p r a c t i c e s  remain unal  t e r e d  f o r  t h e  remainder o f  
t h e  cen tu ry .  

Table 5.17 summarizes another d i s t u r b i n g  r e s u l t  o f  our 
analyses. The d e p l e t i o n  o f  s tand ing  s tocks  o f  woody biomass on 
c u l t i v a t e d  a g r i c u l t u r a l  l a n d  i s  v e r y  dramat ic .  The d e n s i t y  o f  
wood s tocks  on t h i s  l a n d  decreases f rom an average o f  11.0 tonnes 
per  h e c t a r e  i n  1980 t o  5.0 tonnes per  hec ta re  i n  2000. Th is  50 
per  c e n t  r e d u c t i o n  c o u l d  have s e r i o u s  consequences f o r  s o i l  
r e t e n t i o n  and a g r i c u l  t u r a l  p r o d u c t i v i t y .  



Table 5.16 

NATIONAL WOOD RESOURCE SUPPLY/DEMAND RELATIONSHIP I N  KENYA 
(MILLION OF TONNES) 

Demand 20.41 26.42 32.37 41.04 49.74 

Suppl i ed 
From Y i e l d s *  11.07 9.41 8.06 6.29 4.97 
From Stocks+ 9.26 10.94 13.51 21.62 12.16 

S h o r t f a l l  .08 6.07 10.80 13.13 32.61 

Standing Stock 934.82 885.41 829.36 744.49 674.40 

* Y i e l d s :  Net annual p roduc t ion .  Only a c c e s s i b l e  y i e l d s  s e r v i c e  
demand. 

t Stocks: Net r e d u c t i o n  i n  a c c e s s i b l e  s tand ing  s tocks  s e r v i c e  
demand when demand exceeds a c c e s s i b l e  y i e l d s .  
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Tab le  5.17 

WOOD RESOURCES ON CULTIVATED LAND - BASE CASE 

Stocks ( M i l l i o n  Tonnes) 32.51 27.94 27.97 25.34 23.16 

Area ( M i l l  i o n  Hectares)  2.95 3.37 3.79 4 .21  4.63 

Stocks p e r  a rea  
(TonnesIHectare)  11.02 8.29 7.38 6.02 5.00 

Percent  Loss o f  Wood 
D e n s i t y  2 5 33 4 5 5 5 



On a  r e g i o n a l  b a s i s  t h e r e  i s  g r e a t  d i v e r s i t y  i n  the  
magni tude and t i m i n g  o f  wood suppl y/demand and s tock  d e p l e t i o n  
problems. Some prov inces  do n o t  exper ience any s h o r t f a l l s  a t  a l l  
d u r i n g  t h e  1980-2000 per iod .  These p rov inces  - Coast, Eastern, 
and Nor theas te rn  - have r a t h e r  low p o p u l a t i o n  d e n s i t i e s  on a  
p rov ince- w ide  b a s i s .  As a  r e s u l t  t h e r e  a r e  adequate access ib le  
s u p p l i e s  o f  wood resources  t o  meet demand. However, i n  o rder  t h a t  
demand be met, n e t  o f f t a k e  o f  s tand ing  s tocks  would be necessary 
i n  Coast and Eas te rn  prov inces,  by  t h e  mid 1980s. By t h e  end o f  
t h e  c e n t u r y  a lmos t  90 per  c e n t  o f  wood resources  s u p p l i e d  i n  
these two p rov inces  w i l l  be d e r i v e d  f rom s tand ing  stocks, 
r e s u l t i n g  i n  32 per  c e n t  s tock d e p l e t i o n  by t h e  year  2000 and 
s e r i o u s  r e d u c t i o n  i n  q u a l i t y  o f  rema in ing  s tocks .  

R i f t  V a l l e y  p r o v i n c e  i s  n o t  expected t o  i n c u r  a  s h o r t f a l l  
u n t i l  t h e  l a t e  1990s. However, t o  meet demand u n t i l  then, the  
c u t t i n g  o f  a c c e s s i b l e  s tand ing  s tocks  w i l l  i nc rease  r a p i d l y ,  
u n t i l  these a r e  e s s e n t i a l l y  dep le ted  i n  t h e  mid-1990s. By 1995, 
about  12 m i l l i o n  tonnes o f  s tocks a r e  c u t ,  r o u g h l y  85 per  cen t  o f  
wood supp l ied .  A f t e r  t h i s ,  a  r a p i d  inc rease  i n  t h e  s h o r t f a l l  w i l l  
occur ,  r e a c h i n g  more than  90 per  c e n t  by  t h e  year  2000. To ta l  
s tand ing  s tocks  d e c l i n e  by  over  30 per  cen t ,  p r i m a r i l y  d u r i n g  the  
l a s t  f i v e  years  o f  t h e  cen tu ry .  

Ser ious problems can be expected t o  emerge much e a r l i e r  i n  
the  densely  popu la ted  p rov inces  o f  Cen t ra l  /Na i rob i ,  Nyanza, and 
Western. Cen t ra l  / N a i r o b i  i s  a l r e a d y  exper ienc ing  s u b s t a n t i a l  
s tock  c u t t i n g ,  over  60 per  c e n t  o f  supp l ies ,  t o  meet demand. By 
1985 a c c e s s i b l e  s tocks  beg in  t o  be exhausted, and t h e  onse t  o f  a  
growing supp ly  s h o r t f a l l  w i l l  occur  i n  t h e  l a t e  1980s. The 
s h o r t f a l l  w i l l  reach  more than 90 per  c e n t  and s tocks  w i l l  have 
d e c l i n e d  by 30 per  c e n t  by  t h e  end o f  t h e  cen tu ry .  More ser ious  
r e s u l t s  a r e  found f o r  Nyanza and Western prov inces,  where a t  
p r e s e n t  about  85 per  c e n t  o f  demand may be met by the  n e t  
r e d u c t i o n  o f  a c c e s s i b l e  s tand ing  s tocks  o f  woody biomass. Supply 
s h o r t f a l l s  i n  these two p rov inces  w i l l  beg in  d u r i n g  t h e  e a r l y  t o  
m id  1980s and w i l l  i nc rease  t o  about  100 per  c e n t  v e r y  r a p i d l y .  
More than 50 per  c e n t  o f  s tand ing  s tocks  i n  Nyanza and more than 
35 per  c e n t  i n  Western p r o v i n c e  w i l l  have been removed by the  end 
o f  t h e  cen tu ry .  

The r e g i o n a l  impacts d iscussed above a r e  summarized i n  Table 
5.18. There another  i n t e r e s t i n g  r e s u l t  emerges. Whi le  i n  1985 a l l  
o f  the  supp ly  s h o r t f a l l ,  about 5.4 m i l l i o n  tonnes, occurs i n  
Nyanza and Western p rov inces ,  by t h e  end o f  t h e  c e n t u r y  R i f t  
V a l l e y  and C e n t r a l I N a i r o b i  i n c u r  more than  70 per  c e n t  o f  a  much 
l a r g e r  s h o r t f a l l  o f  32.61 m i l l i o n  tonnes. Moreover, w h i l e  Coast 
and Eastern p rov inces  i n c u r  no s h o r t f a l l s  by t h e  year  2000, t h i s  
occurs as a  r e s u l t  o f  a  s teady n e t  d e p l e t i o n  o f  s tand ing  s tocks.  
Thus, these p rov inces  would be expected t o  i n c u r  s h o r t f a l l s  i n  
t h e  f i r s t  decades o f  t h e  2 1 s t  cen tu ry .  
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The Coming Energy C r i s i s  

The r e s u l t s  o f  t h e  Base Case a n a l y s i s  demonstrate t h a t  a  
deepening energy c r i s i s ,  beg inn ing  i n  the  e a r l y  1980s, w i l l  
b e f a l l  Kenya i f  no programmatic e f f o r t  i s  under taken t o  avo id  i t . 
The two po les  o f  t h i s  c r i s i s  a re  assoc ia ted  w i t h  o i l  and wood 
requi rements and t h e  consequences o f  a t t e m p t i n g  t o  s a t i s f y  them 
under p r e v a i l i n g  c o n d i t i o n s .  

I n  the  case o f  o i l  requi rements t o  meet Kenyan demand, 
expected t o  grow f rom 13.1 m i l l  i o n  b a r r e l s  impor ted  i n  1980 t o  
41.5 m i l l i o n  b a r r e l s  by t h e  year  2000, t h e  f o r e i g n  exchange 
requi rements necessary t o  s u s t a i n  growth i n  t h e  o i l  based (L 
commercial)  s e c t o r  o f  t h e  economy w i l l  be massive. Even i f  o i l  
p r i c e s  do n o t  c o n t i n u e  t o  e s c a l a t e  as r a p i d l y  as they  have i n  the  
pas t ,  t h e  p rospec t  f o r  a  worsening d e f i c i t  i n  Kenya's balance o f  
payments looms v e r y  l a r g e .  Kenya has a l r e a d y  exper ienced some 
consequences o f  ba lance o f  payments problems. (20)  The poss i  b i  l i t y  
o f  a  s e r i o u s  slowdown o f  economic growth, so e s s e n t i a l  f o r  
n a t i o n a l  development and improved c o n d i t i o n s  o f  l i f e  f o r  i t s  
people, th rea tens  Kenya's  f u t u r e .  

An i l l u s t r a t i o n  o f  t h e  sca le  o f  t h e  o i l - i m p o r t  burden f a c i n g  
Kenya may be i n s t r u c t i v e .  Even i f  one makes t h e  unreasonable 
assumption t h a t  o i l  p r i c e s  do n o t  inc rease  f rom c u r r e n t  va lues 
(abou t  300 KShs per  b a r r e l  ) ,  t h e  o i l  i m p o r t  b i l l  would exceed 
t o t a l  c u r r e n t  e x p o r t  ea rn ings  by 1990. I f  one assumes a more 
r e a l  i s t i c  10 p e r  c e n t  annual e s c a l a t i o n  r a t e  i n  t h e  p r i c e  o f  o i l ,  
t h e  o i l  i m p o r t  b i l l  would equal t w i c e  c u r r e n t  e x p o r t  ea rn ings  by 
1990. T h i s  suggests t h a t  under Base Case c o n d i t i o n s ,  the  Kenyan 
economy and b a s i c  development goa ls  w i l l  be p laced  under se r ious  
s t r e s s .  

The expected inc rease  i n  wood resource  requi rements,  f rom 20 
m i l l i o n  tonnes i n  1980 t o  49 m i l l i o n  tonnes by  t h e  year  2000, 
cannot  be met i f  c u r r e n t  c o n d i t i o n s  and p r a c t i c e s  remain 
unchanged. A growing s h o r t f a l l ,  r e a c h i n g  10 m i l l i o n  tonnes by 
1990 and 33 m i l l i o n  tonnes by  2000, would cause s e r i o u s  problems 
and d i s l o c a t i o n s  i n  Kenya's r u r a l  economy. These problems would 
embody economic, s o c i a l ,  demographic, and e c o l o g i c a l  dimensions 
t h a t  c o u l d  dramat i  c a l  l y underrni ne development and t h e  s tandard o f  
l i v i n g  o f  t h e  Kenyan people.  

I t  i s  apparent  f rom these r e s u l t s  t h a t  t h e  Kenyan economy, 
and t h e  r u r a l  s e c t o r  i n  p a r t i c u l a r ,  cannot  endure t h e  massive 
s h o r t f a l l s  i n  wood-resource s u p p l i e s  t h a t  may occur  over  the  n e x t  
two decades o f  t h i s  cen tu ry .  Almost 25 per  c e n t  o f  n a t i o n a l  
demand f o r  wood w i l l  go unmet by 1990, and more than 65 per  cen t  
by 2000, i f  no major  p o l i c y  a f f e c t i n g  the  supplyldemand 
c o n f i g u r a t i o n  i s  under taken v e r y  soon. 

The problems t h a t  c o u l d  emerge as a consequence o f  t h i s  
s i t u a t i o n  a r e  deep and man i fo ld ,  e s p e c i a l l y  i n  t h e  r u r a l  areas. 
I f  no o t h e r  major  f u e l  becomes a v a i l a b l e  i n  these areas, the 
p o p u l a t i o n  would have t o  reduce o r  r a d i c a l l y  change i t s  p a t t e r n s  



of consumption. The use o f  wood f o r  s o c i a l  and o t h e r  household 
and communal a c t i v i t i e s  would p robab ly  have t o  be c u r t a i l e d .  
Reduced cooking t imes, more i n f r e q u e n t  meals, and changes i n  
d i e t a r y  p a t t e r n s  (e.g. f rom maize and beans t o  t h e  l e s s  balanced 
u g a l i )  c o u l d  reduce n u t r i t i o n  and t h e  l e v e l  o f  h e a l t h .  S h i f t i n g  
f rom wood t o  dung and c r o p  res idues  c o u l d  a1 so have d e l e t e r i o u s  
e f f e c t s .  Cooking d i r e c t l y  w i t h  dung c o u l d  inc rease  the  
b a c t e r i o l o g i c a l  i n take ,  thus i n c r e a s i n g  d isease p o t e n t i a l .  
Removal o f  animal waste and c r o p  r e s i d u e s  f rom t h e  s o i l  c y c l e  
c o u l d  d e p l e t e  t h e  s o i l  of n u t r i e n t s ,  thus reduc ing  a g r i c u l t u r a l  
p r o d u c t i v i t y .  T h i s  w i l l  p robab ly  h i t  e a r l i e s t  and hardes t  f o r  the  
p o o r e s t  subs is tence  farmers,  i n  Western and Nyanza p rov inces .  The 
l a r g e r  more prosperous farmers c o u l d  have surp luses  o f  wood a t  
l e a s t  i n  t h e  e a r l i e s t  years,  w h i l e  small  subsis tence farmers 
would f a c e  shor tages.  These surp luses c o u l d  be k e p t  f rom l o c a l  
markets  by  p r i v a t e  management o f  o f f t a k e  t o  avo id  s o i l  l o s s  and 
d e c l i n e s  i n  p r o d u c t i v i t y .  As a  consequence o f  p r i v a t i z a t i o n ,  
then, t h e  poore r  farmers c o u l d  be bese t  by i n c r e a s i n g l y  
inadequate s u p p l i e s  o f  fuelwood. I n  t h i s  s tudy,  however, we have 
assumed t h a t  as wood resources  become more scarce these s u p p l i e s  
w i l l  reach  markets .  Th is  c o u l d  i m p l y  i n c r e a s i n g  commodi t i z a t i o n  
o f  fue lwood i n  the  r u r a l  sec to r ,  perhaps c u t t i n g  the  poores t  
segments o f  t h e  p o p u l a t i o n  f rom access t o  fuelwood. I f  
a l t e r n a t i v e  f u e l s  such as p a r a f f i n  a r e  s u b s t i t u t e d  i n  an a t tempt  
t o  c l o s e  t h e  gap, these c o u l d  be e i t h e r  t o o  expensive o r  n o t  
p1 e n t i f u l  enough t o  s a t i s f y  r u r a l  demand. 

As farm and l o c a l  suppl i e s  o f  fue lwood become exhausted, 
i n c r e a s i n g  amounts o f  t ime  f rom an a1 ready  burdened household 
l abour- t ime budget  w i l l  be expended i n  search o f  adequate 
s u p p l i e s  w i t h  decreas ing  prospects  f o r  s a t i s f a c t i o n  o f  these 
needs. T h i s  c o u l d  have t h e  consequence o f  keeping f a m i l y  s i z e s  
l a r g e r  and i m p e l l i n g  inc reased  m i g r a t i o n  t o  t h e  towns and c i t i e s .  

A t  t h e  same t ime, as shown e a r l i e r ,  t h e  d e p l e t i o n  o f  wood 
s tocks  on c u l t i v a t e d  a g r i c u l t u r a l  l a n d  can be expected t o  occur 
r a p i d l y .  As has been p o i n t e d  o u t  i n  t h e  Food P o l i c y  Paper (21) ,  
and by  Dunn (22) ,  t h e  a g r i c u l t u r a l  s e c t o r  i n  Kenya i s  a l r e a d y  
f a c i n g  problems o f  s o i l  e r o s i o n  a r i s i n g  f rom expansion o f  b o t h  
subs is tence  f a r m i n g  and e x p o r t  c rop  p roduc t ion .  The d e p l e t i o n  o f  
wood resources  on these lands,  f o r  fuelwood purposes, c o u l d  
exacerbate these problems. Decreases i n  l a n d  p r o d u c t i v i t y  t h a t  
c o u l d  ensue would l e a d  t o  f u r t h e r  d e s t a b i l i z a t i o n  o f  the  r u r a l  
s e c t o r  and inc reased  r a t e s  o f  u r b a n i z a t i o n .  

The p o t e n t i  a1 f o r  severe economic d e t e r i o r a t i o n  i n  r u r a l  
Kenya a t t e n d a n t  upon fuelwood shor tages and wood resource  
d e p l e t i o n  c o u l d  n o t  be c o n f i n e d  t o  t h e  r u r a l  s e c t o r  a lone.  
Suppl ies o f  f o o d  i n  genera l  would be expected t o  d e c l i n e  r e l a t i v e  
t o  requi rements,  and the  earn ings  f rom a g r i c u l t u r a l  expor ts  c o u l d  
s u f f e r .  Moreover, t h e  growth i n  economic demand and sav ings t h a t  
c o u l d  h e l p  spur t h e  economy as a  whole m i g h t  n o t  m a t e r i a l i z e .  The 
con t inued  economic, s o c i a l ,  demographic, and e c o l o g i c a l  
consequences o f  t h e  d e v o l u t i o n  o f  t h e  r u r a l  s e c t o r  t h a t  cou ld  
occur as a  consequence o f  t h e  fuelwood c r i s i s  i n  Kenya would have 
damaging impacts on t h e  Kenyan s o c i e t y  and economy as a  whole. 





CHAPTER 6.  ENERGY STRATEGY OPTIONS 

The Base Case p r o j e c t i o n ,  a  trend-based e v o l u t i o n  o f  energy 
s u p p l i e s  and demands under business-as-usual c o n d i t i o n s ,  i s  n o t  
an accep tab le  o r  even a  r e a l i s t i c  f u t u r e  f o r  Kenya. To avo id  the  
p a r a l l e l  energy c r i s e s  emerging i n  t h e  r u r a l  and modern 
economies, an unprecedented energy p l a n n i n g  e f f o r t  i s  r e q u i r e d .  

It i s  t h e  purpose o f  t h i s  s e c t i o n  t o  rev iew t h e  major  
s t r a t e g i c  o p t i o n s  a v a i l a b l e  t o  Kenya f o r  t h e  n e x t  two decades and 
assess those w i t h  g r e a t e s t  promise. Th is  w i l l  p r o v i d e  background 
and guidance f o r  t h e  c r e a t i o n  o f  concre te  i n i t i a l  t a r g e t s  f o r  
energy development p o l i c y  i n  t h e  P o l i c y  Case p r o j e c t i o n s  r e p o r t e d  
i n  Chapter 7.  

Increase Wood Supp l ies  

The r a p i d l y  e s c a l a t i n g  demand f o r  wood resources i n  Kenya 
c a l l s  f o r  ma jo r  e f f o r t s  on t h e  supply- s ide,  e s p e c i a l l y  i f  end-use 
and convers ion- technology e f f i c i e n c y  improvements a r e  not ,  by 
themselves, s u f f i c i e n t  t o  e l  i m i n a t e  p o t e n t i a l  s h o r t f a l  l S.  Large 
s c a l e  wood resource  enhancement p o l i c i e s  a r e  necessary i f  a  
number o f  s e r i o u s  consequences o f  resource  s h o r t f a l l  a re  t o  be 
avoided. 

The consequences o f  wood resource  shor tages c o u l d  i n c l u d e  
t r e e  cover  removal,  e s p e c i a l l y  i n  c u l t i v a t e d  a g r i c u l t u r a l  lands, 
where d e t e r i o r a t i o n  o f  s o i l  qual i t y  c o u l d  r e s u l  t. I n  a d d i t i o n ,  
d im in ished  f o o d  p r o d u c t i o n  and decreased n u t r i t i o n a l  and h e a l t h  
l eve1 s  c o u l d  r e s u l  t f rom s o i l  d e t e r i o r a t i o n ,  i nc reased  fuelwood 
g a t h e r i n g  t ime, and decreased cooking t imes.  Requirements f o r  
cooking f u e l  c o u l d  go unmet i n  many areas and s h i f t s  t o  t h e  use 
o f  dung and c r o p  res idues  c o u l d  exacerbate s o i l  q u a l i t y  and 
h e a l t h  problems. Cond i t ions  o f  l i f e  i n  r u r a l  Kenya e s p e c i a l l y  
c o u l d  d e c l i n e  and d e v o l u t i o n  o f  the  r u r a l  s e c t o r  c o u l d  a r i s e .  
Impacts on t h e  r u r a l  poor would be p a r t i c u l a r l y  severe. Expor t  
c r o p  p r o d u c t i o n  c o u l d  be adverse1 y  a f f e c t e d  as we1 l . 

Government p1 ans f o r  overa l  l economi c  development, 
e s p e c i a l l y  t h e  o b j e c t i v e s  o f  i nc reased  food  p r o d u c t i o n  and a  
s t rengthened r u r a l  economy and i n f r a s t r u c t u r e ,  would be severe ly  
undermined by fue lwood supply  shortages. The problem c o u l d  t u r n  
f rom one o f  economic and s o c i a l  ga ins  t o  one o f  sheer s u r v i v a l .  

A n a t i o n a l  programme t o  augment t h e  supp ly  o f  wood resources 
i n  Kenya, t h e r e f o r e ,  e n t a i l s  a  cha l lenge  and an o p p o r t u n i t y  b o t h  
t o  a v o i d  c r i s i s  and t o  a r t i c u l a t e  a  c r u c i a l  component o f  
development s t r a t e g y  f o r  t h e  n a t i o n .  Both food  and energy 
requi rements d i c t a t e  t h a t  s u f f i c i e n t  ind igenous resources and 
assoc ia ted  techno log ies  be developed. T h i s  i s  espec ia l  l y  
i m p o r t a n t  s i n c e  t h e  h igh,  and g e n e r a l l y  r i s i n g ,  c o s t  o f  f o s s i l  
f u e l s ,  would, i n  t h e  f a c e  o f  se r ious  balance o f  payments 



problems, impede devel opment by c o n s t r i c t i n g  ( o r  even 
e l  i m i n a t i n g )  domestic c a p i t a l  fo rmat ion .  Enhancing t h e  domestic 
wood resource  base c o u l d  e s t a b l i s h  t h e  c o n d i t i o n s  upon which a  
s u s t a i n a b l e  energy f u t u r e ,  c o n s i s t e n t  w i t h  devel opment 
o b j e c t i v e s ,  can be b u i l t .  

The wood resource  enhancement p o l i c i e s  t h a t  have been 
i d e n t i f i e d  by  t h i s  s tudy  as a t t r a c t i v e  o p t i o n s  f o r  Kenya inc lude :  

a)  AGROFORESTRY, 
b )  REPLANTED FORESTS, 
c )  PERIURBAN PLANTATIONS, 
d )  INDUSTRIAL FORESTS, and 
e )  MANAGEMENT OF NATURAL FORESTS. 

A  v i t a l  and necessary p a r t  o f  a l l  these p o l i c i e s  i s  improved 
management, worker  t r a i n i n g ,  and i n t r o d u c t i o n  o f  new techniques. 
The proposed second u n i v e r s i t y ,  w i t h  an expanded f a c u l t y  o f  
f o r e s t r y ,  i s  an e s s e n t i a l  p r e r e q u i s i t e  t o  t h e  success o f  such 
proposals .  Among these op t ions ,  b o t h  p e r i u r b a n  and i n d u s t r i a l  
p1 a n t a t i o n s  woul d  r e q u i r e  t h a t  l and be r e a l  l o c a t e d  f rom some 
o t h e r  c u r r e n t  o r  p o t e n t i a l  f u t u r e  use, e.g. uncropped 
a g r i c u l t u r a l  areas. The v a r i o u s  f o r e s t  schemes would r e q u i r e  no 
new l a n d  use a l l o c a t i o n  and t h e r e f o r e  would n o t  d i r e c t l y  compete 
w i t h  o r  c o n s t r a i n  a1 t e r n a t i v e  l and-use s t r a t e g i e s .  A g r o f o r e s t r y  
f a 1  l S between these two extremes. Whi le  a g r o f o r e s t r y  would a1 low 
t h e  p r o d u c t i o n  o f  wood resources i n  c o n j u n c t i o n  w i t h  crops on 
b o t h  e x i s t i n g  and new a g r i c u l t u r a l  lands, i t  c o u l d  compete 
somewhat w i t h  a g r i c u l  t u r a l  p roduc t ion ,  i f  more i n t e n s i v e  
c u l  t i v a t i o n  i S des i red .  

Each o f  these schemes has s p e c i f i c  c h a r a c t e r i s t i c s  t h a t  
a f f e c t  i t s  p o t e n t i a l  advantages and r o l e  i n  an o v e r a l l  wood 
resource  p01 i c y  p1 an. These i n c l u d e  p h y s i c a l  c h a r a c t e r i s t i c s ,  
l o c a t i o n ,  t i m i n g ,  cos ts ,  and implementat ion exper ience.  Each 
would r e q u i r e  s p e c i f i c  i n s t i t u t i o n a l  , educa t iona l ,  l abour ,  and 
f i nanci  a1 c o n d i t i o n s  and arrangements i n  o r d e r  t h a t  i t s  p o t e n t i  a1 
be r e a l i z e d .  I n  t h i s  s e c t i o n  some o f  t h e  major  c h a r a c t e r i s t i c s  o f  
these schemes and t h e i r  p h y s i c a l  p o t e n t i a l  f o r  augmenting the  
wood resource  base a r e  summarized. Maximum t a r g e t s  f o r  each o f  
these schemes on a  n a t i o n a l  and r e g i o n a l  b a s i s  have been se t .  
Whi le  t h e  s p e c i f i c  t a r g e t s  t o  be embodied i n  a  p o l i c y  scenar io  
must be based upon t h e  c o n f i g u r a t i o n  o f  b o t h  n a t i o n a l  and 
r e g i o n a l  wood requi rements,  and the  imbalances d iscussed e a r l i e r ,  
i t  i s  u s e f u l  t o  beg in  by  examining these t a r g e t s .  

Agrofores t r y  

A g r o f o r e s t r y  schemes - t h e  combined f a r m i n g  o f  s e l e c t e d  t r e e  
species and e x i s t i n g  c rops  and l i v e s t o c k  - have been i d e n t i f i e d  
as a p p r o p r i a t e  f o r  i n c r e a s i n g  Kenya's wood resources.  There a re  a  



number o f  advantages t o  such schemes. F i r s t ,  p r e s e n t  es t imates  
demonstrate t h a t ,  on a  n a t i o n a l  bas is ,  42 per  c e n t  o f  t o t a l  
woodfuel demand i s  s u p p l i e d  by  t r e e s  on a g r i c u l t u r a l  l and. W i t h i n  
any g i v e n  r e g i o n ,  these f i g u r e s  may be even h igher ,  emphasizing 
the  f a c t  t h a t  most wood s u p p l i e s  a r e  l o c a t e d  on farms, where t h e  
r u r a l  p o p u l a t i o n  l i v e s  and works. I t  i s  p r e c i s e l y  i n  t h e  h i g h  
p o t e n t i a l  areas o f  Kenya where h i g h  p o p u l a t i o n s  p l a c e  t h e  
g r e a t e s t  demands, and t h e r e f o r e  the  g r e a t e s t  pressure, on the  
wood resources.  

Second, p r e s e n t  fue lwood g a t h e r i n g  techniques concen t ra te  on 
wood t h a t  i s  smal l  i n  d iameter .  T h i s  p r a c t i c e  o f f e r s  the  
p o s s i b i l i t y  o f  deve lop ing  s h o r t  r o t a t i o n  "energy t rees" ,  which 
c o u l d  be e a s i l y  i n t e g r a t e d  i n t o  l o c a l  f a r m i n g  systems. 

T h i r d ,  r a t h e r  than  d e p l e t i n g  l o c a l  resources under 
c o n d i t i o n s  o f  wood s c a r c i t y ,  which c o u l d  p o t e n t i a l l y  l e a d  t o  s o i l  
e r o s i o n  and d e c l i n i n g  a g r i c u l t u r a l  ou tpu t ,  a g r o f o r e s t r y  c o u l d  
serve t o  improve o v e r a l l  a g r i c u l  t u r a l  p r o d u c t i v i t y .  
N i  t r o g e n- f i x i n g  t r e e s  inc rease  t h e  f e r t i l i t y  o f  t h e  s o i l ,  w h i l e  
leaves  and pods supp ly  f o o d  and fodder .  I n  a d d i t i o n ,  t h e  r u r a l  
household l a b o u r  t i m e  budget, s t r a i n e d  by  fuelwood g a t h e r i n g  
requi rements,  c o u l d  be r e 1  ieved  o f  t h i s  burden, thus l i b e r a t i n g  
t h e  r u r a l  p o p u l a t i o n  f o r  g r e a t e r  p r o d u c t i v e  work and l e i s u r e  
time, educa t iona l ,  and s o c i a l  a c t i v i t i e s .  A1 so, inasmuch as 
inc reased  f a m i l y  s i z e  i s  assoc ia ted  w i t h  fue lwood g a t h e r i n g  
requi rements,  such pressure c o u l d  be r e l i e v e d .  F i n a l l y ,  t h e  
poss i  b i l  i t y  emerges f o r  farmers t o  earn  a d d i t i o n a l  income by 
s a l e s  o f  wood and charcoa l .  

A g r o f o r e s t r y  schemes have p o t e n t i a l  nega t i ve  aspects as 
w e l l ,  some o f  wh ich  a r e  d i r e c t l y  r e l a t e d  t o  t h e i r  advantages. 
F i r s t ,  w h i l e  t h e  c o m p e t i t i o n  f o r  l a n d  use between f o o d  and f u e l  
i s  n o t  immediate, i t  c o u l d  s t i l l  nonetheless emerge. As we have 
seen, Kenya's r a p i d  p o p u l a t i o n  growth combined w i t h  t h e  n a t i o n a l  
o b j e c t i v e  o f  f o o d  s e l f - s u f f i c i e n c y ,  inc reased  n u t r i t i o n a l  
consumption, and maintenance ( indeed  expansion)  o f  a g r i  c u l  t u r a l  
expor ts ,  n e c e s s i t a t e s  a  s u b s t a n t i a l  i n c r e a s e  i n  a g r i c u l t u r a l  
ou tpu t .  (Food o u t p u t  grows a t  4.6 per  c e n t l y e a r  i n  t h e  Base 
Case. ) T h i s  w i l l  e n t a i l  b o t h  expansion i n t o  p r e s e n t l y  uncropped 
l ands and inc reased  a g r i  c u l  t u r a l  p r o d u c t i v i  t y .  Increased 
p r o d u c t i v i t y  c o u l d  be based on a d d i t i o n a l  f u e l ,  f e r t i l i z e r ,  
i r r i g a t i o n  and mechanizat ion i n p u t s .  Bu t  o t h e r  methods 
i d e n t i f i e d ,  i n c r e a s i n g  t h e  p r o d u c t i v i t y  o f  l a n d  by i n t e r c r o p p i n g  
and mu1 t i p 1  e  c r o p p i n g  techniques, c o u l d  c o n s t r a i n  t h e  p o t e n t i a l  
f o r  a g r o f o r e s t r y  and v ice- versa .  Moreover, as expansion i n t o  
r e 1  a t i v e l y  scarce uncropped a r a b l e  lands  w i l  l be necessary, 
c o m p e t i t i o n  between f o o d  and f u e l  p r o d u c t i o n  c o u l d  emerge. A  
problem cou l  d  a1 so a r i s e  due t o  income i nequal i t y  and l and tenure  
c o n s t r a i n t s .  A g r o f o r e s t r y ,  and the  resources  and incomes t h a t  
c o u l d  be d e r i v e d  f rom i t, may n o t  be even ly  access ib le  t o  the  
r u r a l  p o p u l a t i o n  as a  whole. I n  a d d i t i o n ,  t h e  inc reased  
commodi t i z a t i o n  o f  fue lwood c o u l d  make i t  d i f f i c u l t  f o r  poorer  



segments o f  t h e  r u r a l  p o p u l a t i o n  t o  meet t h e i r  needs. Greater 
income d i s p a r i t y  c o u l d  emerge i n  r u r a l  Kenya un less  programmatic 
a t t e n t i o n  i s  g i v e n  t o  these problems. 

The p o t e n t i a l  advantages and problems assoc ia ted  w i t h  
a g r o f o r e s t r y  must be weighed i n  e l a b o r a t i n g  and c a r r y i n g  o u t  t h i s  
component o f  a  n a t i o n a l  wood resource programme. Such p lann ing  
must be c o n s i s t e n t  w i t h  o t h e r  n a t i o n a l  goa ls  such as food 
s e l f - s u f f i c i e n c y  and inc reased  income e q u i t y .  The o p p o r t u n i t y  f o r  
i n t r o d u c i n g  a g r o f o r e s t r y  w i l l  depend upon t h e  acknowledgement o f  
the  f a c t  t h a t  farmers a re  c u r r e n t l y  p roduc ing  f o o d  and f u e l  
themselves. To o p t i m i z e  t h i s  p roduc t ion ,  ass is tance  i s  needed i n  
t h e  development o f  systems which i n t e g r a t e  a g r i c u l t u r e  and 
f o r e s t r y .  The r o l e  o f  t r a i n i n g  and e x t e n s i o n  s e r v i c e s  w i l l  be 
c r u c i a l  i n  t h i s  process.  

The species i d e n t i f i e d  f o r  a g r o f o r e s t r y  i n  Kenya inc lude ,  
among o thers ,  Acacia mangium, A1 nus nepal ens is ,  Cal l iandra  
ca lo thy rsus ,  G r e v i l  l ea robusta,  Leucaena l eucocephal a, and 
Sesbania g r a n d i f l  o r a  i n  h i g h  p o t e n t i a l  areas. Annual y i e l d s  f o r  
fue lwood r a n g i n g  f rom 5 t o  8 c u b i c  metres per  hec ta re  o f  
a g r o f o r e s t r y  have been est imated.  The r o t a t i o n  p e r i o d  can range 
f rom 2  t o  5  years, perhaps i n c l u d i n g  c o p p i c i n g  o r  p o l l a r d i n g  
( s e l e c t i v e  branch c u t t i n g ) .  Typ ica l  va lues  o f  5.5 c u b i c  metres 
( o r  about  4 tonnes)  per  hec ta re  and t h r e e  year  r o t a t i o n s  have 
been agsumed f o r  t h e  p r e s e n t  a n a l y s i s  on h i g h  p o t e n t i a l  areas and 
3.5 m  (2 .5  tonnes)  per  hec ta re  on medium p o t e n t i a l  areas. The 
n e t  impact  on food  p r o d u c t i o n  c o u l d  be p o s i t i v e .  By 
i n t e r p l  a n t i n g ,  t h e  e f f e c t s  o f  shading c o u l d  b o t h  dwarf  some crops 
(- o f  maize)  and inc rease  growth on o thers .  Moreover, 
a d d i t i o n a l  s o i l  n u t r i e n t s  and s o i l  r e t e n t i o n  can r e s u l t .  
Leguminous o r  o t h e r  n i t r o g e n - f i x i n g  species such as Leucaena spp 
o r  A1 nus spp can a1 so p r o v i d e  n i t r o g e n  t o  t h e  s o i l .  

I t  shou ld  be no ted  t h a t  p resen t  p r o d u c t i o n  i s  approximate1 y  
1 tonne per  h e c t a r e  and t h a t  a  f o u r f o l d  inc rease  w i l l  o n l y  be 
p o s s i b l e  i f  a  concen t ra ted  e f f o r t  i s  undertaken. O f  v i t a l  
impor tance w i l l  be t h e  development o f  a  t r a i n i n g  and ex tens ion  
programme i n  a g r o f o r e s t r y .  O f  equal n e c e s s i t y  w i l l  be s u f f i c i e n t  
suppl i e s  o f  m a t e r i a l ,  p a r t i c u l a r l y  seeds, and t h e  development o f  
h i g h  y i e l d i n g  t r e e  species.  The development o f  woodst ick schemes 
has u n f o r t u n a t e 1  y  been g i v e n  v e r y  l i ttl e  a t t e n t i o n ,  d e s p i t e  the 
f a c t  t h a t  woodst icks,  as such, form t h e  most common type  o f  f u e l  
used on t h e  farms.  

The species s e l e c t i o n  and c h a r a c t e r i s t i c s  f o r  a g r o f o r e s t r y  
on low p o t e n t i a l  l ands  w i l l  be somewhat d i f f e r e n t ,  w i t h  g e n e r a l l y  
l o n g e r  r o t a t i o n  p e r i o d s  and lower  y i e l d s .  I n  a d d i t i o n ,  on b o t h  
h i g h  and low p o t e n t i a l  lands,  c a r e f u l  p l a n n i n g  w i l l  e n t a i l  
s e l e c t i o n  o f  species a p p r o p r i a t e  t o  v a r i o u s  a1 ti tudes. The 
d e t a i l  s  o f  a g r o f o r e s t r y  species s e l e c t i o n s  and c h a r a c t e r i s t i c s  
a r e  p resen ted  i n  t h e  t e c h n i c a l  v01 ume on f o r e s t r y  o p p o r t u n i t i e s ,  
a long  w i t h  d i s c u s s i o n  o f  implementat ion approaches. 



A l l  a g r i c u l t u r a l  l and (about  7.8 m i l l  i o n  hec ta res )  can be 
viewed as p o t e n t i a l  l and f o r  a g r o f o r e s t r y  p r o j e c t s  b y  t h e  year  
2000. S ince r o t a t i o n  t imes a r e  shor t ,  p r o d u c t i o n  can b e  expected 
r a t h e r  e a r l y  f o r  these schemes. I n  t h e  l a t e  1 9 8 0 ' ~ ~  annual y i e l d s  
o f  about  6 m i l l i o n  tonnes c o u l d  be achieved, f o l l o w e d  by  about  14  
m i l l i o n  tonnes i n  t h e  e a r l y  1990's  and i n c r e a s i n g  t o  about  22 
m i l l i o n  tonnes i n  t h e  m i d  1990's. By t h e  end o f  t h e  c e n t u r y  a  
maximum o f  abou t  28 m i l l i o n  tonnes p e r  year  o f  sus ta ined  y i e l d s  
c o u l d  p o t e n t i a l l y  be r e a l i z e d .  T h i s  c o u l d  supply  about  39 m i l l  i o n  
cub ic  metres o f  wood t o  r u r a l  households. I n  t h e  year  2000, r u r a l  
households a r e  expected t o  r e q u i r e  about  18  m i l l i o n  tonnes o f  
fuelwood, ( o u t  o f  a  t o t a l  n a t i o n a l  wood demand o f  49.74 m i l l  i o n  
tonnes) (& c l o s e  t o  1 c u b i c  metre per  c a p i t a ) .  Thus, i f  f u l l y  
achieved, such an amb i t ious  a g r o f o r e s t r y  t a r g e t  c o u l d  r e s u l t  i n  
meet ing t h e  r u r a l  household fuelwood demand by t h e  end o f  the  
c e n t u r y  and s t i l l  p r o v i d e  wood f o r  o t h e r  a c t i v i t i e s .  Thus farms 
may become e x p o r t e r s  o f  f u e l  t o  towns and i n d u s t r y ,  and t h i s  
c o u l d  be a  means o f  supplementing r u r a l  income. Therefore,  t h e r e  
should be cons iderab le  i n c e n t i v e  t o  promote a g r o f o r e s t r y .  

Rep1 anted F o r e s t s  

A  -major o p p o r t u n i t y  f o r  wood resource  enhancement w i t h  the  
p o t e n t i a l  f o r  an e a r l y  impact  i s  assoc ia ted  w i t h  t h e  c l e a r  
f e l l i n g  and r e p l  a n t i n g  o f  p o r t i o n s  o f  e x i s t i n g  n a t u r a l  f o r e s t s  
w i t h  species whose c h a r a c t e r i s t i c s  a r e  f a v o u r a b l e  f o r  a  h i g h  
p r o d u c t i v i t y  f uelwood supp ly  base. An a d d i t i o n a l  f e a t u r e  o f  such 
a  scheme would be t h a t  t h e  f o r e s t  resources  c o u l d  be managed 
s a t i s f a c t o r i l y ,  p r o v i d i n g  a  h i g h  sus ta ined  y i e l d  through a  
r o t a t i o n  c y c l e  o f  c u t t i n g  and r e p l a n t i n g  segments o f  such a  
f o r e s t .  Management c o u l d  ensure a  p roper  r e 1  a t i o n s h i p  between 
c u t t i n g ,  r e p l a n t i n g ,  t h i n n i n g ,  and t h e  d i s t r i b u t i o n  o f  age 
c o h o r t s  w i t h i n  t h e  f o r e s t .  On the  o t h e r  hand, s p e c i a l  a t t e n t i o n  
m i g h t  be r e q u i r e d  t o  m a i n t a i n  c o n d i t i o n s  a p p r o p r i a t e  t o  w i l d l i f e  
h a b i t a t  requi rements.  The i n i t i a l  c l e a r  f e l l i n g  and r e p l  a n t i n g  
process, would, o f  course, be d i s r u p t i v e  and here, too, s teps t o  
m in im ize  such d i s r u p t i o n  c o u l d  be taken. 

The p r i n c i p a l  species i d e n t i f i e d  f o r  schemes i n  Kenya a re  
euca lyp tus  and w a t t 1  e  (Eucalyptus spp and Acacia mearnsi i ) . I n  
a d d i t i o n  t o  t h e i r  f a v o u r a b l e  c h a r a c t e r i s t i c s  t h e r e  i s  a l r e a d y  
some Kenyan exper ience w i t h  these species.  I t  i s  es t imated  t h a t  a 
10 year  r o t a t i o n  c y c l e  i n  h i g h  p o t e n t i a l  l ands  would be 
a p p r o p r i a t e .  Thus t r a c t s  o f  l and p1 anted i n  an i n i t i a l  year  would 
be harves ted  and regenera ted  a t  t h e  end o f  t h e  t e n t h  year  o f  
growth. T r a c t s  p l a n t e d  i n  t h e  second year  would be harvested i n  
t h e  e leven th ,  and so on. On a  g i v e n  t r a c t  o f  l a n d  s tocks  a re  
expected t o  grow t o  about  230 tonnes per  hec ta re  by t h e  end o f  
t h e  t e n t h  y e a r .  Thus once a  steady s t a t e  i s  achieved, t r a c t s  
o f  l and i n  each age group ( f i r s t  year ,  second year, e t c .  ) ,  a  



sus ta ined  y i e l d  o f  about  23 tonnes per  hec ta re  can be expected, 
w h i l e  s tand ing  s tocks  w i l l  be i n  t h e  neighbourhood o f  165 tonnes 
per  hec ta re .  

Desp i te  t h e  r a t h e r  l o n g  w a i t i n g  p e r i o d  between t h e  s t a r t - u p  
o f  such a  r e p l a n t i n g  programme and t h e  f i r s t  year  o f  c l e a r  
f e l l i n g  (e.g. 1985 and 1995 r e s p e c t i v e l y ) ,  two aspects o f  t h i s  
scheme a l l o w  f o r  e a r l i e r  impacts on the  wood resource  base. 
F i r s t ,  t h e  c l e a r  f e l l i n g  o f  n a t u r a l  f o r e s t  biomass can serve as a  
source o f  wood f u e l  f rom t h e  i n c e p t i o n  o f  t h e  r e p l a n t i n g  process. 
T y p i c a l l y ,  f o r  every  hec ta re  c l e a r e d  f o r  r e p l a n t i n g  50 t o  100 
tonnes o f  woody biomass w i l l  become a v a i l a b l e  t o  s e r v i c e  demand. 
Second, i f  a d d i t i o n a l  e a r l y  impact  i s  des i red ,  t h i n n i n g  d u r i n g  
t h e  course o f  t h e  r o t a t i o n  c y c l e  can be p r a c t i c e d .  For example, 
t h i n n i n g  i n  t h e  seventh year  o f  growth can p r o v i d e  about 36 
tonnes per  hectare,  w i t h  t o t a l  s tocks then  growing t o  179 tonnes 
per  h e c t a r e  by  the  end o f  t h e  t e n t h  year .  With c l e a r  f e l l i n g  i n  
t h e  t e n t h  year ,  average sus ta ined  y i e l d s  i n  a  steady s t a t e  
s i t u a t i o n  would be about  21.5 tonnes per  hectare.  Whi le  t h i s  i s  
lower  than  the  n o- t h i n n i n g  p r a c t i c e  i t  has t h e  advantage o f  
e a r l i e r  impact .  I t  i s  p o s s i b l e  t o  inc rease  t h i n n i n g  f u r t h e r  t o  
two o r  t h r e e  t imes d u r i n g  t h e  ten- year  per iod ,  e s p e c i a l l y  i n  the 
e a r l y  years  when t h e  need f o r  wood i s  p a r t i c u l a r l y  urgent ,  and 
s h i f t  t o  a  f u l l  ten- year  r o t a t i o n  f o r  sus ta ined  p r o d u c t i o n  when 
c r i s i s  c o n d i t i o n s  have been overcome. 

I t  i s  es t imated  t h a t  a  maximum o f  400 thousand hectares o f  
n a t u r a l  f o r e s t  convers ion  t o  eucalyptus,  w a t t l e  o r  comparable 
species c o u l d  be achieved by  the  year  2000. Under such maximum 
e f f o r t  l e v e l ,  t h e  wood resources d e r i v e d  f rom t h e  c l e a r i n g  
process a lone  would be i n  t h e  neighbourhood o f  1 m i l l i o n  tonnes 
per  year  i n  t h e  l a t e  1980 's  and n e a r l y  3  m i l l i o n  tonnes per  year 
d u r i n g  t h e  1990 's .  ( T h i s  assumes f o r  example, t h a t  12 thousand 
hec ta res  per  year  a r e  p l a n t e d  between 1985 and 1989 and 34 
thousand hec ta res  per  year  a r e  p l a n t e d  between 1990 and 1999). 

The c o n t r i b u t i o n  f rom t h i n n i n g  (36 tonnes per  hec ta re  i n  the 
seventh y e a r )  would be about  0 .4 m i l l i o n  tonnes per  year  d u r i n g  
the  e a r l y  1990 's  and more than 1 m i l l i o n  tonnes per  year  i n  the 
l a s t  h a l f  o f  t h e  1990's .  F i n a l l y ,  h a r v e s t i n g  mature t r e e s  would 
c o n t r i b u t e  more than  2  m i l l i o n  tonnes per  year  beg inn ing  i n  the 
m id  1990 's  and about  6  m i l l i o n  tonnes per  year  a t  the  end o f  the 
cen tu ry .  T o t a l  annual s u p p l i e s  would inc rease  f rom about 1 
m i l l i o n  tonnes i n  t h e  l a t e  19801s,  t o  more than 3  m i l l i o n  tonnes 
i n  t h e  e a r l y  19901s,  t o  an average o f  about  6 m i l l  i o n  tonnes i n  
t h e  m id  t o  l a t e  1990 's .  Beginning i n  the  year  2000, when 
rep1 a n t i n g  has been completed, annual p r o d u c t i o n  would be about 
8.6 m i l l i o n  tonnes per  year .  

The sys temat i c  p r o d u c t i o n  o f  wood resources by c l e a r i n g  f o r  
r e p l a n t i n g  i n  t h e  l a t e  1980's  p rov ides  an e a r l y  o p p o r t u n i t y  f o r  
t h e  i n t r o d u c t i o n  o f  more e f f i c i e n t  charcoal  producing k i l n s  which 
would r e q u i r e  economies o f  s c a l e  t h a t  c o u l d  be s a t i s f i e d  by such 
a  f o r e s t r y  o p e r a t i o n .  Thus, i f  only '  o n e - f i f t h  o f  the  wood 



s u p p l i e d  f rom c l e a r i n g  by  1990 were conver ted  t o  charcoal  by  such 
more e f f i c i e n t  means, r o u g h l y  20 per  c e n t  o f  charcoal  demand i n  
Kenya i n  1990 would be met f rom charcoal  produced i n  the  new 
c e n t r a l i z e d  k i l n s .  

Per iu rban  P1 a n t a t i o n  

Per iu rban  p1 a n t a t i o n s  ( urban greenbel t s )  have the  
advantage o f  b e i n g  l o c a t e d  near c e n t r e s  o f  urban p o p u l a t i o n .  
Thus, problems assoc ia ted  w i t h  t h e  l o g i s t i c s  and c o s t  o f  
t r a n s p o r t  ( i n c l u d i n g  p e t r o l  c o s t s )  can be min imized.  Under 
managed c o n d i t i o n s ,  u s i n g  species such as eucalyptus,  w a t t l e ,  
prosopis ,  and leucaena, these schemes would have wood p r o d u c t i o n  
c h a r a c t e r i s t i c s  comparable t o  those o f  r e p l a n t e d  f o r e s t s .  

Per iu rban  p l a n t a t i o n s  would r e q u i r e  t h e  r e d e d i c a t i o n  o f  
l ands  sur round ing  towns and c i t i e s  f rom c u r r e n t  usage p a t t e r n s  t o  
wood p roduc t ion .  Thus, t h e  land types  descr ibed  e a r i e r  as areas 
f o r  urban expansion i n  each p rov ince  would be the  p r i n c i p a l  
cand ida tes  o f  these p r o j e c t s .  Since these a r e  genera l  l y  
uncul t i v a t e d  a g r i c u l  t u r a l  l ands and range1 and, t h i  s  poses no 
major  immediate t h r e a t  t o  f o o d  o r  e x p o r t  c rop  p roduc t ion .  
However, i n  t h e  f u t u r e ,  should t h e  d e s i r e  a r i s e  t o  expand f o o d  
and e x p o r t  c ropp ing  beyond t h e  l eve1 S t a r g e t e d  i n  t h i  S study, 
t h e r e  c o u l d  be c o m p e t i t i o n  between food  and f u e l  p roduc t ion .  Some 
o f  t h e  species ment ioned above produce f o o d  and fodder  as w e l l  as 
wood. 

S ince t h e  areas a v a i l a b l e  f o r  p e r i u r b a n  p l a n t a t i o n s  w i l l  
come f rom medium as w e l l  as low p o t e n t i a l  lands, two broad s e t s  
o f  p r o d u c t i o n  c h a r a c t e r i s t i c s  must be assumed. For  h i g h  p o t e n t i a l  
l a n d  t h e  c h a r a c t e r i s t i c s  g iven  f o r  r e p l a n t e d  f o r e s t ,  averaging 
21.5 m i l l i o n  tonnes per  hec ta re  y i e l d  on a  sus ta ined  b a s i s  can be 
expected, under 10 year  r o t a t i o n  w i t h  t h i n n i n g .  For  medium 
p o t e n t i a l  l and a  15-year r o t a t i o n  i s  assumed, employing t h i n n i n g  
i n  t h e  1 0 t h  y e a r  t o  o b t a i n  e a r l i e r  impacts. Wi th  32 tonnes per  
hec ta re  i n  the  y e a r  o f  t h i n n i n g  and 128 tonnes per  hec ta re  a t  the  
end o f  t h e  r o t a t i o n  c y c l e ,  an average y i e l d  o f  10.7 tonnes per  
hec ta re  would be achieved once a  s teady s t a t e  has been reached. 
These va lues  have been assumed i n  t h i s  s tudy.  I f  t h i n n i n g  were 
abandoned beyond t h e  e a r l y  years,  when i t s  c o n t r i b u t i o n  m i g h t  be 
necessary, an average sus ta ined  y i e l d  o f  11.2 tonnes per  hectare,  
and average s tocks  o f  about  85 tonnes per  hectare,  would be 
reached. 

I t  i s  es t imated  t h a t  a  maximum o f  about 200 thousand 
hectares o f  p e r i u r b a n  p l a n t a t i o n  i s  f e a s i b l e  by  t h e  year  2000. 
However, excep t  f o r  e a r l y  t h i n n i n g  and some sus ta ined  y i e l d s  from 
t r a c t s  p1 anted i n  t h e  l a t e  19801s, t h i s  scheme w i l l  n o t  have a  
l a r g e  impact  on wood suppl i e s  u n t i l  t h e  end o f  t h e  cen tu ry .  
Therea f te r ,  average sus ta ined  p r o d u c t i o n  o f  about  4 m i l l i o n  
tonnes would r e s u l t  a t  maximum l e v e l s .  Thus, such a  programme 
would serve t h r e e  purposes f o r  energy: 



( a )  t o  p r o v i d e  a  smal l  source o f  wood supp l ies ,  

( b )  t o  h e l p  r e p l e n i s h  s tand ing  s tocks  i n  t h e  1 9 9 0 ' ~ ~  and 

( c )  t o  produce a  s i g n i f i c a n t  component o f  wood resource  base 
f o r  t h e  e a r l y  p a r t  o f  the  2 1 s t  cen tu ry .  

Whi le  p r o x i m i t y  t o  urban areas reduces diseconomies 
assoc ia ted  w i t h  t r a n s p o r t ,  woodfuel demand i n  c i t i e s  i s  dominated 
by charcoal  requi rements.  Thus d e r i v i n g  charcoal  f rom t h e  wood 
resources  f rom these schemes, u s i n g  new more e f f i c i e n t  k i l n s ,  
m i g h t  be a p p r o p r i a t e .  On t h e  o t h e r  hand, t h e  need t o  reduce 
t r a n s p o r t  c o s t s  f o r  f o r e s t  s u p p l i e s  o f  woodfuel (e,e, f rom 
rep1 anted f o r e s t s ) ,  suggests t h a t  e f f i c i e n t  p r o d u c t i o n  o f  
charcoal  m i g h t  b e s t  be assoc ia ted  w i t h  f o r e s t  s u p p l i e s  o f  wood. 
T h i s  may be e s p e c i a l l y  t r u e  s i n c e  a g r o f o r e s t r y  schemes cou ld  
p r o v i d e  a  l a r g e  p o r t i o n  o f  r u r a l  energy requi rements by the  end 
o f  t h e  c e n t u r y  i f  an ambi t ious programme i s  undertaken. Thus 
p e r i u r b a n  p l a n t a t i o n s  and f o r e s t  p l a n t a t i o n s  m i g h t  b e s t  be 
o r i e n t e d  towards charcoal  p roduc t ion .  

I n d u s t r i a l  F o r e s t s  

A g r i c u l t u r a l  l a n d  t h a t  i s  n o t  used f o r  growing c rops  can be 
ded ica ted  t o  fue lwood p r o d u c t i o n  t o  s e r v i c e  t h e  requi rements o f  
l a r g e  i n d u s t r i a l  consumers. The sugar, tea, co f fee ,  and tobacco 
i n d u s t r i e s ,  espec ia l  l y, use s u b s t a n t i a l  amounts o f  wood f o r  t h e i r  
p rocess ing  requi rements.  About 1.1 m i l l i o n  tonnes a n n u a l l y  a re  
consumed by  these f o u r  i n d u s t r i e s  a lone.  By t h e  year  2000 t h i s  
demand c o u l d  grow t o  3.3 m i l l  i o n  tonnes. I n d u s t r i a l  f o r e s t s ,  
then, c o u l d  p r o v i d e  a  steady supp ly  o f  fue lwood t o  these 
i n d u s t r i e s ,  g e n e r a l l y  a t  o r  near t h e  p o i n t  o f  consumption. These 
f o r e s t s  c o u l d  be p l a n t a t i o n s  o f  species s e l e c t e d  f o r  t h e i r  wood 
p r o d u c t i o n  c h a r a c t e r i s t i c s  on an ecozone o r  s i t e - s p e c i f i c  bas is .  
Eucalyptus and w a t t l e  have been i d e n t i f i e d  as hav ing  favourab le  
c h a r a c t e r i s t i c s .  

The es t imated  p o t e n t i a l  f o r  i n d u s t r i a l  f o r e s t  p1 a n t a t i o n s  i n  
Kenya i s  50 thousand hectares.  A t  annual y i e l d s  o f  21.5 tonnes 
per  hec ta re  the  fue lwood supply  f rom these schemes would reach 
1.1 m i l l i o n  tonnes once they  a re  i n  f u l l  p r o d u c t i o n .  Cur ren t l y ,  
about  0.5 m i l l i o n  tonnes a re  s u p p l i e d  f rom a l l  " e x i s t i n g  
woodlots"  (see Sec t ion  4 ) .  Th is  can be compared w i t h  the 
fo recas ts  o f  requ i rements  f o r  the  i n d u s t r i e s  d iscussed above. I f  
phased i n  g r a d u a l l y ,  however, the  a d d i t i o n a l  y i e l d s  i n  the  1990's  
woul d  be 0.6 mi l l i o n  tonnes beyond c u r r e n t  l eve1 S .  



Natura l  F o r e s t  Management 

An o p p o r t u n i t y  e x i s t s  f o r  expanding t h e  wood resource  base 
i n  Kenya by i n t r o d u c i n g  management p r a c t i c e s  f o r  e x i s t i n g  n a t u r a l  
f o r e s t s .  T h i s  approach may be p a r t i c u l a r l y  a t t r a c t i v e  i n  t h a t  i t  
uses an a l r e a d y  e x i s t i n g  resource  base and techniques t h a t  a re  
we1 l understood. 

Na tu ra l  f o r e s t s  near c e n t r e s  o f  p o p u l a t i o n  can be managed 
and t h i n n e d  f o r  fue lwood t o  h e l p  meet t h e  requi rements o f  the  
l o c a l  p o p u l a t i o n .  I t  i s  es t imated  t h a t ,  once management i s  f u l l y  
e f f e c t i v e ,  o f f t a k e  as annual y i e l d  o f  woody biomass can be 
approximate1 y  doubled. Since, a t  present ,  n a t u r a l  f o r e s t s  c o n t a i n  
a  non-optimal m i x  o f  age c lasses,  management can serve t o  b r i n g  
t h e  f o r e s t s  t o  a  more balanced c o n d i t i o n .  I t  c o u l d  a1 so he1 p  t o  
p r o v i d e  wood resources  i n  an o r d e r l y  and e q u i t a b l e  manner. 

A l l  t h e  rema in ing  n a t u r a l  f o r e s t  areas o f  about 850 thousand 
hec ta res  a r e  p o t e n t i a l  l y  a v a i l  ab le  f o r  improved management. 
Average e x i s t i n g  y i e l d s  i n  Kenyan n a t u r a l  f o r e s t s  a re  es t imated  
a t  about  2.75 tonnes per  hec ta re  annual ly ,  t h a t  i s  a  t o t a l  o f  
about  2 .34  m i l l  i o n  tonnes. Moreover, o n l y  a  small  f r a c t i o n  o f  
t h i s  woody biomass (between 10 per  c e n t  and 20 per  c e n t )  i s  
a c c e s s i b l e  t o  t h e  l o c a l  p o p u l a t i o n  because o f  technology, labour ,  
and d i s t a n c e  c o n s t r a i n t s .  Under managed c o n d i t i o n s ,  annual y i e l d s  
c o u l d  reach  3 .7  m i l l i o n  tonnes by t h e  year  2000 and 4.7 m i l l i o n  
tonnes on a  s u s t a i n e d  b a s i s .  A c c e s s i b i l i t y  c o n s t r a i n t s  c o u l d  a l s o  
be min im ized  and most o f  t h i s  y i e l d  c o u l d  be harvested f o r  
d i s t r i b u t i o n .  

Even i n  remote f o r e s t  areas the  wood resources c o u l d  be 
t r a n s p o r t e d  as charcoal  o r  wood (e.g. p e l  l e t i z e d )  t o  c e n t r e s  o f  
p o p u l a t i o n .  One i n t r i g u i n g  p o s s i b i l i t y  w o r t h  e x p l o r i n g  i s  t h e  use 
o f  producer  gas- dr i ven  t r u c k s  t o  haul wood d i r e c t l y .  Th5 producer 
gas c o u l d  be generated on s i t e  w i t h  about  1.5 M roundwood 
s u b s t i t u t i n g  f o r  200 l i t r e s  o f  d i e s e l  / p e t r o l  i n  conven t iona l  
l o r r i e s .  The a t t r a c t i v e  b e n e f i t s  o f  such a  scheme (avoided c o s t s  
f o r  t r a n s p o r t  f u e l  , charcoal  p roduc t ion ,  and/or p e l  l e t i z a t i o n )  
suggest t h a t  f u r t h e r  c o n s i d e r a t i o n  be g i v e n  t o  i t s  f e a s i b i l i t y .  

O f  course, these n a t u r a l  f o r e s t  resources  a r e  n o t  
d i s t r i b u t e d  even1 y  th roughou t  t h e  coun t ry .  For  example, i n  
Nyanza, which i s  densely  popu la ted  w i t h  s u b s t a n t i a l  woodfuel 
requi rements,  v e r y  l i t t l e  n a t u r a l  f o r e s t  e x i s t s .  A  more complete 
d e s c r i p t i o n  o f  t h e  prospects  f o r  i n t r o d u c i n g  management 
techniques i n t o  t h e  v a r i o u s  f o r e s t s  i n  Kenya i s  p rov ided  i n  the  
t e c h n i c a l  v01 ume. 

Summary 

A comprehensive wood resource  enhancement programme, which 
embodies t h e  approaches and proposals  d iscussed above, would have 
t o  be e l a b o r a t e d  i n  much g r e a t e r  d e t a i l  once i t s  broad contours 



and d i r e c t i o n  have been i d e n t i f i e d  as p romis ing .  Here we have 
eva lua ted  t h e  p rospec ts  and p o t e n t i a l  impacts  o f  the  major 
elements o f  such a programme, t o  serve as t h e  f i r s t  s t e p  i n  the  
process o f  r e f i n e m e n t  and s e l e c t i o n  f o r  concre te  p01 i c y  
development. Table 6.1, p resen ts  a summary o f  t h e  c h a r a c t e r i s t i c s  
and p o t e n t i a l s  f o r  t h e  schemes t h a t  have been discussed. 

I n  a d d i t i o n  t o  t h e  implementat ion o f  genera l  p r i n c i p l e s  o f  
f o r e s t  management, p a r t i c u l  a r  a t t e n t i o n  should be g iven  t o  the 
development o f  op t ima l  fuelwood p r o d u c t i o n  systems which a re  
l i n k e d  t o  end-use demand. For example, wood stoves r e q u i r e  
c e r t a i n  wood d iameter  and leng th ,  as does a producer gas u n i t .  
B u t  even f o r  an open t h r e e  s tone f i r e ,  i t  i s  i m p o r t a n t  t o  know 
approx imate ly  what t h e  op t ima l  d iameter  o f  t h e  woodst icks should 
be, g i v e n  t h e  k i n d  o f  f o o d  t o  be cooked. 

T h i s  t y p e  o f  i n f o r m a t i o n  w i l l  a l l o w  f o r  t h e  development o f  
an op t ima l  r o t a t i o n  per iod ,  and shou ld  a l s o  i n f l u e n c e  the 
op t ima l  i t y  o f  f u e l  wood use i t s e l  f .  

Management and Ex tens ion  

A l l  t h e  o p t i o n s  mentioned above a r e  dependent on good 
ex tens ion  s e r v i c e s  and management. Wi thou t  making adequate 
p r o v i s i o n  f o r  teach ing  a g r o f o r e s t r y  techniques,  s h o r t  r o t a t i o n  
and n a t u r a l  f o r e s t  management and t h e  growing o f  mu l t ipu rpose  
t rees ,  a t  a l l  l e v e l s  o f  t r a i n i n g ,  then  t h e  v a r i o u s  o p t i o n s  have 
l i t t l e  chance o f  success. Therefore, worker t r a i n i n g ,  c o l l e g e  and 
u n i v e r s i t y  courses must be inc reased  i n  scope, and s u f f i c i e n t  
p laces  must be made a v a i l a b l e  t o  f u l f i l  t h e  p1 ans. 

Inc rease  Conversion E f f i c i e n c y  

There a r e  two approaches t o  c l o s i n g  t h e  gap between wood 
demand and wood supply .  Kenyan energy p o l i c y  must consider ,  i n  
a d d i t i o n  t o  supp ly  enhancement programmes d iscussed above, 
o p p o r t u n i t i e s  f o r  managing the  growth i n  wood demand. Th is  
s e c t i o n  rev iews  t h e  f e a s i b i l i t y  o f  decreasing pressure on wood 
resources by improv ing  t h e  e f f i c i e n c y  o f  wood stoves, charcoal  
j i k o ,  and k i l n s  used f o r  p roduc ing  charcoal  f rom wood. No 
decrease i n  human amenity i s  p o s i t e d  here; r a t h e r  we seek ways i n  
which t h e  energy i n p u t  r e q u i r e d  t o  p r o v i d e  a g iven  l e v e l  o f  
end-use s e r v i c e  can be decreased. 

Charcoal and woodburning stoves, i n c l u d i n g  open f i r e s ,  
dominate energy end-use techno log ies  i n  Kenya. T h e i r  e f f i c i e n c i e s  
a re  c o n s i d e r a b l y  low and, t h e r e f o r e ,  cons iderab le  sav ing o f  
energy c o u l d  occur  i f  a s u i t a b l e  s tove  design p r o j e c t  was 
imp1 emented. Recent exper imenta l  work has y i e l  ded some 
observa t ions  on s tove  des ign  f o r  f u e l  e f f i c i e n c y .  



Table 6.1 

WOOD RESOURCE POLICY POTENTIALS 

Maximum 
P o t e n t i a l  Area Average P o t e n t i a l  Y ie lds  
1990 2000 Y i e l d  ( M i l l i o n  Tonnes 

(1000 Ha.) (TonnesfHa. ) Per Year) C h a r a c t e r i s t i c s  Comnents 

Fores t ry  
jh  p o t e n t i a l  450 1200 4  0  4 8 High P o t e n t i a l - P r i n c i p a l  species: P r i m a r i l y  f o r  r u r a l  
h u m  & Low Mimosa scabre l la ,  C a l l i a n d r a  fuelwood There a re  
'o ten t i  a1 50 300 4 0  1.2 calothyrsus, Alnus nepalensis,  about 7  m i l l i o n  

Grevi l l e a  robusta, Leucaena hectares o f  High 
eucoce ha a. Rota t ion  2- 5 y r s  P o t e n t i a l  land  and 8 
verage o f  about 12 tonnes per  W m i l l i o n  hectares o f  

hec ta re  a t  end o f  3y r .  r o t a t i o n .  Medium P o t e n t i a l  
Medium and Low P o t e n t i a l -  A g r i c u l t u r a l  l a n d  i n  
P r i n c i p a l  spec1es:Cassia siamea, Kenya Cur ren t l y  about 
Acacia sa l igna ,  Prosopis sp. 3  m i l l i o n  hectares o f  
R o t a t i o n  3-5 y r s  Average o f  c u l t i v a t e d  land  
about 12 tonnes per  hec ta re  a t  end expected t o  increase t o  
o f  4 year  r o t a t i o n  about 4.6 m i l l i o n  b y  the  

end o f  the cen tu ry  

m t e d  Fores t  
?h p o t e n t i a l  60 400 2 1 5  8  6  P r i n c i p a l  species: Eucalyptus Por t ions  o f  about 1.2 

spp, Acacia mearns i i .  Thinning m i l l i o n  hectares o f  
7 t h  year  y i e l d s  36 tonnes p e r  n a t u r a l  f o r e s t  c leared  
hectare. Y i e l d  i n  1 0 t h  year o f  179 and rep lan ted  I n i t i a l  
tonnes per  hectare. c l e a r i n g  produces about 

100 tonnes per hec ta re  

l rban  P l a n t a t i o n  
?h p o t e n t i a l  35 P r i n c i p a l  species. Eucalyptus spp 

and Acacia mearns i i  Prosopis spp 
Leucaena leucocephal a. High 
P o t e n t i a l :  Th inn ing  7 t h  year  y i e l d s  
36 tonnes per  hectare; Y i e l d  i n  10 th  
y r .  179 tonnes Medium and Low 
P o t e n t i a l  : Th inn ing  1 0 t h  year  
v i e l d s  32 tonnes per  hectare: Y i e l d  
i n  15th year  128 tonnes per  hec ta re  

led Nearby Fores ts  
' Types 100 300 2.7 - 7  1  1  8 avg Using n a t i v e  v a r i e t i e s  y i e l d s  

can double w i t h  management 
and t h i n m n g  Prec ise  f i g u r e s  
are d i f f e r e n t  f o r  each f o r e s t  
area. p rov ince  

lement o f  More Remote Fores ts  
Types 200 200 2  7  - 7  1  1 2  avg Same as above 

t r i a l  P l a n t a t i o n s  
h  P o t e n t i a l  15 50 21 5 1 1  P r i n c i p a l  Species: Eucalyptus spp 

and Acacia mearns i i  Thinning 
7 th  year  y i e l d s  36 tonnes per  
hec ta re  Y i e l d  i n  1 0 t h  year  
179 tonnes per  hec ta re  

100,000 ha around 
Na i rob i  p l u s  100,000 
ha around o ther  urban 
cen t res  Prov id ing  
charcoal and wood 
p r i m a r i l y  t o  the urban 
areas 

Can prov ide  charcoal and 
wood p r i m a r i l y  t o  h i g h l y  
populated areas w i t h o u t  
major t r a n s p o r t  
r e w i  rements. 

Requires t r a n s p o r t  o f  
wood o r  charcoal t o  
markets May reduce 
p e l l e t i z a t i o n  o f  wood o r  
use o f  producer gas t o  
p r o v i d e  economies i n  
t r a n s p o r t  over longer  
d is tances  

Car r ied  o u t  by p r i v a t e  
sectors,  p r i m a r i l y  f o r  
c rop  d r y i n g  and 
processing 



Power o u t p u t  shou ld  be v a r i a b l e  over  a wide range t o  match 
t h e  v a r y i n g  demand o f  d i f f e r e n t  cook ing  processes. High 
power o u t p u t s  can be e f f e c t i v e l y  absorbed i n  b o i l  i n g  b u t  a r e  
w a s t e f u l  f o r  simmering. 

Heat r e t e n t i o n  i n  h i g h  mass s toves may enhance t h e  
e f f i c i e n c y  o f  p ro longed  cooking processes. However, l ow mass 
s toves h e a t  more r a p i d l y  than h i g h  mass and tend  t o  be 
c o n s i d e r a b l y  more e f f i c i e n t  f o r  s h o r t  d u r a t i o n  use. 

The v a l u e  o f  h e a t  r e t e n t i o n  f o r  space h e a t i n g  depends upon 
t h e  r e l a t i v e  use fu lness  o f  r a d i a n t  and connec t i ve  heat .  High 
mass s toves can n o t  be moved t o  s u i t  h e a t i n g  demands i n  
v a r y i n g  l o c a t i o n s .  

Enclosed f i r e s  may n o t  be as w e l l  managed as f i r e s  which can 
be seen. Where s toves a re  designed w i t h  small  f i r e b o x e s  
r e q u i r i n g  smal l  p ieces  o f  f u e l  which may be d i f f i c u l t  t o  
prepare, l a r g e r  p ieces  a r e  o f t e n  used w i t h  t h e  f i r e  door 
l e f t  open. T h i s  may d e s t r o y  t h e  r e l a t i v e  e f f i c i e n c y  o f  the  
des ign.  Leaving a door open f o r  l i g h t i n g  purposes may have 
s i m i l a r  consequences. 

P r o p e r l y  designed chimneys a re  c r i t i c a l  t o  the  performance 
o f  enc losed stoves.  The chimney must be s u f f i c i e n t  t o  remove 
waste gases b u t  n o t  so g r e a t  as t o  induce o v e r- r a p i d  
exhaust.  A chimney t h a t  i s  too  small  w i l l  reduce combustion 
e f f i c i e n c y  and a chimney t h a t  i s  t o o  t a l l  w i l l  reduce hea t  
t r a n s f e r ,  o f t e n  t o  a l e v e l  beneath t h a t  o f  an open f i r e .  

A i r  i n l e t  va lves  a l l o w  matching o f  t h e  power o u t p u t  o f  
enc losed f i r e s  t o  demand. 

Grates improve p r i m a r y  a i r  m i x i n g  and g r e a t l y  enhance the  
e f f i c i e n c i e s  o f  b o t h  open and c losed  f i r e s .  

Proper b a l a n c i n g  o f  p r i m a r y  and secondary a i r f l o w s  can 
ensure complete combustion w i t h o u t  t h e  i n t r o d u c t i o n  o f  
unnecessary c o l  d  a i r .  

Emplacement o f  p o t s  i n ,  r a t h e r  than  above, t h e  h o t  gas 
stream d r a m a t i c a l l y  inc reases  h e a t  t r a n s f e r  i n t o  t h e  p o t  and 
simul taneousl y  reduces h e a t  l o s s .  T h i n  tops, on enc losed 
stoves, a r e  f a r  b e t t e r  i n  t h i s  r e g a r d  than  t h i c k  tops .  

F i r e  s i z e  shou ld  be matched t o  t h e  p o t  as shou ld  t h e  h e i g h t  
o f  t h e  p o t  f i r e .  Both dimensions are, i d e a l l y ,  about  one 
h a l f  t h e  d iameter  o f  t h e  p o t .  



The gas p a t h  shou ld  be designed t o  achieve h i g h  v e l o c i t i e s  
a t  t h e  sur face,  low v e l o c i t i e s  e l  sewhere. 

Severa l l y ,  o r  toge ther ,  these t e c h n i c a l  t r a n s f o r m a t i o n s  would 
e a s i l y  a l l o w  a country-wide 10 per  c e n t  inc rease  i n  s tove  
e f f i c i e n c y  sav ing  0.7 m i l l i o n  c u b i c  metres i n  charcoal  p r o d u c t i o n  
and 1 m i l l  i o n  c u b i c  metres i n  s tove  f u e l .  I n  monetary terms, t h i s  
would mean y e a r l y  household sav ings o f  Kshs 60 m i l l i o n  on 
charcoal  purchase and t h e  e q u i v a l e n t  o f  Kshs 100 m i l l i o n  on 
fuelwood. A l i t t l e  inves tment  c o u l d  save a l o t .  

There a r e  t h r e e  i m p o r t a n t  t h e o r e t i c a l  i ssues  t o  be addressed 
i n  any s tove  programme, namely:- 

( 1 )  t h e  des ign  p r i n c i p l e s ,  

( 2 )  t h e  method o f  p roduc t ion ,  and 

( 3 )  t h e  problem o f  d i f f u s i o n .  

The des ign  o f  technology, p a r t i  c u l  a r l  y  household technology,  
depends on an unders tand ing  o f  t h e  i n t e r r e l a t e d  systems o f  use, 
p r o d u c t i o n  and exchange. Wi thou t  a  p roper  matching o f  a l l  these 
systems, des igns w i l l  f a i l  i n  a p p l i c a t i o n  and t h e  meaningfu l  
c r i t e r i o n  f o r  development - s e l  f - g e n e r a t i n g  d i f f u s i o n  - w i l l  n o t  
be met. The problems o f  s tove  design f o r  t r a d i t i o n a l  energ ies  
pose two p a r t i c u l a r  problems. F i r s t l y ,  a  technology f r e q u e n t l y  
uses severa l  d i f f e r e n t  forms o f  energy. Modern technology designs 
a r e  energy- source s p e c i f i c  (e.g. an e l e c t r i c  k e t t l e ,  a  gas 
cooker )  whereas t r a d i  t i o n a l  des igns a r e  geared t o  mu1 t i p 1  e energy 
sources. It i s  d i f f i c u l t  t o  des ign  e f f i c i e n t  s toves t o  
accommodate a1 l p o s s i b l e  energy sources. Second1 y, t h e  
techno log ies  f r e q u e n t l  y  s e r v i c e  mu1 ti p1 e end-uses. A t  t h e  p r e s e n t  
moment, t h e r e  a r e  as many improved cook ing  s toves as t h e r e  a r e  
cook s tove  t e c h n o l o g i s t s .  Fuel e f f i c i e n c y  i s  f r e q u e n t l  y  the  
p r i n c i p a l  i n t e r e s t  o f  the  ( u s u a l l y  male)  des igner  but ,  f o r  
e f f i c i e n t  s toves  t o  d i f f u s e ,  the  d i v e r s e  end-use req i rements  o f  
t h e  user, u s u a l l y  female, must be s a t i s f i e d .  I n  p a r t i c u l a r ,  women 
may be more i n t e r e s t e d  i n  sav ing  cooking t i m e  even a t  t h e  expense 
of c o l l e c t i n g  more wood: t h i s  i s  e s p e c i a l l y  t r u e  i f  wood s c a r c i t y  
i s  n o t  t h e  womens' p e r c e p t i o n  o f  t h e  problem. 

Recent s tove  des ign  p r a c t i c e s  tend  t o  focus o n l y  on one 
end-use - cook ing  - b u t  t r a d i t i o n a l  open f i r e s  have severa l  
end-uses i n c l  u d i  ng : 

Rapid B o i l i n g  
L i g h t i n g  
Space Heat ing  
Maintenance o f  Thatch 
Reducing I n s e c t  Popu la t ions  
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E f f o r t s  t h a t  e s s e n t i a l l y  seek t o  improve t h e  e f f i c i e n c y  o f  
simmering (cook ing)  do so a t  t h e  expense o f  o t h e r  end-uses. O f  
necess i t y ,  people r e q u i r e  a  mu1 t i p 1  i c i  t y  o f  end-use devices and 
f u e l s  which inc rease  t h e  r e a l  cos t ,  i n  r e a l  and monetary terms, 
o f  energy procurement. Stove design shou ld  be as concerned w i t h  
t h e  understanding o f  s o c i a l  e f f i c i e n c y  as w i t h  phys ica l  
e f f i c i e n c y .  

Another i m p o r t a n t  t h e o r e t i c a l  i s s u e  t o  address i s  the  method 
o f  s tove  p roduc t ion .  Stoves a re  f r e q u e n t l y  seen as an i d e a l  
o p p o r t u n i t y  f o r  an "Appropr ia te  Technology" . Appropr ia te  
Technology approaches, however, have c e r t a i n  c h a r a c t e r i s t i c s  
which, e s p e c i a l l y  w i t h  r e f e r e n c e  t o  improved s tove  programmes, 
a r e  seemi n g l  y  c o n t r a d i c t o r y .  I n  g1 obal terms, these 
c h a r a c t e r i s t i c s  i n c l u d e :  

(1) t h a t  they  a r e  a  means whereby, i f  mass ive ly  consumed, 
r o u g h l y  40 per  c e n t  o f  the  w o r l d ' s  p o p u l a t i o n  c o u l d  be 
f r e e d  f rom a  l e v e l  o f  drudgery, 

( 2 )  t h a t  they  w i l l  make more e f f e c t i v e  use o f  resources on 
an "As- Is"  - "Where-Is" bas is ,  and 

( 3 )  t h a t  t h e  techno log ies  a r e  e n v i r o n m e n t a l l y  benign. 

The second c h a r a c t e r i s t i c  suggests t h a t  t h e  technologies 
w i l l  be l o c a l l y  produced and p r i m a r i l y  small  i n  s c a l e  ("Small  i s  
B e a u t i f u l " ) .  The f i r s t  c h a r a c t e r i s t i c  suggests t h a t  a  l a r g e  
number o f  smal l  u n i t s  be made. The conven t iona l ,  and eas ies t ,  way 
t o  make a  l a r g e  number o f  small  u n i t s  i s  mass p r o d u c t i o n  b u t  t h i s  
c o n t r a d i c t s  t h e  f i r s t ,  and f requen t1  y  the  t h i r d  c h a r a c t e r i s t i c .  
Stove p roduc t ion ,  i n  Kenya, faces t h e  same c o n t r a d i c t i o n s .  I n  
o r d e r  t o  produce t h e  l a r g e s t  number o f  e f f i c i e n t  stoves, i n  the  
s h o r t e s t  p o s s i b l e  t ime, should mu1 t i n a t i o n a l  s  be encouraged t o  
manufacture e f f i c i e n t  s toves?  A1 t e r n a t i v e l  y ,  shou ld  t h e  a r t i s a n s ,  
i n  t h e  i n f o r m a l  sec to r ,  be encouraged t o  improve t h e i r  des igns? 
Mu1 t i n a t i o n a l  s  w i l l  c l e a r l y  e s t a b l  i s h  monopoly c o n d i t i o n s  t h a t  
w i l  l p r e c l  ude c o m p e t i t i o n  f rom t h e  i n f o r m a l  s e c t o r  but ,  
s imul taneously ,  w i l l  use e f f e c t i v e  marke t ing  channels. The 
i n f o r m a l  sec to r ,  however, c r e a t e s  urban employment and r e c y c l e s  
resources e f f e c t i v e l y .  The r e s o l u t i o n  o f  t h i s  c o n f l  i c t  i s  c l e a r l y  
a  p o l i t i c a l  i ssue .  

I n  t h e  Kenyan con tex t ,  the  debate about  which p r o d u c t i o n  
systems shou ld  be used i s  ongoing. I t  i s  necessary, however, t o  
e s t a b l i s h  an e f f e c t i v e  s tove  c e n t r e  t o  des ign  and t e s t  stoves, as 
w e l l  as cooking u t e n s i l s .  Such a  c e n t r e  c o u l d  a1 so promote the  
use o f  more e f f i c e n t  s toves and t r a i n  a r t i s a n s  e s p e c i a l l y  i n  the  
b u i l d i n g  o f  permanent s toves i n  houses. Most i m p o r t a n t l y ,  such a  



c e n t r e  woul d  e s t a b l  i sh standards f o r  s tove  e f f i c i e n c y  and 
p r o d u c t i o n  so t h a t  the  c r e a t i v i t y  o f  des igners c o u l d  be 
channel led,  and moni tored,  t o  meet n a t i o n a l  needs. 

However, even w i t h  t h e  successful des ign and p r o d u c t i o n  o f  
improved stoves,  a  c e n t r a l  problem occurs w i t h  e f f e c t i v e  
d i f f u s i o n  o f  s toves.  I n  t h e  Kenyan con tex t ,  successfu l  d i f f u s i o n  
o f  s toves w i l l  p robab ly  occur  most r a p i d l y  i n  the  urban r a t h e r  
than t h e  r u r a l  areas. Charcoal stoves, jiko, are  a l r e a d y  
purchased i n  t h e  urban areas and severa l  f u e l  - technology 
combinat ions a r e  a v a i l a b l e  f o r  o t h e r  enduses, p a r t i c u l a r  
l i g h t i n g .  

I n  r u r a l  areas, the  demand f rom women i s  c u r r e n t l y  f o r  s tove 
techno log ies  t h a t  save l a b o u r  n o t  f u e l .  To t h i s  end, i t  i s  wor th  
c o n s i d e r i n g  t h e  d i f f u s i o n  of techno log ies  t h a t  would 
s imu l taneous ly  save f u e l  and l a b o u r  t ime  f o r  cooking such as 
f l o u r  m i l l s .  I t  i s  wor th  emphasising t h a t  t h e  demand f o r  labour  
sav ing s toves c o u l d  a c t u a l l y  produce a  des ign  t h a t  inc reased  t h e  
use o f  fuelwood. T h i s  demand however, i s  a  r e a l i s t i c  demand, a t  
t h e  moment, which r e f l e c t s  the  r e l a t i v e  l o c a l  abundance o f  
fuelwood i n  the  r u r a l  areas. The s i t u a t i o n  w i l l  change r a p i d l y  
over  the  n e x t  genera t ion .  

K i l n s  

Charcoal i s  w i d e l y  p r e f e r r e d  t o  wood as a  f u e l  i n  Kenya. I t  
has a lmost  t w i c e  t h e  energy c o n t e n t  per  u n i t  weight ,  i s  e a s i l y  
handled and burns c l e a n l y  and even ly  i n  s imp le  s toves.  

V i r t u a l l y  a l l  Kenyan charcoal  i s  produced i n  e a r t h  k i l n s .  
The energy convers ion  e f f i c i e n c y  o f  these k i l n s  i s  es t imated  t o  
be about  24  per  c e n t  a t  b e s t .  Some charcoa l  (abou t  10 thousand 
tonnes) i s  produced i n  masonry k i l n s  a t  t w i c e  t h i s  e f f i c i e n c y .  
The predominance o f  e a r t h  k i l n s  i s  because e a r t h  k i l n s  can be 
b u i l t  t o  c o n v e r t  i n d i v i d u a l  t r e e s  a t  t h e  s i t e s  where t h e y  a re  
f e l l e d ,  and can c o n v e r t  l o n g  and l a r g e  p ieces  d i m i n i s h i n g  t h e  
need f o r  l a b o r i o u s  c a r r y i n g  and c u t t i n g  o f  wood. Since charcoal  
p r o d u c t i o n  f rom Kenyan f o r e s t s  i s  l a r g e l y  p rosc r ibed ,  a lmost  a1 l 
Kenyan charcoal  i s  produced f rom i s o l a t e d  t rees ,  scrub, and 
p r i v a t e  woodlots .  The h i g h  c o s t  o f  o f f - r o a d  t r a n s p o r t  o f  green 
wood p rec ludes  employment o f  s t a t i o n a r y  k i l n s  excep t  where h i g h  
f o r e s t  d e n s i t y  reduces t r a n s p o r t a t i o n  needs. 

P o r t a b l e  meta l  k i l n s  a r e  i n t e r m e d i a t e  i n  c o s t  and e f f i c i e n c y  
between e a r t h  k i l n s  and s t a t i o n a r y  masonry k i l n s .  Bu t  w h i l e  these 
k i l n s  a r e  t h e o r e t i c a l l y  q u i t e  p o r t a b l e ,  l a c k  o f  access t o  t r u c k s  
d r a s t i c a l l y  l i m i t s  t h e i r  p o r t a b i l  i t y  i n  p r a c t i c e .  They a r e  a1 so 
expensive. It i s  d o u b t f u l  t h a t  t h e  l i m i t e d  improvements i n  
e f f i c i e n c y  which t h e y  p r o v i d e  c o u l d  j u s t i f y  t h e  expense o f  
purchase and t r a n s p o r t .  

Enhancement o f  charcoal  convers ion e f f i c i e n c y  i s  l i k e l y  t o  
come e i t h e r  f rom masonry k i l n s  o r  improvement o f  t h e  ear then  





t o  the  urban households which now burn  charcoal  and i f  these 
households can be persuaded t o  s w i t c h  back t o  wood, t h e  demand 
f o r  wood resources  m i g h t  be much d imin ished.  

T h i s  change w i l l  n o t  be achieved e a s i l y .  Urban Kenyans (most 
o f  whom have p a r a f f i n  o r  e l e c t r i c i t y  a v a i l  ab le  f o r  l i g h t i n g )  
p r e f e r  charcoal  t o  wood f o r  severa l  reasons o t h e r  than i t s  
economy. However, s t a n d a r d i z a t i o n  o f  woodst icks o r  t h e  
densifyinglpelletization o f  wood w i l l  make t h e  i n t r o d u c t i o n  o f  
woodstoves e a s i e r .  I t  i s  wor th  n o t i n g  t h a t ,  f o r  a  cook w i t h o u t  
access t o  f r e e  wood, the  n e t  c o s t  o f  cooking w i t h  wood o r  
charcoal  was approx imate ly  even, f rom 1975-80. Wi th t h e  
p u b l i c a t i o n  o f  new, government c o n t r o l l e d ,  p r i c e s  f o r  charcoa l ,  
which were b rough t  i n  t o  reduce urban demand f o r  wood, the  
p i c t u r e  has changed d r a s t i c a l l y .  Table 6.2 shows t h a t  wood has 
become s i g n i f i c a n t l y  cheaper than charcoal  i n  the  urban area, 
i n c r e a s i n g  t h e  demand f o r  wood. Charcoal r e q u i r e s  l i t t l e  
p r e p a r a t i o n ,  s t a r t s  e a s i l y ,  and burns even ly  f o r  a  pro longed 
p e r i o d  w i t h o u t  a t t e n t i o n  f rom the  cook. Perhaps because i t  i s  
convenient ,  and a  purchased commodity, charcoal  a l s o  bears some 
r e l a t i v e  p r e s t i g e  va lue .  U n f o r t u n a t e l y ,  most h i g h l y - e f f i c i e n t  
wood stoves f a i l  t o  s a t i s f y  t h e  most i m p o r t a n t  o f  these c r i t e r i a ,  
convenience. These stoves depend f o r  t h e i r  e f f i c i e n c y  upon the  
use o f  v e r y  hot ,  smal l  f i r e s .  C o n s t r i c t e d  by design, t h e i r  
f i r e p l a c e s  w i l l  accept  and burn  d r y  f i n e l y  chopped wood o n l y .  The 
f i r e s  burn r a p i d l y  and must be r e p l e n i s h e d  f r e q u e n t l y ,  y e t  the  
doors o f  t h e  f i r e p l a c e s ,  p r o p e r l y  c losed  i n  use, make observa t ion  
o f  the  f i r e  d i f f i c u l t .  I f  t h i s  problem cannot  be o b v i a t e d  by 
improved design, i t  i s  h i g h l y  improbable t h a t  a  s i g n i f i c a n t  share 
o f  t h e  charcoa l- us ing  p o p u l a t i o n  w i l l  s h i f t  t o  wood d e s p i t e  p r i c e  
changes. I t  i s  a l s o  p o s s i b l e  t o  mod i fy  improved p o r t a b l e  j i k o  t o  
burn  wood and t h i s  may be one s o l u t i o n  t o  encourage f u r t h e r  
s w i t c h i n g  back t o  fuelwood. 

Table 6.2 

FUEL COSTS I N  NAIROBI, KENYA (US $/GJ) 

Fuel wood 1.18 
Charcoal 2 .91 
Kerosene 8.31 
LPG (Butane) 13.61 
E l e c t r i c i t y  21.97 

Such a  s h i f t  c o u l d  be m o t i v a t e d  by a  s u b s t a n t i a l  change i n  
the  r e l a t i v e  p r i c e  o f  the  two f u e l s .  A t  l e a s t  one observer  has 
no ted  consc ious p r i ce- based  s u b s t i t u t i o n  o f  p a r a f f i n  f o r  charcoal  



(reversed upon announcement of a r i s e  in the  control led  price of 
pa ra f f in ) .  However, the labour budget implications of the 
subs t i tu t ion  of these two f u e l s  a re  t r i v i a l  : the 
pr ice- subst i tu t ion e f f e c t  may be much smaller with respect  to the 
charcoal -to-wood switch. 

As discussed l a t e r ,  there  i s  considerable potential  f o r  the 
subs t i tu t ion  of producer gas f o r  the  l iqu id  hydrocarbons, 
par t icul  ar l  y in rura l  off-road and s t a t iona ry  appl ica t ions .  The 
magnitude of t h i s  subs t i tu t ion  could be very much enhanced by 
support of the development of a local  generator u n i t  industry. 
Solar water heating could come to d isplace  an important f rac t ion 
of e l e c t r i c i t y  consumed f o r  t h i s  purpose. Rest r ic t ions  on 
i n s t a l l a t i o n  of new e l e c t r i c  water heating capacity could be very 
e f fec t ive  in accelera t ing a t r ans i t ion  which i s  already 
cos t- effec t ive  i n  commerci a1 construction.  

Certainly Kenyans express a g rea t  eagerness to  s h i f t  to more 
convenient high qua l i ty  forms of energy, e.g. gas and 
e l e c t r i c i t y .  However, in view of the much higher cos ts  of these 
fue l s ,  t h e i r  d i s t r ibu t ion  systems, the appliances in which they 
might be used, and t h e i r  potential  t o  exacerbate o i l  dependency, 
near term p01 icy  emphasis must focus on using t r ad i t iona l  fuels  
more e f f i c i e n t l y .  

Biomass Appl i ca t ions  

Solar energy i s  captured through photosynthesis in  organic 
matter. This "biomass" can in p r inc ip le  provide a renewable 
source of indigenous energy. Indeed, biomass in the form of wood 
current ly  accounts f o r  three-quarters of Kenya's energy budget. 
An a t t r a c t i v e  p o s s i b i l i t y  i s  the thermochemical or  biochemical 
conversion of indigenous biomass resources to more useful fuel 
forms, especia l ly  those which could subs t i tu t e  f o r  petroleum 
products. 

We review several technological options f o r  Kenya in  the 
subsections below. Given the t r ip1  e long- term resource p01 icy 
goal of avoiding woodfuel shortages, decreasing o i l  requirements, 
and increasing food production, i t  i s  essent ia l  t h a t  i nd i rec t  
impacts of biomass applications be considered c r i t i c a l l y .  Oil 
subs t i tu t e  schemes using wood should not exacerbate fuelwood 
shortages;  the systematic use of agr icul tura l  crops and residues 
should be consis tent  with the maintenance of so i l  f e r t i l i t y .  

( a )  Alcohol 

International  i n t e r e s t  i n  technologies f o r  deriving l iquid 
fue l s  from agr icul tura l  products has increased in  recent  years as 
a d i r e c t  consequence of o i l  price increases.  There a re  numerous 
demonstrated pathways f o r  converting vegatative raw material t o  
various fuel s (ethanol , methanol, acetone-butanol , e t c .  ) by the 



process o f  m i c r o b i o l o g i c a l  convers ion under anaerobic  ( o r  
a i r - f r e e )  c o n d i t i o n s ,  d r y  d i s t i l l a t i o n  techniques as w e l l  as by 
o t h e r  means. 

Specia l  a t t e n t i o n  has focused on t h e  p r o d u c t i o n  o f  e thanol  
( e t h y l  a l c o h o l ) ,  a  substance which has been produced f o r  beverage 
use s i n c e  a n c i e n t  t imes.  Ethanol i s  produced by f e r m e n t a t i o n  o f  
s imp le  sugar (g lucose,  f r u c t o s e ) ,  e i t h e r  d i r e c t l y  o r  f rom sugar 
f i r s t  d e r i v e d  f rom p l a n t  m a t t e r  o f  more complex mo lecu la r  
s t r u c t u r e .  The a t t r a c t i o n  o f  e thanol  i s  i t s  p o t e n t i a l  as a 
s u b s t i t u t e  f o r  gasol i n e  f u e l  i n  automobi les. Methanol (a1 so known 
as "wood a lcoho l  " )  c o u l d  i n  p r i n c i p l e  p l a y  a r o l e  as a 
wood-derived l i q u i d  f u e l ,  b u t  t h e  combinat ion o f  c o r r o s i o n  
problems i n  e x i s t i n g  engines, c u r r e n t  wood shortages, and the  
f a c t  t h a t  e thano l  i s  now produced on a t e s t e d  commercial s c a l e  i n  
many c o u n t r i e s ,  p u t s  o n l y  ethanol  on t h e  near- term p l a n n i n g  
agenda. 

Kenya i s  a c t i v e 1  y  engaged i n  deve lop ing  an ethanol  - f o r - f u e l  
i n d u s t r y .  The Kenyan Government has taken t h e  m a j o r i t y  share i n  
two m01 asses a1 cohol p1 an ts  c u r r e n t l y  under c o n s t r u c t i o n ,  w i t h  a 
j o i n t  c a p a c i t y  o f  120,000 l i t r e s  per  day, a1 though one o f  these 
p l a n t s  (Kisumu) i s  u n l i k e l y  t o  come on l i n e .  A t h i r d  p l a n t ,  based 
on sugar cane, has been proposed and i s  under a c t i v e  
c o n s i d e r a t i o n .  I f  approved, t h i s  w i l l  add a f u r t h e r  150,000 
l i t r e s  per  day by  1985. I n  a d d i t i o n  t o  e thano l ,  the  programme i s  
designed t o  p r o v i d e  feeds tocks  f o r  t h e  p l a s t i c s  and beverage 
i n d u s t r i e s .  The goal i s  t o  b lend  t h e  e thano l  w i t h  gasol i n e  i n  a 
r a t i o  eventual  l y o f  20180, t h e  h i g h e s t  e thano l  p r o p o r t i o n  n o t  
r e q u i r i n g  engine m o d i f i c a t i o n .  

Sugarcane and sweet sorghum are  t h e  crops p roduc ing  the  
h i g h e s t  a lcoho l  y i e l d  as shown i n  Table 6 . 3 .  

Table 6 . 3  

ALCOHOL YIELD OF SELECTED CROPS, UNITED 

STATES AND BRAZIL 1977 

Crop Alcohol  Y i e l d  per  Hectare 
( l  i t r e s  ) 

Sugarcane ( B r a z i l  ) 
Sweet Sorghum (US) 
Corn (US) 
Cassava ( B r a z i l  ) 
Gra in  Sorghum (US) 
Wheat (US) 



A d d i t i o n a l  l y, sugarcane p rov ides  i t s  own energy source f o r  the  
convers ion  process i n  t h e  form o f  bagasse u n l i k e  t h e  o t h e r  crops 
mentioned as e thano l  feedstock m a t e r i a l  S. I n  Kenya, where 
abundant and inexpens ive  ind igenous energy resources are n o t  
a v a i l a b l e ,  i t  would be i n a d v i s a b l e  t o  use c rops  o t h e r  than sugar. 

Molasses, t h e  feedstock o f  t h e  f i r s t  two Kenyan ethanol  
u n i t s ,  i s  a  byproduc t  o f  cane sugar p r o d u c t i o n  y i e l d i n g  280 
l i t r e s  o f  e thano l  p e r  tonne. Ethanol p r o d u c t i o n  f rom molasses i s  
o n l y  economical i f  annexed t o  a sugar f a c t o r y .  Moreover, t h e r e  
a re  l arge o p p o r t u n i t y  c o s t s  assoc ia ted  w i t h  e thano l  p roduc t ion .  
F i r s t ,  molasses i s  a  s t r o n g  fore ign- exchange earner  and, o n l y  
between 1977-79 when commodity p r i c e s  were low, was i t  r e a l  i s t i c  
t o  cons ider  b u r n i n g  i t  as f u e l .  Second, t h e r e  i s  s t r o n g  demand 
f o r  m01 asses i n  c a t t l e  and p i g  p roduc t ion .  These o p p o r t u n i t y  
c o s t s  have n o t  been g i v e n  s u f f i c i e n t  a n a l y s i s .  

The v i a b i l  i t y  o f  sca l  i n g  up t h e  c u r r e n t  e thano l  programme 
r a i s e s  some s e r i o u s  ques t ions  concern ing  i t s  economic 
j u s t i f i c a t i o n  g i v e n  t h e  i n c r e a s i n g  demands f o r  h i g h  q u a l i t y  l a n d  
f o r  f o o d  and wood p roduc t ion .  Review o f  the  s t a t u s  o f  t h e  two 
m01 asses-ethanol p1 an ts  i n d i c a t e s  some o f  the  d i  l emmas. 

The f i r s t  f a c t o r y  - t h e  Kenya Chemical and Food P r o j e c t  - 
was t o  produce c i t r i c  ac id,  b a k e r ' s  yeas t ,  and v inegar  i n  
a d d i t i o n  t o  i t s  p r i m a r y  ou tpu t ,  e thano l .  Costs have f a r  exceeded 
t h e  o r i g i n a l  e s t i m a t e  o f  $55 m i l l i o n .  The l o c a l  market  f o r  the  
by- products  i s  smal l  (e.g., Kenya impor ted  58 tons o f  v inegar  i n  
1979 w h i l e  t h e  p l a n t  c a p a c i t y  w i l l  be 2000), w h i l e  successfu l  
c o m p e t i t i o n  i n  t h e  e x p o r t  market  remains p rob lemat i c .  Ethanol 
w i l l  c o s t  about  U.S. $1.90 per  l i t r e  o r  about  t w i c e  the  pump 
p r i c e  o f  p e t r o l  . A t  t h e  p r e s e n t  moment, the  consor t ium b u i l d i n g  
t h e  p l a n t  has co l lapsed .  It i s  u n l i k e l y  t h a t  t h e  p l a n t  w i l l  ever 
produce e thano l  . 

The o t h e r  m01 asses-ethanol p1 ant,  t h e  Agro-Chemical and Food 
Corporat ion,  has a b e t t e r  l o c a t i o n  and i s  a t tached  t o  a sugar 
f a c t o r y  b u t  faces  s i m i l a r  problems i n  t h a t  t h e  ethanol  i s  about 
t h e  market  p r i c e  o f  pe t ro leum (U.S. 60 cen ts  per  l i t r e )  and there  
a r e  l i m i t e d  markets  f o r  t h e  byproducts .  Moreover, these two 
p l a n t s  c o u l d  n o t  o n l y  be i n  d i r e c t  c o m p e t i t i o n  w i t h  each o t h e r  f o r  
t h e  f u e l  market  b u t  a l s o  f o r  molasses. Cur ren t  es t imates  suggest 
t h a t  molasses may have t o  be impor ted i n  o rder  t o  f u l f i l  t he  
demand f o r  b o t h  f a c t o r i e s ,  shou ld  b o t h  produce. No m a t t e r  what 
d e c i s i o n  t h e  Kenyan Government makes about  t h e  p r i c i n g  p o l i c y  o f  
e thanol ,  i t  w i l l  l o s e  some U.S. $ 8 m i l l i o n  p e r  annum o r ,  i f  i t  
were determined t o  w r i t e  o f f  t h e  whole cos t ,  U.S. $90 m i l l i o n .  

It i s  i m p o r t a n t  t o  remember t h a t  t h e  t h r e e  successfu l  
examples o f  e thanol  p r o d u c t i o n  a r i s e  because o f  t h e  s p e c i f i c  
p o l i t i c a l  economy o f  t h e  n a t i o n s  i n  ques t ion ,  namely: 1 )  The 
U n i t e d  States,  where e thano l  m a i n t a i n s  t h e  g l o b a l  p r i c e  o f  corn 
and t h e r e  i s  no n a t i o n a l  food  shor tage;  2 )  B r a z i l ,  where an 
ethanol  programme has r u n  p a r a l l e l  t o  t h e  sugar i n d u s t r y  f o r  50 
years  and t h e r e  i s  no f o o d  shor tage;  3 )  Zimbabwe, where an o i l  



embargo f o r c e d  a1 t e r n a t i v e  s o l u t i o n s  and t h e r e  i s  no f o o d  
sho r tage .  I n  Kenya, w i t h  a  f o o d  and wood sho r tage ,  t h e  
o p p o r t u n i t y  c o s t  o f  e t h a n o l  p r o d u c t i o n  i s  n e c e s s a r i l y  h i g h .  Given 
t h e  q u e s t i o n s  and u n c e r t a i n t i e s  abou t  t h e  r o l e  o f  an i n t e n s i f i e d  
a1 coho l  programme i n  an i n t e g r a t e d  f o o d l e n e r g y  p1 ann ing  
framework, we do n o t  i n c l u d e  e f f o r t s  beyond those  c u r r e n t l y  
commi t ted i n  t h e  a l t e r n a t i v e  p o l i c y  s c e n a r i o .  

( b )  Producer  Gas 

Producer  gas may p rove  t o  be t h e  most  v a l u a b l e  
b iomass- der i ved  f u e l  i n  Kenya. An e f f i c i e n t  s u b s t i t u t e  f o r  t h e  
l i q u i d  hydrocarbons i n  v i r t u a l l y  a l l  o f  t h e i r  a p p l i c a t i o n s ,  
i n c l  u d i n g  mo to r  t r a n s p o r t ,  p rocess  h e a t i n g  and e l e c t r i c  
g e n e r a t i o n ,  p roduce r  gas can f u e l  e x i s t i n g  equ ipment  f r o m  b o i l e r s  
t o  d i e s e l  eng ines,  w i t h  o n l y  m i n o r  m o d i f i c a t i o n s  and l i t t l e  
a d d i t i o n a l  t r a i n i n g  o f  o p e r a t o r s .  I t  can be genera ted  when needed 
and where needed, i n  a  s imp le ,  compact, and i n e x p e n s i v e  appara tus  
and t h u s  i s  f r e e  f r o m  t h e  s t o r a g e  and d i s t r i b u t i o n  prob lems wh ich  
p lague  t h e  use  o f  a l c o h o l  and b iogas .  

Producer  gas t e c h n o l o g y  i s  we1 l -known, p r e d a t i n g  Wor ld  War 
11, when i t  was w i d e l y  used i n  o i l - s h o r t  N o r t h e r n  Europe ( o v e r  
70,000 u n i t s  were i n  use i n  Sweden a l o n e ) .  A l t h o u g h  t h e  
t e c h n o l o g y  f e l l  i n t o  d i s u s e  w i t h  t h e  post-war  f l o o d  o f  
i n e x p e n s i v e  M i d d l e  E a s t e r n  o i l ,  r i s i n g  o i l  p r i c e s  have prompted 
renewed i n t e r e s t  i n  p roduce r  gas. Severa l  l a r g e - s c a l e  i n d u s t r i a l  
and a g r i c u l  t u r a l  p r o c e s s i n g  p1 a n t s  have been i n s t a l  l e d  r e c e n t 1  y  
i n  Europe and t h e  U.S., and t h e  P h i l l i p i n e s  i s  p u r s u i n g  an 
e l e c t r i c a l  g e n e r a t i o n  programme based on e x t e n s i v e  use o f  
p roduce r  gas. Seve ra l  m a n u f a c t u r e r s  a r e  o f f e r i n g ,  on t h e  U.S. and 
European marke ts ,  s m a l l - s c a l e  gas g e n e r a t o r s  f i t t e d  t o  i n t e r n a l  
combust ion eng ines :  B r a z i l  and t h e  P h i l l i p i n e s  have a l s o  produced 
cheaper model S. Economical  l y compet i  t i v e  i n  European and U. S. 
markets ,  p roduce r  gas t e c h n o l o g y  w i l l  be f a r  more v a l u a b l e  t o  
Kenya and o t h e r  o i l - s h o r t  d e v e l o p i n g  c o u n t r i e s ,  where i m p o r t e d  
hydrocarbons have much h i g h e r  r e l a t i v e  f a c t o r  p r i c e s .  

Producer  gas i s  a  medium-energy c o m b u s t i b l e  gas formed by 
t h e  p a r t i a l  p y r o l y s i  s  and h i g h- t e m p e r a t u r e  r e d u c t i o n  o f  
carbonaceous s o l  i d  f u e l  S, mos t  common1 y  wood c h i p s ,  c h a r c o a l ,  o r  
c r o p  r e s i d u e s .  I t s  p r i n c i p a l  c o m b u s t i b l e  components a r e  carbon 
monoxide and hydrogen, a l t h o u g h  i t  c o n t a i n s  some methane. The 
r e 1  a t i v e  c o m p o s i t i o n  v a r i e s  w i t h  f e e d s t o c k  and c o n d i t i o n s  o f  
p r o d u c t i o n .  When made f r o m  d r y  wood i t  approx ima tes  20 p e r  c e n t  
CO, 15 p e r  c e n t  H , 3 p e r  c e n t  CH as w e l l  as some 60 p e r  c e n t  
non- combus t i b le  gasas, N . ~ % p e n d i ~ ~  upon c o m p o s i t i o n  t h e  
ene rgy  c o n t e n t  v a r i e s  between 4.P-5.4 MJ/m . 

I n  l a r g e - s c a l e  a p p l i c a t i o n s  t h e  gas may be produced and 
bu rned  i n  c o n t i n u o u s - f l o w  process,  w i t h  e f f i c i e n c y  as h i g h  as 
85-90 p e r  c e n t  i n  h e a t i n g  uses.  Most  i n s t a l l a t i o n s ,  however, a r e  
r e 1  a t i v e l y  sma l l  b a t c h- t y p e  g e n e r a t o r s .  



These u n i t s  may be c o n s t r u c t e d  o f  masonry i n  s t a t i o n a r y  
a p p l i c a t i o n s ,  b u t  a r e  u s u a l l y  f a b r i c a t e d  o f  molded s t e e l ,  w i t h  
c a s t  f i t t i n g s  and t u y e r e  ( tubes) .  Many models a r e  small  enough t o  
be mounted on a t r u c k ,  t r a c t o r  o r  c a r .  I n  use, a i r  d r y  wood 
b locks,  charcoa l ,  o r  compressed c r o p  res idues  a r e  loaded through 
an a i r t i g h t  door i n t o  t h e  hopper / reac t ion  chamber. The bot tom o f  
t h e  r e a c t i o n  chamber i s  c o n s t r i c t e d ,  l i n e d ,  and equipped w i t h  
severa l  smal l  t u y e r e  through which a r e g u l a t e d  f l o w  o f  a i r  may be 
in t roduced .  A f i r e  i s  l i t  i n  t h i s  c o n s t r i c t e d  combgstion zone. I t  
q u i c k l y  a t t a i n s  v e r y  h i g h  temperatures, 900-1500 C. Exposure t o  
these temperatures occasions a spectrum o f  temperature-dependent 
r e a c t i o n s  i n  t h e  f u e l  above; d r y i n g  i n  t h e  most d i s t a n t  upper 
r e g i o n  o f  t h e  r e a c t i o n  chamber, d i s t i l l a t i o n  i n  t h e  n e x t  c l o s e s t  
reg ion ,  and thermal decomposit ion i n  t h e  r e g i o n  immediate ly  above 
t h e  combustion zone. The gaseous p roduc ts  o f  these r e a c t i o n s  a re  
drawn, as demanded, through t h e  h i g h  temperature combustion zone, 
where t h e y  undergo f u r t h e r  breakdown and r e d u c t i o n ,  then through 
s imp le  p a r t i c u l a t e  f i l t e r s ,  a  r a d i a t o r ,  and a r e  f e d  d i r e c t l y  i n t o  
t h e  i n t a k e  m a n i f o l d  o f  a  spark i g n i t i o n  o r  d i e s e l  engine. 

A spark i g n i t i o n  engine ( a  conven t iona l  gasol i n e  engine)  
r u n n i n g  on producer  gas operates a t  about  t h e  same e f f i c i e n c y  as 
on gaso l ine ,  u s i n g  1- 2 kg  d r y  wood per  l i t r e  o f  former gaso l ine  
consumption, b u t  produces o n l y  about  40-60 per  c e n t  o f  t h e  power 
i t  has when r u n  on gaso l ine .  Ord inary  modern engines w i t h  l a r g e  
va lves  and r e l a t i v e l y  h i g h  compression opera te  a t  t h e  h i g h  end o f  
t h i s  power range a f t e r  a  s imple advance i n  t i m i n g .  Oversized 
engines may be used i n  h igh- load  a p p l i c a t i o n s  or ,  as i n  the  
P h i l l i p i n e s ,  a g a s o l i n e  c u t - i n  can be f i t t e d  t o  boos t  power f o r  
i n t e r m i t t e n t  heavy loads .  

D iese l  engines r u n n i n g  on producer  gas s t i l l  r e q u i r e  some 
d i e s e l  f u e l ,  about  10 per  c e n t  o f  t h e i r  former consumption. 
D i e s e l s  r u n n i n g  on t h i s  m i x  opera te  a t  t h e i r  former e f f i c i e n c y  
u s i n g  3-4 kg  o f  d r y  wood and 0.1 l i t r e  o f  d i e s e l  i n s t e a d  o f  one 
l i t r e  o f  d i e s e l  i n  conven t iona l  opera t ion ,  and produce 85-95 per 
c e n t  o f  t h e i r  former power ou tpu t .  

H i g h - q u a l i t y  commercial genera to rs  f i t t e d  t o  engines a re  
f o r  s a l e  by  European f i r m s  a t  about  double t h e  c o s t  o f  the  
engines a lone  ($1000-$10,000). Many good designs a r e  q u i t e  
simple, however, r e q u i r i n g  no unusual m a t e r i a l s  o r  techniques.  I t  
seems q u i t e  p o s s i b l e  t h a t  such genera to rs  c o u l d  be f a b r i c a t e d  i n  
Kenya by e x i s t i n g  meta l  shops a t  a  c o s t  n o t  exceeding KSh 
10,000-15,000. Costs and q u a l i t y  c o u l d  be s t a b i l i z e d  by l o c a l  
f a c t o r y  p roduc t ion .  

The g r e a t  a t t r a c t i v e n e s s  o f  producer  gas technology l i e s  i n  
t h e  f a c t  t h a t  i t  can be f i t t e d  t o  t h e  e f f i c i e n t ,  f l e x i b l e  and 
r e 1  i a b l e  gasol i n e  and d i e s e l  power u n i t s .  Kenya has a l r e a d y  made 
a s u b s t a n t i a l  i nves tment  i n  purchasing and developing a s e r v i c e  
i n f r a s t r u c t u r e  f o r  these engines. Producer g a s- f u e l l e d  
in te rna l- combus t ion  engines can, i n  p r i n c i p l e ,  p r o v i d e  t h e  power 
f o r  r u r a l  i n d u s t r y ,  a g r i c u l t u r a l  process ing,  r u r a l  t r a n s p o r t ,  and 
d ispersed  e l e c t r i f i c a t i o n .  



( c )  Biogas 

3 
Biogas, l i k e  producer  gas, i s  a  medium energy (24 MJIM ) 

combust ib le  gas d e r i v e d  f rom organ ic  m a t e r i a l s .  Composed o f  
approx imate ly  60 per  c e n t  methane and 40 per  c e n t  carbon d iox ide ,  
b iogas lends  i t s e l f  t o  a  v a r i e t y  o f  a p p l i c a t i o n s .  I t  may be b u r n t  
f o r  l i g h t  o r  hea t  o r  used t o  f u e l  i n t e r n a l  combustion engines. 

U n l i k e  producer gas, b iogas i s  generated by  a  b i o l o g i c a l  
process, anaerobic  b a c t e r i a l  decomposi t ion o f  i t s  o rgan ic  
feedstock.  The r a t e  l i m i t a t i o n s  o f  t h i s  b i o l o g i c a l  process 
ser ious1  y  c o n s t r a i n  i t s  appl i c a t i o n s .  P roduc t ion  o f  use fu l  
q u a n t i t i e s  of b iogas  r e q u i r e s  a  l a r g e  volume permanent c u l t u r e .  
Such systems produce cont inuous1 y  and a r e  n o t  e a s i l y  regu la ted .  
Thus b iogas cannot  be produced on an as neededlwhere needed 
bas is ,  b u t  must be produced a t  f i x e d  g e n e r a t i o n  s i t e s  and s to red .  
S ince i t  i s  n o t  g e n e r a l l y  economical t o  compress t h e  medium 
energy gases, gas must be s t o r e d  i n  l a r g e  volume leak- proo f  
c o n t a i n e r s  and d i s t r i b u t e d  through f i x e d  p i p i n g .  These 
c o n s i d e r a t i o n s  p rec lude  mob i le  a p p l i c a t i o n  and impose heavy cos ts  
on h i g h  demand, i n t e r m i t t e n t  uses. 

Never the less,  b iogas has one overwhelmingly  a t t r a c t i v e  
f e a t u r e ;  i t s  i n p u t  m a t e r i a l s  a re  compara t i ve ly  cheap i f  wate r  i s  
f r e e l y  a v a i l a b l e .  The most common feeds tock  f o r  b iogas d i g e s t e r s  
a r e  wet  manure and c r o p  res idue .  (Wood, wh ich  has a  h i g h  c o n t e n t  
o f  i n d i g e s t i b l e  l i g n i n s  i s  n o t  a  s u i t a b l e  feeds tock ) .  The 
f e r t i l i z i n g  v a l u e  o f  these m a t e r i a l s  i s  n o t  reduced b u t  enhanced 
by  t h e i r  passage through t h e  d i g e s t e r .  A t  t h e  same t ime, the  
a c t i o n  o f  t h e  methanogenetic b a c t e r i a  des t roys  many pathogens and 
serves as an e f f e c t i v e  sewage t reatment .  T h i s  a b i l i t y  t o  generate 
a  v a l u a b l e  gas w h i l e  t r e a t i n g  and improv ing the  q u a l i t y  o f  manure 
has prompted i n t e r e s t  i n  b iogas throughout  the  wor ld .  A s imple 
technology has evo lved  and more than 800,000 b iogas d i g e s t e r s  
have been i n s t a l l e d ,  m o s t l y  i n  China, Korea, and I n d i a .  A l though 
t h e r e  i s  cons iderab le  enthusiasm f o r  b iogas i n  Kenya, fewer than 
100 d i g e s t e r s  have been i n s t a l l e d  t o  da te .  Most o f  these a re  a  
l o c a l l y  made v e r s i o n  o f  t h e  des ign descr ibed  below. Th is  system, 
g e n e r a l l y  known as t h e  I n d i a n  design, c o n s i s t s  o f  a  d i g e s t e r  tank 
equipped w i t h  a  f l o a t i n g  meta l  cover c o n s t r u c t e d  t o  c o l l e c t  and 
s t o r e  the  evo lved  gas. The s to rage  chamber i s  connected by a  p i p e  
t o  mant le  lamps o r  o t h e r  appl iances.  I n  use, a  m i x t u r e  o f  f r e s h  
manure o r  o t h e r  m a t e r i a l  and water ,  i s  f e d  through a  submerged 
funne l  i n t o  one end o f  t h e  d i g e s t e r  tank.  The a d d i t i o n  o f  t h i s  
f r e s h  s tock  d i s p l a c e s  d iges ted  s l u r r y  through an o u t l e t  a t  the  
o t h e r  end. Passage f rom i n p u t  t o  o u t p u t  takes severa l  weeks. 
Other des igns e x i s t ,  p a r t i c u l a r l y  f o r  l a r g e  s c a l e  d i g e s t e r s .  The 
most n o t a b l e  v a r i a n t  f o r  smal l  sca le  use i s  the  Chinese design, 
which s u b s t i t u t e s  a  p ressure  r e s i s t a n t  masonry s to rage  chamber 
f o r  t h e  expensive f l o a t i n g  s t e e l  gas h o l d e r .  Th is  des ign r e q u i r e s  
o t h e r  scarce commodit ies: cement and masonry s k i l l s .  



Most d i s c u s s i o n  o f  b iogas has focused on i t s  p o t e n t i a l  va lue  
t o  t h e  r u r a l  household, where advocates propose t h a t  the  gas 
c o u l d  p r o v i d e  l i g h t ,  cooking energy, and some motor power. There 
i s  more hope than r e a l i s m  i n  t h i s  p r o j e c t i o n .  A t y p i c a l  f a m i l y  
s c a l e  d i g e s t e r  m i g h t  have a  volume o f  1 .5  c u b i c  metres. A l o c a l  
d i g e s t e r  would c o s t  about  Ksh 3000. Under good c o n d i t i g n s  t h i s  
d i g e s t e r  would c o n v e r t  the  manure o f  two cows i n t o  .75 M o f  gas 
d a i l y .  T h i s  amount o f  gas i s  s u f f i c i e n t  t o  p r o v i d e  f i v e  hours o f  
l i g h t i n g  (100 candlepower),  one hour o f  cooking ( s i x - i n c h  
b u r n e r ) ,  o r  t o  f u e l  a  one-horsepower s t a t i o n a r y  engine f o r  one 
h a l f  hour .  Storage c a p a c i t y  i s  l i m i t e d  t o  l e s s  than two days '  
p roduc t ion .  Even when a  system o f  t h i s  s i z e  i s  f u n c t i o n i n g  w e l l ,  
i t s  use fu lness  w i l l  be q u i t e  l i m i t e d .  Yet household systems are 
n o t  l i k e l y  t o  f u n c t i o n  w e l l  c o n s i s t e n t l y .  

Biogas g e n e r a t i o n  i s  n o t  as easy as t h e  s i m p l i c i t y  o f  i t s  
equipment m i g h t  suggest.  The temperature and chemical s e n s i t i v i t y  
o f  t h e  methanogenetic b a c t e r i a  r e q u i r e  c a r e f u l  management. 
D iges te rs  must be f e d  d a i l y  w i t h  m a t e r i a l  o f  the  proper 
l i q u i d i t y ,  pH, and c a r b o n l n i t r o g e n  r a t i o .  A change i n  feedstock 
o r  some o t h e r  b i o l o g i c a l  shock may ha1 t gas p r o d u c t i o n  f o r  weeks. 
Gas p r o d u c t i o n  r a t e s  a r e  s t r o n g l y  dependent 8pon temperature, 
v i r t u a l l y  ceasing a t  temperatures below 50 C .  Mechanical 
problems such as s ludge and scum b u i l d - u p  and cor ros ion- induced  
gas l e a k s  p lague d i g e s t e r s .  Two r e c e n t  surveys i n  Kenya found 
t h a t  as a  r e s u l t  o f  these problems v e r y  few (<25 per  c e n t )  o f  the 
i n s t a l l e d  systems were a c t u a l l y  producing usab le  gas. 

While f a m i l y  systems can be economical under opt imal  
c o n d i t i o n s ,  c a p i t a l  , l a b o u r  i n p u t ,  and management c o s t s  w i l l  
s e v e r e l y  l i m i t  t h e i r  use. I n  I n d i a ,  where c o n d i t i o n s  a r e  f a r  more 
favourable,  the  s t a t e  suppor ted b iogas programme has been h e a v i l y  
c r i t i c i z e d  f o r  s u b s i d i z i n g  a  technology too  c o s t l y  and labour  
i n t e n s i v e  f o r  any b u t  t h e  w e a l t h i e s t  farmers.  While t h i s  problem 
c o u l d  i n  p r i n c i p l e  be avoided by development o f  l a r g e r ,  v i l l a g e  
s c a l e  b iogas p1 ants ,  t a k i n g  advantage o f  the  cons iderab le  
economies o f  sca le,  d i spersed  Kenyan s e t t l e m e n t  p a t t e r n s  w i l l  
r a r e l y  suppor t  such p l a n t s .  Even the  Chinese acknowledge t h a t  
t h e i r  b iogas systems a r e  b u i l t  p r i m a r i l y  f o r  s a n i t a r y  reasons, 
w i t h  gas p r o d u c t i o n  as a  s i d e  b e n e f i t .  

I n  the  Kenyan con tex t ,  b iogas may prove v a l u a b l e  i n  i d e a l  
s i t e s  such as l a r g e  farms, c o f f e e  p1 a n t a t i o n s ,  and i n s t i t u t i o n s  
such as r u r a l  schools .  However, f o r  t h e  fo reseeab le  f u t u r e ,  
Kenyan householders w i l l  n o t  l i k e l y  f i n d  b iogas p l a n t s  
wor thwh i le ,  and b iogas can be expected t o  c o n t r i b u t e  l i t t l e  t o  
the  o v e r a l l  energy supp ly .  

O i l  Conservat ion O p p o r t u n i t i e s  

The Base Case p r o j e c t i o n s  i n d i c a t e  t h a t  Kenya's o i l  
consumption i s  l i k e l y  t o  inc rease  d r a m a t i c a l l y  over  t h e  n e x t  two 



decades. I n  t h e  absence o f  major  development p o l i c y  s h i f t s ,  o i l  
w i l l  be r e q u i r e d  t o  serve as the  energy f o u n d a t i o n  f o r  economic 
growth. Indeed, the  average annual growth r a t e  f o r  end-use o i l  
consumption was found t o  be 6.0 per  cent ,  i m p l y i n g  a  n e t  i m p o r t  
burden i n  the  year  2000 t h r e e  t imes t h e  1980 l e v e l  o f  13.1 
m i l l i o n  b a r r e l s .  

The immense d i f f i c u l t i e s  t h a t  t h e  assoc ia ted  inc rease  i n  the  
o i l  i m p o r t  b i l l  would r a i s e  f o r  l o n g  te rm development have been 
s t ressed  e a r l i e r .  It i s  i m p o r t a n t  t o  s t r e s s  t h a t  even i f  the  use 
o f  s u b s t a n t i a l  q u a n t i t i e s  o f  a1 t e r n a t i v e  f u e l s  were phased- in 
over  t ime, o i l  problems would o n l y  moderate, n o t  d i s s i p a t e .  O i l  
w i l l  be the  f u e l  used f o r  the  marg ina l  o u t p u t  i n  t h e  modern 
economy ( t h e  e x t r a  e l e c t r i c i t y  generated, b o i l e r  f i r e d ,  o r  
k i l o m e t r e  d r i v e n )  and thus w i l l  be r e q u i r e d  f o r  growth i n  t h a t  
s e c t o r  i n  the  f u t u r e .  

The conserva t ion  o f  energy - here d e f i n e d  as reduc ing  the  
i n p u t  energy r e q u i r e d  t o  achieve a  g i v e n  o u t p u t  o f  goods and 
s e r v i c e s  - t h e r e f o r e  can p l a y  a  c r i t i c a l  r o l e  i n  m i n i m i z i n g  the  
f o r e i g n  exchange penal t y  o f  economic growth.  The p o t e n t i  a1 f o r  
conserva t ion  o f  o i l  i n  t h e  genera t ion  o f  e l e c t r i c i t y  through the  
s u b s t i t u t i o n  o f  a1 t e r n a t i v e  f u e l s  w i l l  be d iscussed below. I n  
t h i s  s e c t i o n  we s h a l l  rev iew the  conserva t ion  p o t e n t i a l  f o r  o i l  
and o t h e r  commercial f u e l s  i n  t h e  t r a n s p o r t a t i o n ,  i n d u s t r i a l  , 
commerci a1 , and household sec to rs .  

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

I n c r e a s i n g  t h e  e f f i c i e n c y  o f  t h e  v e h i c u l a r  f l e e t  must be 
considered a  p r i o r i t y  i n  energy p1 anning. The p r o j e c t e d  
consumption o f  pe t ro leum produc ts  f o r  t h e  t r a n s p o r t a t i o n  s e c t o r  
i s  r e c a p i t u l a t e d  i n  Table 6.4. Th is  s e c t o r ' s  share o f  the  o i l  
requi rements was over  5 5  per  c e n t  i n  1980. 

Wi th r e s p e c t  t o  p r i v a t e  veh ic les ,  t h e r e  a re  two broad areas 
where e f f i c i e n c y  inc reases  c o u l d  be e f f e c t e d :  ( 1 )  improved 
performance standards f o r  new and e x i s t i n g  v e h i c l e s  and ( 2 )  
improved p a t t e r n s  o f  t r a f f i c  f l o w .  

I n  r e g a r d  t o  t h e  f i r s t  area, the  e x i s t i n g  s tock o f  v e h i c l e s  
w i l l  be l a r g e l y  r e p l a c e d  d u r i n g  t h e  t ime- frame o f  our 
i n v e s t i g a t i o n .  Cons idera t ion  c o u l d  be g i v e n  t o  the  adop t ion  o f  
minimum e f f i c i e n c y  t a r g e t s  f o r  new v e h i c l e s  e n t e r i n g  the  Kenyan 
f l e e t .  The r e c e n t  inc reases  i n  i m p o r t  d u t y  on car  we igh t  i s  a  
p r e c e d e n t i a l  mechanism f o r  a f f e c t i n g  t h e  charac te r  o f  t h e  f T e e t  
mix.  Purchase p a t t e r n s  have s h i f t e d  i n  response t o  t h a t  p o l i c y  
toward smal l e r  engine d i  sp l  acements (approximate1 y  20 per  c e n t  o f  
sa les  a r e  now l e s s  than 1600 cc, compared t o  10 per  c e n t  b e f o r e  
1980). A d d i t i o n a l l y ,  e f f i c i e n c y  c o u l d  be improved through 
programmes designed t o  upgrade t h e  f requency and q u a l i t y  o f  
v e h i c l e  maintenance. 



Table 6 .4  

TRANSPORTATION SECTOR PETROLEUM CONSUMPTION (PJ)  

V e h i c l e / P r i v a t e  
P e t r o l  

R a i l  3.46 4.40 6.09 
3.46 4.40 6.09 

16.62 23.68 30.73 41.06 51.39 
16.62 23.68 30.73 41.06 51.39 

Veh ic le /Pub l  i c  
D i e s e l  
P e t r o l  

13.11 17.73 22.36 29.71 37.07 
12.38 15.72 21.07 28.28 35.50 

0.73 1 .01  1.29 1.43 1.57 

P i  p e l  i ne l O o 5  

0.05 0.05 0.05 
E l e c t r i c i t y  0.05 0.05 0.05 0.05 

ni J e t  Fuel  

Steamships 1 .18 1.63 2.07 2.86 3.65 
D i e s e l  1 1.18 1.63 2.07 2.86 3.65 1 

11.89 16.28 20.68 28.60 36.52 
11.89 16.28 20.68 28.60 36.52 



The second broad area, improvements i n  t r a f f i c  f l o w ,  cou ld  
a l s o  improve f u e l  e f f i c i e n c y .  Congest ion i n  the  morning r u s h  
hour, comp l i ca ted  by use o f  automobi les t o  d r i v e  c h i l d r e n  t o  
school,  c o u l d  be reduced cons iderab ly  i f  school buses were wide1 y  
used; changes i n  lunch-hour  h a b i t s  m i g h t  decrease t h e  r u s h  o f  
workers who d r i v e  home f o r  lunch .  Some improvements i n  t r a f f i c  
f l o w  through t h e  use o f  one-way s t r e e t s  i n  N a i r o b i  i s  a l ready  
apparent,  b u t  t r a f f i c  c i r c l e s  a t  most o f  t h e  major  ent rances t o  
the  downtown area remain c logged a t  peak hours. 

There i s  a l s o  a  g r e a t  near- term p o t e n t i a l  f o r  reduc ing  
energy use i n  Kenyan buses and t r u c k s  th rough  b e t t e r  maintenance 
and, i n  the  l o n g  term, through purchase o f  more e f f i c i e n t  
v e h i c l e s .  The r e c e n t  improvement i n  energy performance by Kenya 
Bus Serv ice  i s  encouraging, b u t  cou ld  be f u r t h e r  improved. 

P r i v a t e  buses and t r u c k s  appear t o  be more p o o r l y  ma in ta ined  
than those owned by  l a r g e  companies, a  s i t u a t i o n  which i n v a r i a b l y  
leads  t o  g r e a t e r  energy use. E x i s t i n g  v e h i c l e s  i n  the  l a r g e  
companies c o u l d  improve t h e i r  f u e l  use e f f i c i e n c y  by about 10-20 
per  cen t ,  w h i l e  those be long ing  t o  s m a l l e r  companies cou ld  
achieve even g r e a t e r  r e d u c t i o n s .  

The r a i l r o a d  shows i n t e r e s t i n g  t rends .  I f  i t s  energy 
consumption i s  examined over  t ime, a  d ramat i c  drop i n  i n t e n s i t y  
i s  seen. T o t a l  consumption f e l l  f rom over  6.01 PJ i n  1977 t o  2 . 5 2  
PJ i n  1980. Dur ing  t h e  1977-79 p e r i o d  t h e  number o f  passengers 
inc reased  16 per  cent ,  passenger t ra in- km inc reased  39 per cent,  
w h i l e  f r e i g h t  tonnage dropped 8  per  cent .  I t  appears t h a t  o v e r a l l  
an inc rease  i n  s e r v i c e  has accompanied a  r a p i d  decrease i n  energy 
use. T h i s  was caused by  a  r a p i d  s h i f t  f rom heavy d i e s e l  and f u e l  
o i l  t o  automobi le  d i e s e l  o i l ,  which burns f a r  more e f f i c i e n t l y  i n  
locomot ives,  and by upgrading o f  the  locomot ive  s tock  as w e l l .  
U n f o r t u n a t e l y ,  r e c a l l i n g  t h e  r e f i n e r y  o u t p u t  c h a r a c t e r i s t i c s ,  the  
s h i f t  i s  f rom an abundant f u e l  t o  a  scarce one, which aggravates 
the  a1 ready un favourab le  r e 1  a t i o n s h i p  between o i l  - p roduc t  demand 
and r e f i n e r y  o u t p u t  i n  Kenya. 

J e t  f u e l  accounts f o r  s i g n i f i c a n t  energy use, suggest ing 
t h a t  conserva t ion  c o u l d  a1 so be s i g n i f i c a n t .  However, sa les  o f  
t h i s  f u e l  a re  e s p e c i a l l y  p r o f i t a b l e  f o r  t h e  c o u n t r y  as a  whole, 
s i n c e  a i r l i n e s  tend  t o  pay i n  f o r e i g n  cur rency .  On the  o t h e r  
hand, more e f f i c i e n t  use o f  j e t  f u e l  would tend  t o  h o l d  down 
a i r - t r a v e l  cos ts ,  which would promote f o r e i g n  tour i sm and 
inc rease  Kenyan f o r e i g n  earn ings .  One o f  t h e  reasons f o r  r e c e n t  
increases i n  f u e l  e f f i c i e n c y  (on a  per  passenger-km b a s i s )  i s  the  
use o f  wide-bodied a i r c r a f t ,  a l r e a d y  common i n  Kenyan a i r  
t r a f f i c .  S u b s t a n t i a l  f u r t h e r  progress i n  f u e l  conserva t ion  w i l l  
r e q u i r e  t h e  a v a i l a b i l i t y  o f  the  nex t - genera t ion  f u e l - e f f i c i e n t  
j e t  a i r c r a f t  i n t o  t h e  f l e e t s  s e r v i n g  Kenya. There i s  l i t t l e  
d i r e c t  l everage  here f o r  Kenyan energy p o l i c y .  



( b )  I n d u s t r i a l  and Commercial Sectors 

Fuel and e l e c t r i c i t y  use can be improved i n  these sec to rs  by 
r e t r o f i t t i n g  e x i s t i n g  equipment and des ign ing  c o s t - e f f e c t i v e  
conserva t ion  measures i n t o  e x i s t i n g  s tock .  I n  b u i l d i n g s ,  
improvements c o u l d  be made i n  the  thermal i n t e g r i t y  o f  b u i l d i n g  
s h e l l s  and i n  t h e  e f f i c i e n c i e s  o f  l i g h t i n g  and o t h e r  mechanical 
systems. I n d u s t r i a l  energy use would b e n e f i t  f rom imprwements i n  
housekeeping measures (e.g., t u r n i n g  o f f  unused equipment) and 
process m o d i f i c a t i o n  (e.g., r e c a p t u r e  o f  thermal energy) .  

I n  i n d u s t r i a l  i n s t a l  l at ions ,  t h e  p rospec ts  f o r  t h e  r e t r o f i t  
o f  e x i s t i n g  equipment a r e  promis ing.  A few f a c t o r i e s  have a l ready  
achieved s u b s t a n t i a l  energy sav ings through such low c o s t  
upgrading as added p i p e  i n s u l a t i o n ,  the rmos ta t  c o n t r o l  o f  
r e f r i g e r a t i o n ,  and more e f f i c i e n t  use o f  motors.  But  t h e  m a j o r i t y  
o f  f i rms  have n o t  sys temat i ca l  l y  i n v e s t i g a t e d  o r  implemented 
l e a s t - c o s t  conserva t ion  s t r a t e g i e s  nor  have they  taken advantage 
o f  even t h e  e a s i e r  methods f o r  reduc ing  energy c o s t s .  There i s  an 
i m p o r t a n t  r o l e  f o r  government here i n  promot ing conserva t ion  
through i n f o r m a t i o n  and educat ion campaigns, p r o v i s i o n  o f  
ass is tance  w i t h  energy a u d i t s ,  and t r a i n i n g  o f  personnel .  

I n  t h e  l o n g e r  term, as new equipment rep laces  o ld ,  
p o s s i b i l i t i e s  f o r  improved energy use e f f i c i e n c y  inc rease  
f u r t h e r .  Comparison o f  energy-use p r a c t i c e s  i n  developed 
c o u n t r i e s  suggests t h a t  new f a c t o r i e s  and equipment i n  bas ic  
i n d u s t r y  c o u l d  be c o n s i d e r a b l y  l e s s  energy i n t e n s i v e  than those 
i n  Kenya today. O f  course, f u t u r e  equipment s e l e c t i o n  i n  Kenya i s  
d i f f i c u l  t t o  a n t i c i p a t e ;  the  a v a i l  a b i l  i t y  o f  t e c h n i c a l  e x p e r t i s e  
i s  an i m p o r t a n t  c o n s t r a i n i n g  f a c t o r .  Government conserva t ion  
ou t reach  programmes ( o r  p o s s i b l y  f i n a n c i  a1 i n c e n t i v e s )  c o u l d  p u t  
energy e f f i c i e n c y  p l a n n i n g  h igher  on t h e  agenda f o r  i n d u s t r i a l  
dec is ion-makers.  

I n  commercial and i n s t i t u t i o n a l  b u i l d i n g s ,  t h e r e  has a1 so 
been l i t t l e  conserva t ion  e f f o r t  t o  date.  The p o t e n t i a l  here f o r  
c o s t - e f f e c t i v e  energy r e d u c t i o n s  appears s u b s t a n t i a l .  End-uses o f  
p a r t i c u l a r  impor tance f o r  p01 i c y  t a r g e t i n g  i n c l u d e  a i r  
c o n d i t i o n i n g  and v e n t i l a t i n g  systems i n  o f f i c e  b u i l d i n g s ,  h o t  
wa te r  hea te rs  i n  h o t e l s  (where h o t  wa te r  h e a t i n g  accounts f o r  
about 80 per  c e n t  o f  t o t a l  f u e l  use) ,  and i n  schools  and 
h o s p i t a l s  (abou t  50 per  c e n t ) .  I n  p a r t i c u l a r ,  s o l a r  water  hea t ing  
i n s t e a d  o f  conven t iona l  f u e l  and e l e c t r i c i t y  use would o f f e r  
qu ick  paybacks and deserves f u r t h e r  promot ion over  t h e  s tudy t ime 
frame. 

( c )  R e s i d e n t i a l  

C l  e a r l y  t h e  p r imary  conserva t ion  i m p e r a t i v e  i n  the 
r e s i d e n t i a l  s e c t o r  i s  t h e  more e f f i c i e n t  use o f  wood and 
charcoa l .  Conservat ion p o t e n t i a l  f o r  commercial f u e l  s  i s  



cons t ra ined .  End-use convers ion  e f f i c i e n c i e s  f o r  p a r a f f i n  s toves 
i s  a l r e a d y  a t  about  70 per  c e n t  a  u n i t  f o r  e l e c t r i c  s toves;  
des ign improvement p o t e n t i a l  i s  min imal .  So la r  h o t  water  as a  
f u e l  s u b s t i t u t e  may have p o t e n t i a l  b u t  t o  be economical t h e  
s t r u c t u r e  o f  e l e c t r i c  p r i c e s  would need r e v i s i o n  ( i n  p a r t i c u l a r  
by removal o f  t h e  t w o - t i e r  o f f - peak  t a r i f f ) .  Given t h e  r e l a t i v e l y  
small  l e v e l  o f  f u e l  consumption (e.g., r e s i d e n t i a l  consumption o f  
o i l  c o n s t i t u t e s  l e s s  than 10 per  c e n t  o f  t o t a l  1980 o i l  used i n  
Kenya), the  low t e c h n o l o g i c a l  p o t e n t i a l  f o r  e f f i c i e n c y  
improvements, t h e  u n c e r t a i n t i e s  i n  so l  a r  costs ,  and t h e  
impor tance o f  f o c u s i n g  on biomass use i n  res idences,  reduc ing  
commercial f u e l  use i n  homes should n o t  be g i v e n  h i g h  p r i o r i t y  i n  
government p o l i c y  and programme e f f o r t s .  

One i n t e r e s t i n g  p o s s i b l e  way o f  enhancing t h e  q u a l i t y  o f  
l i f e  p a r t i c u l a r l y  f o r  r u r a l  people i s  by  i n t r o d u c i n g  ace ty lene  as 
a  l i g h t  source. Acety lene was used ( i n  Europe) f o r  i l l u m i n a t i o n  
b e f o r e  town gas and e l e c t r i c i t y  became common. It i s  made by  t h e  
a c t i o n  o f  water  on c a l c i u m  carb ide .  T h i s  l a t t e r  chemical i s  
produced by pass ing  e l e c t r i c i t y  through carbon and l i m e .  Cheap 
o f f  peak e l e c t r i c i t y  c o u l d  be used t o  produce ca lc ium c a r b i d e  and 
t h i s  p o s s i b i l i t y  should be i n v e s t i g a t e d .  

Cgnservat ion P o l i c y  Issues 

I n  a d d i t i o n  t o  t h e  need f o r  inc reased  educa t iona l  and 
t r a i n i n g  e f f o r t s  on t h e  conserva t ion  inves tment  op t ion ,  p r i c i n g  
and i n c e n t i v e  p01 i c i e s  may have an i m p o r t a n t  r o l e  t o  p1 ay i n  
Kenya. There has been much debate i n  i n d u s t r i a l i z e d  c o u n t r i e s  
about t h e  r e l a t i v e  impacts on energy supp ly  and demand o f  
government p01 i c i e s  r e g a r d i n g  energy subs id ies ,  taxes, and p r i c e  
c o n t r o l s .  I n  Kenya t h e  main evidence o f  p r i c e  d i s t o r t i o n s  was the  
p r i c e  c o n t r o l s  on charcoa l ,  kerosene and gasol ine,  which k e p t  
p r i c e s  f o r  the  l a t t e r  l ower  than i n  Europe u n t i l  e a r l y  1981. I t  
i s  w e l l  known t h a t  h i s t o r i c a l l y  low g a s o l i n e  p r i c e s  i n  Nor th  
America l e d  t o  i n e f f i c i e n t  c a r s  and more d r i v i n g  than i n  Europe. 
The impor tance o f  market  i n t e r n a t i o n a l  f o r c e s  i n  promot ing 
e f f i c i e n t  a l l o c a t i o n  o f  resources should be recognized.  

The Kenyan Government should cons ider  a  p01 i c y  o f  t a x i n g  
impor ted o i l ,  so t h a t  p r i c e  w i l l  more f u l l y  r e f l e c t  a l l  t h e  
s o c i a l  c o s t s  o f  i m p o r t i n g  o i l .  T h i s  p01 i c y  would inc rease  t h e  
i n c e n t i v e s  o f  p r i v a t e  companies t o  i n v e s t  i n  energy- saving 
techniques.  I t  m i g h t  be argued t h a t  t a x i n g  energy would h u r t  
i n d u s t r y ,  b u t  t h e  o p p o r t u n i t i e s  f o r  conserva t ion  a r e  so g r e a t  
t h a t  the  e f f e c t  on p r o d u c t i o n  cos ts  c o u l d  be k e p t  t o  a  minimum by 
good energy management. A  d e s i r a b l e  and p o s s i b l y  e s s e n t i a l  
a d j u n c t  t o  t h i s  p01 i c y  would be government ass is tance  t o  i n d u s t r y  
i n  r a i s i n g  t h e  c a p i t a l  necessary f o r  investments i n  improved 
energy e f f i c i e n c y .  S ince t a x a t i o n  o f  any resources i n  a  
deve lop ing  c o u n t r y  c o u l d  r e t a r d  development, t o  remedy t h i s  



revenues c o l l e c t e d  shou ld  be r e t u r n e d  q u i c k l y  t o  t h e  economy. For 
example, such revenues c o u l d  be a p p l i e d  t o  a programme o f  
e n e r g y- e f f  i c i e n c y  investments.  

F i s c a l  o r  o t h e r  p o l i c y  i n c e n t i v e s  t h a t  reward conserva t ion  
should be considered.  I n  Sweden, government loans  and g r a n t s  t o  
f i r m s  engaging i n  hea t- sav ing  investments have had s i g n i f i c a n t  
impact .  The g r a n t  o r  l o a n  i s  denied i f  t h e  p r o j e c t  i s  e i t h e r  v e r y  
p r o f i t a b l e  t o  t h e  f i r m  ( g r e a t e r  than 25 per  c e n t  r a t e  o f  r e t u r n ) ,  
o r  u n p r o f i t a b l e  t o  t h e  s o c i e t y  ( l e s s  than 6 per  c e n t  r e t u r n ) .  
A1 though t h i s  programme has he1 ped Swedish i n d u s t r y ,  some c r i t i c s  
argue t h a t  i t  has a l s o  a l lowed l e s s  e n e r g y - e f f i c i e n t  f i r m s  t o  
" p r o f i t "  r e l a t i v e  t o  more e f f i c i e n t  f i r m s  by  making use o f  
government money, and they  suggest t h a t  a  t a x  on energy use would 
be a b e t t e r  i n c e n t i v e .  I n  f a c t ,  t a x  and i n c e n t i v e  p o l i c i e s  can 
b o t h  be used e f f e c t i v e l y  t o  s t i m u l a t e  energy conserva t ion .  It 
shou ld  be no ted  i n  t h e  c o n t e x t  o f  Kenya's i n d u s t r i a l  s t r u c t u r e ,  
t h a t  t h e  prominent  f i r m s  a re  f r e q u e n t l y  t r a n s n a t i o n a l  
c o r p o r a t i o n s  and any p o l i c y - t h a t  seeks t o  l i n k  inc reased  energy 
e f f i c i e n c y  w i t h  p r o f i t a b i l i t y  would p robab ly  enhance the 
dominance o f  f o r e i g n  c a p i t a l .  

There a r e  s i t u a t i o n s  i n  wh ich  t h e  market  p lace  i s  
i n e f f i c i e n t ,  and government p o l i c i e s  may be a p p r o p r i a t e  t o  deal 
w i t h  these market  f a i l u r e s .  Such f a i l u r e s  i n c l u d e :  t h e  s h o r t  t ime  
hor i zons  cons idered  by  consumers purchas ing  appl iances,  cars,  o r  
houses; the  l a c k  o f  i n t e r e s t  shown by  b u i l d e r s  i n  t h e  energy 
c o s t s  o f  i n s t a l l e d  equipment; the  l a c k  o f  i n c e n t i v e  by  owners o f  
r e n t a l  p r o p e r t y  t o  i n v e s t  i n  energy- saving measures. There i s  
p robab ly  a r o l e  f o r  minimum e f f i c i e n c y  s tandards f o r  major 
appl iances,  compressors, a i r  c o n d i t i o n i n g  systems, and motors 
s o l d  i n  Kenya. However, o n l y  such s tandards as would promise 
c l e a r  economic and energy b e n e f i t s  shou ld  be considered.  New 
commercial b u i l d i n g  codes t h a t  encourage t h e  use o f  pass ive  s o l a r  
cool  i ng woul d  a1 so be benef i c i  a1 . 

A t  p resen t ,  t o o  few managers a r e  equipped t o  make 
s t r a i g h t f o r w a r d  c a l c u l a t i o n s  on t h e  payback o f  investments i n  
conserva t ion  o p t i o n s .  More engineers need t o  be aware o f  the  
s i m i l a r i t y  o f  t h e i r  energy-management problems w i t h  those o f  
o t h e r  f i r m s .  

Wherever i t  c o s t s  s o c i e t y  l e s s  t o  save a u n i t  o f  energy than 
i t  does t o  d e l i v e r  an e x t r a  u n i t  o f  energy, programmes t o  
a c c e l e r a t e  conserva t ion  a c t i v i t i e s  may have a r o l e .  The 
government needs t o  d e f i n e  t h e  end-use conserva t ion  o p p o r t u n i t i e s  
where t h e  c o s t s  o f  sav ing  energy a r e  l e s s  than  t h e  cos ts  o f  
d e l i v e r i n g  energy a t  t h e  marg in and e x p l o r e  a p p r o p r i a t e  i n c e n t i v e  
programmes t o  speed p rogress  i n  t h i s  area. 

Decreasing O i l  Consumption f o r  E l e c t r i c a l  Generat ion 



One o f  t h e  modera te ly  p romis ing  o p p o r t u n i t i e s  f o r  reduc ing  
o i l  demand i n  Kenya l i e s  i n  t h e  e l e c t r i c i t y  sec to r ,  through the 
expansion o f  genera t ion  modes. O f  t h e  1 3 . 1  m i l l i o n  b a r r e l s  o f  o i l  
consumed i n  Kenya i n  1980, 0.96 m i l l i o n  went t o  e l e c t r i c i t y  
genera t ion .  T h i s  i s  o n l y  7 . 4  per  c e n t  o f  demand, b u t  the  f i g u r e s  
f o r  t h e  year  2000 r e f l e c t  the  decreasing impor tance o f  o i l - f i r e d  
genera t ion ,  which c o u l d  be u n r e a l i s t i c .  I n  p a r t i c u l a r ,  the 
d i f f i c u l t i e s  o f  o b t a i n i n g  and repay ing  c a p i t a l  on new genera t ion  
p1 a n t  c o u l d  a l l o w  t h e  emergence o f  an ad hoc p01 i c y  t h a t  favoured 
the  r e t e n t i o n  o f  o i l  f i r e d  genera t ion  e s p e c i a l l y  f o r  peak demand. 

Whi le  an expansion o f  n o n- o i l  o p t i o n s  i n  the secondary 
convers ion  o f  e l e c t r i c i t y  i s  o n l y  o f  modest u t i l i t y  i n  reduc ing  
the  c u r r e n t  burdens o f  o i l  consumption i n  Kenya, t h e  i ssue  
promises t o  become more c r i t i c a l  w i t h  t ime.  A t  t h e  same t ime, 
t h i s  p o t e n t i a l  can be employed as a  b a s i s  f o r  s u b s t i t u t i n g  
e l e c t r i c i t y  use f o r  o i l  consumption a t  the  end-use l e v e l .  But,  as 
l o n g  as e x t r a  e l e c t r i c i t y  demand i s  assoc ia ted  w i t h  e x t r a  
o i l  - f i r e d  genera t ion ,  e l e c t r i c i t y  s u b s t i t u t i o n  a t  t h e  end-use 
w i l l  n o t  be a  v i a b l e  means t o  save energy. Th is  i s  due t o  the  
i n e f f i c i e n c i e s  o f  o i l  genera t ion  where n e t  e f f i c i e n c i e s  may be 
20-25 per  c e n t  compared t o  70-80 per  c e n t  f o r  b e s t  q u a l i t y  
o n - s i t e  b o i l e r s .  

I n  the  remainder o f  t h i s  sec t ion ,  we rev iew the  p o t e n t i a l  
f o r  decreasing p r o j e c t e d  o i l  requi rements through the  use o f  
a1 t e r n a t i v e  supp ly  o p t i o n s .  G e n e r i c a l l y ,  the  phase- in o f  
techno log ies  n o t  h e r e t o f o r e  used i n  Kenya r a i s e s  b a s i c  i ssues .  
For  ins tance ,  t h e  a p p l i c a t i o n  o f  s t a t e - o f - t h e - a r t  e l e c t r i c i t y  
genera t ion  techno log ies  i s  l i k e l y  t o  r e q u i r e  s u b s t a n t i a l  amounts 
o f  c a p i t a l  , a  resource  whose a v a i l  a b i l  i t y  i s  l i k e l y  t o  be as 
l i m i t e d  as t h a t  o f  o i l .  Moreover, t h e  o p e r a t i o n  o f  r e l a t i v e l y  
exper imenta l  techno log ies  i m p l i e s  a  major  degree o f  u n c e r t a i n t y  
w i t h  r e g a r d  t o  t h e i r  f u t u r e  cos ts .  Any es t imates  o f  f u t u r e  
performance c o u l d  be i n c o r r e c t  by a  s u b s t a n t i a l  margin. Fur ther ,  
data on p l a n t  o p e r a t i o n s  f rom h i g h l y  i n d u s t r i a l  economies m i g h t  
n o t  be r e p l i c a b l e  i n  the  Kenyan c o n t e x t  as problems o f  c l i m a t e  
and eco logy  (e.g., excessive s i l t a t i o n )  and opera t ions  and 
maintenance (e.g., the  absence o f  s u f f i c i e n t  t r a i n e d  personnel ) ,  
come t o  t h e  f o r e .  

( a )  Impor ts  

A t  present ,  under an agreement w i t h  t h e  Uganda E l e c t r i c i t y  
Board, Kenya i s  p r o v i d e d  w i t h  a  b u l k  supp ly  o f  30 MW per  annum. 
The exper ience w i t h  Uganda supply  i s  i n d i c a t i v e  o f  the  dangers 
assoc ia ted  w i t h  t h i s  mode o f  p r o v i s i o n .  While, i n  p r i n c i p l e ,  
Kenya m i g h t  t a p  i n t o  e x t e n s i v e  r e g i o n a l  h y d r o e l e c t r i c  resources 
i n  Uganda and Tanzania, t h e  Sudan and E t h i o p i a ,  i n  p r a c t i c e ,  a  
re1  i ance on t r a n s- n a t i o n a l  sources would be r i s k y .  For  ins tance ,  
the  supp ly  f rom Uganda has been s u b j e c t  over  the  p a s t  t e n  years 
t o  numerous i n t e r r u p t i o n s  due t o  t h a t  c o u n t r y  ' S  p01 i t i c a l  



i n s t a b i l i t y .  Such c o n s i d e r a t i o n s  suggest c a u t i o n  would be p ruden t  
i n  d e c i d i n g  whether Kenya shou ld  r e l y  on a d d i t i o n a l  
i n t e r c o n n e c t e d  Uganda power (e.g., t h e  p o t e n t i  a1 assoc ia ted  w i t h  
t h e  N i l e  Bas in ) .  Tanzania a1 so o f f e r s  t h e  p rospec t  o f  b u l k  power 
purchases, e s p e c i a l l y  as t h e  wet  season occurs  i n  p a r t s  o f  
Tanzania about  t h r e e  months e a r l i e r  than  i n  Kenya, and such 
purchases c o u l d  thus  be used t o  compensate f o r  reduced stream 
f l o w .  I t  a1 so possesses s u b s t a n t i a l  p o t e m t i a l  a t  S t i e g l e r ' s  
Gorge, a t  a  d i s t a n c e  800 Km f rom b o t h  Mombasa and N a i r o b i .  
However, t h e  a d v i s a b i l i t y  o f  c u l t i v a t i n g  a  dependent r e l a t i o n s h i p  
between Kenya and Tanzania i s  once aga in  c o n t i n g e n t  on a  
p o l i t i c a l  s i t u a t i o n  t h a t  cannot  be c o n t r o l l e d  t o  t h e  same degree 
as domest ica l  l y generated supply .  

Another p o t e n t i  a1 source o f  i n t e r c o n n e c t e d  power i s  t h e  
( N i l e )  Rapids s e c t i o n  o f  Juba. However, t h e  i n t e r n a t i o n a l  
boundar ies a re  such t h a t  t h e  t r a n s m i s s i o n  o f  e l e c t r i c i t y  f rom 
Southern Sudan would o f  n e c e s s i t y  pass through Uganda be fo re  
reach ing  Kenya. Thus, t h e  problem o f  e x t r a - n a t i o n a l  c o n t r o l  over 
Kenyan energy resources  would be compounded. 

It i s  g e n e r a l l y  accepted eng ineer ing  p r a c t i c e  t h a t  no s i n g l e  
genera t ing  u n i t  shou ld  c o n s t i t u t e  more than  10  t o  12 per  c e n t  o f  
t h e  t o t a l  c a p a c i t y  o f  any e l e c t r i c a l  g r i d ,  so as t o  assure system 
r e l i a b i l i t y  a g a i n s t  t h e  f a i l u r e  o f  any s i n g l e  u n i t .  For  t h i s  
reason, the  c u r r e n t  Na t iona l  Power Development Plan f o r  Kenya 
advises a g a i n s t  f i r m  c o n t r a c t s  f o r  impor ted  power exceeding ten  
per  cen t ,  accoun t ing  f o r  t h e  p o s s i b i l i t y  o f  p r e c i p i t o u s  c u t o f f s  
as a  consequence o f  p o l i t i c a l  c o n s i d e r a t i o n s .  On t h i s  c r i t e r i o n ,  
a  t o t a l  o f  about  100 MW i n  1990 and perhaps 200 MW i n  2000 o f  
impor ted power may be reasonable p l a n n i n g  goals .  The main 
drawback - s e c u r i t y  o f  supply  - has t o  be tempered by  the  
r e a l i z a t i o n  t h a t  t h e  a l t e r n a t i v e  o f  a d d i t i o n a l  o i l  i m p o r t s  f o r  
e l e c t r i c  g e n e r a t i o n  a1 so cannot  be considered r e 1  i a b l e .  
Cons idera t ions  o f  r e l a t i v e  economics and system d i v e r s i t y  would 
suggest, i n  t h e  s h o r t  term, i n c r e a s i n g  hydro impor ts .  

( b )  Nuclear  

The major  t e c h n i c a l  drawback t o  n u c l e a r  power i n  Kenya, much 
as i n  o t h e r  deve lop ing  c o u n t r i e s ,  i s  t h e  s i z e  o f  economical 
n u c l e a r  u n i t s  r e l a t i v e  t o  t h e  system as a  whole. Where t h i s  r a t i o  
exceeds 10-15 per  cen t ,  t h e r e  i s  a  danger o f  cascading system 
f a i l u r e  i n  the  even t  o f  u n i t  outage which causes t h e  remain ing 
g e n e r a t i o n  equipment t o  become overloaded. A t  t h e  p r e s e n t  time, 
t h e  s m a l l e s t  commerc ia l l y  a v a i l  a b l e  r e a c t o r s  a r e  i n  t h e  400-500 
MW range. Thus, g i v e n  Kenya's p r o s p e c t i v e  annual peak l o a d  over 
the  coming two decades, which i s  i n  t h e  neighbourhood o f  300-1000 
MW, the  a d d i t i o n  o f  a s i n g l e  nuc lear  u n i t  would imbalance the  
system s u b s t a n t i a l l y .  



However, a  number o f  t e c h n i c a l  developments i n  the  f i e 1  d  o f  
nuc l  ear  and e l e c t r i c a l  eng ineer ing  a r e  o p e r a t i n g  i n  the  d i r e c t i o n  
o f  somewhat g r e a t e r  f e a s i b i l i t y .  A conglomerate o f  major  nuc lear  
vendors has developed a  200 MW p r e s s u r i z e d  water  r e a c t o r  
" p re l i censed ,  s tandard ized,  p r e f a b r i c a t e d  barge-mounted . . .  f o r  
a p p l i c a t i o n  t o  smal l  e l e c t r i c  systems". T h i s  system i s  t a r g e t e d  
f o r  i n i t i a l  o p e r a t i o n  i n  about  seven y e a r s  and would r e q u i r e  a  
l e a d- t i m e  o f  o n l y  f i v e  years.  Th is  new technology, coupled w i t h  
major  advances i n  s w i t c h i n g  technology, c o u l d  l e a d  t o  a  s i t u a t i o n  
where f o r c e d  outage i n  a  nuc lear  f a c i l i t y  need n o t  l e a d  t o  
cascading system f a i l  u r e  so l o n g  as t h e  nuc l  ear  generator  
represen ts  l e s s  than  20 per  c e n t  (as opposed t o  10-15 per  c e n t ) ,  
o f  t o t a l  system c a p a c i t y .  

From a  t e c h n i c a l  s tandpo in t ,  these advances would a1 low the 
use o f  n u c l e a r  genera to rs  f o r  systems o f  r o u g h l y  1200 MW o r  more, 
i . e .  systems somewhat l a r g e r  than Kenya's. I n  the  Kenyan con tex t ,  
however, g i v e n  t h e  presence of a d d i t i o n a l  h y d r o e l e c t r i c  and 
geothermal resources  coupled w i t h  t h e  small  s i z e  o f  t h e  o v e r a l l  
g r i d ,  i t  would be f a i r  t o  a s s e r t  t h a t ,  over  t h e  p lann ing  h o r i z o n  
o f  t h i s  s tudy,  n u c l e a r  genera t ion  i s  n o t  a  p r a c t i c a b l e  
a1 t e r n a t i v e .  

Coal 

The c u r r e n t  energy supply-demand d i s e q u i l i b r i a  f o r  Kenya 
would be a l l e v i a t e d  through a  "carbon s o l u t i o n "  i f  ex tens ive  
coa l ,  o i l ,  o r  n a t u r a l  gas were d iscovered  i n  g r e a t  q u a n t i t i e s  
w i t h i n  Kenya. Though e x p l o r a t i o n  has proceeded s ince  1954, no 
s i g n i f i c a n t  d i s c o v e r i e s  have been made t o  date. Over t h r e e  
q u a r t e r s  o f  t h e  c o u n t r y  has been mapped g e o l o g i c a l l y ,  and 30 per 
c e n t  o f  t h e  area i s  considered t o  have carbon p o t e n t i a l ,  
e s p e c i a l l y  t h e  sedimentary bas ins  i n  t h e  Eastern, Nor theastern,  
and coas ta l  areas. Some coal  has been found  i n  t h e  course o f  
d r i l l i n g  f o r  o i l  and n a t u r a l  gas. However, s u p p l i e s  a re  n o t  i n  
s u f f i c i e n t  q u a n t i t y  and t h e  depth o f  t h e  seams i s  too  g r e a t  f o r  
v i a b l e  commercial p roduc t ion .  

Nonetheless, coal  remains f o r  Kenya a  p o t e n t i a l l y  v i a b l e  
" b r i d g i n g  f u e l "  i n  combinat ion w i t h  o t h e r  programmes. World coal  
reserves  ( e x p l o i t a b l e  w i t h  p resen t  techno log ies  and a t  c u r r e n t  
p r i c e s )  a re  n e a r l y  f i v e  t imes l a r g e r  than known o i l  reserves .  
Geologica l  coal  resources  a re  many t imes more ex tens ive .  While 
coal  i s  found i n  many p laces,  97 per  c e n t  o f  p r e s e n t l y  known coal  
depos i t s  a re  concen t ra ted  i n  developed and c e n t r a l  l y  p1 anned 
economies. 

Though ongoing e f f o r t s  e x i s t ,  t h e r e  has been l i t t l e  
i n t e n s i v e  coal  e x p l o r a t i o n  i n  deve lop ing  c o u n t r i e s  and bas ic  
g e o l o g i c a l  da ta  a r e  inadequate. I n  1973, coal  o u t p u t  i n  
deve lop ing  c o u n t r i e s  represen ted  on1 y  6.3 per  c e n t  o f  t o t a l  w o r l d  
coal  p r o d u c t i o n .  Some 50 deve lop ing  c o u n t r i e s  have known coal  



resources and about  30 o f  these produce coa l .  Among developing 
c o u n t r i e s ,  I n d i a  accounts f o r  more than h a l f  o f  coal  p roduc t ion ,  
and Yugoslavia, t h e  Republ ic  o f  Korea and Turkey f o r  much o f  the 
r e s t .  

There a r e  a  number o f  grounds f o r  an o p t i m i s t i c  prognosis  
r e g a r d i n g  expanded coa l  use i n  Kenya, though t h e  p r e c i s e  use o f  
coal  w i t h i n  the  c u r r e n t  p r i m a r y  and secondary demand s t r u c t u r e  i s  
n o t  c l  e a r l y  understood.  I n  p a r t i c u l a r ,  r e c e n t  e x p l o r a t i o n  f o r  
coal  i n  t h e  Southern p a r t  o f  A f r i c a ,  p a r t i c u l a r l y  Botswana and 
Tanzania, i s  y i e l d i n g  favourab le  r e s u l  t s .  There a re  known 
reserves  o f  coal  i n  Mozambique. The development o f  an adequate 
r e g i o n a l  t r a n s p o r t  i n f r a s t r u c t u r e  c o u l d  a1 low u t i l i z a t i o n  o f  
these resources  i n  Kenya. Furthermore, the  l o g i s t i c s  o f  coal 
e x p o r t  f rom Western A u s t r a l i a  t o  Eas t  A f r i c a  i s  e s p e c i a l l y  
favourab le .  A u s t r a l i a  has been es t imated  t o  be i n  a  p o s i t i o n  t o  
e x p o r t  a  minimum o f  160 m i l l i o n  m e t r i c  tonne coal  e q u i v a l e n t  per 
annum. I t  i s  reasonable t o  assume t h a t  East  A f r i c a  and Kenya are 
l i k e l y  customers f o r  a t  l e a s t  a  f r a c t i o n  o f  t h i s  coa l ,  e s p e c i a l l y  
i f  adequate coal  hand1 i n g  f a c i l i t i e s  a r e  p r o v i d e d  i n  t h e  form of 
r e c e i v i n g  t e r m i n a l s ,  s h i p  un load ing  c a p a b i l i t y ,  and adequate coal 
t r a n s p o r t  i n f r a s t r u c t u r e  connect ing the  coas t  and t h e  h i g h  
p o t e n t i a l  areas o f  Kenya. 

The c o s t  o f  impor ted  coa l ,  w h i l e  p robab ly  rema in ing  below 
t h a t  o f  o i l ,  i s  nonetheless expected t o  pose a  s i g n i f i c a n t  
problem f o r  a  c o u n t r y  such as Kenya wh ich  i s  s u b j e c t  t o  severe 
f o r e i g n  exchange c o n s t r a i n t s .  Moreover, coal  today i s  s u b j e c t  t o  
inc reased  c o s t  due t o  s u b s t i t u t i o n  e f f e c t s  emanating f rom r i s i n g  
o i l  p r i c e s .  However, the  general abundance o f  coal  reserves  i n  
comparison w i t h  o i l  reserves,  coupled w i t h  the  enormous 
d i s p e r s i o n  o f  coal  d e p o s i t s  over  many c o u n t r i e s ,  suggests t h a t  
c a r t e l i z a t i o n  o f  coal  i s  u n l i k e l y  i n  t h e  medium run .  Coal p r i c e s  
w i l l  most l i k e l y  c o n t i n u e  t o  be decoupled f rom o i l .  Thus, coal 
impor ts ,  w h i l e  a  s i g n i f i c a n t  d r a i n  on f o r e i g n  exchange, may prove 
s u b s t a n t i a l  l y  l e s s  onerous as compared t o  pe t ro leum impor ts .  

Other Supply Opt ions 

The p r i n c i p a l  renewable supply  o p t i o n s  o f  re levance  t o  Kenya 
a re  geothermal , windpower, smal l hydro, and s o l a r .  

( a )  Geothermal 

As we have seen, geothermal f l u i d s  have been d iscovered  i n  a  
number o f  areas i n  Kenya, though t o  d a t e  o n l y  t h e  01 k a r i a  f i e l d  
i s  be ing  developed commerc ia l ly .  Cur ren t  p1 ans c a l l  f o r  the  
immediate comp le t ion  o f  two steam t u r b o  generators  a t  01 k a r i a  
t o t a l l i n g  30 MW. However, i n  a d d i t i o n  t o  these Base Case 
a d d i t i o n s ,  a t  l e a s t  144 MW o f  p o t e n t i a l  c a p a c i t y  has been 



i d e n t i f i e d  a t  t h i s  same s i t e ,  though development o f  the 
a d d i t i o n a l  p o t e n t i a l  w i l l  be l i m i  t e d  by topographic  f a c t o r s .  
F u r t h e r ,  326 MW o f  geothermal p o t e n t i a l  w i t h i n  Kenya has been 
i d e n t i f i e d  f o r  s i t e s  o t h e r  than O l k a r i a .  The f e a s i b i l i t y  o f  these 
s i t e s  i s  c o n t i n g e n t  on more i n t e n s i v e  e x p l o r a t i o n .  

( b )  Windmi l l s  

Windmi l l s  have l o n g  p layed  a r o l e  i n  s a t i s f y i n g  the  
d ispersed  low power demands o f  r u r a l  development. I n s t a l  l e d  i n  
f a v o u r a b l e  s i t e s  t h e y  serve end-uses f rom g r i n d i n g  and pumping t o  
e l e c t r i c  genera t ion .  I n  Kenya, w i n d m i l l s  have been used f o r  
unat tended wate r- supp ly  pumping f o r  over  70 years.  

There a r e  two major  c lasses  o f  wind machines, drag m i l l s ,  
the  f a m i l i a r  low speed h i g h  to rque  f a n  m i l l s ,  and l i f t  m i l l s ,  the 
e f f i c i e n t  h i g h  speed low to rque  p r o p e l l e r  m i l l s .  Drag m i l l s  a re  
used f o r  mechanical a p p l i c a t i o n s  such as pumping, w h i l e  l i f t  
machines a r e  g e n e r a l l y  used f o r  e l e c t r i c  genera t ion .  Power, f o r  
b o t h  types o f  m i l l  S, i s  p r o p o r t i o n a l  t o  the  swept area o f  the 
r o t o r  and t h e  cube o f  t h e  wind speed. Thus an 8 M d iametre m i l l  
generates 4 t imes as much power as a 4 M machine and a doub l ing  
o f  wind v e l o c i t y  y i e l d s  an 8 f o l d  inc rease  i n  power. 

Seven manufacturers c u r r e n t l y  o f f e r  w i n d m i l l s  f o r  s a l e  i n  
Kenya. Most o f  t h e i r  p roduc ts  a r e  drag m i l l s  designed f o r  pumping 
a p p l i c a t i o n s .  They range f rom the  impor ted  Southern Cross, t o  the  
l o c a l l y  manufactured K i  ji to ,  t o  the  l o c a l l y  f a b r i c a t e d  PU500. 
Costs per  kW o f  c a p a c i t y  v a r y  f rom Ksh 6000 t o  Ksh 20,000. 

The economic f e a s i b i l i t y  o f  w i n d m i l l s  i s  c o n t i n g e n t  on a 
number o f  f a c t o r s :  

(1). A v a i l a b l e  wind.  I n  genera l  s i t e s  a r e  considered poor f o r  
w i n d m i l l  i n s t a l l a t i o n  un less  t h e i r  average windspeed i s  5 
m/s. Kenya 's  e q u a t o r i a l  l o c a t i o n  does n o t  f a l l  w i t h i n  macro 
wind p a t t e r n s ,  so her  wind d i s t r i b u t i o n  i s  e n t i r e l y  the  
p r o d u c t  o f  l o c a l  l and f e a t u r e s .  I n f o r m a t i o n  p r e s e n t l y  
a v a i l a b l e  suggests t h a t  average windspeed o f  5 m/s may be 
found i n  t h e  Nor thern  R i f t  Va l ley ,  Nor theas te rn  Centra l  
p rov inces ,  and on t h e  Nor thern  Coast. Marg inal  winds o f  3 
m/s may be found i n  the  Lake Basin.  

( 2 )  Load matching.  Obvious ly ,  w i n d m i l l s  must be c a r e f u l l y  s i z e d  
t o  per form t h e  work expected under a v a i l a b l e  wind 
c o n d i t i o n s ,  e s p e c i a l l y  i t s  v a r i a b i l i t y .  The windspeed 
d i s t r i b u t i o n  i s  q u i t e  c r i t i c a l .  Furthermore, i f  winds v a r y  
and t h e  power i s  n o t  used d i r e c t l y ,  i t  must be s to red .  Water 
may be s t o r e d  i n  r e s e r v o i r s  and e l e c t r i c i t y  i n  b a t t e r i e s ,  
b u t  s to rage  o f  adequate q u a n t i t i e s  o f  e i t h e r  water  o r  
e l e c t r i c i t y  can be expensive. Costs f requen t1  y  equal o r  
exceed t h e  c o s t s  o f  t h e  m i l l s  themselves. 



( 3 )  R e l i a b i l i t y .  The c r i t i c a l  impor tance o f  assured s u p p l i e s  o f  
wind system ou tpu ts ,  such as d r i n k i n g  water,  imposes a  h igh  
premi um on r e 1  i ab i  l i t y .  Dependable wi  ndmil  l s  tend  t o  be 
expensive b u t  breakdown o f  l e s s  c o s t l y  machines may be 
c a t a s t r o p h i c .  

( 4 )  Serv ice  a v a i l a b i l i t y .  When m i l l s  do break down f i e l d  s e r v i c e  
must be a v a i l  ab le .  Despi te  t h e i r  apparent  s i m p l i c i t y ,  
w i n d m i l l s  a re  s u b j e c t  t o  v e r y  h i g h  s t resses .  F i e l d  r e p a i r s  
o f t e n  r e q u i r e  a  f a i r l y  s o p h i s t i c a t e d  understanding o f  
w i n d m i l l  eng ineer ing ,  a v a i l a b l e  o n l y  i n  a  s p e c i a l l y  t r a i n e d  
r e p a i r  f o r c e .  

( 5 )  Ded ica t ion .  Windmi l l s  a r e  s t a t i o n a r y  and a r e  u s u a l l y  capable 
o f  pe r fo rming  o n l y  one type  o f  work. I n  many Kenyan 
s i t u a t i o n s  inves tment  i n  a  more adapatable and mob i le  power 
u n i t  such as a  small  t r a c t o r  w i l l  be p r e f e r a b l e .  

( 6 )  C a p i t a l  market .  Re1 i a b l e  windmi l  l i n s t a l  l a t i o n s  t y p i c a l l y  
c o s t  50-100 per  c e n t  more than a l t e r n a t i v e  d i e s e l  engines. 
Fuel sav ings may n o t  be s u f f i c i e n t  t o  amor t i ze  t h e  increased 
c a p i t a l  c o s t s  under p1 a u s i b l e  assumptions on e f f i c i e n c y ,  
d i s c o u n t  r a t e ,  and f u e l  c o s t  i n f l a t i o n .  

Windmi l l  a p p l i c a t i o n s  c u r r e n t l y  f e a s i b l e  a re  r e s t r i c t e d  t o  
d r i n k i n g  and s tock  water  pumping i n  windy s i t e s  where maintenance 
s k i l l s  and c a p i t a l  a r e  a v a i l  ab le.  Development o f  inexpensive b u t  
r e l i a b l e  machines would extend the  range o f  t h i s  a p p l i c a t i o n  t o  
the  Lake Basin and Coastal r e g i o n s  and m i g h t  make u s e o f  
w i n d m i l l s  f o r  c r o p  i r r i g a t i o n  m a r g i n a l l y  f e a s i b l e  i n  these areas. 
As seen, however, wind cannot  be expected t o  serve as a  
n a t i o n a l l y  s i g n i f i c a n t  source o f  power f o r  Kenya i n  the 
fo reseeab le  f u t u r e .  

( c )  Small Hydro 

Small hydro schemes p1 ay a  l e s s  spec tacu la r  b u t  impor tan t  
r o l e  i n  the  r u r a l  development o f  many c o u n t r i e s .  A n o t a b l e  
example i s  China, where over 88,000 small  hydro i n s t a l l a t i o n s  
have been b u i l t  i n  t h e  l a s t  12 years .  Small hydropower 
i n s t a l l a t i o n s  (microhydro,  i f  l e s s  than  100 KW, min ihydro  i f  l e s s  
than 1 MW) a r e  p a r t i c u l a r l y  a t t r a c t i v e  t o  deve lop ing  c o u n t r i e s  
f o r  severa l  reasons: 

( 1 )  S i t e  requi rements a re  n o t  r i g o r o u s .  Small heads and 
low f l o w s  can p r o v i d e  use fu l  power. 

( 2 )  A l though i n s t a l l a t i o n  c o s t s  per  u n i t  c a p a c i t y  a re  
h i g h e r  than f o r  most o t h e r  power sources, the  extreme 
l o n g e v i t y  and low o p e r a t i o n  and maintenance c o s t s  can 
y i e l d  low l i f e  c y c l e  c o s t s  per  u n i t  o u t p u t .  



( 3 )  Capaci ty  can be i n s t a l l e d  i n  small  increments as demand 
grows. 

( 4 )  A wide v a r i e t y  o f  wheels and t u r b i n e s  a re  a v a i l a b l e  t o  
serve v a r i o u s  s i t e s  and uses. Many o f  these can be 
l o c a l l y  b u i l t .  

( 5 )  Environmental impacts are u s u a l l y  s l i g h t .  

The power c a p a c i t y  o f  a  hydro i n s t a l l a t i o n  i s  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  head and f l o w  a y a i l a b l e .  A  s i t e  w i t h  a  head 
o f  12 metres and a  f l ow o f  1 metre per  m inu te  can y i e l d  1 kw. 
I n s t a l l a t i o n  c o s t s  f o r  m i n i  hydro p l a n t s  range f rom 4,000 t o  
14,000 Kshlkw, depending on s i t e  c o n d i t i o n s  and type  o f  
i n s t a l l a t i o n .  These c o s t s  a r e  t y p i c a l l y  broken down 24-52 per  
c e n t  f o r  c i v i l  works ( S ,  dams) 30-40 per  c e n t  f o r  genera t ing  
equipment, 10-30 per  c e n t  f o r  t ransmiss ion ,  3-8 per  c e n t  f o r  
o p e r a t i n g  and maintenance. A  l a r g e  p r o p o r t i o n  o f  these c o s t s  a r e  
domestic.  

The economics o f  m i n i  hydro, l i k e  t h a t  o f  w i n d m i l l s ,  i s  
h i g h l y  dependent upon t h e  p r o p o r t i o n  o f  c a p a c i t y  which i s  
ac tua l  l y  used. Where a v a i l  a b i l  i t y  o f  power o r  demand f l u c t u a t i o n s  
a r e  i n c o n s i s t e n t ,  p1 an ts  w i l l  be much l e s s  economical.  A1 though 
e x i s t i n g  h y d r o l o g i c  surveys a r e  n o t  adequate f o r  p r e c i s e  
eva lua t ion ,  i t  appears t h a t  the  h i g h  seasonal v a r i a t i o n  o f  most 
Kenyan r i v e r s  s e r i o u s l y  d im in ishes  t h e i r  v a l u e  f o r  m i n i  hydro 
i n s t a l l a t i o n s .  High c a p i t a l  cos ts  and t h e  r e 1  a t i v e  i n f l e x i b i l i t y  
o f  hydro p l a n t s  i n  r e l a t i o n  t o  the  c h i e f  a1 t e r n a t i v e ,  the  d i e s e l  
engine, w i l l  p rec lude  investment  i n  many hydro u n i t s  excep t  by 
l a r g e  l andholders and government agencies. Whi le  e x p l o i t a t i o n  o f  
t h e  hydro resources  o f  t h e  Aberdares and the  Nor thern  Lake 
V i c t o r i a  d ra inage  c o u l d  have cons iderab le  l o c a l  importance, i t  
w i l l  n o t  l i k e l y  prove s i g n i f i c a n t  on a  n a t i o n a l  sca le.  

Other hydro techno log ies  which may have some l o c a l  v a l u e  a re  
hydrams and r i v e r  c u r r e n t  tu rb ines ,  b o t h  u s e f u l  f o r  pumping small  
q u a n t i t i e s  o f  d r i n k i n g  water .  

( d )  S o l a r  

The s t u d y ' s  assessment o f  p r o s p e c t i v e  e l e c t r i c a l  s o l a r  
a p p l i c a t i o n s  f o r  Kenya i n  t h e  Na t iona l  Power Development Plan was 
on t h e  whole p e s s i m i s t i c .  Whether i n  t h e  fo rm o f  p h o t o - v o l t a i c  
c e l l s  o r  h e a t  engines, c o s t s  under c u r r e n t  techno log ies  were 
assessed as p r o h i b i t i v e .  However, some d i r e c t  ( n o n - e l e c t r i c a l )  
appl i c a t i o n s  o f  s o l a r  power a r e  p o t e n t i a l 1  y  s i g n i f i c a n t  i n c l u d i n g  
a p p l i c a t i o n s  f o r  water  h e a t i n g  and c r o p  d r y i n g .  



Desp i te  the  d e t a i l e d  c o n s i d e r a t i o n  o f  a1 t e r n a t i v e  renewable 
techno log ies  t h e  n e x t  twenty years o f  Kenyan energy demand w i l l  
be met f rom o i l  and wood. I n  the  f o l l o w i n g  chapter  we a t tempt  t o  
p r o v i d e  a  p o l i c y  scenar io  f o r  Kenya i n  which a t t e n t i o n  i s  
p r i m a r i l y  focused on meet ing i n t e r n a l  demand by  f o c u s i n g  on 
supply  enhancement and demand mi t i g a t i o n  s t r a t e g i e s  t h a t  
p a r t i c u l  a r l y  seek t o  reduce t h e  problem o f  d e f o r e s t a t i o n  w h i l e  
m a i n t a i n i n g  food  and f u e l  supp l ies .  







CHAPTER 7 .  POLICY CASE SCENARIO 

The Base Case p r o j e c t i o n  o f  energy and resources,  as we have 
seen i n  Chapters 3-5, i s  premised on a  cont inuous e v o l u t i o n  o f  
c u r r e n t  t rends  i n  demographic, economic, t e c h n o l o g i c a l  , and 
p o l i c y  f a c t o r s .  A t  t h i s  p o i n t ,  we w ish  t o  r e l a x  t h e  assumption o f  
c o n t i n u i t y  i n  energy p o l i c y  i n t e r v e n t i o n  and ask some b a s i c  
ques t ions .  I f  unprecedented governmental i n i t i a t i v e s  were taken 
t o  n a v i g a t e  Kenya's energy f u t u r e ,  what a r e  t h e  contours o f  an 
adequate p o l i c y ?  What i s  t h e  t ime frame f o r  a c t i o n ?  Can wood 
shor tages be avoided and o i l  dependency reduced? 

The P o l i c y  Case i s  a  scenar io  r a t h e r  than a  f o r e c a s t .  The 
" scenar io"  can be a  v e r y  u s e f u l  dev ice  i n  energy a n a l y s i s .  I f  
chosen j u d i c i o u s l y ,  i t  presen ts  a  p o s s i b l e  energy f u t u r e  f o r  
c o n s i d e r a t i o n  and d e l i b e r a t i o n .  Whi le  t h e  Base Case p o s i t s  a  
f u t u r e  scene which does n o t  d i f f e r  r a d i c a l l y  f rom t h e  p resen t  i n  
p o l i c y  terms, t h e  P o l i c y  Case scenar io ,  on t h e  o t h e r  hand, i s  an 
a t tempt  t o  p r e s e n t  a  p o s s i b l e  a1 t e r n a t i v e  scene d i f f e r i n g  by one 
s i g n i f i c a n t  change i n  t h e  s c r i p t .  Here, i t  i s  assumed t h a t  the  
government develops and implements an i n t e g r a t e d  s e t  o f  
conserva t ion  and supp ly  enhancement p o l i c i e s .  

I t  i s  n o t  t h e  purpose o f  t h e  a n a l y s i s  t o  ass ign  a  
p r o b a b i l i t y  f o r  r e a l i z i n g  a  P o l i c y  Scenario. The f u n c t i o n  o f  t h e  
scenar io  l i e s  elsewhere: t o  p r e s e n t  a1 t e r n a t i v e  p i c t u r e s  o f  the  
f u t u r e  f o r  assess ing t h e  r e l a t i v e  d e s i r a b i l i t y  o f  s e t s  o f  
a c t i o n s .  Should t h e  P o l i c y  Scenar io  be viewed as t h e  more 
s o c i a l l y  a t t r a c t i v e  o p t i o n ,  i t s  r o l e  i s  t o  h e l p  focus a t t e n t i o n  
toward i t s  implementat ion.  Which scenar io  a c t u a l l y  evolves i s  t o  
a  degree dependent on p o l i c y  d e c i s i o n s .  The r o l e  o f  scenar io  
a n a l y s i s  i s  t o  p r o v i d e  t h e  p o l i c y  f o r m u l a t i o n  process w i t h  
i n f o r m a t i o n  on t h e  f e a s i b i l i t y  and r e 1  a t i v e  impacts o f  
a1 t e r n a t i v e  p01 i c y  d i r e c t i o n s  and thereby  t o  a i d  i n  e f f e c t i v e  
soc i  a1 p1 anni  ng. 

U1 t i m a t e l y ,  t h e  v i a b i l i t y  o f  energy p01 i c y  measures must be 
assessed on t h e  c r i t e r i o n  o f  c o s t - e f f e c t i v e n e s s  as w e l l  as 
t e c h n i c a l  f e a s i b i l i t y .  The op t ima l  package o f  measures w i l l  
p r o v i d e  t h e  g r e a t e s t  n e t  b e n e f i t s .  The c o s t s  over  t ime  (e.g., 
equipment, i n f r a s t r u c t u r e ,  o p e r a t i o n  and maintenance, and labour  
requ i rements )  must be t e s t e d  a g a i n s t  cumu la t i ve  b e n e f i t s .  The 
b e n e f i t s  i n  t h e  i n s t a n c e  o f  wood schemes a r e  complex and do n o t  
l end themselves t o  n e a t  and non- con t rovers ia l  formul  a t i o n s  i n  
mathematical economics. Inc luded  must be t h e  avoided c o s t s  of 
r u r a l  env i ronmenta l  degradat ion,  and o f  t h e  sundry economic 
imp1 i c a t i o n s  o f  massive f u t u r e  wood shor tages.  The t rea tment  o f  
t h e  economic t r a d e - o f f s  o f  P o l i c y  Case measures a re  con ta ined  i n  
t h e  t e c h n i c a l  volumes. S u f f i c e  i t  t o  say here t h a t  where 
conven t iona l  c o s t - b e n e f i  t a n a l y s i s  appl i e s  (e.g., o i l  
conserva t ion  measures), these measures appear q u i t e  a t t r a c t i v e ,  
w h i l e  wood r e l a t e d  measures appear t o  be i m p e r a t i v e  i f  n a t i o n a l  
economic and s o c i a l  development goa ls  a r e  t o  be achieved. 



Fuel wood P1 anning Goal s  

As we have d iscussed e a r l i e r ,  t h e  d isaggrega ted  approach t o  
energy supply-demand a n a l y s i s  p e r m i t s  t h e  i d e n t i f i c a t i o n  o f  the 
s p e c i f i c  end-uses, f u e l  requi rements,  and resources f o r  which 
problems e x i s t  o r  which w i l l  l i k e l y  emerge over  t ime. Moreover, 
i t  prov ides  a q u a n t i t a t i v e  b a s i s  f o r  f o r m u l a t i n g  and e v a l u a t i n g  
t h e  f u l l  range o f  p o l i c y  o p t i o n s  t h a t  can have p o s i t i v e  impact  on 
t h e  supply-demand c o n f i g u r a t i o n .  T h i s  i s  p a r t i c u l a r l y  impor tan t  
i n  t h e  development con tex t ,  where scarce economic and 
i n s t i t u t i o n a l  resources,  a l r e a d y  burdened by  arduous development 
o b j e c t i v e s ,  must be a l l o c a t e d  w i t h  c a r e  and e f f i c i e n c y .  Thus i n  
the  myr iad  o f  l o c i  w i t h i n  t h e  n a t i o n a l  energy network i t  i s  
i m p o r t a n t  t o  i d e n t i f y  those f o r  which p o l i c i e s  can have a 
r e l a t i v e l y  l a r g e  and t i m e l y  impac t  f o r  the  economic and 
i n s t i t u t i o n a l  resources d i v e r t e d  t o  t h e i r  r e a l i z a t i o n .  The 
s e c t o r s  and end-uses s e l e c t e d  and descr ibed  e a r l i e r  (Chapter 6 )  
have t h i s  c h a r a c t e r .  

Cen t ra l  t o  implement ing t h e  fuelwood goa ls  i s  the 
e s t a b l  ishment o f  t h e  i n s t i t u t i o n a l  framework. I t  has been 
mentioned p r e v i o u s l y  t h a t  good management i s  t h e  key t o  success, 
and t r a i n i n g  courses f o r  workers, superv iso rs  and managers must 
be e s t a b l i s h e d  o r  expanded. These courses should n o t  o n l y  cover 
a l l  aspects  o f  f o r e s t r y  and a g r o - f o r e s t r y  management b u t  the  
u t i l i s a t i o n  s i d e  as w e l l ,  namely s tove  and k i l n  p r a c t i c e  and 
design.  T h i s  e n t a i l s  expanding v o c a t i o n a l  c o l l e g e  and u n i v e r s i t y  
t r a i n i n g  p1 us s t r e n g t h e n i n g  m o n i t o r i n g  o r g a n i s a t i o n s  and 
e s t a b l i s h i n g  a s tove  t e s t i n g  and ex tens ion  c e n t r e .  

There should be c l o s e  co- opera t ion  between i n t e r e s t e d  
government m i n i s t r i e s  and departments, a l s o  non government 
o r g a n i s a t i o n s  shou ld  be i n c l u d e d  i n  t h e  i n s t i t u t i o n a l  framework. 
Only through a concer ted  e f f o r t  by  government and t h e  people w i l l  
t h e  goa ls  be f u l l y  r e a l i s e d .  

Demand Side Targe ts  - End-Use E f f i c i e n c y  Improvements 

About t h r e e- q u a r t e r s  o f  the  fue lwood demand and more than 
f o u r - f i f t h s  o f  charcoal  demand i n  Kenya goes t o  urban and r u r a l  
households r e s p e c t i v e l y .  I t  has been shown t h a t  t h e r e  i s  
s u b s t a n t i a l  room f o r  improvement i n  t h e  e f f i c i e n c y  o f  t h e  end-use 
convers ion  dev ices  u s i n g  wood and charcoa l ,  s p e c i f i c a l l y  s toves 
and j i k o .  Thus, a  p o l i c y  embodying s u b s t a n t i a l  e f f i c i e n c y  
improvements i n  these end-use convers ions,  would go a l o n g  way 
towards e l i m i n a t i n g  t h e  l a r g e  p o t e n t i a l  wood s h o r t f a l l  f a c i n g  
Kenya. These improvements i n c l u d e  a s h i f t  t o  improved j i k o  and 
cooking s toves i n  urban and r u r a l  households r e s p e c t i v e l y ,  and a 
s h i f t  f rom e x i s t i n g  j i k o  t o  more e f f i c i e n t  wood b u r n i n g  s toves i n  
some urban households. I n  these p01 i c y  p r o j e c t i o n s ,  an o p t i m i s t i c  
v iew has been taken o f  d i f f u s i o n .  Such opt imism i s  o n l y  
d e f e n s i b l e  i f  t h e r e  i s  a  r a p i d  move t o  mass p roduc t ion .  



( a )  Improved J i k o .  

The t r a d i t i o n a l  meta l  j i k o  i s  used f o r  b o i l i n g ,  g r i l l i n g ,  
and r a d i a n t  h e a t i n g .  A l t e r n a t i v e s ,  such as c l a y  j i k o ,  can be 
produced which consume h a l f  the  charcoal  r e q u i r e d  by t h e  metal 
ones. They a l s o  per fo rm b e t t e r  as r a d i a n t  s to rage  hea te rs  so t h a t  
h e a t  i s  r a d i a t e d  more evenly .  A l though more expensive than  the  
meta l  j i k o ,  t h e  pay-back t ime f o r  t h e  improved j i k o  i s  about 1-3 
months, making them an a t t r a c t i v e  o p t i o n .  The p o l i c y  t a r g e t  taken 
here i s  based on t h e  premise t h a t  the  government w i l l  encourage a  
major  e f f o r t  t o  mass-produce t h e  more e f f i c i e n t  j i k o  a t  low c o s t  
and t o  d issemina te  them q u i c k l y  and w i d e l y  throughout  Kenya. Th is  
i n  t u r n  depends on ensur ing  t h e  a v a i l  a b i l  i t y  o f  s u i  tab1 e  c l  ay and 
p o t t e r y  s k i l l s .  I n  our  P o l i c y  Case p r o j e c t i o n ,  we have assumed 
t h a t  e s s e n t i a l l y  a l l  j i k o  (95 per  c e n t )  i n  Kenya a r e  o f  the  new 
e f f i c i e n t  t ype  by  1990. 

( b )  Improved T r a n s i t i o n a l  Wood Stoves. 

Improved s toves  can r e p l a c e  t h e  th ree- s tone  and o t h e r  wood 
b u r n i n g  open f i r e s  used f o r  cooking, space-heating, and t o  a  
l e s s e r  e x t e n t  f o r  l i g h t i n g ) .  A  s imp le  t ype  c o n s i s t s  o f  two 
p a r a l l e l  o r  converg ing l i n e s  o f  b r i c k  which form t h e  s i d e  
'cheeks '  o f  t h e  hear th .  The back end may be b r i c k e d  i n ,  l e a v i n g  
the  f r o n t  end open f o r  r e f u e l l i n g .  Th is  arrangement, used i n  
o t h e r  c o u n t r i e s ,  can be f u e l l e d  by s t e a d i l y  pushing i n  the  
b u r n i n g  end o f  a  t r e e  branch o f  10-15 cms d iametre and i s  
es t imated  t o  consume a t  most t w o- t h i r d s  o f  t h e  wood used f o r  a  
th ree- s tone  f i r e .  However i t  c u t s  down t h e  f i r e l i g h t  and i f  used 
where no d i r e c t  l i g h t i n g  source i s  employed, w i l l  generate a  need 
f o r  separate l i g h t i n g ,  p robab ly  i n v o l v i n g  kerosene, o r  i n  the  
f u t u r e ,  p o s s i b l y  kerosenelethanol  m i x t u r e s  o r  ace ty lene  l amps 
(households t h a t  can a f f o r d  e l e c t r i c  l i g h t  would n o t  normal l y  use 
a  wood f i r e  f o r  cook ing) .  Such an arrangement c o u l d  reduce wood 
requi rements by about  o n e- t h i r d .  

The p o l i c y  t a r g e t  adopted here assumes a  f a i r l y  wide 
d issemina t ion  o f  new stoves and management techniques i n  t h e  
r u r a l  sec to r ,  r e a c h i n g  40 per  c e n t  o f  households u s i n g  wood by 
2000. A somewhat h i g h e r  p e n e t r a t i o n  i n  urban households and t h e  
commercial s e c t o r  i s  ta rge ted ,  reach ing  50 per  c e n t  o f  those 
u s i n g  wood stoves by  the  year  2000. 

( c )  Enclosed Wood Stoves. 

These stoves comple te ly  c o n f i n e  a  f i r e .  They can be made 
f rom grass - o r  f i b r e - r e i n f o r c e d  c l a y  s ides  w i t h  a  chimney 
connec t ion  and a  t o p - p l a t e  made f rom c a s t - i r o n  o r  f rom m i l d  s t e e l  
sheet  (*, o l d  c a r  pane ls ) .  Since these stoves r e q u i r e  the  



development o f  a  c r a f t  s k i l l  t o  b u i l d  them, and s i n c e  they  would 
be s i g n i f i c a n t l y  dearer  t o  i n s t a l l  than a  new- s ty le  j i k o ,  t h e i r  
p e n e t r a t i o n  i s  expected t o  be small  and c o n f i n e d  m a i n l y  t o  towns. 
They need a t  most about  o n e - t h i r d  o f  t h e  wood used by a  
th ree- s tone  f i r e .  

These stoves m i g h t  be more e a s i l y  i n s t a l l e d  i n  new 
households as they  a r e  b u i l t .  An a1 t e r n a t i v e  would be m o d i f i e d  
p o r t a b l e  j i k o  t o  burn  wood. The p o l i c y  t a r g e t  adopted here 
assumes t h a t  by t h e  year  2000 about  20 per  c e n t  o f  a l l  urban 
households t h a t  would o therw ise  use charcoal  j i k o  would s w i t c h  t o  
these s toves g i v e n  t h e  a p p r o p r i a t e  p o l i c y  i n i t i a t i v e s .  

I t  i s  most i m p o r t a n t  t o  r e a l i z e  t h a t  a l l  t h r e e  o f  the 
end-use demand r e d u c i n g  measures descr ibed  above ( j i k o ,  hear ths,  
and s toves)  w i l l  r e q u i r e  a  concen t ra ted  e f f o r t  t o  mount a  
v igo rous  p u b l i c  i n f o r m a t i o n  and demonstrat ion programme i n v o l v i n g  
s teady p ressure  i n  t h e  media and woodfuel c e n t r e s  throughout  the  
coun t ry .  A  c e n t r a l  s tove  t e s t i n g  and t r a i n i n g  c e n t r e  should be 
e s t a b l i s h e d  w i t h o u t  de lay .  Th is  would l o o k  i n t o  t h e  des ign o f  a l l  
k i n d s  o f  s toves and r u n  courses f o r  a r t i s a n s  o r  teachers, who 
would thus d issemina te  t h e  knowledge th roughou t  the  coun t ry .  Such 
a  c e n t r e  would a1 so l o o k  i n t o  t h e  des ign  o f  p o t s  and pans, 
b r i q u e t t i n g  techniques,  f i r e l i g h t e r s ,  k i l n  des ign and m a t e r i a l  
use. A  t r a i n i n g  programme would be needed t o  teach o p e r a t i v e s  how 
t o  demonstrate and g i v e  adv ice  on t h e  use o f  these devices t o  the 
pub1 i c .  

( d )  K i l n  E f f i c i e n c y  Improvements 

Another demand reduc ing  p o l i c y  t h a t  has been i n c l u d e d  i n  the 
P o l i c y  Case i s  the  i n t r o d u c t i o n  o f  more e f f i c i e n t  k i l n s  f o r  
charcoal  p r o d u c t i o n .  As d iscussed e a r l i e r ,  metal and masonry 
k i l n s  e x i s t  t h a t  can produce about t w i c e  t h e  charcoal  o b t a i n a b l e  
f rom t r a d i t i o n a l  ea r then  k i l n s ;  t h a t  i s ,  about  6  cub ic  metres o f  
wood per  tonne o f  charcoal  i n s t e a d  o f  12 c u b i c  metres per  tonne. 
Specia l  p y r o l y s i s  u n i t s ,  al5hough more expensive, have even 
g r e a t e r  e f f i c i e n c i e s  (4.5 m t o  1 tonne) .  I f  t h e  powder and 
f i n e s  a r e  b r i q u e t t e d ,  the  t h e o r e t i c a l  l i m i t  i s  3.5 c u b i c  metres 
o f  a i r - d r y  wood (15 per  cen t- mo is tu re )  f o r  p roduc ing  one tonne o f  
charcoal  ( 5  pe r  c e n t  m o i s t u r e  - c o n t e n t ) ,  b u t  t h i s  can never be 
reached i n  p r a c t i c e  as a  good deal o f  the  carbon i s  conver ted 
i n t o  v o l a t i l e  o r g a n i c  l i q u i d s  and low v a l v e  gases. These can, 
however, be cap tu red  by t h e  more advanced p y r o l y s i s  u n i t s .  

I t  i s  c l e a r  f rom t h e  c o s t s  and p r o d u c t i o n  c h a r a c t e r i s t i c s  o f  
the  newer k i l n s ,  d iscussed i n  Chapter 6, t h a t  s c a l e  economies 
would be needed i n  o r d e r  t h a t  these k i l n s  p e n e t r a t e  t h e  charcoal  
p r o d u c t i o n  s e c t o r  i n  a  major  way. Under c u r r e n t  c o n d i t i o n s  and 
p r a c t i c e s ,  p r o d u c t i o n  i s  g e n e r a l l y  d ispersed  and performed on a  
small  sca le,  u s i n g  wood resources f rom rangeland, savannah bush 
land,  and some farms.  Where wood resources  a re  n o t  s u f f i c i e n t l y  



dense i t  would be i n c o n v e n i e n t  and c o s t l y  e i t h e r  t o  haul wood t o  
l a r g e r  k i l n s  over  l o n g  d is tances  o r  t o  t r a n s p o r t  the  k i l n s  by 
some means such as l o r r i e s .  The magnitude o f  throughput  
requi rements o f  the  new k i l n s  i s  much h i g h e r  than t r a d i t i o n a l  
ea r then  k i l n s .  I t  i s  c l e a r ,  then, t h a t  t h e  k i l n  s t r a t e g y  must be 
c l o s e l y  l i n k e d  t o  t h e  p r o d u c t i o n  o f  charcoal  a t  t h e  s i t e s  o f  new 
l arge s c a l e  wood p r o d u c t i o n  p r o j e c t s .  

As a  consequence o f  the  above cons idera t ions ,  t h e  k i l n  
s t r a t e g y ,  w h i l e  l o g i c a l l y  a  demand r e d u c t i o n  op t ion ,  i s  c l o s e l y  
l inked  wi  t h  wood resource  enhancement ( o r  supp ly )  p01 i c y .  
Therefore,  a n t i c i p a t i n g  the  t a r g e t s  and r e s u l t s  o f  supply  s i d e  
p o l i c i e s ,  d iscussed below, we have es t imated  t h e  supp l ies  o f  wood 
resources d e r i v i n g  f rom t h e  v a r i o u s  wood p r o d u c t i o n  p r o j e c t s  
embodied i n  t h e  P o l i c y  Case. From c l e a r  f e l l i n g  and t h i n n i n g  o f  
t r e e s  i n  p r o j e c t s  f o r  r e p l a n t i n g  n a t u r a l  f o r e s t s ,  more than one 
(1.3)  m i l l  i o n  tonnes o f  wood per  year  w i l l  be a v a i l a b l e  beg inn ing  
i n  1991 (abou t  t w i c e  t h a t  i n  the  l a t e  1 9 8 0 ' s ) .  Using new and 
improved k i l n s ,  t h i s  resource  a lone c o u l d  p r o v i d e  about f i f t y  per  
c e n t  o f  a l l  charcoal  requi rements i n  Kenya by 1990. I f  one 
i n c l u d e d  resources  f rom management o f  n a t u r a l  f o r e s t s  as w e l l ,  
a l l  o f  charcoal  demand c o u l d  be d e r i v e d  f rom p r o d u c t i o n  i n  t h e  
new k i l n s .  We have made a  more c a u t i o u s  assumption, however, 
r e g a r d i n g  t h e  e a r l y  i n t r o d u c t i o n  o f  new k i l n s .  Only t e n  per  c e n t  
o f  charcoal  p r o d u c t i o n  i s  assumed t o  occur  i n  t h i s  way by 1990, 
as a  r e s u l t  o f  p01 i c y  i n i t i a t i v e s .  Th is  i s  p r i m a r i l y  because o f  
the  r e o r g a n i s a t i o n  o f  t h e  charcoal  p r o d u c t i o n  and d i s t r i b u t i o n  
p r a c t i c e s  t h a t  would i n e v i t a b l y  accompany such a  s h i f t  i n  
resource  base and o p e r a t i n g  c o n d i t i o n s .  A s i m i l a r  es t imate  shows 
t h a t  by  2000 up t o  f o r t y  per  c e n t  o f  a l l  charcoal  requi rements i n  
Kenya c o u l d  be met by new k i l n s  u s i n g  t h e  sus ta ined  y i e l d s  f rom 
r e p l a n t e d  f o r e s t s .  Here again, n a t u r a l  f o r e s t  resources c o u l d  
inc rease  t h i s  t o  seventy per  c e n t  o f  charcoal  requi rements.  And 
here, too, we have assumed a  more modest t a r g e t ,  f i f t y  per  c e n t  
p e n e t r a t i o n  o f  new k i l n s  by t h e  year  2000. 

Table 7 . 1  summarizes t h e  P o l i c y  Case implementat ion t a r g e t s  
and wood resource  sav ings c h a r a c t e r i s t i c s  o f  each o f  t h e  demand 
s i d e  p o l i c i e s ,  b o t h  a t  t h e  end-use and a t  the  i n t e r m e d i a t e  
convers ion  stages o f  t h e  supplyldemand process. 

Supply Side Targets  

A number o f  c o n s i d e r a t i o n s  in formed t h e  development o f  the  
wood resource  t a r g e t s  embodied i n  the  P o l i c y  Scenario. F i r s t  the  
impacts o f  t h e  demand s i d e  p o l i c y  t a r g e t s  were examined. Through 
i n c r e a s i n g  wood convers ion  e f f i c i e n c i e s  b o t h  i n  end-uses and a t  
k i l n s ,  an i n i t i a l  s tep  i n  reduc ing  t h e  burden on e x i s t i n g  
s u p p l i e s  o f  wood resources w i l l  have been taken. While these 
measures w i l l  n o t  e n t i r e l y  be i n  p l a c e  p r i o r  t o  t h e  p r o j e c t s  we 
s h a l l  propose t o  enhance wood resources,  i t  i s  nonetheless 



Table 7 . 1  

WOOD DEMAND POLICY CHARACTERISTICS AND IMPLEMENTATIONS 

S t r a t e g y  
P e n e t r a t i o n  Wood Savings 
11990 2000 1 1990 2000 ( M i l l i o n  Tonnes) 

IEnd-Uses 
Improved Wood 1 s toves 

Sw i tch  Charcoal .72 Char. Wood Saved 
t o  Wood (u rban)  - . l 1  Inc reased  Fuelwood 

5 % 20% 
10% 40% 

Improved J i k o  

End-Use S u b t o t a l s  

.01  . l 0  Urban 
.68 3.70 Rura l  

I n t e r m e d i a t e  Conversions 
Improved K i l n  I 10% 50% 1 0 . 3 6  2.96 A l l  

95% 95% 
100% 100% 

3.69 7.16 Urban 
1 .44  1.83 Rura l  

6 .14  13.40 

Note: Charcoal consumption sav ings  a r e  c a l c u l a t e d  b e f o r e  k i l n  improvement e f f e c t s ,  
so t h a t  t h e  t o t a l s  r e p r e s e n t  t h e  f u l l  sav ings  between t h e  Base and t h e  Wood 
Pol i c y  cases. 

T o t a l s  6 .50  16.36 



e s s e n t i a l  t o  see how f a r  t h e  pressure on the  e x i s t i n g  resource 
base can be reduced through the  i n t r o d u c t i o n  o f  e f f i c e n t ,  
c o s t - e f f e c t i v e  convers ion  technologies.  

Wi th  t h e  demand-reducing measures assumed in- p lace ,  r e g i o n a l  
wood s h o r t f a l l s  a re  o f  course decreased r e l a t i v e  t o  Base Case 
l e v e l s .  The n e x t  s tep  i s  t o  compare these rema in ing  s h o r t f a l l s  
w i t h  t h e  maximum p o t e n t i a l s  f o r  t h e  wood resource  schemes 
d iscussed i n  t h e  beg inn ing  of Chapter 6. Then s p e c i f i c  r e g i o n a l  
shor tages s t i l l  rema in ing  i n  the  presence o f  the  demand-side 
p o l i c i e s  can be addressed by phasing i n  a l l  o r  p a r t  o f  the  
resource  p o l i c y  p o t e n t i a l s  f o r  each r e g i o n .  I n  so doing, one has 
t h e  o p p o r t u n i t y  t o  t e s t  the  p o t e n t i a l  f o r  e l i m i n a t i n g  s tock 
d e p l e t i o n  - indeed f o r  r e s t o r i n g  the  wood resource  base - as w e l l  
as e l i m i n a t i n g  wood supp ly  shor tages.  The P o l i c y  Case t a r g e t s  
developed here address b o t h  o f  these o b j e c t i v e s .  Nonetheless, i t  
would be e x c e s s i v e l y  o p t i m i s t i c  t o  assume t h a t  t h e  gap between 
wood supp ly  and demand i n  Kenya, which o therw ise  th rea tens  t o  
grow r a p i d l y  over  t h e  n e x t  two decades, can be k e p t  c losed  
th roughou t  t h i s  per iod .  A more modest, y e t  q u i t e  ambi t ious,  
o b j e c t i v e  i s  e s t a b l i s h e d  here. Given t h e  f i n a n c i a l ,  p h y s i c a l ,  
i n s t i t u t i o n a l  , and l o g i s t i c a l  c o n s t r a i n t s  i n h e r e n t  i n  the  
implementat ion o f  an ambi t ious wood resource  enhancement 
programme i n  Kenya, a  goal o f  c l o s i n g  t h e  gap between 
requi rements and resources by the  end o f  t h e  c e n t u r y  i s  s e t .  A t  
t h e  same t ime, we s h a l l  see t h a t  t h e  maintenance and r e s t o r a t i o n  
o f  t h e  s tand ing  s tock  w i l l  have been approached so t h a t  the  
c o u n t r y  would e n t e r  t h e  2 1 s t  Century w i t h  a  s u s t a i n a b l e  biomass 
resource  base. 

Table 7.2 p resen ts  the  p r i n c i p a l  r e s u l  t s  o f  t h e  demand s i d e  
p o l i c i e s  a lone  on a  n a t i o n a l  b a s i s  and compares them t o  Base Case 
f i n d i n g s .  One can observe t h a t  on a  n a t i o n a l  b a s i s  t h e  wood 
s h o r t f a l l  o r  gap has been reduced t o  9.58 m i l l i o n  tonnes by 1990 
and 23.70 m i l l i o n  tonnes by  the  year  2000. Th is  can be compared 
w i t h  Base Case r e s u l t s  o f  10.58 and 32.61 m i l l i o n  tonnes 
s h o r t f a l l  f o r  these two years.  Demand s i d e  t a r g e t s  thus  have a  
v e r y  l a r g e  impact  by  t h e  end o f  the  c e n t u r y  b u t  a  modest impact 
i n  t h e  near term. Demand p o l i c y  a l s o  reduces cumula t i ve  s tock 
d e p l e t i o n  f rom about  20 per  c e n t  t o  14 percen t .  I t  i s  i m p o r t a n t  
t o  remember t h a t  t h e  percentage s tock  d e p l e t i o n  p i c t u r e  
unders ta tes  t h e  e c o l o g i c a l  impact  on rema in ing  t r e e s  s i n c e  much 
o f  t h e  s t o c k  w i l l  have been denuded, w i t h  much o f  the  branch 
s t r u c t u r e  removed. 

The r e s u l t s  i n d i c a t e  t h a t  s u b s t a n t i a l  a d d i t i o n a l  e f f o r t  i s  
r e q u i r e d  on a  n a t i o n a l  bas is ,  beyond t h e  demand s i d e  p o l i c y  
t a r g e t s ,  i f  t h e  growing wood shor tage i n  Kenya i s  t o  be 
e l i m i n a t e d  by t h e  end o f  the  cen tu ry .  The magnitude and t i m i n g  of 
t h i s  rema in ing  shor tage has been examined on a  r e g i o n a l  b a s i s  as 
w e l l  t o  e s t a b l i s h  t a r g e t s ,  l e s s  amb i t ious  than before,  f o r  wood 
resource  p o l i c e s .  



Table 7.2 

DEMAND SIDE WOOD POLICY IMPACTS ON RESOURCE BASE I N  KENYA 
POLICY VERSUS BASE CASE - NATIONAL SUMMARY (MILLIONS OF TONNES) 

I 1990 2000 
Base Case P o l i c y  Case 1 Base Case P o l i c y  Case 

I 

Demand 

Suppl i ed 
From Y i e l d s  
From Stocks 

/ s t a n d i n g  Stocks 



Table 7.3 

WOOD PROJECT POLICY CASE NATIONAL TARGET IMPLEMENTATIONS* 

* See Table 6.1 f o r  assumptions on wood scheme c h a r a c t e r i s t i c s  and 
p o t e n t i a l  S .  

I 

1 Ac tua l  U1 t imate**  

** Average annual y i e l d s  f rom sus ta ined  h a r v e s t i n g  o f  a  u n i f o r m  age, 
d i s t r i b u t i o n  o f  wood p r o j e c t s .  

S t r a t e g y  

A g r o f o r e s t r y  

Rep1 anted F o r e s t  

P e r i  urban P1 a n t  

Managed Near F o r e s t  

Managed F a r  F o r e s t  

I n d u s t r i a l  P1 a n t a t i o n  

To ta l  s  

Cumulat ive Areas Y i e l d  Sus ta inab le  
1990 2000 2000 Y i e l d s  
(1000 Hectares)  ( M i l l  i o n  Tonnes/Year) 

983 2660 10.63 10.64 

8  1 306 5.38 6.58 

5 1 165 3.82 3.44 

116 260 .63 1.56 

180 180 .64 1.08 

14 3  9  .82 .84 

1425 3610 21.92 24.14 
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Tab le  7 .5  

POLICY CASE WOOD RESOURCE SUPPLY-DEMAND RELATIONSHIP I N  KENYA 
(MILLIONS OF TONNES) 

1990 2000 1 Base Case P o l i c y  Case Base Case P o l i c y  Case 

/S tand ing  Stocks 1 829.36 839.45 674.40 799.92 

Suppl i ed 
From Y i e l d s  
From Stocks 

21.57 19.27 17.13 34.07 
8.06 12.91 4.97 29.74 

13.51 6.35 12.16 4.33 



Tab le  7 .6  

WOOD RESOURCES ON CULTIVATED LAND 
POLICY CASE (MILLION TONNES) 

Wood Resources on C u l t i v a t e d  Land 1 1980 1985 1990 1995 2000 

jRr ea 
( m i l l i o n  h e c t a r e s )  2 .95 3.37 3.79 4.21 4.63 

S tocks  
( m i  l l i o n  tonnes ) 32.51 27.13 25.67 25.35 24.55 

Per  c e n t  dec rease  o f  
wood d e n s i t y  27 39 4 5 52 



Table 7 . 7  

POLICY CONTRIBUTIONS TO CLOSING THE GAP BETWEEN WOOD 
REQUIREMENTS AND SUPPLIES 

Years 
1990 2000 

Demand Reduct ion  P o l i c i e s  
Improved Wood Stoves 
Improved Charcoal Stoves 
Improved Charcoal K i l n s  

I 

l ~emand  To ta l  

Base Case Gap 

Supply Enhancement P o l i c i e s  
Agro- Fores t ry  
Rep1 anted Fo res t s  
Managed Fo res t s  
Peri-Urban P1 a n t a t i o n s  
I n d u s t r i a l  Fuel P l a n t  
Increased Na tu ra l  Y i e l ds  
Decreased Wood Stock Dep le t i ons  

10.8 32.6 

Supply To ta l  

P o l i c y  Case Gap 

( A l l  q u a n t i t i e s  are  i n  m i l l i o n s  o f  m e t r i c  tonnes) ! 



The c h a r a c t e r i s t i c s  and implementat ion t a r g e t s  f o r  these 
resource  enhancement schemes, i n c l u d e d  i n  t h e  P o l i c y  Case a r e  
g i v e n  below i n  Table 7.3. Region s p e c i f i c  t a r g e t s  a r e  presented 
i n  Table 7.4. Each p r o v i n c e  has i t s  own s p e c i f i c  problems w i t h  
wood supply-demand balance. And i n  each p r o v i n c e  s p e c i f i c  
o p p o r t u n i t i e s  e x i s t  f o r  address ing these problems. For  exampl e, 
w h i l e  Nyanza does n o t  have s i g n i f i c a n t  f o r e s t  resource  p o t e n t i a l ,  
t h e  p o t e n t i a l  f o r  a g r o f o r e s t r y  i n  i t s  densely  popu la ted  r u r a l  
areas p r o v i d e s  t h e  b a s i s  f o r  t h e  r e l a t i v e l y  h i g h  a g r o f o r e s t r y  
t a r g e t  i n  t h i s  p rov ince .  

Long Term Impacts 

The p r i n c i p a l  impacts o f  t h e  combined wood demand and supply  
p o l i c y  t a r g e t s  a r e  summarized, on a  n a t i o n a l  bas is ,  i n  Table 7.5. 
As can be seen t h e  expected n a t i o n a l  s h o r t f a l l  f o r  t h e  year  2000, 
reduced f rom 49.74 m i l l i o n  tonnes t o  36.34 m i l l i o n  tonnes by  
demand p o l i c i e s  (see Table 7.2),  i s  a lmost  e l i m i n a t e d  by the  
a d d i t i o n  o f  the  resource  p o l i c y  t a r g e t s  g i v e n  above (Table 7.3).  
By 1990 these r e d u c t i o n s  a re  n o t  as dramat ic .  An expected Base 
Case s h o r t f a l l  o f  10.80 m i l l i o n  tonnes i s  reduced t o  9.58 by 
demand p o l i c i e s  (Tab le  7.2),  and i s  f u r t h e r  reduced t o  by 
supplementing these w i t h  t h e  resource enhancement p01 i c i e s  (Table 
7.5) .  Thus, w h i l e  t h e  near  term improvement i s  s u b s t a n t i a l  (about  
64 per  c e n t  o f  t h e  expected 1990 gap i s  c losed) ,  t h e  remain ing 
s h o r t f a l l  d u r i n g  t h e  m i d d l e  p a r t  o f  t h e  n e x t  two decades presents 
an a d d i t i o n a l  chal  l enge  t o  energyldevelopment p01 i c y  f o r m u l a t i o n .  
We s h a l l  r e t u r n  t o  t h i s  i n  t h e  f i n a l  s e c t i o n  o f  t h i s  chapter .  

Other i m p o r t a n t  r e s u l t s  emerge f rom t h e  P o l i c y  Case 
a n a l y s i s .  I t  can be seen f rom Table 7.5 t h a t  s tock  d e p l e t i o n  i s  
s u b s t a n t i a l l y  reduced by  the  combinat ion o f  demand and supply  
p o l i c i e s .  Table 7.6 shows t h a t  wood s tock  d e n s i t y  on c u l t i v a t e d  
lands  which c o u l d  o therw ise  f a c e  cumula t i ve  r e d u c t i o n  o f  74 per  
c e n t  (Table 5.16) would d e c l i n e  by o n l y  52 per  c e n t  i n  t h e  P o l i c y  
Case. More s i g n i f i c a n t l y ,  t h e  process o f  s tock  r e s t o r a t i o n  w i l l  
be w e l l  under way by t h e  end o f  t h e  cen tu ry .  

A more d e t a i l e d  breakdown o f  t h e  c o n t r i b u t i o n s  o f  t h e  
v a r i o u s  components o f  t h e  P o l i c y  Case t a r g e t s  t o  reduc ing  the  
p o t e n t i a l  wood s h o r t f a l l  i n  Kenya, i s  g i v e n  i n  Table 7.7. 

Here i t  shou ld  be noted t h a t  t h e r e  a r e  i n t e r a c t i v e  and 
i n d i r e c t  e f f e c t s  o f  b o t h  demand and supply  s i d e  p o l i c y  
implementat ions.  I n  e s t i m a t i n g  t h e  c o n t r i b u t i o n s  o f  each p01 i c y  
component t o  r e d u c i n g  t h e  wood resource  requi rements,  t h e  e f f e c t s  
o f  t h e  end-use improvements were c a l c u l a t e d  f i r s t  by assuming no 
o t h e r  changes i n  t h e  system, then t h e  e f f e c t s  o f  the  i n t e r m e d i a t e  
convers ion  improvements were c a l c u l a t e d ,  and f i n a l l y  t h e  e f f e c t s  
o f  t h e  v a r i o u s  wood supply  p r o j e c t s .  Thus, f o r  example, the  
impacts o f  s tove  and j i k o  improvements were accounted f i r s t ,  then 
t h e  k i l n  improvements a f f e c t i n g  t h e  rema in ing  wood requi rements 



f o r  charcoal  p r o d u c t i o n .  The impacts o f  t h e  wood resource  
enhancement schemes i n c l u d e  b o t h  t h e  d i r e c t  c o n t r i b u t i o n s  o f  
t h e i r  sus ta ined  y i e l d s  t o  t h e  wood s h o r t f a l l  r e d u c t i o n ,  and t h e i r  
i n d i r e c t  impacts through d im in ished  s tock  d e p l e t i o n  and inc reased  
y i e l d s  o f  n a t u r a l l y  o c c u r r i n g  resources i n  some p rov inces  f o r  
fuelwood supply .  A s i m i l a r  i n d i r e c t  e f f e c t  on the  n a t u r a l  wood 
supply  occurs as a  r e s u l t  o f  demand r e d u c t i o n .  

Examination o f  p r o v i n c e - s p e c i f i c  r e s u l t s  i S a1 so 
i n s t r u c t i v e .  T h i s  shows t h a t  w i t h  t h e  g i v e n  t a r g e t s  embodied i n  
t h e  P o l i c y  Case two prov inces,  Nyanza and Western, would s t i l l  
f a c e  s i g n i f i c a n t  s h o r t f a l l s  by  the  year  2000 o f  28 and 16 per  
c e n t  o f  t h e i r  r e s p e c t i v e  demands r e s p e c t i v e l y .  These a r e  t h e  
p rov inces  t h a t  a r e  now f a c i n g  t h e  most severe near term problems. 
Since i t  takes  t i m e  t o  phase i n  t h e  p o l i c y  t a r g e t s ,  and s i n c e  t h e  
o p p o r t u n i t i e s  f o r  some p01 i c i e s  a r e  l i m i  t e d  i n  these p rov inces  
(e.g. f o r e s t  resource  enhancement i n  Nyanza), some f u r t h e r  p01 i c y  
a t t e n t i o n  would be r e q u i r e d  i f  t h e  gap i n  these p rov inces  i s  t o  
be c l o s e d  by  t h e  end o f  t h e  cen tu ry .  Whi le  i t  would be p o s s i b l e  
t o  cons ider  inc reased  implementat ion o f  t h e  o r i g i n a l  p01 i c y  
t a r g e t s  ( f o r  example more a g r o f o r e s t r y ) ,  we have chosen here t o  
remain w i t h i n  t h e  l i m i t s  s e t  e a r l i e r .  Instead,  n o t i n g  t h e  
p rospec t  f o r  s u b s t a n t i a l  resource  enhancement i n  o t h e r  prov inces,  
R i f t  V a l l e y  i n  p a r t i c u l a r ,  t h e  P o l i c y  Case assumes t h a t  t h e  
r e g i o n a l  su rp luses  a v a i l a b l e  i n  one o r  more o f  these p rov inces  
can be made a v a i l a b l e  t o  Nyanza and Western p rov inces .  T h i s  o f  
course would r e q u i r e  t h e  t r a n s p o r t  o f  these resources  i n  the  form 
o f  fuelwood, charcoal  and/or p e l l e t i z e d  wood, depending upon the  
p a r t i c u l  a r  s e c t o r s  f o r  which they  a r e  des t ined .  

O i l  Reduct ion Targets  and Impacts 

I n  a d d i t i o n  t o  b u i l d i n g  toward supply/demand b a l a n c i n g  o f  
wood resources,  energy p o l i c y  must a l s o  address t h e  problem o f  
c o n t r o l l i n g  t h e  growth o f  o i l  requi rements.  I n  Chapter 6, we have 
d iscussed t h e  b a s i c  o p t i o n s  t o  conserve o r  s u b s t i t u t e  f o r  o i l  
consumption. The most p romis ing  o f  these on t h e  c r i t e r i a  o f  
f e a s i  b i l  i t y ,  r e 1  i a b i l  i t y ,  and l i k e l y  c o s t - e f f e c t i v e n e s s  have been 
used t o  develop o i l  r e d u c t i o n  goa ls  f o r  t h e  P o l i c y  Case scenar io .  

Q u a n t i f i c a t i o n  o f  p1 a u s i b l e  r e d u c t i o n  t a r g e t s  i s  o f  course 
i n h e r e n t 1  y u n c e r t a i n  under t h e  b e s t  o f  c i rcumstances.  L i m i t a t i o n s  
on b a s i c  da ta  on t h e  way o i l  i s  used a t  t h e  end-use - b u i l d i n g  
thermal c o n t r o l ,  process p r a c t i c e s ,  b o i l e r  e f f i c i e n c i e s ,  
v e h i c u l a r  e f f i c i e n c i e s ,  and so on - compound t h e  d i f f i c u l t i e s .  
Never the less,  on t h e  b a s i s  o f  t h e  survey i n f o r m a t i o n  a v a i l a b l e  t o  
date, es t imates  have been developed. 

Some o f  t h e  p o l i c y  i ssues  r e l e v a n t  t o  i n c r e a s i n g  t h e  
e f f i c i e n c y  o f  t h e  c o u n t r y ' s  o i l - u s i n g  equipment have been 
d iscussed i n  Chapter 6 .  The d e t a i l e d  f o r m u l a t i o n  o f  a p p r o p r i a t e  
p01 i c y  s t r a t e g i e s  - educa t ion  and t r a i n i n g ,  p r i c i n g  and 



i n c e n t i v e s ,  s tandards and r e g u l a t i o n  - a r e  beyond t h e  scope o f  
t h i s  i n v e s t i g a t i o n .  They would need t o  be e s t a b l i s h e d  through a  
process wh ich  would improve and sys temat i ze  t h e  e x i s t i n g  data 
bases, e s t a b l i s h  e f f i c i e n c y  t a r g e t  goals, and be t a i l o r e d  t o  the  
i n s t i t u t i o n a l  c o n s t r a i n t s  and o p p o r t u n i t i e s  f o r  each economic 
s e c t o r .  

For  i l l u s t r a t i v e  purposes, however, we have developed some 
p r e l i m i n a r y  t a r g e t s  f o r  decreasing o i l  consumption f rom Base Case 
l e v e l s .  Based on our  c u r r e n t  e s t i m a t e  o f  consumption 
c h a r a c t e r i s t i c s  a t  t h e  end-use, the  P o l i c y  Case t a r g e t s  presented 
i n  Table 7.8 appear t e c h n i c a l l y  f e a s i b l e ,  c o s t - e f f e c t i v e ,  and 
ach ievab le  through governmental energy p o l i c y .  The b a s i s  f o r  
these t a r g e t s  i s  d iscussed i n  Chapter 6  and t h e  t e c h n i c a l  
v01 umes. 

The r e s u l t i n g  P o l i c y  Case f o r e c a s t  o f  sources and uses o f  
o i l  a r e  d i s p l a y e d  i n  Table 7.9 and c o n t r a s t e d  w i t h  the 
corresponding Base Case r e s u l  t s .  Several aspects a r e  noteworthy.  
F i r s t  o f  a l l ,  t h e  r e d u c t i o n  i n  r e f i n e d  i m p o r t  requi rements i s  
d i s p r o p o r t i o n a t e l y  g r e a t e r  than overa l  l r e d u c t i o n s  amounti ng t o  
24.0 per  c e n t  and 26.0 per  c e n t  i n  1990 and 2000, r e s p e c t i v e l y .  
T h i s  i s  due t o  t h e  use o f  impor ted  r e f i n e d  o i l  as a  marg inal  
source. T h i s  means t h a t  i n  e v a l u a t i o n s  o f  conserva t ion  
investments f rom a  s o c i a l  c o s t  p o i n t  o f  view, conserva t ion  cos ts  
should be compared w i t h  p r o j e c t e d  c o s t s  o f  impor ted r e f i n e d  o i l .  
O r  a1 t e r n a t i v e l  y, i f  a d d i t i o n a l  r e f i n e r y  c a p a c i t y  i s  c r e a t e d  t o  
avo id  i m p o r t i n g  t h e  h i g h e r  p r i c e d  r e f i n e d  o i l ,  t h e  conserva t ion  
measures a r e  a  s u b s t i t u t e  f o r  crude o i l  impor ts  and the  
a d d i t i o n a l  r e f i n e r y  c o s t s  which would be r e q u i r e d  i n  t h e  absence 
o f  t h e  measure. 

The o v e r a l l  r e d u c t i o n  i n  i m p o r t  requi rements i s  13 per  cen t  
by t h e  year  1990 and 18 per  c e n t  by  2000. The major  impacts a re  
i n  t h e  t r a n s p o r t a t i o n ,  l a r g e  i n d u s t r y ,  and e l e c t r i c i t y  genera t ion  
sec to rs .  S u b s t i t u t i o n  f o r  o i l  - f i r e d  genera t ion  ho lds  g r e a t  
promise, s i n c e  aga in  o i l  i s  the  marg inal  f u e l .  Reduct ion o f  
demand through end-use e f f i c i e n c y  improvements o r  development o f  
n o n- o i l  u s i n g  c a p a c i t y  b o t h  d i r e c t l y  d i s p l a c e  o i l .  I n  the  P o l i c y  
Case, t h e  r e d u c t i o n  o f  o i l  f o r  genera t ion  i s  54 per  c e n t  i n  1990 
and 41 per  c e n t  i n  2000. The comparat ive i n f o r m a t i o n  i s  presented 
i n  Table 7.10. O f  t h e  o v e r a l l  r e d u c t i o n  i n  o i l  genera t ion  o f  667 
GWh i n  1990 and 1376 GWh i n  2000, over  70 per  c e n t  i s  due t o  the 
s u b s t i t u t i o n  o f  a d d i t i o n a l  impor ts  and new hydro and geothermal . 
(The r e s t  i s  a  r e s u l t  o f  end-use e f f i c i e n c y  improvements.) 
A d d i t i o n a l l y ,  some 300 MW o f  o i l - f i r e d  c a p a c i t y  expansion can be 
avoided. 



Table 7.8 

POLICY CASE REDUCTION TARGETS 

* R e l a t i v e  t o  Base Case 
** Beyond Base Case l e v e l  o f  30 MW 

Sec to r  

Large I n d u s t r y  

Commercial / I n s t i  t u t i o n a l  

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

E l e c t r i c i t y  Generat ion 

Targe t  

O i l  use r e d u c t i o n *  o f  20%, 
e l e c t r i c i t y  use r e d u c t i o n *  o f  15% by 
1990 

A l l  f u e l  use r e d u c t i o n *  o f  15% by  
year  1990 

Veh icu la r  consumption r e d u c t i o n *  o f  
10% by 1990 and 20% by 2000 

A d d i t i o n a l  impor ted  hydro** o f  50 MW 
by  1990 and 100 MW by 2000 

1 





T a b l e  7 .10  

ELECTRICAL GENERATION POLICY VERSUS BASE CASE 

O i l  Steam 

I m p o r t e d  Hydro 

Geothermal 

Other  

1990 2000 
Base Case P o l i c y  Case Base Case P o l i c y  Case 

(MW) 152 93 579 265 
(GWh) 667 0 2,537 1,161 

(MW) 30 80 30 130 
(GWh) 237 631 237 1,025 

(MW) 45 45 100 100 
(GWh) 118 l l n  263 263 

(MW) 622 600 872 872 
(GWh) 2,647 2,628 3,742 3,742 

(MW) 849 818 1,581 1,367 
(GWh) 3,669 3,372 6,779 6,190 





CHAPTER 8  SUMMARY AND CONCLUSIONS: 
TOWARD A SUSTAINABLE ENERGY FUTURE 

T h i s  volume o u t l i n e s  t h e  programmatic o p t i o n s  i n  energy 
p l a n n i n g  t h a t  t h e  Government o f  Kenya shou ld  consider .  I t  i s  
based on t h e  accumulated exper ience o f  f o u r  years  work i n  Kenya 
by s t a f f  o f  t h e  M i n i s t r y  o f  Energy and t h e  B e i j e r  I n s t i t u t e .  Th is  
volume o u t l i n e d  a  s t r a t e g y  t h a t  p laced  much emphasis on 
deve lop ing  ind igenous biomass sources f o r  f u e l  s u p p l i e s  over  the  
n e x t  twenty years;  t h i s  s t r a t e g y  i s  e s s e n t i a l  i f  Kenya wishes t o  
decrease energy dependence. 

The a n a l y s i s  summarised c u r r e n t  consumption p a t t e r n s  i n  b o t h  
modern and t r a d i t i o n a l  sec to rs ,  emphasising the  c r i t i c a l  r o l e  
t h a t  fuelwood p l a y s  i n  t h e  energy economy. The a n a l y s i s  was based 
on an energy accoun t ing  system, LEAP (LDC Energy A1 t e r ? a t i v e s  
P1 anning Model ) ,  which was s p e c i f i c a l l y  developed t o  encompass 
t h e  Kenyan energy system. It has s i n c e  been expanded t o  o t h e r  
T h i r d  World c o n t e x t s .  Inc luded  i n  the  energy account ing system 
was a  d e t a i l e d  a n a l y s i s  o f  l anduse which a1 lowed c o n s i d e r a t i o n  o f  
f o r e s t r y  as a  c o m p e t i t i v e  o r  non- compet i t i ve  a c t i v i t y  v i s - a - v i s  
a g r i c u l  t u r a l  p r o d u c t i o n  i n  l i g h t  o f  c u r r e n t  l anduse p r a c t i c e s .  

The Base Case Scenar io  p r o j e c t e d  energy consumption under 
t h e  assumption t h a t  c u r r e n t  development p a t t e r n s ,  b o t h  i n  genera l  
b u t  e s p e c i a l l y  i n  energy, w i l l  con t inue .  The basecase 
demonstrated c l e a r l y  t h a t ,  n o t  o n l y  w i l l  t h e r e  be a  s i g n i f i c a n t  
inc rease  i n  hydrocarbon u t i l i s a t i o n ,  b u t  t h a t  d e f o r e s t a t i o n  w i l l  
a c c e l e r a t e  a t  an unprecedented pace a  p a t t e r n  t h a t  i s  n o t  
sus ta inab le .  A  v a r i e t y  o f  conserva t ion  and supp ly  s t r a t e g i e s  were 
examined wh ich  c o u l d  p o t e n t i a l l y  ease t h e  c u r r e n t  s i t u a t i o n  and 
enhance ind igenous energy p r o d u c t i o n  over  t h e  n e x t  20 years.  

An i n t e g r a t e d  energy p l a n  must be developed a t  t h i s  p o i n t  i n  
Kenya's h i s t o r y  i f  s e r i o u s  impending c r i s e s  a r e  t o  be avoided. 
The dimensions o f  t h e  t w i n  problems o f  i n c r e a s i n g  wood shor tages 
and o i l  dependence, which can be expected i n  t h e  absence o f  such 
a  p l a n  ( t h e  Base Case p r o j e c t i o n ) ,  have been ou t1  i n e d  i n  Chapter 
5. Wood resource  requi rements w i l l  i nc rease  f rom 20.4 m i l l i o n  
tonnes i n  1980 t o  49.7 m i l l i o n  tonnes by 2000. S h o r t f a l l s  w i l l  
reach  11 m i l l i o n  tonnes by  1990 and 33  m i l l i o n  tonnes by 2000. 
O i l  i m p o r t s  w i l l  a lmos t  t r i p l e  by  2000 w i t h  t h e  corresponding 
pressure on f o r e i g n  exchange earn ings  ( o i l  c o s t s  a t  perhaps 
f o u r t e e n  t imes  c u r r e n t  e x p o r t  ea rn ings)  t h r e a t e n i n g  t o  brake 
modern iza t ion  e f f o r t s .  

The massive s h o r t f a l l s  o f  wood suppl i e s  t o  meet household 
and o t h e r  s e c t o r a l  requi rements would cause severe d i s r u p t i o n s  i n  
the  economy and l i v e s  o f  t h e  Kenyan people, p a r t i c u l a r l y  i n  t h e  
r u r a l  s e c t o r .  Wood s c a r c i t y  c o n d i t i o n s  would undermine r u r a l  
s t a b i l  i t y  and devel opment, i n c r e a s i n g  r u r a l  -urban m i g r a t i o n  
beyond l e v e l s  wh ich  can be sus ta ined  by  the  growth o f  t h e  modern 
sec to r ,  which i t s e l f  would be h u r t  by  wood shor tages and o i l  



i m p o r t  requi rements.  Beyond the  p o t e n t i a l  shor tages themselves 
l i e s  t h e  p rospec t  f o r  d e p l e t i o n  o f  s u b s t a n t i a l  p o r t i o n s  o f  
n a t u r a l l y  o c c u r r i n g  s tocks  o f  woody biomass, w i t h  p o s s i b l e  
n e g a t i v e  consequences f o r  t h e  s o i l  eco logy  o f  Kenya's most a rab le  
lands .  T h i s  would make e f f o r t s  t o  inc rease  f o o d  and e x p o r t  crop 
p roduc t ion ,  so e s s e n t i a l  f o r  Kenya's development, exceedingly  
d i f f i c u l t .  

The s tock  d e p l e t i o n  problem has dimensions more s e r i o u s  than 
i n d i c a t e d  perhaps by t h e  20 per  c e n t  cumu la t i ve  d e p l e t i o n  on a  
n a t i o n a l  aggregate b a s i s .  As shown, t h e  d e n s i t y  o f  woody biomass 
on c u l t i v a t e d  lands  would f a l l  by more than 50 per  c e n t  by the  
end o f  t h e  cen tu ry .  Moreover, as we have discussed, 20 per  cen t  
woodstock d e p l e t i o n  i m p l i e s  t h a t  a  much l a r g e r  f r a c t i o n  o f  the  
rema in ing  t r e e s  i n  Kenya w i l l  be denuded; t h a t  i s ,  l e f t  w i t h o u t  
t w i g s  and branches. 

There are, however, as we have st ressed,  a  number o f  
p romis ing  areas i n  which s t r a t e g i c  a c t i o n  can be taken. These 
have been i n c o r p o r a t e d  i n t o  the  s e t  o f  t a r g e t s  compr is ing  the  
P o l i c y  Case scenar io ,  i n t r o d u c e d  and eva lua ted  i n  Chapter 7 .  To 
achieve these o r  comparable r e s u l t s ,  programme development must 
commence as soon as poss ib le ,  and must be p a r t  o f  an i n t e g r a t e d  
economic, food, and resource  p l a n n i n g  process. The P o l i c y  Case 
l e v e l s  o f  e f f o r t  can go a l o n g  way towards a m e l i o r a t i n g  t h e  major  
problems by  t h e  end o f  the  cen tu ry .  The gap between wood 
requi rements and s u p p l i e s  can be c l o s e d  by t h e  year  2000 and o i l  
dependence reduced by  20 per  cen t .  F i g u r e s  8.1 and 8.2, below, 
i l l u s t r a t e  these p o t e n t i a l  achievements. F i g u r e  8.1 shows the  
p a t t e r n  by which t h e  P o l i c y  Case i n i t i a t i v e s  c o u l d  c l o s e  t h e  wood 
shor tage gap, squeezing i t  t o  ze ro  by  decreasing end-use 
requi rements through e f f i c i e n c y  improvements and i n c r e a s i n g  the  
r e c u r r e n t  resource  base through v a r i o u s  wood enhancement schemes. 
Wi thou t  t h e  P o l i c y  Case programme, t h e  gap would have been l a r g e r  
i n  t h e  1980 's  and enormously g r e a t e r  throughout  t h e  1990's .  
F i g u r e  8.2 i l l u s t r a t e s  t h i s .  

The o t h e r  ma jo r  achievement o f  t h e  P o l i c y  Case programme 
would be t h e  r e d u c t i o n  o f  cumu la t i ve  s tock  d e p l e t i o n  f rom about 
20 per  c e n t  i n  t h e  Base Case t o  o n l y  4 per  c e n t  i n  t h e  P o l i c y  
Case. By t h e  end o f  t h e  c e n t u r y  t o t a l  woody biomass, i n c l u d i n g  
t h e  c o n t r i b u t i o n  f rom t h e  proposed wood p r o j e c t s ,  i n  Kenya w i l l  
have been v i r t u a l  l y r e s t o r e d  t o  p r e s e n t  l eve1 S .  Moreover, the  
process o f  reg rowth  o f  n a t u r a l l y  o c c u r r i n g  s tocks  w i l l  have been 
w e l l  under way as y i e l d s  f rom t h e  proposed wood resource  schemes 
s u b s t i t u t e  i n  meet ing requi rements.  F i n a l l y ,  the  process o f  
r e s t o r a t i o n  and resource  enhancement d e r i v e d  f rom t h e  proposed 
p r o j e c t s  f o r  t h e  1980 's  and 19901s, w i l l  c o n t i n u e  i n t o  the  
beg inn ing  o f  t h e  2 1 s t  Century. Thus Kenya w i l l  have e s t a b l i s h e d  a  
s t a b l e  and s u s t a i n a b l e  component o f  i t s  t o t a l  energy resource 
base as i t  e n t e r s  t h e  n e x t  cen tu ry .  

R e a l i z a t i o n  o f  a  programme o f  t h e  scope o f  the  P o l i c y  Case 
programme would be an ou ts tand ing  achievement which would 
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moderate and e v e n t u a l l y  overcome Kenya's most p r e s s i n g  energy 
resource  and e c o l o g i c a l  problems. However, even t h i s  programme 
must be cons idered  as a  f i r s t  s tage ( o r  b a s e l i n e )  energy p l a n .  
Looking aga in  a t  F i g u r e  8.1 one i s  s t r u c k  by t h e  s u b s t a n t i a l  wood 
supply-demand gap t h a t  remains th roughou t  t h e  n e x t  two decades 
u n t i l  t h e  P o l i c y  Case implementat ions f u l l y  c l o s e  i t .  The P o l i c y  
Case t a r g e t s ,  though q u i t e  amb i t ious  i n  scope, when measured 
a g a i n s t  t h e  problems f a c i n g  Kenya over  t h e  n e x t  two decades a re  
n o t  f u l l y  adequate. The d i f f i c u l t i e s  i n  launch ing  and c a r r y i n g  
o u t  such a  programme cannot  be too  s t r o n g l y  emphasized. C l e a r l y ,  
s t a r t - u p  problems w i l l  emerge. F i r s t ,  t h e  t e c h n i c a l  choices and 
i n s t i t u t i o n a l  and f i n a n c i a l  arrangements r e q u i r e d  f o r  such an 
e f f o r t  must be f u r t h e r  r e f i n e d ,  developed, and p u t  i n t o  p lace .  
Second, t h e  elements o f  t h e  P o l i c y  Case programme w i l l  t a k e  t ime 
t o  have t h e i r  f u l l  e f f e c t s  r e a l i z e d .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  
t h e  wood r e s o u r c e  enhancement schemes s i n c e  n o t  a l l  l a n d  can be 
conver ted  a t  once, and s i n c e  t h e  s tocks  o f  wood need t ime t o  
mature. These schemes, w h i l e  c o n t r i b u t i n g  somewhat i n  t h e  near 
term, have t h e i r  ma jo r  impacts towards t h e  end o f  t h e  cen tu ry .  
Thus, even w i t h  these e f f o r t s ,  Kenya w i l l  be faced  w i t h  r a t h e r  
s e r i o u s  problems. 

The P o l i c y  Case Programme ( o r  i t s  e q u i v a l e n t )  then, must be 
understood as a  b a s e l i n e  component o f  a  l a r g e r  p o l i c y  p l a n n i n g  
process p r o v i d i n g  t h e  f o u n d a t i o n  f o r  t h a t  process. F i r s t ,  as t h e  
p1 anning and i n s t i t u t i o n a l  apparatus evo lves  and begins t o  r e f i n e  
and implement a  b a s e l i n e  programme, i t  w i l l  be necessary t o  
i d e n t i f y  and e v a l u a t e  a d d i t i o n a l  o p t i o n s  i n  o rder  t o  he1 p  reduce 
near term problems. These m i g h t  i n c l u d e  a  m ix  o f  t h e  more 
p romis ing  o p p o r t u n i t i e s  we have d iscussed:  s o l a r  appl i c a t i o n s  
(e.g., f o r  d r y i n g  and o t h e r  thermal requ i rements ) ,  b iogas 
p r o d u c t i o n  f rom c r o p  and animal wastes ( f o r  r u r a l  energy uses), 
producer gas p r o d u c t i o n  ( f o r  t r a n s p o r t ,  smal l s c a l e  e l e c t r i c i t y  
p roduc t ion ,  and o t h e r  uses) ,  decen t ra l  i z e d  power sources (wind, 
s m a l l - s c a l e  hydro )  and perhaps expanded coal  impor ts .  Each o f  
these concepts must be assessed f o r  a p p l i c a t i o n  t o  t h e  s p e c i f i c  
c o n d i t i o n s  and requ i rements  i n  Kenya. Each w i l l  have i t s  own m i x  
o f  cos t ,  env i ronmenta l ,  and i n s t i t u t i o n a l  impacts.  For  example, 
producer gas imp lementa t ion  c o u l d  r e q u i r e  t h a t  a d d i t i o n a l  wood 
resources  be developed as p r i m a r y  feedstocks,  and b o t h  producer 
gas and b iogas  u s i n g  c r o p  r e s i d u e s  c o u l d  r e s u l t  i n  l o s s  o f  s o i l  
n u t r i e n t s .  Some o f  t h e  a l t e r n a t i v e s  may have s p e c i f i c  
requi rements w i t h  r e s p e c t  t o  sca le  economies and geographic and 
s o c i a l  con tex ts .  A l l  o f  them w i l l  have c o s t s  as w e l l  as b e n e f i t s  
t h a t  must be c a r e f u l l y  s tud ied .  A b a s e l i n e  s e t  o f  programme 
t a r g e t s  such as e s t a b l i s h e d  by  t h e  P o l i c y  Case can p r o v i d e  t h e  
framework w i t h i n  wh ich  t h i s  assessment can begin.  

I n  a d d i t i o n  t o  o t h e r  technology o p t i o n s  t h e  o p p o r t u n i t y  may 
e x i s t  f o r  more r a p i d  near term implementat ion o f  some o f  t h e  
elements o f  t h e  P o l i c y  Case programme. For  example, as shown 
e a r l i e r ,  improved charcoal  p r o d u c t i o n  on a  l a r g e  s c a l e  assoc ia ted  



w i t h  r e p l a n t e d  f o r e s t s  c o u l d  t o t a l l y  d i f f u s e  by 1990. 
Implementat ion o f  f o r e s t  rep1 a n t i n g  i t s e l f  c o u l d  be sped-up 
d u r i n g  t h e  l a t e  1980's .  Furthermore, a g r o f o r e s t r y ,  and f o r e s t  
management, t h e  o t h e r  ma jo r  scheme w i t h  r e l a t i v e l y  e a r l y  y i e l d s ,  
m i g h t  be b rough t  on more r a p i d l y .  S i m i l a r l y ,  a t  t h e  end-use 
stage, improved techno log ies  c o u l d  i n  p r i n c i p l e  be d isseminated 
more r a p i d l y  a n d l o r  w i d e l y  than  assumed i n  t h e  P o l i c y  Case 
implementat ion i f  t h e  i n s t i t u t i o n a l ,  educa t iona l ,  p roduc t ion ,  and 
d i s t r i b u t i o n  processes were pursued a t  a  s u f f i c i e n t l y  h i g h  l e v e l  
o f  a c t i v i t y .  

A f i n a l ,  b u t  c r i t i c a l  , dimension o f  an augmented p1 anning 
process i s  t h e  ongoing r e- e v a l u a t i o n  o f  t h e  supply-demand 
c o n f i g u r a t i o n  i n  Kenya as i t  evolves.  Cl e a r l y ,  t h e  c o n d i t i o n s  and 
dynamics u n d e r l y i n g  energy requi rements and supply  render  
p r e d i c t i o n  i n h e r e n t l y  u n c e r t a i n .  Nor can Kenya's energy f u t u r e  be 
expected t o  u n f o l  d  smooth1 y .  Moreover, imp1 ementat ion o f  a  Pol i c y  
Case programme and i t s  impacts must i t s e l f  be c a r e f u l l y  
monitored, and t h e  e v a l u a t i o n  o f  t h e  r e s u l t s  i n t e g r a t e d  i n t o  
r e f o r m u l a t i o n s  and m o d i f i c a t i o n s  o f  t h e  programme as necessary. 
The need and o p p o r t u n i t i e s  f o r  o t h e r  op t ions ,  and t h e  p o s s i b i l i t y  
f o r  expansion and more r a p i d  implementat ion o f  t h e  P o l i c y  Case 
o p t i o n s  can be e f f e c t i v e l y  eva lua ted  and implemented o n l y  i n  such 
a c o n t e x t .  Therefore,  t h e  es tab l i shment  and cont inuous upda t ing  
o f  a  comprehensive resource  d a t a  base encompassing energy demand, 
energy supply, land-use, and f o o d  p roduc t ion ,  must occur  i f  an 
e f f e c t i v e  resource  p l a n n i n g  process i s  t o  become t h e  key element 
i n  n a t i o n a l  development t h a t  t h e  s i t u a t i o n  r e q u i r e s .  

A programme a t  P o l i c y  Case l e v e l  S, and t h e  l a r g e r  p1 anning 
process e l a b o r a t e d  around it, may n o t  guarantee complete success 
i n  r e s o l v i n g  t h e  energy and development problems f a c i n g  Kenya. I t  
can, however, p r o v i d e  a p o l i c y  i n s t r u m e n t  through which the  
n a t i o n  can begin, i n  p a r t ,  t o  take  command o f  i t s  energy des t iny ,  
and w i t h  which successes and f a i l u r e s  can be measured, lessons 
learned,  and programmatic r e o r i e n t a t i o n s  launched. 

Wood has l o n g  served as t h e  t r a d i t i o n a l  f u e l  i n  Kenya. 
Dur ing  t h e  r e c e n t  phase o f  Kenya's development t h e  use o f  wood 
and wood d e r i v e d  charcoal  as t r a n s i t i o n a l  f u e l s  has l e d  t o  severe 
problems wh ich  can be expected t o  grow over  t ime  i f  no p o l i c y  
a c t i o n  i s  taken. The f a i l u r e  o f  wood, and e s p e c i a l l y  charcoal ,  as 
t r a n s i t i o n a l  f u e l s ,  stems f rom a number o f  reasons: t h e  l i m i  t e d  
n a t u r e  o f  t h e  l a n d  and biomass resource  bases, r a p i d  p o p u l a t i o n  
growth and demographic s h i f t s ,  t h e  r e 1  a t i v e l y  i n e f f i c i e n t  
techno log ies  employed, t h e  h i g h  c o s t  o f  impor ted f u e l ,  and the  
requi rements o f  development i t s e l f .  

I t  has been shown, however, t h a t  beyond a v o i d i n g  c r i s e s  ( o f  
a  s o c i a l ,  heal  th ,  economic, and e c o l o g i c a l  n a t u r e )  a t t e n d a n t  upon 
woodfuel shor tages,  wood resource  management p o l i c i e s  a t  a l l  
stages o f  t h e  supply-demand nexus c o u l d  serve t o  e s t a b l i s h  a 
b a s i s  f o r  t h e  t r a n s i t i o n  a long the  arduous p a t h  o f  modern iza t ion  
and devel opment t h a t  t h e  n a t i o n  r e q u i r e s .  T h i s  t r a n s i t i o n a l  
process can be a s s i s t e d  by p o l i c i e s  aimed a t  o i l  i m p o r t  r e d u c t i o n  
as w e l l ,  which have been d iscussed e a r l i e r .  



Whi le t r a n s i t i o n  towards a more developed and modern economy 
c o u l d  r e s u l  t i n  a s h i f t  towards g r e a t e r  use o f  more f l e x i b l e  
forms o f  energy such as l i q u i d  f u e l s  and e l e c t r i c i t y ,  wood 
resources can be expected t o  p l a y  a l a r g e  r o l e  beyond t r a n s i t i o n ,  
i n  a s u s t a i n a b l e  energy f u t u r e  f o r  Kenyan development. Once such 
a s u s t a i n a b l e  resource  base and t h e  management and t e c h n i c a l  
s k i l l s  accompanying i t  have been es tab l i shed ,  wood resources and 
techno log ies  can s tand  beside more modern f u e l s  l i k e  o i l ,  coal  
and e l e c t r i c i t y ,  as we1 l as new and renewable forms such as s o l a r  
and wind, i n  a d i v e r s i f i e d  energy system f o r  t h e  n a t i o n .  Since 
heavy emphasis on ind igenous resources and techno log ies  may be 
r e q u i r e d  f o r  some t ime, v a r i o u s  forms o f  wood d e r i v e d  f u e l s  may 
f i n d  t h e i r  way i n t o  uses i n  t r a n s p o r t a t i o n ,  e l e c t r i c i t y  
generat ion,  and i n d u s t r i a l  p r o d u c t i o n  t o  s u b s t i t u t e  f o r  o r  
complement t h e  use o f  o t h e r  f u e l s ,  f u e l s  which a r e  impor ted  o r  
more expensive. Given t h e  c o n t i n u i n g  u n c e r t a i n t y  w i t h  r e s p e c t  t o  
o i l  p roduc t ion ,  market  shares, and p r i c e s  f o r  t h e  n e x t  century,  
t h e  r o l e  o f  o i l  i t s e l f  m i g h t  remain c o n s t r a i n e d  even as Kenya 
expands i t s  a b i l i t y  t o  generate f o r e i g n  exchange f o r  o i l  
purchases. The enhanced p o s i t i o n  o f  wood w i t h i n  Kenya's o v e r a l l  
energy supp ly  system, then, c o u l d  serve two purposes; f i r s t  t o  
p r o v i d e  a secure b a s e l i n e  f u e l  as development proceeds, and 
second t o  a l l o w  a g r e a t e r  p o r t i o n  o f  scarce f o r e i g n  exchange 
resources  t o  be a l l o c a t e d  t o  t h e  v a r i e t y  o f  non- fuel  commodities 
r e q u i r e d  f o r  devel opment. 
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The d e t a i l e d  process o f  s tock d e p l e t i o n  i s  q u i t e  complex, 
i n v o l v i n g  demand growth r a t e s ,  l and s h i f t s ,  reg rowth  
p a t t e r n s ,  a c c e s s i b i l i t i e s ,  and so on. Th is  i s  cap tu red  
mathemati c a l  l y  i n  t h e  LEAP Model . However, t o  see t h e  
e s s e n t i a l l y  exponen t ia l  charac te r  o f  t h e  decay process 
cons ider  t h e  simpl i f i e d  equat ions:  

where Y = y i e l d s ,  S  = stocks, D  = demand, t = years,  and a  
i s  a  p r o p o r t i o n a l i t y  cons tan t  ( i t s e l f  a  f u n c t i o n  o f  s tock  
c h a r a c t e r i s t i c s  and d e p l e t i o n  l e v e l  i n  t h e  r e a l - w o r l d ) .  The 
equa t ions  s t a t e  t h a t  y i e l d s  a r e  p r o p o r t i o n a l  t o  s tocks  and 
changes i n  s tocks  r e s u l t  f rom s a t i s f y i n g  demand unmet by 
y i e l d s ,  r e s p e c t i v e l y .  Combining we have 

1 
which i s  an exponen t ia l  decay form, e.g., S  = - (D-bet )  

t a  
where b  i s  a  cons tan t  o f  i n t e g r a t i o n .  

See d i s c u s s i o n  i n  t h e  F i v e  Year Development Plan. 

Loc. c i t . ,  p. 1. - -  

See Technica l  Vol ~ m e .  
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ANNEX 3 

Agroforeetry Systems 
Extenslon Methods 
Species Chalce 
Rotatzon 
Spaczng 
Thlnnlng 
Vzslds- Wood, Food, Fodder, Fertlllzer 
Other Products 
Mulchlng Trxals 
Specles For Marglnel Lends 
Intercropprng 
\Management Of Farm Trees 
Monitoring Of Trees On Agric Lend 
Nuraery/Seed Sources - Collection 
Seeds - Plus Trees 
Uisblllty Tests 
Germlnat~on Methods 
Estsbllshment Methods 
Forestry/Specles Cholce 
Multrpurpose Trees 
Rotatron 
Speclng 
Thlnnxng 
Ylelds - All Products 
Intercropping 
Inventory & Mepplng Methods 
Monltorlng Of Forest Area 
Mensuratmn Work - Whole Tree Techniques 
Economics Of Anlmal Feed 
Bamboo Sllvxculture & Management 
Mangroves 
Menagement Of Short Rotation Plsntatlons 
Management Of Natural Forests 
Management Of Savanna Woodlands 
Eetebllshment Techniques 
Work Studv/T~me Studlee 
Cost~ng Recording & Analysrs 
Natural Regeneret~on Methods 
Grazing In Forests 
Water h Sorl Conservation Experiments 
Irrigated Tree Crops 
Irrrgsted Intercropprng 
Estsbl~shment On Olff~cult 5011s 
Esteblishment Under Low Relnfall 
Monltorlng Of Forest Arees 
Monltorlng Of Tree Cover On Agrlc Land 
Tool Improvement & Desrgn 
Incentive Schemes/Baszc Reallstlc Rstes 
Felllng/Extractlon Methods I m l u d m g  Sulk~es 
Fslllng/Extractlon Costs 
Transport Methods 
Transport Costs 
Whale Tree Utrllzatlon 
Stempage Prlce 
Needs Three/Four Centres 

To Undertake Above 
Agroforestry/Forestry Centre 
Utlllzstlon Centre 
Stove Centre 

Utllizet~an 
Oryrng Tlme For Woad 
Chlpprng Methods 
Oebarkmg, Croascuttzng Methods 
Other Forest Products- Y ~ e l d  And Economics 
Rosln, Resin, Gums, Turpentrne 
Nuts, Honey, Frurt, Food, Fodder 
Markets - Price Of Others 
Forest Products 
Utlllrstlon Of Waste 
Briquett~ng Waste, Charcoal 
Denslfylng 
Charcoal Productzon Kllns/Retorts 
Methanol Productxon (Dry D~stllst~on) 
Chamlcal Extractlon 
Other Llquld Fuels 
Gaseous Fuels (Producer Gas 
Water Gas) 
Steam Pumps 
Border Desrgn And Development 
Tobacco Barns 
Brlck Maklng/Storemeklng Kilns 
F ~ s h  Curlng Barns 
Fertll~zers 
Fuelwood Stovee ) 

Charcoal Stoves ) Portable Flxed 
Fw/ch Stoves 
Pofopan Deslgn 
Flrellghters 
Acetylene Product~on 
Wood Densrty Oetsrm~nat~on 
Wood Energy Value Determ~natlon 
By Specles/Age/Molsture Content 
Charcoal Denslty Determznatzon 
Use Of Agricultural Wastes 

Educstlon & Extension 
Vacatronal Courses 
Short & Extended Courses 
Agroforestry Systems 
Establlsment Of Nurssrles & Trees 
Management Of Trees 
Tendzng Of Trees, Felling & Extractlon Methods 
Tool Care & Ma~ntenance 
Mansgement Of Small Industrres 
Stove Productron (Wood, Charcoal) 
Charcoal Klln Techn~ques 
Cottage Industr~ss -Bamboo 
Tapplng, Callectlng Food, Medxclne etc 
Establish~nq Demonstrstlon Unlta 
School Farms/Woodlots 
Agroforestry - Energy Centres 
Woodlots - Energy Centres 
Stoves 
Colleqe & Unlversrty Courses 
Teach Menagement & Superulslon 
Agroforestry 
Extenslon 
Foreatry Plantat~on 
Natural Forest Management 
Research Methodology 
Tescher Tralnrng Courses 
School Curlculum 
Radlo/TV Programmss 
NGO Courses. Leaflets 
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