
rn-entory on biomass, a conditionally renewable energy
 

Introductioa
 

Inventory of Biomass, 

in Kenya 
 In order to plan for future demand of bvmas energy, particular
woodfuel 
(fuel and charcoal), 
it is imperative to know the existinF
supply of these cinditionally renewable fuels. 
For convenience, tha
 

A Conditionally Renewable Energy 
 energy froti biomass caZ be divided into three groups
 

(1) 
annual plants, for example, crop residues and grasses;
FEBRUARY, 1982 

(ii) perennial plants 
-
trees and shrubs;
KEITH OPENShAW 
Iiii) animal waste - domestic a~imaL and human waste.
 

All these potential energy forms hrve other uses and this stould
 

be borne in mind when planning for the energy requirements of a
region, 
country or district. 
 It is also most important to realise
 
that these energy forms are only renewable on conditioo that they

are properly wanaged. 
 If the fertility of 'apiece of land iz not
maintained, then the -gricultjral crop yield will decline, similarly
if more wc.?d is cut 
from a forese 
than is being added annually, the
forest will evbntu~liy disapptar. Therefore, whe 
Ire6ssing supply,

it is important 
to find out whether the supply ca-i 
--e sustained or
not. 
 This ia Particulerly important when lc.;kin& 
at woody biomass
because tr-es represent accumulated years of growth, and while 006
can drcxw on this 
 store over a rhort pericd, unless it 
is replaced by
new growch, the store will dry up. 
 Therefore, for woody biomass,
one has to assess, not only 
total 
stock, but allowable anntal cut, or
 
in technical terns, the 
increment.
 

Ann'l plants:assessment of cropresidues 

Crop residues can 
be used for cooking and heating, but usually

only over a limited period of the year, after Lhe harvest, for not
 
mole than about 
two onth3.
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Hawever, in order to maintain the soilextent the fertility, structure andit is to a certain
essential that much of the crop 

residueploughed ba:s 
into m e soil. Therefore, only a fraction 

of the crop residues can
a decline in crop yields, unless there are large inputs of 

be used for energy without leading to 
fertiljizers, 


Crop residues 
are not generally used as 
a source of energy,
but ii areas o 
Wood shortage then the population dce use them;
therefore they ca, 
set 
as an indical-orishortage of wood, the
trad]tonal fuel. 
 Similarly, 
grass is burnt 
as fuei only as 2
last resort, except 
for lighting fires. 

Most 
giasses are consumed 
as animal 
feed and therefore 'heir
potential is considered an 
animal 
waste (dung) rather than as
vegetable residue. 
 In order lo assess the potential 


availability of crop residues, it 
is necessary to divide agricultural
crops into distinct types. 
 Also they 
shotild be divided 
at least
 
usually burnt on the spot
 

according to province because residues are 

by the householder..

and the There is a relationship between the crop yield
amount of agricultural resihie and Thereloe knowing the 
crop production figures, an 
estimate ox 
ag *cultural residues can 


be made.
 

Table I ENYA 1980 Estimated output of selected agricultural 
crv

Units 100t ()
 

Poic/r
Province/Crop O C
Maize Other a
Cassava Pulses bootCotton Sugar Sisal
grsin
crops 

NYANZA 
 319 90 cane
158 
 18 
 12 952 0
 
WESTERN 
 342 36 
 99 111 
 8 2855 0CENTRAL 
 171 48 
 2 32 
 1 25 2NAIROBI 
 1 0 0 0 
 0 
 0 0
EASTPRN 
 136 64 
 15 133 8 15 7
COAST 
 470 
 107
7 4 1 111 15RIFT VALLEY 
 699 143 
 1 35 1 50 2NORTH EAST 
 0 2 
 3 0 0 0 02138 390 
 385 333 31 On)026 

(1) The wEights of the various crops have not been totalled 
because each crop has a Jzflerent moisture content.
 

Sources 
Annual agricultural rrports for -the various prhvinces;

Kenya Sugar Corporation 1980 Annual 
Report; Kenya Statisat

Abstract 1980. 
 It should be noted that
the varjous sourc,
quole diflerent 
figures with sometimes large diacrepanciefor the same crop. This is becuase many crops Such 
as
 
maize, ca.:sava, beans are 
for self consumption and thus at
 
not 
recorded in commercial trading statistics. 
The above
table is the best estimate but should be taken to give theorder of magnitude rather thin an accurate Picture of oupric 



Table I gives a 
ummary of the 2980 estimated crop outputs

for specific crops by province. 
These figures have been compiled
mainly from provincial agricultural reports, but checked against
other sources. 
 At best, most o 
te figures(except sugar, wheat,
barley and oats) should be treated as 

than 

an order of magnitude rather
an accurate estimate, because many 
foods are grown 
for self
consumption and therefore production 
is hardly evei recorded. 


Using the figures in Tablel,an estimate of 
crop residues 
can 
be made by applying various conversion factors which ar,
given as a footnote to Table 2. 
As is to be expected, maize 

produces over half ofAcrop residue t-tal, 
one quarter is bagasse[WW-i L 

and one 
tenth are other grain crops, with the remainder divided
 
amongst the other four crops. 
 All in all, an estimated 2

million tonnes of crop residues are produced annually.
amongsatonaoohe 
 etmae
 

Table 2 
KENYA 1980 
 Estima 
crops .of agricultural residues from selected
Units 1000t air d elete
wei h, (15%M.C)
 

PrOvince/ 
 Maize Other 
 Cassava Pulzes Cotton Bagasse () 
 Tot
 
grains
 

NYANZA 
 175 45 
 32 2 
 24 124 
 0 391
'ESTERN 
 18Z 17 20 
 14 10 
 371 
 0 62(
CENTRAL 
 94 23 
 0 4 
 3 3
NAIROT31 2 12;
1 0 
 0 0 0 
 0 
 0 1
EASTERN 
 75 32 
 3 17 10 
 2 
 8 147
COAST 
 259 
 3 
 21 
 1
AIFT VALLEY 1
384 14
82 0 5 ] 7 
18 
3 317
 

NORTH EAST 
 482
0 ] 1 
 0 
 0 
 2
KENYA 
 li76 
 203 77 43 
 3S 
 2

31 2378
 

(1) The conversion factors that have been used are taken from 

Acaem Scince 
 froom thethe U.S.a
National Academy of Sciences (1977) book, Methane generation from
 

U.S.
 
human, animal and agriCulturalwastes (p.39). They
Multiplying factors to calculate the air dry (15% M.C.) residues
of major crops. 


are as follows;
 
Maize 0.55; Wheat 0.47; Barley 0.82;
Sorgum/Millet 0.50; Oats 0.95.
Cassava 0.20; 
Pulses 0.13; Cotton 1.20;
Sugar cane 
0.13; Sisal >.20. The Cassava factor was 
taken fro,


Energ-- and agriculture in the Third World by Makhijani&Dd Poole
(p.307), and that for pulses was assumed to be similar to sUgar
 
cane.
 

(2) Bagasse is the residue from sugar cane.
 

The information in Table 2 Is Used 
to provide an estimate of thepotential offtake of agricultural residues for energy Useequivalent terms, and this is 
in Wood 

shown in Table 3.
 



"
3 
KEkA l950. LsLi,riate poteunLial ufftake of agricultural residues for energy use in 
wood equivalent terms. 

Province Unit. 	1000 merc
Area. 
Maize Other Cassava tonnes of wood equi-ralent (15% M..C.)Q)
Pulses Cotton 
Bagasse Sisall Totaig
of small grain 	 Bagasse Sisal; Total 
 Grand
farms ( 	 rural 6iouseha|(3) (W 	 I In-wLf. Ind. Ind. Tot2(
IYANZA 92 I 79 22 16 0 10 
(-k)) og 

0 [ 1291 902 	 0 90 213VESTEPN 
 98 91 
 8 10 2 
 7 5 0
'ENTRAL 	 j 123 269 0 269 3287 40 5 
 0 1 	 ­ o 0 47 ,AIROBI 	 1 3 so
100 1 0
RN0 0 0 0 0
EASTERN 	 0 1 I95 35 	 iiEST 00 013 1 3 7 0 	 '- 0 1) 
[COAST 	 i 60 2 ( .5' , 767 85 	 671 10 0 31 0 	 1 [ 10 10 20•RI-FT VALLEY 	 120
30 56 1 
 0 1 
 1 " 0 59 5 2 7NORTH EAST 100 0 	 11 0 O" 0 0 0 
 1 0
KENYA 	 0 1387 51 37 .7 27 7 
 4 520 378 
 i8 I "9"16
 

*Grass has not been included in the above because it will be mainly eaten and some converted
to dung. 
However, it can be and is burnt to a small degree, in order to estimate the amount
of crop residues available for energy use the following reduction factors,have been applied to
(1). Crop residues have on 	average 82%
throught.	 the calorific value of wood; 
this factor has been applied

(2) Maize: 
The X area of small farms(column 1) has been multiplied by 0.6 assuming that60% of
Maize stalks and cobs are burnt on small farms. None of the maize on 
the large farms is
burnt 
as fuel.

(3) Wheat, Barley & Oats, 	no(4) 	 residue is used as
Sorgum,rice,milet,for all 	farms 60% 

fuel
 
(5) 	 Cassava all farms 60% 

of residues is available for energy use.
of residues is available
(6) Pulses all farms
(7) Bagasse: 25%:of residues is availableMost of-the cr-op is.taken. to.-the- factoryused as a boiler fuel. 	 for industrial processing, this isfarm and 98 
90%of all bagasse is availableand-6f :this 	 mainly

'totaL 2% i v ilable.-L. (8) 	 for industry. onAll cotton has to bp uprooted and destroyed within two months of harvest therefore
the crop is available-potentially-	 .90% of
 .
(9) Most of the sisal is taken to 	 oSWsizLzaL L.'
 "
the factory-for processing but
and 20% of this total used 	on 
asstijme 9 0%Ais availabge for fue]
farm .in addition


avaiiable at thenill sites and. this coul1 
the husks of grains and coffee etc. are potentiala-mount 
 a same 3.000 tO 6F;-lf't-nnnx -
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The residlivs hav, been dividd use because most 
brl sen hoJschold and industrialof the sugar cane waste (b:gasse) is used at the sugar For the country
factories to produce heat and electricity. Agricultural wastes have 

as k whole the potential offtake Is about
 
about 82 per cent 0.9 million
of the energy of wood on a weight for weight basis 

(wood equivalent) tonies. and corsumption ofat agricultural residuesthe same moisture content, and thusareduction factor has been applied 
is of the order of 0.8 million (wood


equivalent) tonnes which is
to all the agricutural wastes in Table 2. 
equivalent to about 3 per cent ofVarious assumptions have been 
 the energy consumption.made about the amounts of the different crop residues that 

It i possible to increase the offtakecan be burned 

and these are stated on Table 3. 

of rgy buti on ly safesyibe o increasIt is estimated that 520,000 (wood ing
 
Seeis can on 
 ah t enta ]n talrop
equivalent) tonnes of agricultural waste could be available for house-

oprdin 

production. Seeing most
hold energy out of tbeiigh Potentialand Is already in
of an estimated total oI 972,000 tonnes. The hOuse- management and raising per hectare yields.
hold consumption survey estimated that 
use, increasing production will have to Come through better
538,000 (wood equiva2ent) tonnes This will entail morc
fertilizer inputs
of agricultural and animal nd improving the soil structure. 
This could
residues were actually used by housebolders 
 be brought about at
for 
cooking and heating pur)oses. The split is apprcximaLley 440,000 

a minimum foreign exchange cost by the
 
introductioi) of 
'complementary, 
trees intimately mixed with the
tonnes of agricultural residues and 94,000 tonnnes of dung. 
 Therefore 
 rop c o o u c e den ithi t e e
the estimated supply for Kenya as a whole is less than demand, but in 

aradxi ally, h e
 

wood short provinces of Nyanza and Western probaly more crop residue 
such good agro-forestry systems may increase the crop yields,

They lessen the need for burning crops residues in the house, 
for 
the trees are of course a susainab e source 

(and dung) are being used for cooking and other household uses than is 

of fuelwood.advisable; Suchthus the soil structure and fertility is under threat. 
 systemsThese two pruvinces are also the largest producers of 

are a way of having your cake and eating it.

agricultural residues, the bulk of it being used by the sugar industry 
 Perennial pants (trees and shrubs)
to raise power and heat. 
 Most bagasse when it is produced, goes stra9,Ito the boiler h.use, although there is 
a surplus at times and some of
older factories do burn wood as well. 
 Consumption of bagasse for boiler 
 netl
in Kenyaseveral surveys were undertaken. 
 These were as 
follows:
fuel is estimated 
to be about 350,000 (wood equivalent) tonnes, whereas
i;o sisal waste is used as 
a fuel source by industry. 
 A small quantity

of coffec husks, about 40 

I. A rangeland survey;
tonnes, are used annuallly to fire clay,
but there is scope to 2. A survey of forest lands;
use more of this residue together with sisal waste 
 3. A survey ofand surplus bagasse. Briquetting cr densifying of such wastes should 
tree cover on high potential agricultural ]aR4 

be considered to see 4. A survey of urban tree cover;
if they are viabie propositions. Industrial 
 5. 
production removes most of 

A survey of perennial plantation crops on agricultural la'jthe crop residues from theland, and
/ namely, 
tea and coffee.
therefore the fertility of 
the soil has to be maintained by application
of fertilizers 
or practisinq shifting cultivation to let the land 
recovej
 

The rangland survey has been described elsewhere In this 
report, but in summary the survey found that the rangelands, whici 
cover 87 
per cent of Kenya's land surface support some 600 millior
 over 
dry tonnes of woody bomass 
, or some 690 million air dry toni. 
(15% per cent m.c.). however, the sustainable production only

amounts to some 14 million tonnes (oven dry) 
or 16 million air
 
dry tonnes.
 



Kenya 
in ]9s0 is
1heny Th1iae of the1 s order ot heorderI~ 18 million bones, sooof wAooCdmillptonifwn ino 
 onergy-fo theory
energy -for the
teWoeoi o ry 

these Areas alone could supply 85 per cent of Kenya's requirements
on a sustainable basis. However, wood,
charcoal, are 
high bulk, low 

and to a lesser extent
cost products and have to be within
an accessible distance in order that 
they are of economic use.
This means that 
for the bulk of the rural population, the wood has 


obta~nable ai 

to be within half a day's ualking distance of the house and
rio monetary cost. 

Population live on 

Over eighty percent of the
the 13 
per cent 
of the high potential

agriculiural lands,

practically all 

and Vhus the rangelands
these people. are out of reach of
Urban households, industry
the servi~e sectors that pay and

for their energy could 
and do tap
this reserve, but here again the economic transport distance is at 


the most
charcoal. 50-100 kilomjetre
Many of 
the rangeland areas

radius and therefore the 

for wood and 200-300 kilometres for 

5 
 lie outside this economic

exploitation of this asset becomes
uneconomic.of 
course, if the price of alternative fuels increases


wood energy will
and become a~
/ or s i l ,a
more roads are constructed in these areas, more 


Parl~ u~ r~y
nd 
 rag le,
best rangeland areas, 
he i cre ent of w ody biom s, ven
However, from a management point of view, these areas are 

n t e
is rarely more than.I m5
 par t i cul ar l y 
/ha/yr and usually
f r agi l e , and t he i ncr ement of wood y hi oma s , evenof the order of 
one tenth that 

o n t he 
mount,


Ao, 
 ot aller 
on 
 ear esirabl
moMonitoring
asharol

therefore,in 
ma accessible 
areas, 
the rageland 
tree species have
This 
osr, 
 inall
This is Particularly noticeable along roads and round ran'Iland 


been overcut and c es sa
it willr e 
 e as t r el 

take many decades foradthe bush to recover.
re a shc
noten 
 le
growth.settlements. e tean ada nd roundrae 

ha v
On 
the other hand, in other areas ree
Iere there is a need there is
for POstaoralists and they burn the rangeland in
encourage treeexliaearspoctnaesadntoalak. 

i-' fact to too much wood 

order to promote
grass and to destroy woody biomasfthat habours such pests as 


tsetsefly and 
ticks.
 

Therefore, although rangeland
ofKnaspeetdydmnoorwoyboasfofnrmn
areas could in theory provide most
of Kenya's present day demand for woody biomass from increment
most of these areas 
are too remote and the stocking density too
low to make it economically worthwhile to exploit these potential
resources. 
 This is very apparent from the destruction of the
forests and farm trees on high potential land.
 

2. Survey of 
forest lands
 
a) 
 Areasof.orests
 

By definiion a forest is taken 
as a an 
area of trees that 
 b;more than 80 per cent 
closed canopy. Thereforein Kenya all
forests are 
confined to areas where the rainfall is usualy
 

greater than
getrTa 1200 mma'nnum, or where there is sueicient
20mlnuo
ground wter to support hr
'high' forest hr 
 ssfiin
trees.
Kenya and the Aerdars, The bulk of
the forests are round the mountain ranges of 
 lgon, au,
 
that is the high potetial
 

r c l u a 
 i h a d Z n
coastincluding h r r m l
asticludigheangoes 
 r a l n
the mangroves, h
alongrt
along the main river system­be Tana-and lastly round Isolated bills. 
 The survej of
closed forest
was to ascertain the area of
and was divided into two parts.
'orest 
by province. 
 This was
The first pa;
w s t dc
s e t i 
 h 
 r a o 
 o e t b 
 r v n e
using information :2-pplied by 
h s w s d e 

the Kenya Rangeland Ecologicalbnit (KREMU)(l)and this gave the total forest arcq
 Over 10 
hectares
by forest. 
 It included planted as well
in 
size, but excluded as natural forests
non 
forest 
areas Witi
t e
the fortt such as
r s 
 u h a 
open grassland, farms and areas of water
 
p n g a s a d 
 a m n r a f W t r
The natural forests consist
exploitable areas 

of three broad catagories:
protection 
areas 
and national parks.
Central Bureau of Thc
StatistacsAnnrul 

Yearbook gave the 
area C:
 

national parks and a Planimeter plus maps were used to deterr
 
b
 

(1) A forest Inventory of Kenya using Remote Sensing
Techniques by Doute, Ochanda and Epp. AREMU 19EI.
 

http:uneconomic.of
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the amount of open 
areas within the natjonal parks, and the area withn
each province where national parks straddled provincial boundaries.

The inventory undertaken by Sparten Air Services (1978)(1
 )Mave the
area 
of 'erosion protection forest' in each sampling unit. thus an
estimated of protection areas by 
forest and province was complied.
The government plantation 
areas by province and species were supplied
by Kenya Forestry Department of the Ministry of Natural Resources;

the small 
areas of private plantations were obtained from various
other sources, such as from the companies themselves or 
from the
KREMU report previously mentioned. 
The planted areas were divided
for convenience into land planted with eucalypts and watt)e, termed
woodlots, and 
all 
the other areas, planted mainly with pines 
and
 
cypress, termed plantations.
 

Growing within the natural 
forests were three broad categories

of woody biomass, commercial tree species, non-commercial trees and
bamboo, either in pure stands with scattered trees or scrub,or scrub 
.
a mixture of tree and Zamboo. 
The latter category was separated out
by sampling unit and area, but commercial and non-commercial species

grew antimately within the forest 
area. Bowever, fzom a utili-
 -on
standpoint, it 
is convenient to separate the approximate art
commercial and non-commercial species, and this uas done in Pi-_.l­to their growing stock 
in each smapling unit. 
 Thujs, an 
area estimate
by province of forests over ten hectares was compiled by planted and
natural forests, by commercial and non-corinercial species and by

exploitable areas, protection 
areas and national parks. 
This is
 
shown by province In Table 4.
 

(]) Spartan Air Services Lid/The Kenya Forest Department-(0968)-
 Areconnaissance 
inventory survey of indigenous forest 
areas of
Kenya. 
The Kenya Forest Department, Nairobi, Kenya
 



Tablu1 4 KI%.YA 1980 

Province/Forest 

NYANZA Exploitable 

Forest area 

P1,1ntLed Forest 
Eucalypts Other 

& Wattle species 
42 680 

by province arid type 

HaLural FrE-
Commercial Non-Commercial 

tr~e area tree area 
960 

UNITS.HECTARES 

All Forest 
Bamboo Total % Forest 
& scrub 

cover 

Protection _ 6 9.865 290 3837) 
National Pak 

WESTERN Ex. 
Pro . 

NP. 

535 
_1 
_ 

11245 

-

80 

151601 02 
650 

160 

236986 81 
1020 

30 

8 76 
630 

270) 

4 5 
65445) 

0.3 

CENTRAL Ex. 
Pro.NP. 

NP.
NAIROBI Ex. 

2675 
_ _ 

1502 

N.602300) 
24958 

373 

47340V745o10 
10910 

70 

5555855
6590 

12810 

79675 
9450 

18380 

210206) 
21650) 
42100) 

8.3 

20.8) 
)
) 19.9 

Pro .NP. _ 7 253 0 2198) 

EASTERN Ex .Pro.
NP. 

COAST Ex. 

1 
1034 
NP. 

243 

8734 
8734-

2205 

NP 

1710140 
10 

4026070581 

20-

340502760 
110 

-

858796960 
280 

5556 

)
30) 

131407)9860) 
400) 

18845) 

31.1) 

0.9 

15 
Pr o . _ 4 0 2 6 0 ( 3 5 

RIFTVALLEY NP.Ex.Pro. 
NP. 

14889(1) -87 6-26
87261 

-

5707 
246370 
13510 

1290 

275909 
14640 

100 
-

96336 
5780 

1960) 
_ 

720765) 
33930) 

" 

4.6 

TOTAL Ex. 
Pro(5) 

NP. 
GRAND TOTAL 

20920 
2 

_ 
20920 

-
135456 

-135456 

7550 

351870 

205601848O390910 

8180 

461914 

2646021120509494 

3230 

0-0 
282543 
2295021890327383 

18960) 

1252703 
69970614901384163 2.4 

Footnotes 
to table 
4 on 
next page d
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Foor~o~eto t lte 	It 

(2) 	 The commercial and non-commercial species are mixed,
the areas of these
() th e 	 two groups of species harbeen divideda r e a ser fitle s eea wonaccording 	 gr u esto 	 o f s ehc i e a.t e df'v i d e deo m r 	i
the volume
(3) 	 The commercial of each
area includes 21877
group.

mangrove forest. 	 ha. of 'commaercial'plnearsadtheaedeciesertey


(4) 	 The non-commercial Total mangrove area 
is 52,980 ha.
area includes 31,303 ha.of non-commercial 

mangrove forest.
(5) 	 The area of natural parks is much larger than 61,500 ha.
 
but this is 
the total forest 
area withthe parks. 
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b) Growinr stock in the forestOnce 	the area of planted and natural 
forest were known,
the next step was 

areas. 

to assess the growing stock ard increment on these
Different methods were applied to the natural forests and
d a e 	s a d 
h s r d s r b d se a a e y
 

1) 	 Natural forests
 

An inventory of 
selected natural forests was undertaken for tb
Kenyan government by Spartan Air Services of Canada(1
 )between the yez­1963-67. 
 This 	inventory formed the basis of the assesment of the fore
growing stock in the natural forests. Inoidentally, the 
areas 	of act
Sgiven 
 in this inventory wasmost forests close to the KREMU figures,
exceptions being in such areas 
as Kakamega an,' Nandi forests which hax
 
been under serious threat for many years.
 

The inventory divided the gazetted area into forest and non­forest land. 
 Only 	the forest 
land is dealt with here. 
The forest lar
was further sub-divided into land with 
a majority of 
trees 	on it,.and
other 	land that 
was scrub or had bamboo,.with or without trees.
inventory confined itself to 	
The
 

land with trues on it 
and therefore othe:
sources for the assessment of the bamboo and scrub areas had to be
consulted (2). It was 
also assumed that the proportions of tree land
bamboo land have not altered since the inventory was undertaken.
 

The Spartan inventory gave the standing stem volume of
commercial and non-commercial trees, by individual species, but seeinD
that 
the main aim of the research was to 
assess the availability of
woodfuel, the two broad divisions, namely, commercial and non-commertaj
 
trees were deemed satisfactory.
 

(1) 
 Spartan Air Services Ltd/The Kenya Forest Department (1968).
reconnaisance 	 A
inventory survey of the indigenous forest 
areas

of Ke(nya. 
 The Kenya Forest Department, Nairobi, 
Kenya.
(2) 	 For e-.\anple 1 edo. K(1966) Research and Recommendations on bamboc 

reource_ 
for pu]p1 and 
paper 	making in Thailand.
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On average, the above inventory was undertaken fifteen years
 
ago and of course 
the forest has not stood still. 
 On the one hand,

growth has been p~cceedino, but 
on the other, these forests have been

exploited for commercial timber and fuel. 
From talk with various
 
people, it was agreed that 
the Spartan inventory stem volume be reduced
 
by an average of 17 
per cent 
to account for e'cess exploitation over
 
growth. 
However, because some former non-commercial species were now
 
classfied as commercial Gpecies, it 
was agreed to keep the proportion
 
of commercial/non-commercial species the same.
 

Spartan inventory only gave stem volume but from point of
woodfuel assessment, total above ground volume is required, for barcb- ait-A-
 -
wood burns just as well as 
stem wood. 
From studies undertaken in

several countries and with different tree species, branch wood accounts
 
for approximately 20 per cent of the stem wood volume and so stem
 
volume was multiplied by 1.2 
to arrive at an estimate of total abovesnw
 
volmne-No allowance has been made for root volume, but ii 
one is
 

required, then an additional 15 per cent 
of slem volume should be added
 
to account for roots.
 

The above ground volume was them calculated for each forest
 
by province, using the Spartan inventory details. 
These forest averages
 
are shown in Appendix I 
by commercial and non-commercial species.
 

Next an assessment of the bamboo and scrub volume was derived by
 
assuming a constant 
growing stock of 48m3per hectare on 
all these areas.
 

Using all 
these volume figures, the total 
of the growing stock by
province was determined. Finally, the annual 
yield and the annual
 
firewood olftake were derived after consultation with mensuration and
 
utilization experts. 
 It was 
agreed that the annual yield from the
 
natural forests is about 
]/40th of the the Etanding volume and that for

scrub and 
bamboo is 1/15th. Similarly, 
the annual firewood
 
offlake could be of the order of 80 per cent 
for non-commercial
 
species, scrub and bamboo, and 35 per 
cent 
for comn ercial species.

Thus, using these figures, yield and 
firewood offiake were estimated
 
by province. 
These are shown in Tables 5 E and 7, together with the 
inlormation for plantation grown species. 



Table 5. KENYA 1980 Current growing stock of forests by province and forest type 

UNITS 000m3 

PLANTED FOREST 
 NATURAL FOREST 
 RLL FO 1ES1 
Province/Forest type 
 Woodlots (1)Plantation(2 
 Commercial 
 Non.Comm.( 3 ) 

NYANZA Total Exploitable Protection
4 
 163 
 95 
 196 
 435
(of which protection/NP) 

458 23
 
(7) (16)
WESTERN 
 41 
 2003 
 4091 
 5522 
 11657 
 11261
(P & NP) 396
 

(169) (227)
CENTRAL 
 1021 
 9290 
 11434 
 20237 
 41982 

(P & NP). 33786 8196
 

(2958) (5238)
 
NAIROBI 
 480 
 149 
 13
(2) 43 685 


(3) 680 5
 

EASTERN 
 345 

(P & NP) 

3084 3937 7924 
 15290 
 14356
(318) (616) 934
 

COAST
(P & NP) 101 
 611 
 2384(33) 5103(91) 8199 8075 
 124
 
RIFT VALLEY 
 2927 
 26471 
 45904 
 50409 
 125711 
 118125

(P & NP) 7586
 

(3615) (3971)
NORTH EAST 
 0 
 0 
 0 0 
 0 
 0
TOTAL 0
4919 
 41771 
 67858 89434 
 203982 
 186718 
 17264
(7102) 

(10162)
 

NP = National 
Park P Protection forest
 

(I) Woodlots 

(2) 

are confined to eucalypts and wattle species.
Plantations are 
all species except eucalypts and wattle, mainly pine and cypress species
(3) Includes 
bamboo, with or without 
trees 
and scrub areas.
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Table 7 KENYA 1980 
 Estimated sustainable offtake of firewood by province and forest type
 

Province/ 


Forest type 


(of which 


(N & NP) 


WESTERN 


(N & NP) 

CENTRAL 


(N & NP)

NAIROBI 


(N & NP) 

EASTERN 


COAST 


RIFT VALLEY 


(N & NP) 

NORTH EAST 


TOTAL 


PLANTED FOREST 


Woodlot 
 Plantation 


G.3 
 1.9 


1.7 
 20.1 


92.5 
 111.1 


40.0 
 1.8 


19.2 
 14.7 


8.4 
 6.5 


253.6 
 308.9 


0.0 
 0.0 


415.7 
 465.0 


3
UNITS 100Om
 

NATURAL FOREST 


Commercial 
 Non-commercial 
 Total 


0.8 
 4.4 
 7.4 

(0.1) 
 (0.4)
 

35.8 
 135.2 
 192.8 


(1.5) 
 (5.6)
100.0 
 576.8 
 880.4 


(25.9) 
 (149.3)

0.1 
 0.9 
 42.8 


(0.0) 
 (0.1)

34.4 
 307.5 
 375.8 

(2.8) 


(23.9)
 

31.8 
 107.9 
 154.6 

(0.4) 


(1.9)

401.7 
 1191.2 
 2155.4 

(31.6) (93.8)
 

0.0 
 0.0 
 0.0 


604.6 
 2323.9 
 3809.2 


(62 .3) 
 (275.0)
 

ALL FOREST
 
A L R S
 

Exploitable 
 P/NP
 

6.9 
 0.5
 

185.7 
 7.1
 

705.2 
 175.2
 

42.7 
 0.1
 

3491 
 26.7
 

1523 
 2.3
 

2030.0 
 125.4
 

0.0 
 0.0
 

3471.9 
 337.3
 

P Protection 

NP = National Park
 



Table 6. KENYA 1980. 


PLANTED FOREST 


Province/ 


Forest type
 
NYANZA 


of which P&NP 


WESTERN 


(P & NP) 


CENTRRL 


(P & NP) 


NAIROBI 

(P & NP) 

EASTERN 


(P & NP) 


COAST 


(P & NP 

RIFT VALLEY 


(P & NP) 

NORTH EAST 

TOTAL 

(P & N) 


P = Protection 


Woodlot 


0.4 


2.1 


102.1 


48.0 


23.0 


10.1 


304.4 


0.0 


490.1 


NP = 

Estimated yields from forests by province and forest type 

UNITS 000 

Total 


13.7 


530.5 


1428.0 

54.4 


547.9 


233.5 


3823.4 


0.0 


6431.4
30
 

Plantation 


5.4 


57.2 


319.2 

5.0 


42.2 


20.3 


882.4 


0.0 

1331.7
 

National Park
 

NATURAL FOREST 


Commercial 
 Non-Comm. 


2.4 
 5.5 

(0.2) 
 (0.4)
 

102.3 
 168.9 

(4.2) 
 (6.9)"
 

285.8 720.9 

(73.9) 
 (186.6)
 

0.3 
 1.1 

(0.0) 
 (0.1)
 
98.4 
 384.3 

(7.9) 
 (29.9)
 

65.2 
 137.9 


(0.9) 
 (2.5)

1147.6 
 1489.0 


(90.4) 
 (117.3)

0.0 
 0.0 


1702.0
(177.5) 2907.6
(343.7) 


3 

RLL RQRE:ST
 

Exploitable 
 P/NP
 

13.1 
 0.6
 

319.4 
 1 I
 

1167.5 260.5 

54.3 
 0.1
 

510.1 
 37.8
 

230.1 
 3.4
 

3615.7 
 207.7
 

0.0 
 0.0
 

5910.2 
 521.2
 



2) 	 Plantation forests 

The assessment 
of plantation volume was undertaken 


in three stages. First, the plantation areas by species and age were 

obtained for each project.
species, low, medium and high

Secondly, three local volume tables per
were then used 
to assess the growing
stock ef 
each species by project. This 
ork was undertaken by people 

familiar with each proect, and 
they assessed which of the three 

tables to apply

vo]ume by project 

to each age class of species. Thirdly, the total
and species was 
then compiled and this information 

was then classfied by province and sumnmed. 
 Details of Provincial
information by species information by species is shown 
in Appendix 2. 

To 
assess the incremnt (annual yield) simple reduction factors were
used for the main species.
assessed in a similar manner. Likewise the firewood yield was
These reduction factors 
are as follows:-
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Table 8 Plantation SDecies: 
Annual Yield and Annual Firewood Yield Reduction Factor
 

Annual Yield
Species 	 od Yield(2 )
Fraction of 
 Percentgeo

standing Volume 
 Annual yield


Pine and cypress 	 1/30 35.0 per cent
Eucalyptus:Wester:n

Eucalyptus:WEstern-Provinc)
Province(O 
 11/_0833prcn
1/10 
 83.3 per cent
 

Eucalyptus:Other Provinces 
 1/10 
 83.3 per cent
 

Wattle 

Other species 	 1/7 83.3 per cent
1/30 
 35.0 per cent
1) 
 In these provinces the plantations are very young and wil,
gah
 

give 
 a much lower annualAthan in 
 o
(for 1980). Hence the the ther provinces
large divisor.
 

2) These figures have been calculated by assuming that for
all species, all the 
branch wood is available for firewood
 

(16.6 per cent of total volume)* For pine, cypress and oth

species 	22 
per cent of the stem volume in the form of
sawmill 	slabs etc. is 
available. 
For eucalyptus and iattli
 
80 per cent of the stem volume is available, the other 20
 
per cent being used for poles and pulpwood.
 

Note:
 

The estimation of annual yield from standing volume mainly depend

on 
the area planted 
in each year. If for example a species is on
a ten year rotation, with no Lhinning, and all the area was
planted at 
one time 
then there will be no yield until year ten.
In this case in 
year 10 the standing volume will equal the yield
and the average annual yield will be I/10th of the total final
 
yield. However, if 1/10 of the 
area was olanted each year for
ten years then the yield in year ten will be about 1/5th of the
star,ding volume, but of 
course 
the standing volume in the lattex
will be about half the standing volume 
(of year 10) in the

former case. If 
the plantation has an approximate equal area
planted each year, that is the plantation is said to be
 
'NORIIAL' 
then the rule 
of thumb to estimate yield is to halve
 
the rotation age and divide the standing volume by this. Eg.
Rotation 10 
years. divisor 5: rotation 30 years diviqnr 
= i 



It 
should have been more accurate to assess yield by following
the precription for thinnings and final 
felling as issued by the
Kenyan Forest Service. 
These prescriptions are shown 
in Appendix 3.

Briefly, they state the rotAtion age for each species, the number of
thinnings to 
be carried out and the stems to be removed 
at each
thinning. However, because of lack of funds and poor management, these
 
prescriptions are 
rarely followed Indeed, there 
are some eucalypts

70 years old when 
they should be on 
a rotation of abozut 
ten years.

Therefore it was 
decided to adopt the fractions as given ir Table 8
to assess 
the annial yield. 
 Pasa check this yield w;s compared to

recorded offtake from plantation forests and the two compared

favourably. 
The growing ctrock volume, yield and firewood yield for

plantations(and natural forecasts) 
are shown in Table 5, 6 and

All these volumes have been coo-erted into masF. 

7.
 
Thi-:. has been done
 

because, 
for energy assessment, mass 
i- the best measure. For anygiven s).. is 
 the energy value for a unit weigat at 
a specified

moisture content is more or 
less constant, whereas in unit volume
 
terms the energy value can vary enormr-usly. AppenOix 4 gives the
volume/mass relationships for different species at 
air dry weight

(15 per cent moisture content 
- dry Lasis) and 'able 9,10 and 11

give respectively the weights of the 
growing stock, annual yield and
annual firewood yield 
for Kenya by Irovince. The gro;ing stock and
yields on the protection and national 
parks has been separated from
 
the oiber areas, for it is assumed tiat these areas will not be
 
exploited or only 
_ to 
a very minor extent.
 



Table 9 KENYA 1980 
 Weight of current growing stock of forests by province and forest type
 

UNITS 
 000 tonnes
PLANTED FOREST 
 NATURAL FOREST
Province/ 
 RPf
Woodlo t .lL .STCommercial Commercial 
 Non-Comi 
 Total
Forest type Exploitable
Plantat:on P/NP
 

NYANZA 3 
 85 

protection&NP) 73 140 301 


(6) 284 

(11) 17 

EATERN33
EASTERN3 
 1148 347463147
(130) 3463 
 7796
CENTRAL 

4958 8795 

7523 273810 (143)
 
14455 
 29018 
 23001
(P & NP) 6017

(2275) (3742) 

0
NAIROBI 
 381 97 (1)
& NP)( 10 (2)3
(P(P & NP) 31 519
EASTERN27( 516
1623028 )(2 3


44( 5660
40 10584 

990064
 

COAST 
 80 
 336 
 1959
(27) 3882 

(70) 

6257 6160 
 97

RIFT VALLEY 2305 
 13788 
 35310
(2781) 36007
TOT8 87410 

NORTH EAST 0 

388 (2836) 81793 56179 
0 0 0 0TOTAL 3886 22034 52322 
 63643 
 141885
(5464) 129177
623 12703
)­

(7244)
 

P= Protection 

NP= National Park
 



Table 10 
 KENYA 1980 
 Weight of estimated yield from forests by province and forest type
 

UNITS 000 Tonnes
 

PLANTED FOREST 
 NATURAL FOREST 

Province/ LL fOq S"
Woodlot 
 Plantation 
 Commercial 
 Non-Commercial 

Forest type 

Total Exploitable 


NYANZA 
 0.3 
 2.8 
 1.8 
 4.0
(of which 8.9 
 8.5
(041).3)
 
Protection N & P)
 
EASTERN 
 1.6 
 32.8 
 78.7 
 120.7 
 233.8
(N & NP) 225.5 


(3.3) 
 (5.0)

CENTRAL 
 81.0 
 172.7 
 219.9 

(N & NP) 515.0 988.6 
 798.4 


(56.9) 
 133.3)

NAIROBI 
 38.1 
 3.3 
 0.2 

N & NP) 0.8 42.4 
 42.3 


(0.0) 
 (0.1)

WESTERN 
 18.3 
 23.4 
 75.7 
 274.5 
 391.9
N & NP) 364.5 


(6.1) 
 (21.3)

COAST 
 8.0 
 11.2 
 54.2 
 106.2 
 179.6
(N & NP) 176.9 


(0.8) 
 (1.9)

RIFT VALLEY 
 239.1 
 459.5 
 882.8 
 in63.5
N & NP) 3644.9 
 2491.6


(69.5) 
 (83.8)
NORTH EAST 
 0.0 
 0.0 
 0.0 
 0.0 
 0.0 

N & NP) 

0.0 


TOTAL 
 386.4 
 705.7 
 1313.3 
 2084.7 
 4490.1 
 4107.7
(N &NP) 

136.7) 
 (245.7) 

- P = Protection NP = National Pack 

P/NP
 

0.4
 

8.3
 

190.2
 

0.1
 

27.4
 

2.7
 

153.3
 

0.0
 

382.4
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Table 11 
 KENYA 1980 Weight estimate of sustainable fuelwood offtake by province and forest type
 

UNITS 000 Tonnes
 

PLANTED FOREST 
 NATURAL FOREST 
RLL F01 .S(

Province/ 
 Woodlot 
 Plantation 
 Commercial Non-Comm. Total Exploitible
Forest type I P/NP
I
 

(of which 0.2
protection) 1.0 
 0.6 
 3.2
(0.0) 5.0
(0.3)"- 4.7
WESTERN 0.3 
1.4 
 11.4 
 27.5 
 96.5 
 136.8 
 131.7
(N & NP 5.1
 

(1.1) 
 (4.0)
CENTRAL
(N & NP) 67.5 
 65.9
" 
 4120
70420624459126.5
 622.4 
 495.9
-77.0
(19.9) 
 (106.6) 

"
 

(N & NP) 31.8 i.(N & N )(0.0) 0.1 0.6(0.0)"- 33.6 33.6EASTEN. 0.0
15.2 
 8.2 

(N &NP) 

26.5 
 219.6 
 269.5 
 250.3 

(2.1) 19.2
 

(17.1)
 
(N & NP) 


3.5 
 27.4
(0.4) 82.8 
 120.3 
 118.4
RIFT VALLEY (1.5) 1.9
199.2 
 160.9 
 309.0 
 850.8 
 1519.9 
 1428.6
(N & NP) 91.3
 
NORTH EAST (24.3) (67.0)
0.0 0.0 0.0 " 0.0 0.0 
(N & NP) 0.0 0.0 
TOTAL 321.9 252.0 468.1 
 1665.5
(N & Nn) 2707.5 2463.2
(47.8) (196.5) 244.3
 

P = Protection NP National Park 



Table 9 shows that the estimated growing stock in the forest
areas amounts 
to some 142 million tonnes, but only 129 million tonnes
(air dry) is classified as exploitable. 
Of this exploitable total,

69 million tonnes 
are 	made up of commercial (industrial)species and 

60 million tonnes of so-called non-commercial species, although of
 
course eucalypts and wattle
in the sawmilling are grown commercially and can
and 	pulp industries, but their main wood 

be 
use 

used 

in 


Kenya is for fuel. 
 Similarly, non-commercial natural forest trees 

and bamboos can and 
are exploited 
 to varying degrees, but not 


usually for and pl mllsmeets
industrial processes such 
as sawmil2ing, panel industries
 
and 	pulp mills. 


The 	129 million tonnes of wood from 
'high' forests should be
compared to the estimated 690 million tonnes from trees on rangeland
areas, but 
while the latter comes from an 
area of about 49 million 

h e c t a res , t h e fore s t s on ly o c c up y abo u t 2 .4 p e r 
cen t 	o f t h e l a n d ar e a ,
some 	1.4 million'hectares. 
Therefore on average the forests have a
growing stock of 
103 	tonnes per hectare 
, while the rangelands only
have 	14 tonnes/ha. 
Also the forests are situated in areas of high

population density, thus they 
are much more 
readily accessible. 

However, 
as has been stated previously, it 
is not the growing stock 

per Se that is important, but the annual 
increment that 
can be 


removed while 
 keeping the growing stock intact.
Table 10 estimates that 
only 	some 4.1 million tonnes can 
be removed 

from the exploitable forests on a 
sustainable basis, and of this,
2.5 	million tonnes can 
be used for woodfuel. 
 This is well short of 

of the estimated demand of 
18 million tonnes. 
 As will be seen later,
 
some of this demand is met 
from 	trees on agricultural
from 	rangeland treesbut with such land and some
 a gap between sustainable forest 

supply and demand the forest capital is being eroded. 
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3) -­ urvey of tree cover on 
high 	potentialagrlcuural 

lanc
 

(M) 	 Introduction
 

The high potential agricultural land in 
Kenya

contains three quarters of Kenya's population: about
 
121 million people in 
1980,and occupies 
an area of nea­

eight million hectares. 
 It provides most of the
the 	entire population food
and 	it will be called upon to
 meet 	the hulk of the 
increase in demand for food caused
 

by 
the projected doubling of the population by the year

2000. At the same time, the tree cover on this land
 

some 	of 
the local requirements for fuelwood.
 

The total 
area of high potential land including forest
 

area is shown in Table 12.
 

Table 12. 	 Unts.ovihnc
 
nt 	 Areaofhigh otential landby rovincr
ioTalr
 Uo se 


Province High potential
(potential/actual) 	 Totes I 
 er­area_z
( 	 are_
Frea 	 oftotal
g	 area 
 .
 
Nyanza 
 1157 
 4 
 1161 
 93 1252
 
Western 
 720 
 68 
 788 
 96 823

Central 
 939 
 274 
 1213 
 92 1318
 
Nairobi 
 30 
 2 
 32 46 
 70
 

Coast 
 130 
 121 
 551 
 7 8304
 
Rift Valle 
 2565 
 773 
 3338 
 20 16883

North East 
 0 
 0 
 0 
 0 12690
 

Kenya 
 7791 
 1384 
 9175 
 16 56916
 
Percentage 
 85 15 
 100
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It will be seen 
that 85% 
of high potential area
classified as 	 is
agricultural landand 15X 
as forest land, but there is
hardly any forest land in Nyanza whereas 23% 

as forest 


of the land is classified
in Central 
Province-
 It will 
also be noted that each
person has 
- on avei-age J hectare ef 
less 	

high potential 
land, of which
than 1/10 hectare is 
forest land. 

(and building) comes 

Much of the wood for cooking

from the surrounding forests and woodlands, 

­

but also a considerable amount woood must come from the
shrubs on trees and
farm land because fuelwood for the subsistence farmer has
to 
be within walkinC-distance. Therefore 
it is necessary to obtain
an estimate of 
tne 
tree and shrub cover on 
agricultural land.
 

(ii) 
 Surve" metodology
 

The survey was 
undetaken on the high potential land with the
help of 
the Kenyan Rangeland Ecological Monitoring Unit (KREMU) and
the Forestry Department of the University of Nairobi. The high
potential 
area was surveyed in a 
light aircraft and ten 
distinct
farming types were recognised. 
 The boundaries of these farming

types 
were drawn on 
a map and 
the areas measured.
 
It should be mentioned that 
one farming type may be represented in
a 
number of areas, for example, large scale maize, wheat
farms. and barley
Also there was 
some overlap between 
'rangeland' areas and
agricultural 
lands. 
 The fringes of 
the rangeland 
areas are being
opened up; 
therefore. to 
 avoid double counting, the actual
measured for tree 	 area
 cover 
is less than the area 
of high and medium
potential agricultural 
land which now 
accounts 
for nearly 10 
million

hectares 
but it is as shown in Table 12.:1
 
The largest difference is in Eastern province.
 

Table 13 
shows the farming types, 
the 

province and where the sample area for each 	

area of each type by
 
type was chosen.
 



Table 13. Farming type in 	 -2a­the high potential 
areas of Kenya by
Sampling 	 area And province 
 UNITS 1000 ha
 

Unit 
 Nyanza 
Area in each province
Western Central Nairobi 
 Eastern Rift V
i) Large scale maize, wheat, Kitale Coast Tota,


63 

barley & fruit trees. 

4023 
1144
 

2) Sisal farmmaize & beans 
 Kakamega
with sugar, tea & coffee 	 262 561 

380 
 1203
(3)
(tea & coffee) 	 (3) 
 (3)
 

3) 	Estate sugar, plus 
 some 
 Kisumu 

rice & small farms 

188
 

4) 	Small farms,maize & beans 
 Homa Bay 
 202 

5) 	Estate 103holding maize,beans,
tea/coffee small
 Kisii/
bananas(tea/coffee) 	 407 


Kericho 
 (IS) 	 498 
 905
6) Estate sisal,rape seed, (40) (58)

292(685
med & small farms
7) 	Small farm maize,beans, Nakuru
 

coffee,sisal(tea/coffee) Muranga 

336 
 25

(8)35)19


(7

(82) (5) 	 -36)
 

8) 	Small farm maize, beans
rice,tea & coffee(tea/coffee) 
 Embu/Meru 	 37
(151)	 308 
 3 
9) 	Grazing & small farms 
 Machakos 
 (I55 	 (1552
10 	a) Estate sugar & small 


farms plus pastoral 
552 1552
 

Coast
10 	b) Coconutcashew tree
 
small farms & pastoral 
 Coast
 

Total area excluding tea & coffee areas
Tea & coffee areas 
 1059 
 624
Total hi h otential farm area 	 18 3 705 1883 2220
in 	sam 1 1077 627 
93 25 

5 67 430 6946
Actualhigh potential area inth 	 798 30 1950 2260
ma 	n..() 1157 430 7172
 --- 1 
 1950 
 2565
(1) A reserve sampling unit was aLso flown in 
430 7791
 

referred to 
us sample no.11.	 
this area and covered a strip of Busia district which is
(2) The difference in area 
between the tiik
and the high potential area potential area used Lo:: 


Some land is 
estimate tree volume, 7.172,000 ha.
 

as described in the main report 7791,000 ha is accounted for by the fact that
 
included in the rangeland survey and other land is open park or grassland.
 



It was intended to choose a typical area in each of the ten
 
rr­

plots and lh photograph a strip about 30 kilometres long in eacb
 

area. However, Ecosystems Ltd. of Nairobi had already done
 

photographs for MWchakos and time did not permit the coastal area
 

to be photographed. Also in the end because of poor weather
 

conditions Muranga and Embu/Meru were not photographedbut ground
 

surveys were done in these two areas as well as the first six areas
 

mentioned in Table 13. Seven photo lines were taken, Busia being
 

the additional (reserve) line, aDd the photographs were analysed
 

for tree cover. Seven types of tree cover were recognised,
 

ranging from natural woodlands to hedges, and these are described
 

in Table 14. Natural woodlands are the most important type of
 

tree cover and they occupy nearly half of all the tree areas, as can
 

be seen from Table 14.
 



-- 
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Table 14. 
 KENYA 1981 
 Tree cover as 
a percentage of total 
cover on 
high potential land
 
- an analysis of aerial photographs
 

UNITS % of total area
 

Photo line! 
Tree type 

1. Kitale 

2. Kakamega 

3. Kisumu 

4. Homa bay 
5. Kericho/ 

Natural 
wl/sh 

bush 

5.20 

1.77 

4.83 

4.80 

Riveine 
trees 

2.00 

1.73 

1.61 

0.70 

P line/ Farm TreesPlanted Along Scattered 
woodlots Fields farm 

boundaries trees 

0.69 J R .99 
0.93 0.55 0.98 
0.26 0.25 0.95 
0.69 0.30 0.80 

"0. 

Hedges 

0.03 

0.45 

0.33 

0.80 

Round 
compound 

0.28 

1.73 

1.30 

0.80 

Total 
cover 

9.79 

8.14 

9.08 

8.80 
Kisii 

6. Nakuru 

11.Busia 

MEAN 

3.10 

5.40 

5.10 

4.25 

1.22 

0.10 

0.75 

1.16 

2.20 

0.17 

0.68 

0.79 

0.40 

0.88 

0.89 

0.55 

1.53 

0.20 

0.43 

0.84 

0.63 

0.03 

0.10 

0.34 

0.14 

0.20 

4.20 

1.23 

9.22 

6.98 

12.15 

9.16 

5a. Kericho 
Large tea 

estates 

4.34 0.84 4.67(1) 0.36 0.50 0.05 0.04 10.80 

9. Machakos 
(Eco Systems)
(1) Practically all of these woodlots12.80(2) -- 4.20
are more than ­10 17.00
hectares and have already been included in the
 

(2) This area includes woodlots and natural forests of more 
than
included in 
ten hectares which have already been
the forest survey.
 

wl = woodlands, 
 sh = shrub.
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Planted woodlots on farm/estates 
on 
average accounted for 

less than 
one per cent of the land cover, but in 
the tea growing 

areas on 
the estates 
themselves, theaccounted for nearly
per cent 
of the land cover. 	 five
However, many of these wuodlots are 

over 10 hectares in 
area 
and have been included in the forest 


survey previously mentioned.
made to 	 Therefore an 
adjustment has
avoid double counting. Actual 	 to be
farm trees and hedges 


accounted for 
two per cent and if trees round compounds are
 
included the total comes to 3 %. All 
in all, just over 9% of the 

land area was occupied by 
tree crowns. However, it 
is important

to point out, especially when farmers 
are
more trees, that 	 to be persuaded
the actual area occupied by 

to plant

the tree and hedge
stems is somewhere in the region of 5 m2 per hectare, which in 


percentage terms is 0.05% 
or 1/180th of the 
 crown cover
extremely small area. 	 - an

Even if 15% 
to 20% of 
farm lands were to
be planted with 
'complimentaryl trees, then 
the actual 
stem area 


occupied by these trees could only be between 
7
 .5mx and OiM 
2 

per 

hectare, or 
0.1% of the land 
area. 
Thus, what might seem like
large part of 	 a
farmland to be surrendered is in 
fact only an 


extremely small portion, and the protective nature of the trees
usually more than compensates for the small amount of land given
 
up. up. 


After the aerial photograph had been 
interpreted for 
tree 

cover, ground 
crews were 
sent 
into eight sample areas and line or 
i elascope'sample plots were conducted in the areas that werf­photographed (except for Muranga and Meru wbre no 
photographs taken).

Fifteen sample plots 50 metres
every 200 metres for long by 10 metres wide were taken
fifteen days, 
so all in all 
225 sample plots
were measured covering just 
over eleven hectares. 
All tree species
were recorded and 
breast height diameter and total height 
were 

measured. 
 By applying a 
form factor of 
0.7 an estimate of stem 

volume was 
determined; 
the stem volume was 
then multiplied by 
1.2
to totive anla~ v
of sti at
gro nd olu e.(2) 
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The results of the line survey are shown on Table 15 together w*1
 
the final adjusted volumes 
 which were used to estimate woody biomass

volume on farm land.
 

Table l 
 Kenya 1991. Stem volume and total volume per hectare of treeS
 
on agriculutral land 
 Unts M3
 

Line plot 
 Average 
 Estimated 
 Adjusted
 

havolume plu 
 e
 
stm 
 ttlvolume totalhae
volum
 

1. Kitale 
 11.9 
 14.3 
 14.3

1. Kakamega 9.2 
 i1.0 
 11.0
 
3. Kisumu 
 1.2 

4. Homa Bay 	

1.4
 
8.8 
 10.6 	 )
10.6 (
 5. Kisii/Kericho 
 26.9 
 32.3 	 16.6 2)
6. Nakuru 
 14.2 
 17.0 
 17.0
 

7. Muranga 
 25.3 

8. Meru/Embu 	 10.4 30.4
25.4 
 30.5 
 30.5'
 

Estimated volumes from above information

9 
 a h k s1 


. 3
10. 	Coast 

.0()
 

Notes
 

(1) 
 The estimated stem volume was much too low due to poor samplinf

Table 14 indicates that 
the tree cover is similar to Homa Bay
and Kakamega lines. Therefore the voulme per hectare has been
 
adjusted upwords to 
fall between these two totals.
 

The final figure was adjusted downwards because the original
includes woudlots 
of more than 10 ha. which have already been
 
included in 
the forest survey. 
 When these were excluded, the
 
adjusted at.
total was arrived 


(3) Lii'e Kericho, Machakos included 
some wondlots and natural 
forestL
 
of over 10 ha. Towaids the north the arm 
tree cover is similar
 
to Embu/Meru, and in the south the tree cover is less than Homa
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(4) The coast region contains two distinct types 
- the sugar.
pastoral, small farm belt to the soutl 
 of Morrbasa and the
 
pasloral, small farm coconut/cashew nut to the north.
 
It has been estimated that there are 
the equivalent of
 
29,000 ha of cashew nut 
trees and 32,000 ha of coconut
 
palms. Therefore for the coast 
as a uhole it is estimated
 
that half the area has 
a volume of about 32m3/ha. and the
 
other half 18M3/ha. giving an average volume of 25m 3
 /ha.
 

. per hectare total volumes were then multiplied by the farm
 
type areas by province as given in Table 13. 
 The tea and
 
coffee nreas were excluded from these totals 
as a
 
seperale estimate was made of woody biomass growing in these
 
areas.
 

Table 36 gives the estimate of woody biomass growing on
 
agricultral 
land together with the estimated annual yield and the
 
firewood yield. It wi]l 
be seen that the growing stock is estimated
 
to be 84 million tonnes of which 73 million 
tonnes are reckoned to
 
be exploitable. This compares with 142 million tonnes in the forests,
 
of which 129 million tonnes are exploitable (Table 9).
 



Table 16. KENYA 1981. Estimated volume and weight for trees 
on agricultural 
land by province
 

UNITS 1000t except where stated
Province 
 Area of 
 Woody biomass growing stock 
 Estimated exploitable yield
Agric.land standingiweight of which:-1000 ha Vol J00 04i Tota L Total of whichProtection Exploitable 
 annua,.3 firewood.4)
 
NYANZA 
 1059 13809' 9864 yield yield
1253 8611
WESTERN 574.1
624 459.3
7072 5051 
 641 4410 
 294.0 235.2
CENTRAL 
 705 
 168781 12056 
 1531 10525 
 701.7 561.4
NAIROBI 
 25 
 760: 543 
 70 473 
 31.5 25.2
EASTERN 
 1883 
 37659' 26899 
 3416 23483 
 1565.5 1252.4
 
COAST 
 430 
 107501 7679 
 975 6704
RIFT VALLEY 2220 446.9
31366: 22404: 357.5
2845 
 19559 
 1303.9 1043.1
NORTH EST 
 0 
 01 0 
 0 
 0 
 .0. 0
KENYA 6946(1) 118294( 84496 
 10731 73765 
 4917.6 3934.1
 

[17.0) 12.2 
 1.6 10.6
Avt~UJi I~) ~5.6.' 0.7 0.6(11.2) (1.4) 
 (9.8) 
 (0.7) (0.5)
 
(1) Excluding tea and coffee 
areas 
226,000 hectares and excluding 619,000ha of land included in the main
report as 
high potentfal but which was already included under rangelands or
if this is included then theexploitable growing stock is 

is open park or grassland

firewood yield 0.5t/ha (see last line). 

reduced to 9.8t/ha, yield 
to 0.65t/ha and
(2) The protection volume/wt of 
trees has been taken as 
the area of riverine trees,
of 12.7% of these cover an area
all tree cover(table 14).Of course dead branches are collected and some
be exploited, but on the other hand there of these trees will
are trees on steep slopes that
fraction are left, therefore, this
is felt to be reasonable and has been used to calculate the weight of trees 
that should not be
 
(3) This has been calculated by taking 1/30 of the growing stock. It 
assumes a rotation of about 60 years.
If trees were managed excl.usivel, for firewood, then the rotation could be as 
little as 2-3 years and
much more volume could be removed annually. However, short rotation firewood trees
Kenya today and trees are not common in
 
(4) 

are managed for commercial timber and poles
This has been taken as 80% as well as firewood.
of the yield. it assumes that the other 20% 
is used for poles and pitsawn
(roughly bewn) timber.
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The estimated yield is nearly 5 million tOnnes, of which 4 million
could be used for firewood. 
The comparable figure for forest 
areas are: 
yield 4and 10). mi	llion tonnes and firewood yield 21 million ton es (Table 9
The smaller yields from the forests, although the growing
stock is larger, is 
accounted 	for 
longer rotations and the fact that
much more wood isu5ed for industrial purposes than 
on the farm; hence 

a smaller proportion of increment going to fuelwood.
possible by However, it is
better management and by choosing the correct tree species
 
to increase the yield considerably without affecting the growing stock
to any large extent, 


The estimate sustainable 
firewood removal from high potential 

agricultural areas and 
forest lands 
is 6.4 million tonnes, whereas the
demand for woodfuel in these 
areas, both urban and rural, is about
18 million tonnes. 
 Clearly there is 
a large shortfall, 
some of which
can be made up from supplies from rangeland areas, may be of the order 

of 5 million tonnes, but the accumulated tree capital must be meeting

the difference of 7 million tonnes of wood. 
Of course 
the Estimated 

capital on high potential land is 
some 260 million tonnes,and so, in
the short 	run, the shortfall 
can be withdrawn from capital; but unless
efforts 
are made to balance sustainable supply with demand, the farm 

and forest trees will come under in creasing threat
.
this problem will be discussed shortly, but 

Ways of tacklin g

in order to complete the
supply picture, the tea 
and coffee areas plus urban 
trees have to be 


considered and this 
is 
now done.
 

1. 
 Treecover on 
urban land
 

While the trees on urbanTOtal vegeteti
0 n. nevertheless land occupy only a small part of thethey do satisfy the fuelwood requirements 


:iave 
a considerablernumber

If the poorest strata of the urban population.
of trees as can Many gardens and roads
be seen 
when one drives through 

:cst of the major towns; therefore, to make the pic:ure complete, an
Stimate of tree cover was 
undertaken. 
This estimate excludes the forests
and woodlots of 10 hectares or more for they are already included in
forest inventory in 	

the
 
the previous sections.
 

Q2
 

- 36 -

The areas 	of urban environment are 
shown in Table
with an estimate of the 	
!7, together


equivalent area covered by trees. From this,
the voione and yield have beer derived using growth figures frome
a ra s ae us al l
u es tan the 
 areas 
 oree
 
areas are 
usually less than the municlple township areas for these
have been expanded recently and include much farm and open land;
these areas 
are included in the previous section
 

Xenva 1980 
Areas of 
Urban built 
up environment with 
an estimate
 
tree area, volume and mass
 

Area-1000ha 
 Vol une_1000m 3 

Weight 
- 1O00t
Province 
 area
Total ForestEsti te 
 Growing Yield Firewood GS Yield Firewoc
t a 
 oi
aJea St Yl iro
Prvnce are IGs
aore 
 Stock 
 tun
Ny na4 	 otr out-
Western 
 2 0. 	 urno
0.2
Wsen2 	 1 22
0. 	 1.5 1.2
2 2 1 2 16 0.9 0.9
Central 	 .
0 	 1. 1
5	 16 11.1
Nairobi 	 1. 0.97
CNral 	 0.
55 0.3
0.2 	 56 3.7 
 3.0
32 	 40 2.6 
 2.1
3 8 21 5 2 7 1. 1.
2. . 0 8
.7 	 4
J1.
Eastern 
 12
4 
 0.2 
 38 
 2.5 
 2.0
Coast 	 27 1.8 1.4
6 
 0.2 
 21 
 1.4 
 1.1
Rif t .eV 8 	 15 1.0 0.5
0 .4 2 . 1 . 1 1 .1 . 1
 

N.Eastern 

0.0
2 	 2 0.1 0. 1 1 0.1 
 0.1
Total 
 39 
 1.6 
 253 
 16.8 
 13.5
 

Of course 	the existing 
trees in urban areas 
can only supply 
a fraction
 

of urban demand, but if urban
scale they could supply forests were 
established
a considerable quantity of wood products,

on a large
 

urban population who wish to relax and get away from the urban jungle.
 



(5) Coffee and 
tea land: 
survey of woody biomass 


Coffee and 
tea, especially coffee are large export
Kenya and the
rising. earners for
area of land devoted to these crops has been steadily
 
Tea and coffee are perennial plants whose rotation age is 


generally about five to
removed until after about 24
seven years, although the main stem is not
years. 
Throughout 
their lifetime they
are Clipped and pruned and therefore the clippings and branches are
a source of 
fuel. 
 Also the trunks of the tea and coffee bushes are

used as fuel when they are 
eventually cut down.
have been done on 
 A number of studies
the yields of woody bomass from tea and coffee,

and estimates for Kenya have been based on 
and Magambo and Cannel (2) the works of Cennel ( ) 


The general concer,-sus is that
tea and coffee be used for mulch. 

clippings of 

these clippings However, invariably
are removed for fuel. 
 In consequence more
have to be applied. Bearing these factr 

iertilizers 

in mind, the growing stock 


and removals of wood from tea and coffee hav. bee 
 estimated as 
follows:-


Average growing stock per hectare: Tea 3.5 tonnes; 
Coffee 3.0 tonne.
Annual yield per hectare: 

Tea 1.3 tonnes;
In addtion, Coffee 1.1 
tonne:
some coffee areas, especially those in the west, 
over 2000 


Sesbaaa maorantha

Metres, have shade trees of such species as Grevillea robusta and
These trees have an 
average growing stock of 3
and an annual 
yielr' of 0.3t/ha. .6t/ha
The estimated area of shade or shelter
belt trees is 
shown in 
Table 18. 
Many tea 
estates also grow eucalypts 

as boiler fuel 
for drying 
the tea. However, these 
areas have already
 

.
 .
 
(]) Cann-l II.G.R. (1970)
Production and distribution of dry matter in 
trees of Coffee 


arabica in 
Kenya as affected by seasonal climate differences and
presence of 
fruits. Ann-Appl.Biol.(1971) 

67 97-120.
 

(2) Magambo M.J.S. Cannel M.G.R.(1

partition in 

9 8 0 ) Dry matter production and
relation 
to yield of 
tea. Expl.Agric.(]9
 
8 1 ) vol.
 pp.33-33.
 

.able ]8. Kenva 1980. 
 Area of 
land under tea and coffee
 
Units 1000 ha.
 

TnA 
 'FELO O 

Province 

Estate 


-h3 Small 
 Total
holder 
 E
 hole Total 
 r
 

Nyanza eima

1.0 t SI
5.4 
 6.4 Crnd
0.0 ee ted
Western 11.4 11.4 
 17.8
0.0 9.1
i.8 
 1.8 
 - 1.2
Central 1.2 3.0
2.9 1.0
39.5 
 42.4 
 17.7 
 33.5
Nairobi 51.2 93.6
- 7.7
- 5.0 ­ 5.0 5.0
Eastern 

- 11.0 11.0 
 2.2 
 53.6
Coast- 55.8 
 66.8
1 . 11.2
. 3
C a t"1 -. .
 

Rift Valley 
 30.9 .
North East 3.6 34.5 
 5.5
- _ 0.1 _ 5.6 40.1
 
4.
 

4.5
 

Kenya 226.3
34.8 6.3 96.1 30.4 
 99.8 130.2 
 34.3
 

5oce. 4
KnL 
 %rcul
 ural QE-h.hS6_ 
5 

The above per hectare figures can be arplied to the areas of
coffee to obtain an estimate of growing stock and yield. 
tea and
 

and is shown in Table 19. 
This has been dorn
To estimate the quantity of shade and edge trees


growing on 
coflee areas, an 
area 

the coffee regions. 

figure was assessed after consultation wit
This is given in 
the end column of Table 18.
 
While the average 
growing stock on 
the 
tea and coffee 
areas 
is relat4
low (3.7 tonnes/ha.of woody biomass), because of intensive management, th(
 

This may be
annual yield
one of the keys
- an estimated 1.2t/ha of woody bioniass

to agro-forestry, 


- is relatively high.
and fuelwood plantation
rotations and - short
intensive management. 
 This c
ompletes the estimation 

biomass and the only other major source of renewable biomass 
 of wood
ij animal waste
 

http:tonnes/ha.of


i 1;};'NYA 

Pro\i-nce 	 Growing 
Stock 

NYANZA 22.4
CESTRN 6.3CENTRAL 648.4 
NAIRO -

EASTERN 35.5 


HIY VALL6 120.8 

NORTH EAST -

K -1P.- - 33 6 . 

abO. Gro)wi* .Aock and annul V'eld
Of 1ca, coflee and 

of u(nd , biomasssha 1c.1trees on coffee areas. 

UK2IS !000t 


Yield 	 in coffee TotalGrwng Yield 
JGro1 Yield Growing Yield
Stock Stock Stock 

8.3 34.2 
 12.5 32.82.3 3.6 1.3 3.6 
2.7 89.4 23.5

55.3 53.6 	 0.3 23.5 3.956.3 27.7 
 2.3 329.7 113.7- 15.0 5.5 2.9 0.2 17.9 
 5.7
14.3 67.4 
 61.4 
 40.3 
 3.4 246.2 
 79.1 


44.6CLIA - T ­16.8 -­6.2 ­16.2 ­1.4 -15Z.8 	 -course,52.4 


- -

] 2 4 . 3 9 0 .6e8 ] 4 3 2 2 3 5 0 . 0 . 8 .10.3 850.5 278.3 
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---- Els 

To complete the
residues. biomass picture, mention should b
A]I-eady some householders use dung, and in 
made oa i
 

at the same lime as 
a survey UndertaL
 

households out of 113 

the survey of tree cover on ag,'icultural land, sev'
were Jourd to burn dung for Cooking, and it Is
 

estimated 	that these 
families used the energy equivalent 3
Wood per family (0.16 m 3 	 m
 per person). However, the average annual per

capita consumption for
equivalent o1 0.01m3 

the whole sample only Came to 
the energy
of wood and the dung was only burnt in the woodsq., 
areas of Kisumu
is 	 and Homba Bay. Usually dung is only burnt Where wood 

scarce or 	u'herF 
aninials are taken
custom permits 	 into a stable at night and tribalthe urning of dung.
bomas but do not burn dung. On 
The Masai keep 1heir attle in
the contrar a personIs wealth orprestige is 
judged OY t -ght of du-g outside his hcuse and of
 

fuel are being mainly miii' andless tban other groups.blood eaTrr, 1their requirements for 
e e ] h o 

ldealy,dLung should be returned to the ground as a fertilizer,

preferably after 
,,tane 
as been extracted from it,
a number of prob2e:ns which are fully described Sn Men

but Ibis presentsfrom human, 
Rnimal and ugricultural Wastes(I) 
 Briefly, the capital 
DX 

cos' for a family of CiX dgezer could cost between H-Bhs.2,500
20,V00, require. 90kg of wet 	 snd
dung - all 
the product of 
9 to 12 cows,
90 litres 	of %ater, an optimum temperature of 33-38OC and good

maintainance and control.
 
Son.c or 
all of these requrements are beyond the means of most rural
Kenyans and therefore, at best, methane gas energy as a substitute for
Other energy form will 
only have a iuargeJpl effect on 
energy sUpp]),.
What 
will happen is that when woc-.- und
will be 

crop residue is scarce, dungburnt instead of being returnea to te soil.capita consumption of 	
If the per
0.01m wood equivalent is anything near correct,
 

........ .. 
.. .. 

(1) National Academy of Sciences 1977. Washington D.C. U.S.A.
 



then today in Kenya, 128,000 air dry tonnes of dung, equivalent ofabout 1
3 
5,000m 3 

or 96,000 tonnes of wood (1.5 Peta Joules) are burn.annual. This is approximately 2% of the estimated yearly production 

of dung, as the following tables indicate. The quantity of dungproduced by various animals per year is as follows. Table 20 
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Table2i. Ken ov 
T 1950 Nvrnber Of animals Jy provinceUNITS - millions 

Table 20. Conversion Factors for dung production 

Dailv nroduction Estimated Tonnesper yearper 500 Kg. 14c of animals peranimal 

et weight:Kgs per 5O0hg WetWt. Dry Wt 
Dairy cattle 38.5 3.85 3.65 0.36 
Beef cattle 41.7 2.75 5.53 0.65
Swine 

28.4 
10 

1.04 
0.10 

Sheep/goats 
20.0 20 0.36 0.09 

Poultry 
31.3 150 0.08 0.02Donkeys 
28.0 3.33 3.07 0.54Camels 
28.0 1.25 

3.44 

Province Cattle ()heep/goats Pigs Poultry Donkeys CamelNYANZA .20 0.60 0.00 3.30 0.01 _ 
WESTERN 0.80 0.20 0.01 2.30 0.00 _
CENTRAL 0.60 0.70 0.02 0.10 0.00 -NAIROBI 

0.00 0.20 0.00 0.05 0.00 0EASTERN 2.00 2.20 0.00 3.00 0.04 0.20 

COAST 0.40 0.50 0.00 1.10 0.00 -
RIFT VALLEY 4.20 3.70 0.03 1.00 0.13 0.20 
NORTH EAST 0.40 0.20 0.00 0.00 0.00 0.10 
ENYA 9.61 8.10 0.06 11.65 0.18 0.50 

Source National Academy of Sciences 1977. Methane Generation, 
Adapted, 

Source 1b76 Statistical abstract 
(I) Presune. 2/3 beef and 1/3 dairy 

(I) Dry weight l5 moisture content. 

Table 22 gives an estimate of the number of animals by provincein Kenya, and Table 22 gives the quantity of animal waste produced bythese animals using the dry weight figure in Table 20. 



Table 22 
 KENYA 19g0 Estimate of animal waste by province
 

UNITS 
- millions of 
tonnes air dr
Province 	 wei ht (15%
Cattle 	 M.C)
Sheep 
 Pigs Poultry 
 Donkeys 
 Camel 
 Total 
 PracticalToul
1 
Pet ecal
Goats 


NYANZA 
 0.66 0.06 	 Availability
0.00 0.07 0.01 	 Availability

WESTERN 	 ­0.44 0.02 0.00 	

0.80 0.016 9.60 (2)
0.05 	 0.19
0.00
CENTRAL 	 ­ 0.51
0.33 0.07 	 0.010
0.00 	 6.12
0.02 	 0.12
0.00
NAIROBI 	 ­ 0.42
0.01 	 0.008
0.00 0.00 	 5.04
0.00 	 0.10
0.00
EASTERN 	 ­ 0.01
1.10 0.22 	 0.000
0.00 	 0.12
0.06 	 0.00
0.02
COAST 	 0.29
0.22 	 1.69
0.05 	 0.034
0.00 	 20.28
0.02 	 0.41
0.00
RIFT VALLEY 	 - 0.29
2.31 0.37 	 0.006
0.01 	 3.48
0.02 	 0.07
0.07 	 .
0.29 
 .3.07 
 0.061 
 36.84 
 0.73
NORTH EAST 
 0.22 
 0.02 
 0.00 
 0.00 
 0.00 
 0.14 
 0.38 
 0.008 
 4.56 
 0.10
KENYA 
 5.29 
 0.81 
 0.01 
 0.24 
 0.10 
 0.72 
 7.17 
 0.143 I 86.04 
 1.72
 

(1) 
 Assume that one tonne air dry dung contains 12.Oxl0 9joules or 12.0 Giga Joules oS eneC
 

1.0 X10 1 5 
 Joules =
(2) 	 It is assumed that only 2% of 
1 Peta Joule
 

the total animal waste is practically available.
may increase 	 This percentage
as other energy 
sources becorie 
scarcer.
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The supply and demand of biomass
 

EStimated productoio,
dry tonnes and has of dung is of
an the order of 7 million air
energy value of approximately 86 Peta Joules
(10 15Joules) or 
20% of 
 Kenya's current demand. 
 However, it is 

physically and economically impossible to collect
this total and 
what is more, unless it went even a fraction of
through a digester ii
would deprive the soil of about 0.7 million 
tonnes of nitrogen and
phosphorus fertilizer as well as 
loss of soil structure.
Kenya will Therefore
have to be content with using about 2% of this total,

It is also Possible
SaQr to use human waste and
There 


in towns Such as 
Nairobi, 
this waste 
could be collected centrally
and put through 
a digester. 
Also refuse could be used as 
boiler 

fuels, but of 
course such schemes are
and provide very little energy. relatively capital intensive
The main biomass energy source and
the Supply/demand~position for all
indeed the main energy source is wood.
biomass to
It see where the
is pertinent to look at 


shortfalls 
are and 
to see what must b done to 
counter these shortfalls 


Table 23 gives the estimated supply and demand for biomass

in Kenya for 1980. Animal and agricultral residues ham been kept
separate from woody bioass because, for household 
use at least,
these 
are second 
best alternatives 
and will only be used if wood is
 
is carce, or when these residues are
after harvest. in plentiful supply,
Normally dung and crop wastes are 
 for exampl.
left 
op the land to
maintain the 
fertility and soil 
structure. 
 The overall picture for
these energy forms 
is one of 
slight sur;lus but there
shortage such as are areas of
Nyanza and Western.Prvinces when 
too much residues
are about 
 refuse~energy sources.fulsplyaot5ofhebmssnrgdmnadtisrcin
65,000 air dry tonnes of human waste produced, and 
 are removed from the land to the detriment of
fuels supply about 5% of the soil. Overall, thes
the biomass energy demand, and this fraction
cannot 
be increased greatly unless agricultral imputs increased
substantially, especially fertilizer.
 

Woody biomass suppliers 95% of 
all biomass energy and 
indeed
t 
 mporan e . H e 71 o ota
most important fuel. and o a l s te single
However, fuelwood, and 
to a lesser extend charcc
 

is very site specific in
walking distance of the rural 

that it has to be available usually within
consumer 
or within 
an 
economic transpori
distance of the urban/industrial 
consumer, which is us%,ally 
no more
than 100 Kms for fuelwood and 
200-300 Kms for charcoal. It is no use
having a surplus in 
one part of the country if it 
is too costly in
terms of effort 
or cash to transport it 
to where the demand is. This
is well illustrated in Table 23 by observing that the rangeland areas
could theoretically supply nearly 90% 
of the demand for woodfuel, but
because, ffthese 
areas are very remote from the large consumption


centres, namely 
the high potential agricultral ]and, it is economicafl(
too expensive to meet 
this demand.j

LHence, the situation arises that, 
in spite of the'physical, surplus
the rangeland areas, 
the high potential 
areas cannot meet current derg4k

from the local 
annual woody production, and thus the trees are being

cut down faster than they 
a -e growing.
 



Table 23 KENYA 1980 
 Annual production and consumption 
of biomass 
energy in wood equivalent 
terms
 
- ~ - s - t'Oi' VWOO ~ y - - - UNITS -
1000 tonnes wood equiva et
WOOD' 

from 110m ASShigh
Tob i potential
NYANZA Forest ~~ 219 rarm( 2 ) Coffee ~~/Tealand Ttl12 231 Urban Rnead
Total oa
WESTERN 5 459 Raagelands
392 23 Total
8 
 400 1
CENTRAL 132 488
235
50 2
4
6 490
56 1
NAIROBI 496 372
1 561 0
0 114 
 372
1 2
EASTERN 33 1173
25 7
67 
 6
26 1180
93 1
COAST 250 65
1253 0
120 
 4 79 65
124 1
RIFT VALLE 66 
118 358 1583 4476


46 0 6059
112 1
NORTHEAST 1429 477
1043 2434
1 
 6 52 2911
7 3
0 2527
0 4432
0 6959
0 
 0 
 4749 

KENYA• 4749


916 
 108 
 1024 
 2463
Sustainabl 3934 
 278 
 10
productio 6685
.i
 16100 

22785
 

consumption 

794 


888
Percenta 5195 
e 8297
89 278
11 
 100 10
28 13780
45 4q80
2 18760
Surplus/ 0
deficit 122 
 + 14 + 136 252732 
 4363 100
0 
 (0() 795
EStimated ca -7095 +10+42
ital 24
of Woody biomass 
 129177 73765 
 850 
 181 203973
Wood for charcoal 
 1750 
 875 


:1) Practically Wood for firewood 3445 2
7422
available 278
2) 0 11155(3) XtIncludes rural built-,,, 's avvued.environment tkaL iJe biik
e- P +k orka'r. r oe"4 f+ei .e n.O c =r 
v ,tan

CLc4iiL noirca.Lr 
-%e 

11 r--A n- tra r 

http:noirca.Lr
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 APPEDIX I
 
Total above ground volume in Various frests(distict )


nnle there Yeems to be a large store Of wood of the order of 

o f K e n y a . r 2S ohec r
U N - ta 

Region 
Forest/District


262 million tonnes, if the current consumption 
 species
and with the anticipated pattern continues 
Non-commercial fpecies hectare vc:
increase 
 Commercial 


in Population, NYANZA Total per
KiSums/S.Nyanza

about then by the year
47% 
 59
of the wood energy demand, whereas forest trees Supply 


31
 
Kum 


NYANZA 

a
28%, the nz2
 

Nyandarga
remaining 25% coming from the rangeland 
d bushes supply
clearly there must be a massive effort 

Buo1
is going to continue Kakamega
to rely areas. 
 If Kenya 506
on wood as a major energy Source, 2s
 
in tree planting, and the
grea,.sc effort will have to be 

Muranga 119 2ETRN
Kuraga 12 
 36 
 15!
Nyeri(1)
theii own 
by the farmers themselves 12 76 


requirements. to meet 31
119 

76 l5.
Nyeri(2) 1!0
 

But in order to protect the forests, 19!
a 87
NAIROBI 7 

Nairobi 19*
large increase in 
fuelwood Plantation within the existing forest 

123 
 36
estate is required. E17
 
fltsfonoaonofIPehp'hbetway
This is Perhaps the best 
 topoetteKituj


the C t ean to protect
Policing wi the
 
means to cook their meals. l s o 07
Also Plantations 46
e p e cbtaining
cities could round towns and 3
urban dweliers 'acas an urban green belt and be a Place for the Embu
to relax, while at the same 

and Karsabit M a r s a b2 

e 1124
55
time be a source of 

1 
5 
07 

22 714974
Taita
his energy supply. 

5522
ecological 90 
 46 
 7
23t
 

FnlyalhuhterneadarsupuarateeNarok 

Mangrove areas 


balance is very fragile, and if areas are clearfelled 10
cho r ' 66

RIFT VALLEY
in order to produce charcoal it Kajiado
will take many decades for the Kericho 51
U.akuu
area to recover
. U .Gishu
Into maintaing the tree cover. 

13
Therefore there i s a need to put some effort 659
6 5 31
5165
65 0
 193?
be in However. the T .N oa
largest effort must 
78 64
shortfall in 


the high pOtential agricultural :

supply 6418
occurs. 
 areas where the greatest Baringo 16'
 

be 
 inthe 
 hgh W.PPoentiaTagN.6oi6 ket 65
Laikpia 

9I12
Samburu 6 
 17 1
 

127 

57
Turukana 
 2.


Samburu 5
N n i127 59 81 Ct
22 

57 
 1'
 

http:grea,.sc


110
 

APPENDIX 2
 

Kenya 1980 Area of plantations by species")
 

wood e IS Plantations UNITS

Province/Species 
 Eucalyptus 
 Wattle 
 Total 
 Cypress 
 Pine Other species 

NYANZA 


42 
 _ 
 42
WESTERN 236 
 398 
 46
535 
 - 535
CENTRAL 885 8635 
 1725
2675 

2675
NAIROBI 11379 10750 
 2829
1502 
 - 1502
EASTE 121 
 1 
 251
1034 
 - 1034 
 3320 
 4485 
 929 


243
RIFT VALLEY 
 243
9674 130
5215 1483
14889 592
43799
NORTH EAST 38715 
 4747
0 
 0 
 0
KENYA 0 
 0 
 0
15705 
 5215 
 20920 
 59870
Percentage 64467 11119 

10 
 3 
 13 
 39 
 41 
 7
 

i)Te kec kfrs o r o -e7
The wattle that 
feeds the tannin factory at Thika is 
in 
areas of under 
 10 hectares.
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