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SUM-AR' 


!4ood.whlle thought of as 
Q traditional fuel,may be used as a transitional 

energy form and indeed cap;ta!isIng cn existing technical 
knowlodgz.be 

converted into rodern fuels 
that could assist in the 
rapid doveloprent of 

Kenya's eccnooy.!t is an 
indigenous resource 
that grows relatively rApidly; 


be s i d e : p r o v i d i n g en e r g y i t c a n s t a b i l i s e th e so i l , p r o t e c t w a t e r c a t c h m e n t 

areas,provide fertilicerfodde-
 and food and a/ford considerable employment


oppot~ntie
unsilld :orkrs.What 

opport~ni ties. for both 


an fo bot sklle 


skilled and unst'illedIn the Kenyan con e-t,;oodfuel :.:orters.is the cheapest source of energy being 
two 

to four times cheaper then bio-;as 
and paraffin(t:erosene)and 
u to 6 to 7

times Cheaper than 
 iquid petroleum gas nd oletricity.What is mro 
 the 7 
wood Stoves at present are much more inefficient than the other types ef
stoves but it is more 
than possible ta double their efficiency thus making

wocdfuel oven cheaper.In 
terms of foreign exchange the price diffcrence isforest 

much more pronounced,fr dcli:ered woodfuel has less than 20% of their cost 


in the form of foreign cxchange but for other commercial fuels about 75% of 


their cost
One is foreign exchange.drawbac! to .:roodfuel is that it is a low cost high bulk product and in 

the freshly felled form it cannot 
bo transported over long distances without 

making it uneconomic. owev~r. the more 
 it is driedthe further it can be 


t r an s por t e d an d i f i t 
 i s co n v e r t ed t o dens i f i e d wo o d o r cha r c oa ! t he e co n o m i ctransport radius could 4be increased to as ouch as l OK.ns. by road or 360Kms. 


by rail.
The cost of growing fuelwocd in Kenya is at present much more expensive 
than in reighbouring Tanzania and indeed 
it is on par with costs in the U.K. 

This 
is because of very low tas,, rates %hich have continued from tho days
when workers only worked for 
loss than a morning in the forest(and the rest
 
of the day in their shamba) and were 
paid accordingly.Now they work all 
the
 
time In tho forest on the same task rate but on 
full pay.Given good manage­
ment,labour productivity could easily increase to 
a fiaure approaching the
 
upper Tanzanian value and a new set of task rates 
nas been assumed.Costs
 
and returns have been worked out based on these assumed 
rates and for various 
options such as agro-forestry, replanted forest,fod&er,'wood production,indus­
trial plantationthe return 
on invested capital 
is usually more than '0*
wherea; with the present averagc Kenyan costs it is about 5%.All the various 
modei are described in detail and are used as 
a basis for letermining the
 
cost of the proposed policy option.
 

-/It{ -

Felling and zxtraction costs 
3re deacrited co 
that it is pussi'le to work
 
Out a de'ivered roadside cost an, 
to 
compile a manpower hu 
 et2thile the
 
money return7 froni 
investment ire low,because cf 
the low stumpage price
 
for fue!wood,the returns 
to governoent and consumer are high. If an 
!dequ­
menit may have to
ate supply of fuelond is nut guaranteed
pay an additional then by tho year £00 theK~hs.13,500 million in foreign 

govern­
to import paraffin and e.changn
the ccnsumer would have 
to 
pay _n extra Kshs9000
 
m o r t p a r a f f i n c end rn t h e fe e n d h a v c e e t o an x r af .fsh 

million,repcesentlng 
the price difference tet:;een wodfuel snd 
paraffin.
is moro, one hectare of fueh.:ood could cave Kshs.40Og in :oroign 
exch­

ange with existing wood 
stoves and up to Kshs.14,300 with improved 
stoves.
 
this is nearly _s much as 
coffee earns 
per hectare in foreign encnange.So
 
from a govxrnment viowpointinvesting in fuclwcod plantations and 
agro­

forestry 
 rhoesshould be a 
top priority.
 
Fhc policy proposal 
calls for the eauiv.alent of 1.43 
 willionhectares ofland to be planted by th year I2000,the bulk of which wifl b in
 

either 2groforestry schemes on fams replanted forests or managed fzrests
 

so only 204,000 hectares ound towns and industries -il! change their
 

land use.By thz turn of the century such a propoal .ilI costin 1982 prices,
Kshs.27O0 mi!lion_[t will give employment to 
nearly 100,000 people and in a
 
steady state.yield nearly 25 milliors 
tennes of wood" per year as woil as 
supplying fertiliser,focd and fodderro provide an equal amount of energy

fromsrm hydro clectricityo t r i would s h a v e 
nd ou tie cost 24 times as muche n ande r o gp a r a f f i n i nfrom paraffin 4 times 

easmuch and both of these options have high foreign exchange cmpnents 
n
 
their coss.Thereforby following the wood route,Kcnye could ensure the
cheapest supply of energycreate e 
 uloyment,protect 
the water catcheit
 
areas,stabiiise 
th soil,enhance the 
quality of 
life of the piop.e and
 

http:cheaper.In
http:knowlodgz.be


COSTS AND BENEFITS OF PROPOSED TRE_E PLNTI P.OpM__ FOR 

SATIS F -CErtt KE YA S ',,U-0 0 L EP P.C~y Qlo 
K. Opensha. - Senior Research Fellow, aeijer Institute 

Introduction 


Kenya, Like many other developing countries, is facing an 

energy crisi5 pu-c 3s severe, if not nore 3o, than the developed 


nations of the world. 
 In the past it has relied on indigenous wood 

to supoLy the bulk of its energy, indeed, even today wood 

energy supplies over seventy percent of the country'3energy require-

ments. However, very Little effort has been made to replace the trees 


cut down to supply this energy and in consequence, Kenya's tree 


resources are dwindling rapidly. 
This decline in 
tree stock would 


have been more rapid 
if there had not been a switch to more convenient 


and more intensive energy forms, namely oil products and electricity, 


But these energy forms while facilitating rapid economic development 


require a considerible amount of foreign exchange either to purchase 


the oil or 
to buy the capital equiPment to generate the electricity. 


and Kenya is 
facing and will continue to face difficulties in earning 


enough foreign exchange to purchase the oil and capital equipment. 

In the eyes of many people tne use of wood energy is equated 


with backwardness and the promotion of wood energy as a 
principal 

energy form is relegating its people to the drudgery of collecting and 


using this energy and is conde-ming the tountry to slow economic 
growth. However, even though wood is 
a traditional fuel, the reason 

why it has been used since time immemorial is that 
it is a convenient 

Store of energy and if properly managed a renewable source of energy, 


For many rural people wood is the preferred source of energy; once 


this 
source has been exhausted then the people turn to burning crop 


wastes and dung, usually to th2 detriment of the soil and once these 


have been e'chausted then the Land is ibandoned and the 7ountry has
 
s t an a s s e t e i t he r t e mp o a r i L y o r pe r -a e nr L y . Th e 
 r i s o n thda r. t he
 

collection of wood has beccme 
a drudgery is ciose 
;icoL t.-; near to
 

the house have become e:-hiisr-d and more time aLd -effort h to be
 
spent gatering and carrying the .woodback hme. This trend could 
and
 

should be reversed by ensurinj thAt trees are qrwn Dn Earn .ir in 

close proximity to the farm, and growing tzrzes species that will C--­

plement rather than compete with the pastoral and agricultural crocs. 

Wood either Ln the unmodified form or as charcu-t cannot comzete 

for convenience with paraffin (kerosene), gas or electricity. There 

is atways the inconvenience of handLing I bulk TateriaL And the wA tt7n. 

period until the fire is properLy Lit, aLso it is more difficuit to 

regulate and extinguish once the cooking or heattna task has been car­

formed. However, wood cn usually more 
than ,ompete on crtce indw./ay
 

of 
improving its convenience and efficiency ar 
 known. Also it is in
 

indigenous resource that 
saves 
foreign exchange and sreates -mpLoy-.en-. 

Therefore it seems prudent to plan for its continued use and to encourage 

more convenient and efficient methods of produc:on and consumption. 

wood, besides being A crauitLonaL fuel, can also be used As a 

transitional fuel 
and indeed could be a 
fuel and a chemical feed stock 

of the future. 
 Already it is used as a boiler fuel in many industries, 

particularly wood based industries in wood rich temperate countries.
 

It can'be used in thermal power stations provided an adequate And con­

tinuous supply is guaranteed near at hand. 
Modified wcod in the form 

of charcoal has as high if not higher energ value than coal and can
7 


be used as a substitute for coal. 
 Wood and charcoal, when turned to
 

water and /or producer gases, 
can be used to drive stationary or 

mobile conventional engines, and similarly whtn subjected to conditions
 

of heat and pressure, wood can be turned into Liquid fuel, such as
 

http:mpLoy-.en
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methanol (wood alcohol) or petrol. 7he latter processes cannot Con-
pete with conventional oil at pre:ent but they are not far away from 

the economic threshold. However, the producer/warer gas is 
presently 


in use and is the motive power Eor water pumps, vehicles and boats. So. 

relying on wood Ear energy should not condemn a country to back|wardness, 

indeed, Lf propwrly managed and irs
-q ta.vely used, 
it can help with 


the rapid economic development based on 
the indigenous resources of 


labour aid capital. That is nor. to say that oil, electricity and gas 

should not be fully used for economic development; indeed, the proposals 
put forward in the main report envisage that the share of these energy 

forms will increase from their present 25e 
to 35% by the year 2000. 


However, what the reuort stresses is that wood is an indigenous energy 

Source, if 
judiciously grown it can be the most convenient energy 
form, 


and if properly managed can be the ,cheapest source of energy while at 

the same time, saving foreign exchange, providing empoyent, food, 

Eodder 
and fertilizers and most importntly, protecting the environment, 

.Thecost Of wood energy compared to other enerof 

The government's selling price for fuelwood is between Kshs 15 

and 20 per standing cubic metre ($ 1.5 to $ 2.0 per m3). If it isassumed that on average an air dry tonne of wood (15, moisture content 

dry basis or 13% 
mc wet basis) contains L.A 
m3 then the standing cost 


per air dry tonne is between Kshs 21 and 28 
( ) 


The cost of felling,
 

cross cutting and stacking is about Kshs 25 per m
3 


so the forest road­
side price of cut and stacked wood 3is about Kshs 45 per m or Kshs 63 

per air dry tonne. 
( t is difficult to be more exact about the standing price of fuelwoid
because wood is sold stacked at a price of Ksh3 11.75 pir stacked musually in Ieasures of I m x L.5 m x 2 m or 3 stackedversion of stacked m . The con­measure to solid measure depends on the tightnessof stacking and the exactness of the measures. 

The del ivred r ce of ths wo o.1 wthin . 50 km rd us OE h e 

market should not morebe than Fshs 150 per tonne. -.he:wver,seilt:-: 

price of cut firewoOd in Nairobi, where this wood is mainly bought by
 
the medium And upper 
income peoe for heating. not cooing, ts bet-ean
 

Vshs 200 
 And 300 per tonne (air dry) but off-cuts sold for cooking var'; 

between Khs L50-250 per tonne. Likewise charcoal 
sells a: sb,cu:­

100a per tonne, although the official selling price 
is K-3hs 875 Der
 

tonne (see tabLe 5) - (33/- r-er kq bagI Lncluding sack, wt I kn). 

Outside Nairobi firewood is t-raded at about .shs 100 Der ronne and 
charcoal Kshs 600-800 per tonne (official price 'hs 425-625 p.t). 

For other Euels the Nairobi rice is as follows: araffin, K.h3
 

3.80 per litre; Liquid petroLeum gas (LPG), shs 102.75 per 15 kg 

canister (Kshs 6.85 per kg) 
and electrict-i an 
iverage price of
 

Kshs 0.70 per KWh. However, LP gas is in short iuppy and parffin LS 
probematcal n some iris outside Nairob: t Is difficult to co~ t ! 

the above energy forms in all their different end uses, but coolktng is 

the largest household use of energy, accounting for between 60h ind 75& 

all energy used in a typical household or the equivaLent of ipprox­

]

imately I m
 of airdry wood (15% mc) per person. tfthis igue is 

used as a standard then the equivalent -amountof other uels to sucply 
the 
same amount of energy to the cooking pot is shown in Table La,
 

together with the market price and estimate foreign exchange cost.
 



1-	 P- auu Lne stove erriciency Is ti. Thus 710 X 16 X .07 - 795 H Joules is transferred to the pot.
 

(2)The cost of biogas energy (60% methane, 40% carbon dioxide) has been adapted from P 120 of the US
 
National Academcy of Sciences book "Methane generation from human, animal ard agricultural wastes. NAS
 
Washington 1977. See appendix 1 for cost breakdown
 

(3)Themere the best estimates available but ccnsiderable work 
has to be done on measuring efficiencies.
 
There is no absolute measure for it varies depending on what food is being cooked.
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Footnotes continued
 

(4)The cost of stoves has not been included in this table.
 
An estimate of stovn 
costs for the various energy forms is as follows, Table laii:
 

Table lai. Cost of various stoves in Kenya (1982)
 

Units Kshs
 

Energy Form SLove type Cost of which foreign Stove type Cost of which
 

exchange 	 FE
 

Wood three stones NIL NIL mud/cement & 400 150
 

metal top

Densified wood/ metal stove 5
30 burnt'lay 60 15
 

-charcoal 
 & metal cover
 
Biogas simple burner 10
30 	 manufactured 200 115
 

burner
 
Paraffin .,ick) - small 47 30 
 pressure 175 lol
 

burner) - large 199 115 stove
 
LP gas single ring 580 330 double ring 1580 900
 
electricity single ring 350
600 	 double ring 1200 700
 

Af
 

The mud/grass or mud/cemnent stove will have two openings, a water heater and a storage
 
place for drying wood
 

* LP gas bottle costs about Kshs 500 of which estimated FE Kshs 350
 

* 	 Wiring the house is expensive; the cheapest cost will be at least Kshs 1000 of which
 
estimated FE Kshs 700.
 

(5)The delivered G Joule cost to the stove is much cheaper for woodfuels than for other energy
 
forms. This is a reflection of the inefficiencies of the wood stoves but'also the fact they 
are indigenous fuels. These *cheap' fuels could be made even cheaper by improving the stove
 
designs and it seems logical that a considerable effort be made into the designing and
 
marketing of efficient stoves, boilers end other wood fuel using devices. 



Table La gives the price rinqe fcr various fuels asuminq current
 

stove efficLences, these are low for .uodfueLs and relatively high for 


commercial 
 fuels. Therefore there L% far more 	 scope to Lmopove the 
efficlencies of woodfuel stoves than other stoves. The table also 


illustrates the importance of burning dry as opposed to green wood 


(70% mc). if green wood ib urnt_. e .ecially on an inefficient stove 

then 	 it becomes the ost expensive enerayr form in total cost terms 

but still has an advantage over ocher non wood fuels in foreign exchange 

terms. 

Even 	 if the most inefficient stove types were assumed for fuelwood 

at 15% mc, densified wood and charcoal and compared to the most efficient 

types for other energy forms then only biogas has a cc*.rt advantage over 

the above three energy forms and paraffin over charcoal. Even for biogas 

it is assumed that the dung from 2-3 cows is collected every day together 

with L3.5 litres of water. This is unlikely in an urban setting and in 

a rural setting wod is usually not bought but collected. The capital 

Cost for collecting wood is practically zero; whereas the capital cost 

for a 2 cubic metre biogas plant is estimated to be about Kshs 8300. 

This 	is reflected in the foreign exchange costs. 
All non wood energy 


forms 	 have higher foreign exchange costs than wood, varying from about 

twice 	as much fr bLogas to six times is much for LPG. 


The cost of the various energy forms delivered to the pot varies 


from 	fuel to fuel, if this is standardized on the paraffin costs, the 


market price for delivering an equal quantity of energy to the pot at a 

fixed price can be evaluated. This is shown in Table lb: 

buaneTubll ti of enr
co 
 to the -ot (79S J) et a fIedprice 	of 1.3hs LS-u 

Energy Stove 	 ___i__Units 
 Pot Esti ared Ujit CsC 	 It
form 	(I) efficiency required price FE cost price ,C­

_I Ioh Aoh -_s <ohs:0 per unit !IshsGa
-	 . , 

Wood 	L51 mc 0 
 497 kq 17 0.31 	kg 20 
Wbod 70A mc LO 
 795 kg 27 0.20 kq 20Oensified wood 
 20 237 kg 37 0.66 kg 39 
Charcoal 20 120 kg 1156 20 L.30 kg 39
Bio-gas 50 3 

72 .
Paraffin 	 57 2.17 ml 9750 41 1 
 117 
 3.60 	L 
 97
 
LP gas 60 29 kgElectricity 	 149 5.38 kg75 	 L19294 KUN 144 0.53 	?h -47
 

I 

if the average stove efficiencies are as assumed in table Lb. 

then the price of wood (L54 mc) could be increased to Kshs 310 Dec 

tonne, that for densified wood to Kshs 660 p.t. and for charcoal to 

Kshs 1300 p-t. Therefore there is scope to increase the stumpage 

price for wood/uel or increase the _nomic collecting radius. 

Even at these prices the delivered price at the stove varies 

from one type of energy to another because different stove etciencies
 

have been assumed ranging from 10% for fuelwood up to 75k for electrict-y 

if it 	 is assumed that all tne stove types have an efficiency of 50'. 

then 	the market price for the same price delivered to the pot is as 

shown 	in Table Ic. 

1

M For enerqj values see 
table La
 
(2)The calculate values may differ slightly from actual values
 

shown here.
 



Table Thecost of enery r different 3ource2 to suopLv an equal &ontof energyto the POt (795 ,J) at a Already rootye tovs madeoffixed price of Kshs burnt clay and mud haveL56 and equal stov-e eficrncids 
duoehty ive incy of 
 ut 3Oo ao- ud vp nOr5ILnisduced 

that give an effi~cient?"of .about 30A for EfueL'-'od and 15k E: r 

-nergyform Stove Units ------------
Pot Estimated Unit charcoal. These are described in a separate p,=er o-n sto-e5.efficiency Cost at therequired price However, Lf these efficL-ncies can beFE cost achie.-e Ln cor=ef7.iL
price 

stovec


-Kshs Kshs per unit
shs tCshs/GJ (l)
-bod 75 production, andmc 19 kg 
the main recoct assumes that the, can. ten tbLe

A30d 701 3 1.5a kgmc j 59 kg )5 ld shows the price that0.99 kg can be paid by t-he conszier for -!n 2qujJensified wood 50 "pot price" or the:ha _moal 
 48""-G83 pot price theso-ga3 ?5 kq consumer wouldka )56 i57 25 k9 pay assuMinq the48 1.64 kg3.25 k) 97,graffs

n prices as per table La.72 5
af 2.17 mg 
 41 1 LOgas 3.80 135 kg


-Lectricity 180 (2) 4.46 kg (2)
442 ?wh ) 216 (2) 0.35 nh(2)
 

(L)The calculated values may differ slightly from the actual values shown here
 
(2)The unit price is lower than the market price, hence the foreign exchanqe cost ismore than the pot price.
 

When the efficiency of all the cooking devices is the same then
 
it is Possible to 
pay Ka'hs LS8 per tonne for fueLwood, (L54 mc),
 
)shs1640 for densified wood 
 and Kshs 3250 for charcoal. Also the
 
foreign exchange costs for wood 
 fuels are very low as compared to the
 
other energy forms. Therefore if 
 the efficiencies of woodfuel stoves'
 
could be increased to 
 figurus approaching 50% then there are considerable 
savings to be made in foreign exchange costs and also the price to the
 
grower of woodfuel could be increased substantially. 
If the government
 
invested a relatively small amount of money 
 into the improvement of
 
wood burning and charcoal stoves then 
 they could save a considerable 

amount of energy (1) and could increase the stumpage price to the
 
grower and/or reduce the relative market price for the consumer. 

If the relative price of wood energy decreased because of an
lioreased stove efficiency then some people using other fuels such
as 
paraffin, LP gas and electricity may switch to woodfuels, hence
there may be no saving of wood energy but there would be an overall
saving of money and foreign exchange. 

http:cor=ef7.iL
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income the farmer could expect for fuelw-od sold direcrly to the 

CuStCmer at Kshs 200 per tonne (Kahs 
 L43 per m ) (15h mc) is fKhs 


4070 per hectare. Of course market
at a price of Kshs 310 per tonne -crops. 

a price which is still competitLve with other fuels (table b) - then 

the maximum incume would be increased by a Further Kshs 2360 to Kshs 


6430 p ha p year. but this .­ean the ear-re has to be involved in the 

distribution and marketing of the nroduct. But for most farmers it
 
is the net farn gate price that Ls crooiCsi and assuming .a stumpage price 

of KShs 20 per m3 this is only abo,, Krhs 
L00 per ha per year. There-


fore, it is not a 
very attractive proposition to the private individ-


Ual to invest in fuelwood planrations 
if wood is the only return-

However, trees are crown on farms because they bring other benefits 

such as 
an improved micro-climate, soil protection, fertilizer inptut, 


fodder and food. Also wood can and is 
sold at a higher price than 

Kshs 20 per .n for poles and sawnwood. if the farmer has fodder produc-


Ing trees then the 
net annual income could be '"creased by K;hs 600 


per ha even at a low value at Kshs 0.30 _er kg for pods or Kshs O.15 

for leaves ( )
, there could also be 
an imouted value of about Kshs 
L30 


Per hectare per year for fertilizer if the farmer green mulches the 
leaves from nitrogen fixing 
trees on his agricultural land. Therefore, 


the 'farm gate' price of these products could bring an additional net 

income of Kshs 9 00-iOWcer hectare per year which make tree growing a 
More attractive proposition. 
This is especially so in an agro-forestry 


Context where multi-purpose trees are grown as 
an integral part of the
 

farming system. 
The trees have to be chosen with care, planting ones
 

(1)Te
These are the assumed 'standing' values; the farm gate price could 

be double these values, but the cost of collection has to be deducted
which could be in the region of Kshs 300 per ha but all these costs 

and prices are rather uncertain. 

that ccmj.imenc rati.er than co,,- ith the farm rs d of 
planting at -a density thit "willnot ih )therunduly Ln tetfere " i th te 

Then the incon. or impuced alue, fr-om t re-.
 

are a bonus to the agricultural incom. 

4. tae n.Ut4n.t 'Ile-,, It .1n 17_,c 

should be an economic prorrDitLon 5iopLy b'cauie Dr toarjrou; 

in foreign exchange that asbeing mad. 

In L980 an estim-t..-d 'J.53'_onn-s of charcoal' IiceonsLced 

the average selling 
pr-ce in ILiOdi is asiured to he Ksns IC.Y per
 

tonne (in 1982 prices) then its 'Nairobi market vlue s Khs 630
 

million. 
 Because NaLrcbL has the highest price for charcoal the
 

actual Kenya market value may 
 be in order of Kshs 540 mLIILO.
 

(see table 5) 
out of which the foreign exchange ccotmsnent L3 about
 

Kshs 30 million. If all charccal using people 
were force.i to Suito-n
 

to the next cheapest substitute, namely paraffin, beoio;- cnarcoal 

was no Longer available, then extra 215
an 
 million Litres of parat:Ln
 

would have to be impor" o) . This would cost the peopLe about Kshs
 

818 million (Aa2 prices) 
 and the country would have to pay inproxicate 

Kshs 6i3,,.n foreign exchan'le to purchase this enerryE. This ans thke 
people would have to pay an additional K-hs 278 million (SL') .ore 

than they are paying for charcoal and rce country "would ha',e to find 
a farther Kshs 523 million (U35 19Smillion) in foreion exchange. This 
would add about 33A to the net import bill for petroleum pro.lucts and 

increase t~he trade deficit by about 13%. So the use of an indigenous
 

energy form is saving both the people and the country a considerable 

amount of money and foreign exchange - about USS .18 million Der year!(1)
 

(This figure is based on the cooking equivalent as per tabl Lb.
 
It Is also assumed that the next cheapest corn'ercial fuel, namely
paraffin, is the substituted fuel. 
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S. Sbadota Pwrtce-c J~ IaeCCl e,g qt, CI'sL, So. .­inie p 
Li foreign exchange costs are paramounc to government then 'Sh~dow-' 

unit market prices for each fueL can be derived by e'tiaLisLrnq this 

cost component. This will indicate how vaLuable each enerqy form is 

to government. Tables lb and Ic can be reworked whereby the estimated 

foreign exchange component of all Euels are equalized and thia is shown 

in table Le. 
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U nd e r p r e ose n t us e n e t ha d s t he h a ,-lo mar ke t p r i c e "fo uJqr ,* 


expenditure of foreign exchange-
 is Kshs 2160 per tonne for fueLwood, 


KIhs 2080 per 
tonne 	for densified 'woodand Kshs 
7610 for charcoal. 


This is a tenfold increase for fue.'.ooj, a sevenfold increase for 


charcoal 
and a 	fourfold 
incree Caor densified wood-
 There 	is also a
 
twofold increas. for bLogas bur ':he shadow price Fir LP gas and elec-


tricity 
is less than the 
current market price indicaing that thesa 


fuels 	are being subsidized at present, if the foreign exchange cost of 

paraffin is taken as the standard for comparison, 
 if stove efficiency 

for the woodfuels is increased to the targets as indicated under B in 

table 	le, then the shadow prices for these fuels become extremely highranln fro n 


ran gng from an eighteenfoLd increase for densifled wood to 
a 92 fold 

increase for fuelwood! E' n so, the shadow price per rJouLes delivered 


at the stca for fuelwood is only 
 twelve times more expensive than paraf-
fin and for densified wood five and a half times in the improved stove (9) 

Option. Under present use patterns option) the shadow K Joule price 
iS 4 0 % m o re e x p e n s iv e for 
fu eLwo o d , 30% m o r e exp ens ive fo r 


densif!ed wood and 140% 
more expensive 
for charcoal in delivered pot terms.
 

These 	 figures point to the fact that the Government should be making

considerable 

a
 
investment into fuelwood and charcoal stove improvements and 

also into 
fuewood plantations for "shadow" 
foreign exchange and shadow 


arket prices are extremely high for "-odfueLs. if the "shadow" unit 

prices for fuelwood are as per tables Ld and le(under the assumption 

that the fuelwood stove could be increased to 30% effiiency)- namely 

Khs 940 per tonne for an equal pot priceand Kshs 18330 per tonne for 

an equal :oreign exchange cost,-then shadow stumpage prices can be worked 
out and these are shown in table I. Also shown is the price that 

could be paid under existing conditions (Kshs 310 per tonne, table Ib) 

if the price at the pot was equal for all energy forms 	 ane Ukewise the 

- .8 ­

f o e i n e xchng e e q u el s a t i n c o s t (esh s 2 60 o r t nne ­ t b l e e) 

under existing us- conditions. 

TablI 2 Shadow storoage 
once 	for fjeLwc.)ud 
r
 

Units 	rshs/- at LS 
 mc unless atncrwi itat-d
 

Shadow retail price 	 31340 2i;0 13130Ear fueLwond]L 
 ,0 20 13O
 
Profit margin LO% 
 3L 	 34 2L6 1a33
 
Profit margin 5s of selling 

16
Wholsa31prie327 price : 1216 1? 33,9PolesaLe price 	 :47 103279 ,16 917184 16497 

Price 	 to wholesaler 
264 	 799 L936 15530
 

Transport cost 74 k.ns (sec 
 table 	 3a) 106 	 106 L06 L06
 

Forest gate price 
 158 	 693 
 L9)0 15474
 
Fellinq and extraction and drying costs-
 35 	 35
Standing price (shad w 	 35 31,
s mpaqe pr ce) 23 54 3 L35 L5435
 

Shadow stmpage price Ot 
m3a
 

Existing government 3t12.Fag: 
p-Lce/m -------- L5 
to 20 	-------

Key: A Fuelwood shadow mrlcet prIce 	 - existiIng stove efficiency 

- ntciaed 
to U rrB 


stove fftciency
 
C 5 shadow foreign etchiange !qulalisation pttce
s oi c eao 	 - xitnising tAD en ee _ t i cii ..
stove 	efficiency
 

Under 	 existing u3e conditions the shadow scuopoae price fo -

wood is of the order of shs '0 per m as opesed to ,Snarctal ptice O 
]
he thper a If foreign exchange costs were taken 
 into ,poneideratjon 

then the shadow "fore)n exchange eqialisation" Stu ep 

a staggering Kshs 
 50 	 which puts into perc ectve how 
 port.Lnt
 
woodfuels are In the saving of foreign exchange. Theannualnet avtLL 

ofonehectareof fulwood olantations giving a 
yield 	of SOmn/haiyear
 

2c tonnes) Of pah i d even more when compared to the foreign 

exchange cost of 
paraffin and even 
more 
for PG and electricty. If 

improved stoves could be introduced and are acceptable then the shadr­



-L9-

S9tWmdge price increases 
to Kshs 170 per m3 and 
the shaky 

equalisation- stumpage price shoots up to Yshs L,O00 oer m This 

latter figure when translated into net saving of foreign exchin;e per 

-- a-Of fueiwoud gives a igure of Fshs L4,300 again when compared to the 

i.e. cost of paraffin. 
 This Latter sum aDproaches the average 
net for-

eign exchange earninjs of Cea and coffee, which are in the region of 


between Kshs 
 L5,oo and 20,000 per ha per year, so from the coint- of 

View of saving foreign, exchange, investing in uetwood plantations 3hould 

be given top priority. 

With a shadow stumpage price of 'shs g0 per mi the average net 
annual income would be about Kshs 2650 per ha and give a return on 

capital invest.ernL (financial yield) of nearly 40%. With the introduction 

of improved stoves 
then the shadow stumpage price jumps to Kshs 470 per 

M3 
and the shadow net annual income incrases to 
Kshs 11,50>, per hectare. 

Such a shadcw income ponts to the 
fact that the government should be
 
o
investing heavily o
in feLw plantations and could be giving 
a subsidy
 

to farmers to gro.w trees for fue;-the planting of energy trees on 
farms should receive 
top priority. 
 From a national point of vilw the
 

saving of foreign exchange should be paramount, but tht government will
 

need aid and 
assistance to undertake the proposed 
tree planting programme
 

Outlined in the main rsport. However, the small foreign exchange com­

ponent in the growing of trees does not make i-seif very attractive to 

donor agencies who usually like to see a sizeable proportion of any pro­

ject in the form of foreign exchange (or from their point of view in 

local currency). Nevertheless, there is scope for aid especially in the 

form of trained manpower, and the financing and support"of training and 
research institutions; for good management is the key to successful wood­

fuel (and ot.er programmes). There is also scope for and projects in 
the manufacture and distribution of various forms of forestry and wood 

tEt
vehicies run on oroducer -,as, woodf:re:' bot!. rs, bri-O tt2 .ah15. 

denstfying plants and ktiris et,. Et aL-o mu;t be e*1-'er hs 


saving of foreign exchan,;n on i-norting energy wiLl res-as ncrey 

spent on capital equipment 
whLch 3houLd accelerate de.'&200en- mA
 

encourage trade.
 

"-. ­

t7, 
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 c_ot of production and distribution of various 

Forms of wood energy. 


_he 


I.tt r-c~r~re~i
 
0


rood especially green wood,is a high bulkrelatively low energy prod-
uct. That is why in order to compete with oher energy forms it has to be 

grown cheaply and near the consumer,or converted into ,ighle-such as densified wood charcoal 	 energy formsacetylene(l) producer gas/water gas(2), 


methanolf3)and sulphur fr2 petrol, 
top 	ca! countries ave anrcw climatical ad-

vantage over temperate countriesall 	 ;n Eh t the theoretical
the year roundalso perennial plants 	 growing season is
such as trees have an advantage 

over annual 
plants, for example maize,in that 
they can make more use of 


their all year growing seasun.Thus trees 
 u 


vantage of the tropical climate. However, in many areas of the 


,e ieaily suited to tare fuiI ad-a
 

trooics,water
is a limiting factoralthough trees can 
take more advantage of the available 


water than annual
in many oF 
plants because of their deep rooting system.:evertheless,the 	dry areas 
in Keya.it does not pay in a strict economical 


sense 
to grow woodFuel,unless the 	area is remote and the 
tr-es are gro;n to 


meet a local demand. The economic limit
3 for woodFue! growth under present
cost conditions is about IOm
 per 	hectare per year(7.5 tonnes/ha/yr.).Such a

production would Just cover cost; without earn;ny any.interest or invested 
capital at a selling price of 15/- per3(standing).ln man' of the dry areas 
thr" most can hoped for is qM3 hy(t'a /)anysofotheryFatorsthat be 	 h os hac eoedi/yr.t,ha/yr)and so other factors
such as soil conservationerosion c:ntrol 
and water catchment have to be 

brought into the 
arguement to justify the planting trees.Also,many of these 
areas are remote 
from the main population centres,and as will 
be demonstrated 

shortly.transport economnics make them very unattractive as 
potential suppl; 

areas of woodfuel 


a are the transport radii for production of wood energy? At thepresent only thrE forms of wood -nergy will 
be considercd,namely,fuelwood, 

denslfled wood and charcoal. 
Densified wood is th 
 same as fueiwood except it

has been dried dow,, to 
a low moisture content.usually about 12% 
MC(dry basis)

and cut into small pellet; for use in boilers 
or modified jikos(charcoal stoves) 


~l) A etyle~~ ..~ulation 

) 	 Acetylene- -is generated by dripping water onto Calcium crbide-Ca C Calcium
 

carbide is mde by passing electricity through a mixture of lime Ca(6H}2 and
c;iarcoal(Carbon).
 
ZCa(OH), *2C
(2) Prouectrrcitvs 	 11 1'


.duc r gas CaC.e 2H O +Ois a mixture of CO,CH - Ca C 1-21 C---? 2Ca(GH)21, Pius in~rl qas ­s with CO being th prin­3 Pal gas,whereas water gas has
(3) 	 te abgve gases but H
thanolCH3OH,was formerly known as wood alcahol is dominant.
for 	4ood was 
the main eed stock.
 

2 

and 	compressed in arder to reduce the air space in the wood.Both densified
 
wood and charcoal reqire the raw wood 
to be modified,thus entailing some
 
Form of industrialisation.
 

IF it is assumed that the 
standing price for fuelwood 
is Ks. per m
 
and that the roadside price 
for 	wood felled,cross-cut and 
stracked 
is Kshs.-5
 

per 3 ,
, then it is possible to work out 	a transport radius 
for 	the above ree
types of wood energy,provided w 
know the market price for tne products.One


other thing that is very importan to is that wo d.,hen freshic feladd,
 

has 	ahigh moisture,and to transport this
being carricd;not only that.if green wood 
iooci means that a lot uf water i
 
is burnt,then much of the wood';
 

energy is required 
to drive off the moisture and therefore less 
erergy is
available for cooking and heating. This 
is why it is iialypoutaent
frto btkh 


transport and burning point of view 
to first air dry 
the wood. Appendis
gives 
a table of the weight of Eucalvotus saligna at different ages and 
 ri-d
 
'or different lengths of time. One m 

content(dry basis) of 	

of 5 year old E.salion has a mo3tu-e

60: and weighs 1.6 tonnes,whereac 
after 13 weck, the 

moisture content 
is reduced 
to 204 
and the weight is 0.7 tonnes- Likewise..hr
 

available energy of one i
 
3 

when freshly cut is 5.7, Giga Joules per tonne
(9.09 GJ per m

3) 

and 
15.9 GJ per tonne(Il.l9 GJ per m; 
)after 18 months. 

year old E.saligna is less dense that 10 year old E.saligna Alsothe moisture 
content of the green wood decreases with age.therefore on a volume for volu,-e
woobasis,the wood has alower moisture content with increasing age and a higher
energy value.Of course,on a weight for weight basis,the wood has the 
iame
 
energy value.but compared 
to the 	n!der wood,the younger wood requires lore vol­
ume 
to give an equal weight.All this is illustrated in Appendix 2,but it is
 
worth :eiterating 
that green wood is expensive .- tr, nspot and also
o 
 ineff­
icient 
to burn.If wood cannotidried down 
to l5-/u. (iue to climaticsecurity.
 
time or pathogenic constraints then it may pay 
to rorce dry and densify the
wood or turn 
it 
into charcoal.but of course.making charcoal from 
'wet' wood-J4i­
more tonnage per tonne produced 
than making it from dry wood.Table 3 illust­
rates the economic radius 
for 	transporting wood at different moisture 
contents.
 
assuming that 
the 	forest roadside price is 45/-
 per m3.A more detailed calc­

is sho n in Appen di 3.
 

http:value.Of
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______________ 

Table 3a Economic radius for transporting wood of differett moisture contents "-oodthe hydrogen and oxygen being driven off j,-st leaving rhe carbon j~hin,at a standard selling price of Kshs.12.iO per Giga "oul + which has approximately twice the energy value as wcod on a weight for weignt 

basis. Of ccurse,as soon as wood is mcdifiedth-,this involvts c,,oital eyoend­
ontent iture.Moisture c 
 160 SG 40 20 Table za gives the capital costs
15 1 involved for production of densifind
wood and charcoal. 
rhe costs for the densified -ood plant have been modified
Market price per tonne 
 Kshs. 
 72 11/ 159 190 200 21l
Prcfit margin 15% Kshs. !l 18 24 28 30 32 

from a densifier plant already working in the Philiines .qhich enslfies pine­apple waste.The capital

Economic rcad transport distance Kms 

costs of th,s plant are high, and it may be possible to
33 58 69 73
" rail ... 74 75
 
Price Per Giga Joule 

82 145 174 182 186 187 

Kshs. have much simpler equipnent,for example,.rac:iincs run
-12.50 off wood gasproduCer gas)
- that would chip the v,ood into small pieces.These small pieces are then 
left to 

dry and transported to the compressor where they are densified 3od briquetted. 
Much work needs to be done oncharcoal 
kilos are conside,ed.;the .aro.:s densifying options.Three tyces
retort,brick kilos and ear-th of
%ilns. fhe capital
Table 3b Economic radius for transoorting woed of different moisture contents 


at + - in s r tese kilns and "aat a l na standard sellinq price of Ksh . 0 -er tonne in da­
r 

- and running costs for these kilns and F r the d ns-.Fyin gplant are givein in det 
­

aI0 
 ail in Appendix 4,But 
table 4 gives a summaryassuming that 
an equal quantity ;f
 

5 

_ 


erergy is produced,namely,l.764 Peta Jculcs(ld
 Joules).

Table 4a Capital Investment and emoloyeent for the production of
*lois.ture content Z 160 80 40 20 I5
Roadside Price per tonne Kshs. 10.
28 41 53 52 64 67 -- ___________ 

Market price per tonne Kshs. 200 200 200 200 200 200 
1.764 Peta Joules of energy 

Prcfit margin 151 Kshs. 
 30 30 30 30 30 30
Economic road transport distance Kns
Economic rail 142 129 99 79 74 69
transport distance Kims
Price per effective G.J. Kahs. 355 32Z
35 249 .196
22 16 13 18612.5 12
17ec
 Densified Wood 
 Charcoal ProdtctEon 
 i
 

Retorts. )2) Brick High(3) Earth
Kiln Erh Ki lIs KilInslLow 31
 

For -np various assumptions see Appendix 3 
 Onut t,3 I'4&LU 239850 319800 539500 639600
 

Output tonnes ,05CUL] 5230Capital cost
Total Ilillions of Kshs.
B.d 183.4 I 23.3 . 2.1 
From table 3 it 4ill be seen that at a standard selling price of Kshs.12.50 
 Foreign exchange 72.1 
 130.1 6.­per Gioa Joule (200/- per tonne . I l.1at 15% MC) the maximum.economic road transport Local
Empioyment mon years) 26.3 53.3 21.6
!50 384 400 1.0
distance is about 75 Yms. -21I ­and that for rail about 19G Kms. Howevever,frr green 
 Lapital cost per rob " 5
wond these distaces are reduced to 

10
 
33 and 32 Kms. respectively for road and rail. lO0OKshs. 5 - 9 I
 

If wood was sold at 
a flat rate of Kshs.20,3trsr toniip irrespective of itis moist­ure content,then wood with the highest moisture content has 
the greatest econ­omic transport radius,for examp!e.greei wood(160% I.!C)
has a radius of 142 and 
 () The retorts briquette 25 of the charcoal ihi-h is p,odued in the form or355 for road and rail respectively. This is twice as ruch as wood at '0% SNCbut 
 powder and fines.It is also possible 
or the b-i,:k .iins tothis produce briquet.1.;i-oodis three times more valuable than the 
former in terms of energy output. (2) The retorts also produce 13,325 tonnes
3 of wood tar a Ksh3

However,whiat table 3 does illustrate is that woodfuelis 

a surplus of 9.6 million m of wood .-a. at Kshs.577Ser l0gO ., .
a high bulklos; rost [r is 1Ss
umed that these products are sold eY 
f.ctory for Kshs.[tX0 per tonne for tar 
endoE of ecRnom-c use it has to begrown near thE user. and Kshs.677 per 000m3 for the wood gas.Thet t economics of reLort dependmo i 1"o the, :, mic ds a,,e_ can b,.-
ire,n he economic transport distance can be on these by-products being sold.
table 4b increas Uth-s is shown in [f there is no market for them or they can-For densified wood and charcoal.Oensified wood is tiood that is slightly not fetch the prices assumed then the via1ility of the
(3) Production by earth kiln retort is q,-stionabie.
is somewhat uncertain.The lower figuie is based ono
two men producingnodificd by drying it down to about 30 tonnes per yearwhereas,the10% MC (dry basis) cutting it up int, easily upper figure is based ontwo men producing 60 tonnes per year.Thehandled pieces,compressing lower figure was ottainedand bagging it,whereas charcoal is completely moJfieJ f-e9 a 

student project in Tanzania.but it is thought that this is on the low side., 
hence the upper figure.
 

http:fines.It
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Table 4b Production costs. 
ex factory price, market price and mayimum economic 

radius for transporting densi, 'ed;'-inl and charcoal.
 

Densified 
 Charcoal Production
wood Retort Brick Earth Kiln 
 Earth Kiln 

Units 
 Kiln high 
 low 


_____nh______Per 

Output 
 tonnes 105000 
 53300 

'roduction(l)(

2 ) 
 Kshs tonne 232 504 506 
 442
-o~tS 
 Kshs GJoule 16.8 15.2 
647 

15.3 19.5 
 13.4 


jelling price 
ex Kshs tonne 325 580 
 580 510
factory:15%mark up 745
Kshs GJoule 19.3 17.5 17.5 15.4 
 22.3 


to Kshs tinne 425
4holesaler 850 _rice
Kshs GJoule 25.3 
 25.7 


Retail 
 Kshs tonne 500 1000 
price 
 Kshs GJoule 
 29.8 
 30.2
 
Max imumieconomlic Road (Knis) 80 144 JOB8 136 42transport radius 
 Rail (Kms) 200 360 I 270 340 105 

()The production units are based near the supply of the wood. For densified wood theuhit is within 25Kms of the wood, for the retort 20Kms radius, the brickand for the earth kiln production kiln 12Kmsis where the trees are felled,
(2) The w~od raw material has been costed at 15/- 3 per m , felling and extraction at 25/-
per m and-unsklled at.
 20/- per day with -ricrtased labour charges for skilled 
labour etc. 

Compared to wood (table 3a) the economic transport radius for charcoal ;f abo lt 

double and for densified wood marginally increased. However it must he noted 

that the price per Giga Joule for these two modified wood forms is more than
double, but they are more convenient to handle and the cooking appliance 
is
 

about twice as efficieat.Much more wood raw material is required For charcoal 

production then densified wood, 4.4 times more in the case of charcoal produced

by the earth kiln, and where land is at a premium then roundwood or densified 

wood may be the best choice. However, From an employment and investment point of 


view. charcoal produced in brick and earth kilns are better than densified wood. 

Even so. compared to commercial fuels 
such as 
paraffin, gas and electricity, the 


wood raw material must be grown near to the consumption unit at the selling price 

assumed in table 4b. While 
this selling price is much lower than the commercial 


fuels(table 1) the official price of charcoal is even lower stil.Ths is shown 

in table 5.
 

Table 5 Official price of charcoal 
- Kenya Gazette April 1982 

Units 

Kshs
 

Wholesale Retail Retail cost 
 Wholesale Retail 
 Area
 
price price per GJ 
 price price


bag(4OKg charcoal 

Per tonne
 

1­
25 35 26.4 625 875 
 Wai robi
20 25 18.9 500 625
18 MombasaKisuimj etc.
23 17.4 
 450 575 Embu,Machakosoeru etc.
16 
 21 15.9 400 
 525 "'doret, Malindi, etc.
14 
 19 14.4 350 
 475 [sicio,Marsabit, etc.
12 
 17 
 12.8 
 300 
 425 
 Other areas
Estimated country 
 22.8
average 57- 755
 

Comparing table 5 to table 4it will be seen that lowest production forcosts 

charcoal - Earth kiln(high)- of Kshs 442 
is still higher than the lowpst retail prica
 
for other areas of Kenya - Kshs 425. However, in the production Figures in table lb
 
the wood raw material has been costed at 3Kshs 15 per m . 'Generally the Earth kilncharcoal producer does niot pay for the wood raw material and so if this cost is 
excluded, the charcoal 
price then becomes Kshs 
262 and Kshs 467 for the 
two Earth kiln
production alternatives. Also the producers tend to put in brands(semi burnt charcoal)
bark charcoal(which has a lower energy value), charcoal fines, soil, stones and water
 

etc. to make up the weight, 
so each bg may only contain 35 Kgs of charcoal
 
lumpsC3! M.C.) and 5 Kgs of make weight. If the wood is to be paid for and Kenya
 

cannot go on living on it's tree caoital for much Icnger, and if a bag of charcoal
 
is to contain 40 Kgs of burnable charcoal(5. M.C.), then the retail pric will have
 

to be increased to somewhere in the region of Kshs 40 per bag unless 
the government
 
intends to subsidise charcoal and firewood. Even at 
that price, as table I has shown,
 

it is more than competetive with commercial fuels, and this justifies investment in
 

wood as a cheap and indigenous energy source.
 
Wood can be, and isused as 
a boiler fuel in industry, both for direct motive
 

power and to generate electricity. There is need 
to look into boiler design that will
 

take various fuels and also boiler sizes
sm
a that can provide a range of power from
 
l 


i.car ar
oo eZ t h fie' u-Lsea 

here are many more fuels, both liquid and gaseous, that can be obtained from
 
wood. A separate study has been made on 
producer gas and this gives encouraging
 

results. Calcium carbide for acetylene production is not produced in Kenya, but jf 



-27-­
course, acetylene is used extensively for welding.However, 

it could be a paraffinsubstitute for it gives an intensive white light. it can be made by pasiing "excessnight electricity" from the hydro electricity capacity through a mixture of limeand charcoal A feasibility study should be undertaken to see if Calcium carbide canbe made cheaply, and if so,hether cheap burners can also be made. Such a product 
Is safe and coulo improve imnensely the quality of life in the rural areas.Methanol, or to use it's traitional name, wood alcohol, is a liquid fuel thatcan be used For, motive power as Well as a chemical feedstock. However. Kenya hasalready embarked on Ethanol plants and therefore, at least in the foreseeable future.methanol manufacture is a non-starter even though itmay be slightly cheaper to 
produce than ethanol and it does not use a potential food as it's raw ma terial. 
However, what is important to determineis whether there is a shortage of the fuel 
that is go inrgto be substi tuted and whether the alIcoholI production will save foreignC) 
exchange. 

Diesel and L.P. gas are the fuels that are in short supply not petrol andtherefore it is substitutes for these fuels that should be looked at closely. Palm_oil producer gas ard acetylene could be possible substitutes for these products andinitial Studies could be undertaken on the economics of substitute fuels. Likewiselow sulphur petrol could be made from woody biomas, but it is too expensive at the 
moment to produce it. However, when oil starts to run cut and the relative priceincreases, then production will start becoming economic. But For all these manu-facturing processes from densified wood through to petrol produced f:om wood, it isnecessary to have an adequate and guaranteed supply of wood raw material in closeproximity to the processing plant, and this rmist be planned for in advance. Likewise 
wood energy for household consumption must be planned for and grown near the con-sumption tencres, this is why the main report has emphasised agro-forestry systems,peri-urban plantations and fuelwood plantations in the high potential areas near the 
urban centres. The cost of such schemes can now be looked at in detail. 
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Ck 9 Iia Forestry costs and returns in Kenya 
. 

I.SilvicultUral costs - Fuelwood plantation full cost 

Forestry costs in terms of man days and money values were collected from variousGovernment Forestry department projects throughout Kenya by examining and analysingthe monthly report forms. These costs showed not only considerable variations from 
project tc project, but significant variations within projects from year to year.By
and large howover, when compared to forestry costs in Tanzania, they were much higher 
and even higher than private forestry costs in Scotland, U.K. rhis can he observtid 
by examining Kenya's average cost for various operations with those from t o forest 
stations within Tanzania and costs from the U.K. Ihese are tabulated in table 6. 
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able6 	 FOOTNOTES 


The Tanzania costs areKilimanjaro and the high
three year averages. The lowcosts are 	 costs are fro::. estFrom Mount -Meru both government forests. 


The assumed costs are 
the 
costs that 	the author thinks can be achieved. They are
about half 	the Kenya average costs, but
the U.K. costs are average costs 0 more that the tanzania high costs.
for medium and 
large private estates in 

Scotland. The Fencing, clearing and ploughing includes the machine or material
Costs in labour equivalent terms. 

Overhead costs include local 
supervision, office staff and equipment, office
rent, vehicles, machines and materials not directly used in establishment
operations, road construction, Fire patrol 
etc. and a proportion of regional 

H.Q. and research costs. 

The pay for casual labour is between Kshs
Kshs 20 assumes 	 10 & 15 per day, but the rate ofkhat the employees are permanent and includes employer's share 
of pension 	contribution etc. 

1980 Weekly wage For foresters - £57.50 = Kshs 31094
1980 Stumpage price For small diameter wood £2.30 per m
 = Kshs 44/n3. 


From table 6 it can be seen that labour inputs are 
thelowest per hectare
in the U.K. and also the overhead costs are 
low, but because the daily pay is 

approximately ten 
times more 
than in East Africa, the total cost 
is higher than 

in Tanzania and the assumed Kenya cost, but lower than the average Kenyan costs. 

Why are the Tanzanian costs so much lower that 
the Kenyan 	costs? It is possible 


that their 	supervision is better, but this is arguable.Net 
 real 


that the Kenyan task rates 
are tota!ly unrealistic. They were established when
the labour force was only part time, working part of the morning in the
and the rest of the day on 	 Forest
their Farms. Today the labour Force is supposedly 


full 
time but the task rates have not altered. Clearly, the labour productivity
is extremely low and the 
task rates must be altered to make the labour force

c*mpetitive. If they are 
not, then 'he forestry department will make a loss 
or 
only a marginal return if the stumpage price of the fuelwood is 15/-
 per r,3()
Table 6 also gives an assumed establishment cost for Kenya, 
 which it is thought

could be achieved given, good management and realistic task or piece rates. 


(1) The stumpage prices for pulpwood poles and sawn wood are higher. anc if financial
yield calculctions are 
carried out then these products would probably give a
higher yield, indicating that the fuelwood price is being subsidised.
 

Table 7 	 Cbsts and returns per hectare fromi fuelwood crop on a grown in areas or higWo medin3 otyr ai . 

Units Kshs: cost and returns per hectare in constant 1982 termsi 

era__an(_ 

Year Operation 
 Tanzana Kenya(lOjrR)

__e Low H__h 	

e 
0 Initial establishment 	 a A'___ea e f rssd m497 375 suJ2200 120
 
I Weeding & 8eating up 
 44 84 424 144
I 2 Weeding 
 20 40 120 GO
 
0-0 Overheads per year 
 76 131 400 20
iI,2 1,30,40)
Weeding and 
 20 0 60 ­,21,3141) 	coppice reouction
 

housing, public buildings and public roads have been excluded
 

I0 40 60 
0-50 
0-50 

7 

Direct costs
Overhead costs 
T ht nncot 131 

753
2236 
gO 

351-
3961 3384

001n 38m 7 
192_
62351 n m1 0 

7 Fhling l :2-Soal10 Felling 2o.."17,27,37,47 ThinningvM. 6 /ncome50at15/-3750m 975
3 Iancnel00

I at2U/-5000m 1300
3 

00 
45
55 "18055s 

20.30.40,50 Felling 'o. So ­
0-50 Revenue at l/-per ir3 

3750 
23,400 ­

5000 
-: 

I8O " 

-evenue t0-50 Net revenue 

Financial yield(IRR)t 
0-50 Revenue at 20/-per m 3 

d-soNet revenue at 

4 
1180pe23 01620411 18088 1016 

20 13/Z 41/2 
--31200 
11 2277318 1 2308 

1_276_0-75
15276 

91/2 

0-75 3 

2! 
5anai 

discount revenue 
Financial yield(IRR) 

at 2773
25 

18212
22V2 

-20407V2 
30813 -25 I 

0-50 Yield total m 3 
Average annual yield m 3 Average annual yield t 

1560 m 3 
31.2 m3/ha/yr(2)22. 4 t/ha/yr 

05 ;,-3
15. m h
ll.9t/ha, 

(1 )All social costs such as 
from these costs, as 
has the cost of land. Also, it is assumed the planting takes place
on a large 	enough scale so 
that the cost of project buildings etc. 
are only a small part
 
of overheads.
 

(2)Assume 1.4m 3 I tonne at 15% M.C.
 
(3)Assume 1.3,3 = 1 tonne at 15% M.C. 

http:arguable.Net


Table 7 gives the costs and returns for a fuelwood plantation grown on aten year rotation, with a Further four rotations coming From suckers. A more 

detailed breakdown of costs 
and returns plus 
a labour budget is given in 

Appendix 5. It must be stressed 
that these costs 
are the costs directly assoc-

iated with the establishmenit of 
the Forest. All social costs such 
as housing,

pub;ic buildings and public roads have been excluded. If they were 
included they
could more 
than double the costs. Also excluded is the cost of the 
land. While

this is a legitimate cost, 
it will only be applicable where therp 
is a change

of land used, 
for example, the peri-urban plantations, 
so as 
to make the various 


options comparable it has been excluded
With the from the various models.
cost and price structure, assume 
as 
in table 7, the returns on 

investment, in high rainfall area, assuming average Kenyan costs, 
even at a
stumpage price of Kjhs 20 per m 

3
 
, are less than 10% 
and are under 5Z with a
3
 

. If in fact the annual yield from th2 crop was 3 

Price of Kshs 15 per m
 

l6.Sm
per hectare(li.8 
tonnes air dry) rather 
than 31.2m3 (l) as assumed, the 
 income 

would just cover costs. These 
kinds of yields can be expected in medium rain-

fall areas. However, if costs can be reduced 
to the ones assumed for Kenya, then 

the return on invested capital should he of the order of 10,
3 and the average
annual break even volume is 11m
/ha, 
If costs similar to those 
in Tanzania can 

be achieved 
then the returns on invested capital 
are between 131/2 and 25.,

depending on 
the cost and price assumptions. So, given reasonable managementand

plantations in the high potential 
areas, where the greatest demand for wood 

energy Is, then even at a stumpage price of Kshs 15 per m

3
 
, the returns on


investment should be attractive to government and even private individuals.Hcw-

ever, there 
is the problem of the initial waiting period of seven years asn t a ble . statedin the model i 


It is possible to have shorter rotations, or, initially to
rotations and then gradually build up to 
have shorter
the ten years rotation. This may mean 
a sacrifice of volume for an earlier return, but 
it can be partially overcome


by much denser planting, but of course 
this will 
increase the establishment 

Costs, for at a planting distance of I metre x I metre, there will be 
10,000

trees per hectare as opposed to 
1600 p.p.h. as assumed in the model, 
so initial 

establishment costs 
coul$be about five times 
more 
than in the model, 


This is the average annual yieid of stem
3
 ood(25 m3/ha.)and branch woo¢
total 1.2m 3/ha. _ 22.3 t/ha.:It 4s assumed that the 
5.2m3/ha.,


initial yield in the First ten 


years is Slightly less 
than subsequent.yields, 


-3 

-

r 
 here is a considerable disunt of work 
to be don on volue productoie
returns at .
diFferent spacing distances, for rotations of one 
year to say nyv 
years. Also From a wood energy point of view qood density is toe -osr imoortan:
 
factor. Juvenile wood 
is les 
 dense than mature wood 
so -density over 
time nee,':
also to 
be invescisated. 
Exam.les of shorter rotations will 
be liven later on. otu
the knowledge about yields 
on very short rotations 
is still very uncer-iin.


Table 7 also gives 
the costs and returns 
for medium rxinfall areas on 
a15 year rotation. The average yield is ll.9t/ha/yr nearly half that of the hii.::
rainfall area, 
this the 
net revenue and Financial yields are much lower. Unless
 

these medium rainfall areas are near 
the markets 
or perhaps if the high rainfali
potential sites are 
required for other purposes 
it is marginal to invest in t'C;e
 
areas.
 

2. Fuelwood plantation shambi system (aunsya)
 
A variation of the 
fuelwood plantation model mentionej above
let the workers farm the 


is to firs:

land for up to 
four year; before 
the trees .ire planted.


In Kenya, this 
is known as 
the Shamba system, whereas in south east Asia, 
it is

known as raungya. The farmers 
pay a nominal rent for the 
time they grow agric­ultural crops exclusively and thn for a further 
two years they grow crops
 
between the planted trees. They paid
are 
 for staking, pitting andplanting ricar­
ations, but ,ot of ccurse 
for the cleaning operations 
nor the weeding in the 

and second years. 

Z-st
 
Beating up and weeding 
in the third year is also paid for. A
detailed cost and 
return schedule is given 
in Appendix 6 together with a manocor
budget. The advantage of this 
system is that food is initially produced on the
land and the 
labour and overhead costs are 
reduced, the disadvantages are


there is a four year delay 
that
 

in fuelwood production and
initial' the yields may be depresi;t
Siniti-ally o ,due to soil exhaustion and ~ ~ ~ c .'live pruning of the 
trees . o -,"crY'e "c 

3 Agro-forestry model 
[n the main report, the main emphasis for providing wood 
to the rural


coemunity has been put 
on fain trees, that 
is, providing the u 
 ofakthe energy
requirement on 
the door step. [F 
this could be achieved, then the task 
of felling

and collecting the fuel would be greatly reduced and more 
time would be availabie
to concentrate on improving farn yields. However, many people have 
the idea tht:

treed and agricultural crops are mutually exclusive and therefore, if 
land is
 

devoted to trees there is less 
land avai.able for food. But rertain tree 
specie;,

rather than compete with the agricultural crops, complement
increase the yield. Trees also have 

t:m nd i;ayin fact
 
a relatively deep rooting system and pump up
 

from the lower soil horizons, mineral elements 
that have been leached frcm the
 
surface layer. When the leaves 
are sied, these elements are returned to the soil.
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'ear 


1-50 


4to50 

-4to50 


-lto-4 

0-50 


-1toSO 


- tt4° 


Finan2 


0-50 


Fa__e_8_ rernp h aer_ostsand 
a eo rpn
ten(and fifteen) year rotation(5 rotations in alllestablished 


byte ha b si~e)yem areo 
 high
rtatonme iumll~y )esalthe shamba system in 


rainfall: 4years of agriculture before planting, 


Units Kshs. costs and revenue in constant 1982 ters, 


_y areas of high to medum(]5yr R) 


Operation 


sYr7)
Direct costs 


Overhead costs 

Total costs 


Returns 

Rent at 15/- p.y. 


3
Fuelwood at 15/- per m I 


Total revenue 


so5 nttNerev e n u uee atee %2 


Rent at 15/- p.y. 


3
Fuelwood at 20/- per m
 

-4to50 . Total revenue 


Ne4tdiscount revenue at 
I0%
-4oONet revenue 

Financial yield % 


-4to50 Total yield m3 


annual ield -3 


Tanzania Kenya 


Low High Average 


577 1021 Z404 

1970 3495 7150 

2547 4516 9554 


6 

2J400 


23460 


0 9 13 18 4 1390 6 


2 28 -y5i? 
2 2 -nclid1 7Y2 

60 

31200 

31260 

28713 2674 21706281 I 64] 	276
3son028 
 2290 
 -582 


26 i9Vz 	 9V2 


3
1560 m
 

nAverae
28"gm3/haa/yr 


}Assume l.4m 3 = I tonne at 151 M.C. (dry basis)
:1) 


:2) 


Assumed 


1524 

5500 

7024 


16 4 36 


233 


10/2 


24236
226 

123y 

14Y2 


Kenyai5yr 


R.Assumed 


1524 

6100 

7624
 

17475 


17535 


9 9 1 1 


-970 


6 

60 


23300 


23360 


176rea
 
-566
 

81/2 

3


1165m
 

14.7m3/ha/YE 


If the trees are nitrogen fixers, the leaves will 
be rich in nitrogen as well. -.;
for taking away land from agriculture, this is true to 
a certain extent, 	but 
if
 

trees are lightly 	branched and let much of 
the sunlight through, then some crops
 

can be planted right up to 
the stem, and the area occupied by the tree stem is
 

minimal. A fully stocked plantation will have a stem area of about 100m per
 
hectare, so 
a farm scattered with trees to the equivalent of say 15t cover shoul.I
 

2
not have more than 20m per hectare which is 0.2% of the land, just a fraction .if
 
the area. For this minimum sacrifice, the farmer in return could satisfy the wouj
 
energy requirements, obtain fodder from the 
trees, improve the microclimate an,;
the fertility of the soil.
 

Many farmers are already planting trees on their farms what is required s
 

to give the farmers better advice and 
to supply them with suitable farm tree szeds
 
and seedlings. It may even pay the government to 
give the farmers a subsidy for
planting and tending trees, for as 
has been demonstrated in table 1, wood ener';y.
 
especially fuelwood, is the cheapest form of energy and if this was 
not availabie.
theonext cheapest, , form would be paraffin, which is at least twice as 


. . ,
 expensive in
 

terms of foreign exchange' The- least the government could do is to strengthen the
 
extension 
service, issue pamphlets about tree planting and 
introduce into
school sylabus courses on tree planting on the farm.	 the
 

Tree and shrub planting can take on many form,-, along roads and bound­

aries, on steep slopes and on land 
not being used for agricultural crons, along
 

-rivers, around housms as windbreaks, along contours, as
field and as
f15736 scatteredlfor shade etc. Where trees strips throughout the
 are planted in groups or wood
 

lots, then the cost described in table 7 can be used as 
a standard. The costs and
 
returns shown i:itable ga 
are appertaining to agro-forestry systems in high rain­

fall areas, where the trees are an 
intimate part of the farming system. It is
assumed that thare are 240 
trees per hectare, about 15. 
crown cover, but as
 

explained previously, only about 0.2% ground cover.Two alternatives are given,
 

the first is where tree seeds are planted and the second is where seedlings are
 
patd
planted.
Appendix 7 gives more 
details of the 
costs and retu-ns 	as 
well 
as a labourbudget. It is assumed that the branches are lopped off the trees 
and spread cn
 
the land 
as a fertiliser. The woody parts of the branches are used as 
fuel. The
 

rotation is 6 years but the branch wood is available from the 2nd to 3rd year.
 

After the first rotation the trees 
come up From suckers for a further four
 

rotations giving a cycle of thirty years.
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less, this is one of the reasons why the fin ncial yield is so much more for agro-
forestry but the main reason is that the returns start to comv in at a much earlier 
date. 


rable 9b 	 Costs and returns per hectare of farmland and per hectare of forest 

equivalent land for an agro-forestry tree system in medium rainfall 
areas on a six year rotation( 5 rotations in all). 

Units Kshs. Costs and returns in constant 982 terms based on Kenya 

assumed costs. 


S 
 1 
IFarmSarm Fores Sarml
|Forest orept Yan
Farm iedd
Forest Yield-


Year OperationI l5.crowr equivalent 15"crowl equivalent seed5 


- -- lcover I ha) I cover (I ha ) planted 

0-30 Tot Costs2 
 8 	 -Farm-


-0 Toa
costs(See tablega) 
 432 2886 
 540 3600 a) Total
1
0-30 	 Assumed income at 15/-na 1175 7830
- Returns 1185 7900 b)per yr 

0-30 Assumed 1.fert" 20/-ha 288 

78mcover 


0-30 	 Total assumed revenue 1920 300 2000 -Tm-i3
1463 9750 1485 9900 l.7t(l) 


WOO0 ALONIE 
 Forest equiv.

0-30 Net revenue(assumed) WOOD A3ON 
 Fot
NOR at 	104 133 88 
 31 207 52om3 


Financial yield 25 , 25 
 12 12 bloer vr 


3
WOOD AND FERTILISER 
 17.3m
 
0-30' Net 	revenue(assumed) 1031 
 670 945 6300 11.6t 

NOR at 0% 225 1500 133 887 Seedling pf.e -u 
Financial yield 33 33 16 
 16 -Farm-


Returns 
 a)Total 

0-30 A "noer at 20/-h 288 1920 1580 10533
fert at 20/-h 288 
 300
0-30 	 Total assumed revenue 1920 2000 b)per yr
1854 12360 1880 12533 
 I6m 


WOOD ALONE

0-30 Net 	revenue(assumed) 1134 7560 V 1040 6933 Forest equiv. 

NOR at 10% 23, 154f 131 87 a)otal 

Financial yield 3252 
 322 11712 17 1/2 5z4mh 


WOOD AND FERTILISER b)per yr
0-30 	 Net revenue (assumed) 1422 9480 1340 8933 17.5m
3 


NOR at lOT 
 324 2160 233 
 IE53 11.7t 

Financial yield 39 
 39212 212C;_______

ind39 261/2 126/2 1burning

(I) 


3
Assume l.5m = I tonne at 15% M:C. This wood is lighter than wood grown on a 10 year

rotation but denser than the qu;cker grown wood on 
the agro-forestry high rainfall 

areas, 


It is also 	proposed to undertake agro-forestry schemes on 'medium rainfall' farmlands. 


On these areas, yield will be lower - an estimated 2.5 tonnes per hectare per year 

3 3

( "rm /ha/yr) for a 15% tree crown cover. It is anticipated that the costs will b? 


similar to 	 those on the high rainfall areas and tnerefore, the -eturns will be 
less and these are shown in table 96. 

The agro-forestry systentshown in table -Iy~elds between 1.7 and 1.3 
tonnes per 	hectare per year whereas 
the main re)art gives an expected yield of 

2.5 tonnes per hectare. However, this assumes t'at, as in the high rainfall
 
areas, there will be a 0.2 ha. woodlot on one ect.are of farm land. This 
 .nld 
yield 2.751t/ha. per year on average. In addition, cn each nectare 
there vould 'e 

hedgerows and miscellaneous trees gi " 4 an annual iield of 0.25/ha. So for ­

hectares of farm land, one under agro-forestry dnd the other traditional farming
 
systems with a 0.2 ha. woodlot, plus hedges etc. on each area, the yield will e
 

-

5.0t/a per two hectares or 2.5 tonnes per hectare per year. If the land was 

entirely under agro-Forestry systems, then each ,nit area would have to have te 

equivalent crown cover of 21.5Z. This is equal to about 30 square metres of ;.am 

medium 	rainfall n
or 0.3 ofareasthe land area. This per hectare yield of wood frum farm lane
is sufficient for 2.6 people under present use conditlin.;;
 

if improved stoves could be introduced then the same yield would satisfy nearly
 
four people.
 

rhe two most important points about agro-forestry systems are firstly, theyield from the trees is obtained without any detriment to the farm crops, inocea]

the protective nature and fertilising capacity of the trees could enhance lhe
ihkl-. 

yields. Secondly, the fuelwood and poles 
etc. are grown on farm, this reduces 7na
 
callecting time and burden, particularly for women aad children, and thus qives
 

them more time for farm uork, study and leisure. If trees we.-e grown on farm in
 

sufficient numbers to provide fuelwood, then less than ha!f an hour a day would
 

be spent cutting and collecting the fuel for a family of six.
 
4 Peri-urhan plantation
 

Peri-urban plantations have been suggested for a number of reasons such 
as a green belt round cities to break up the concrete jungle; to act as a Forest 
park where the urban people can go for relaxation- to provide employment for the 
urban population; but of course the main 
reason is 	to provide fuelwood to the
 

urban population. Burning 
fuelwood is more economical than using charcoai but .f
 
course if people are to be persuaded to switch back to fuelwood, efficient wood­

' 
stoves 	will have to be developed that are not only functional but gco.
to look at. Also the wood will have to be neatly packaqed, be easy to light but
 

soloto burn. Therefore, if wood is going to be acceptable by the urban
 
suo 
 a
 
population much research work has 
to be done 	on stove develop and marketing of
 

fuelwood and/or densified .:ood.
 
Peri-urban plantations will 
mean a change of land use and therefore the
 

individual land owners must be convinced that it will pay them to 
go in for
 

fuelwood plantations or government will have to aquire the land. One of the n.isi
 

successful 	private urban fuelwood plantations is around Addis Ababa. Small ­



_,'y 

for the Athi Plain fuhwood mode 
 and this table can be to
Apabdes compared 


Further details of the model 
can he found in Appendix 8 
Table 10 Costs and rturns for peri-urban fuelwood/fodder or fuelood crop alone 


rable10 rn Forapn-ranfewo/ode rfewodCo ln
on ~a 
 teen year rotation( 5 rotations
ranta e ucn as the Athi plains. in a!l) grown on 'edium to dry
 

U TT SKshs. costs and returns per hectare in constant 1982 terms 
based on the Kenya assumed costs. 

Units Kshs. 

Sale of wood only Sale of wood 
 Yield 


Year 
 Pods and honey
Item Seeds ISeedlings Seeds Seedlings
plantedI planted planted planted 
 trees 


D t s 2234 5294 589 a Total3
1 -75 Direct costs j l165o /haS 4
0-75 Overhead costs 1400 
22 45 9 8 4 1 6 (,3 h11400 15200 15200 b)per yr
- otal costs 
 12954 13634 3
' 2044 21094 5.5m /ha 


I Wood revenue at IS/-per 
 1475 24 17475 .t/ha
0-75O - Pods revenue at 300/-t
Honey 
 - at l/-kg 1 - 70Pods-
 13500 ­ - Pods

1350_ a)0-75 Total revenue ta 


17475 
 -56325 
 123t/ha 


]-5tetrevenue b)per yr
Net discount revenue at l0- 4521 3841
-144or 3583; 35231
-2125 1073 473 1.7t/ha 

Financial yield 
 1112 2 
 !3 11 
 Honey 


-75 Pods revenue at 300/- t
1

3-75 Wood revenue at 20/-per l3 - 237500 a)Totil23300 yr35k23300 1350kg
3-75 Podserevene at 3/-t(()
-75 Honey at 1/-kg (2) - 37500 -- b)per yr1350 18kg/ha 


-23300 
 9 -62150 

)-75 Net revenueNet discount revenue at 10% 10346-1042 9666
-1722 416561477 41056


Financial yield 
877 


66 412 13V2 12 


The anticipated yield after 5 years is 2 tonnes 
per hectare per year. 


(2) 

The yield of honey is conservatively cstimated at 
20kgs. per hectare per year.
 
after 3 years. 


The fullwill employ about2-people evenproject labour budget for such a scheme is given later, but on average, such a
ten hectares over it's 
lifetime starting
at 2 people per 10 hectares in the firsg year and finishing with2.2people per 

10 hectares in the final year. So such a plantation scheme has a considerable 
Job creating potential. For a modest capital outlay of about Kshs.2SBaone job 

-4C ­

holders found that fuelood was 
the most profitable crop and so, much of 
the l]n
 
around Addis was converted to plantations. This enterprise ensurod that 
the caor­
of Ethiopia It 
last settled in one place. Previously it had moved ;everal times 

when the economic supply of fuelwood tlecalne exhausted-

A successful goverriment fuel,ood plantation 
 is around e!beya
in southern
 

-e
 
Tanzania, but now this is ton small to meet 
the town's roqujr~men~s d s need :f 
expansion, but the idea of peri Jrhan fuelwood plantations is not new and has Oee 
profitable around a n-iber of towns. in Kenya it is envisaged that all the ma!!,
 
towns would have such plantations around them, but at the same 
time, people and

organisations should be encouraged 
to plant trees in their own 
oardens and inl
 
public areas, not only to beautify the cities but to supply some
the urban areas. tree product o
 

Of course Nairobi, being the largest city, 
is the prime candidate for suc­

plantations. Already 
it has about 2100 hectares of fuelwood plantations, but tis 

is not nearly enough. Several areas spring to mind where plantations could he
 
sited. The Ngong hills, on the 
west and south sides of Nairobi national park, on
 
the Athi plains east of the airport to near the Thika road and for 
the northerrn
and western sides of the city on 
land designated for building, but which will 
"at
 

be built on for at least ten years. The Nlgong hills are a water catchment fortowards Namanga but the rivers from these hils are now -.0
easonal thus jeopar­

ising the continual 
supply of water. The south western boundary of Nairobi
 

national 
park is being encroached upon and the animals will soon have no 
exit to
 
the Athi plains. If this park is not 
to become a zoo, this boundary must be kent
 

free of human interference. One of the 
passages to allow animals access 
best ways is to have block of trees within and out of the park.
 

the Athi plains from the airport to the 
Thika road contain abandoned sisal
 

estates as well as 
poor pasture land. The soil type is mainly black cotton soil.
which is very difficult to work. 
These soils could be made more productive by

growing nitrogen fixing trees on 
them such as Prosoo 
is spp. These trees have

protein rich pods (34-39% protein.1-8t oil) 
and are used as a feedstock for
 
animal feed Factories in several countries, The pods themselves can 
 be eaten
 

directly by the animals 
but tne hard seed is indigestible unless it is first 

milled. A peri -urban plantation model has been based on 
this specis. The assumed
 

rotation is fifteen years as it is to be grown in an area of medium to low rain­fall. Because the seeds are to 
be collected 
for milling the plantations will hi,,e
to be fenced and the black cotton soil should be first ploughed and phosphate and
 

perhaps potassium fertilisers applied. Experiments should be undertaken 
to 
wooddetermineyield the best way establish these blackto
from these plantations cotton soils. By itself, the fuel­is barely profitable.with animal feed and honey production. thcn the 

but once it is combinedfinancial yield(internal rate o­

revenue) is estimated to be more thaer10. Table ten gives 
the costs and retur:.­



scheme. And of course jobs will be created 
in the animal feed prncessing. and 

distribution of fuelwood, 
feed and honey. 


The Athi plain model need not necessarily be confined to per -urban areas but it 

must be within fairly easy reach of the 
cons motion centres. 

Industrial plantations 


These plantations are suggested in order to 
provide fuelwood to industries
 
using conside-able quantities of fuel 
such as agricultural crop drying(tobacco
 
and tea). The wood-based industrie;(pulp ard o3cer) and processing 
industries 

(cement). It has also been suggested that a steel industry 
based at the coast b 

SuJIIUSing charcoal pioduced near the coast. However, the large areas that are 

available for tree plantations are in the 
rain shadow and it is doubtful if such 

areas will produce more than 5m

3

/ha/yr. With this Kind of production, an area in
the region of I million hectareswill be needed. If it was purely a woodfuel 


plantation such an investment could not be financially viable. Even if such 

species as Prosopis were 
 planted and the pods were collected for animal feed,the 

financial viability is still questionable. Also the haulage costs of the wood. 
charcoal and pods may also be relatively expensive and the costs and returns of
the Whole project must bF' carefully studied. otherwise, it is likely to become 

an expensive investment. Generally speaking, unless the yield in of the order of 
l1m

3
/ha/yr the income will not cover expend'ture unless there are other sources 


of Income From leaves, pods and gums etc. 
the main model for this industrial
 

plantation has already been described under fuelwood plantation full 
cost or
shamba sysCem, however, there is another model which can be used in low-lying 
areas and as a peri-urban plantation around Mombasa and perhaps even Kisumu. This 
is based o- Leuceana leucocephala in the moister parts of the coast and 
Prospis spp. in the drier areas. The fuel could be grown for industry and/or 

household use and the Leuceana leaves and Prosopis pods 
for animal feed.The 


Leuceana leaves could also be used as 
a mulch. The rotation chosen is 5 years, 
But With collection of leaves/pods and fuelwood, vtarting after one or two years. 
Therefore, it is also envisaged that farmers would grow such crops. They could 
also be inter-cropped with the pi-,eon pe~lor lab-lab etc., but this is not 
considered here. Table 11 gives the costs and returns For such a model and 


Appendix 9 gives a detailed breakdown of these costs and returns. 


61 - [a 6 be.,n - ULrL-o-ptl (Dohc ,os Lx6tb :- La tbn,9er) 


Year 


-25 


0-25 


0-25 

0-25 


0-25 


0-250-25 


0-25 


0-25 


0-25 

0-25 

0-25 


0-250-25 


0-25 


Table 11 Cost- ad returns per hectarefor n industrial__ruelwood plantation 
r a-nn
 

inal)e r -n in&3a)
inin low e dif~ a
al evation area- iv ear-ro.atcr
gron 10an 23rSa r ati ons__fi_e-7]isuu or rrea3
t-e b)-a-medium raint 


Units Ksns. Costs 


Operation 


Costs
Direct 
costs 


Overhead costs 


rat! costs 

Returns 


3
Wood at 15/-per m
 

Leaves at ISO/-per t 


Pods at 300/-per t
Honey at 1/-per kg 

Total- revenue 


Net revenueN D R at 10% 


Financial yield 


3
Wood at 20/-per m
 
Leaves at 150/-per t 


Pods at 300/-per t 


Honey at /- per kg
Total revenue 


Net revenue 

N 0 R at IC% 

Financial yield 


co-s-. ]l 


an eur'ns in constant 1g82 terms basead jo Kenyi
 

High rainfall 

Seed Seedling 


503 

5634
3200 3200 


8231 8834 

Assumed species
Leucaena sp.(1) 


5250 


11435 


-


'5685 


8451 7851
958 
 358 

141/2 12 


7000 

11435 


18435 


10201 9601 

1509 909 

17V2 1312 


These trees would not be grown 
For wood alone. 


c sts.
 

Medium rainfall
 
Seed S ,'qI 


HiqhRaiu-!il
 

3200
5314 3200 a)Total :.oo3
5974 
8574 9:4­

b)per yr
Prosopis sp.(l)
 
3
2600 


-


9375 
350


13325 


4751 

-670 

8 


4300 

-


9375 


350
14525 


5951 

-299 


9 

In that case 


1.Om 

0.3) 

c)Lsv.Joral 

d)per yr 
3.Or 

4391 
-1026 

.-
Rain faI 

I 

61/2 a)Total .,ic 

b)per yr
 

6.9t 

c)Pods totai
31t 

d)per r
 

5351 1.2t
 
-655 e)Honeyronil

8 350kg: ItL/I
 

the rotation would be
 
ten years for the high rainfall using a more productive species or I - 2 years using
Calliandra spp. and 
Sesbania spp.For the medium rainfall 
area the rotation would be
 
15 years and the returns from this rotation would only be about 5
.
 

As is to be expected, the higher the rainfall, 
the greateir is the financial 

yield. All of the model variations except planting seedlings of Prosopis on a 
medium rainfall area yield more than S& on the money invested despite the 

relatively low yield of fuelwood; and of course in spite of the relatively low
 
3
stumpage value of between Kshs.15-20 per m
 . most of the models have shown t"rt
 



even at this low price, given adequate manageman., the returns on invested cap-ital iS 10Z or more and therefore they should be considered as viable. economicpropositions. What is more, these tree planting schemes give an energy which ischeaper than all the other acceptable energy forms. 

6.14anag d ner and Far .forastsKenya's gazetted forest 
area amounts 
to some

'hich about i.3 

1.7 million hectares, ofmillion hectares is actual Forest. In addition there is about 


0.1 million ectares of non-,3az :ted fc. es . Plantations account for less than0.2 million nectares, bamboo and scrub just over 0.3 million hectares and nat-
ural forest 0.9 million nectares. The Proposals in the main report suggest that 

slightly more thangazetted forest 0.3 million hectares of naturalarea that does not contain trees, forests, scrub/barboo orbe converted into fuelwoodplantations. 
This would account 
for l8t of the gazetted forest and still leave
at least 0.35 million hectares under tree 
cover. The present natural forests are
hardly managed, commercially valuable trees are 
extracted either legally or 

illegally but nodeffort is made 
to encourage the regeneration of certain species.

The inventories that have been taken in the past,

ation to 


limit volume determin-
trees of breast height 
diameters of 15cms. and above, and therefore the
actual total 
stem volume growing the forest is more 
thaiiwhat 
is recorded. In
many areas there is a profusion of small diameter trees which have been con ­sidered as valueless, however, these do have 
 value as fuelwood and poles. Ifactive management took place within the high forests then much more volume could 

be removed withoutaffecting the growing stock. Indeed, the growing stock volumemay even be enhanced. Certain 
valuable species could be encouraged by selective
thinning or even underplanting, and the averagebrought down by removing the 

mature and over mature, plus the dead and dying trees. The current growingstock of trees with a diameter of lScms. an. 3
upwards is estimated to be 
175m


per hectare (stem and branch wood) or 146m 
3

/ha stem wood only and the yield 3% of 


this total or 5s4m3/ha/yr ( 4Lremoved as sawn /ha Stem wood) However,logs or peeler logs. only about lm 3/ha isWith active management, erpecially consider-
log all the trees with 
a diameter of less 
than l5cms. 
(dbh) the yield could be at 

least doubled. Even 
if all the wood was sold only for fuel 3
at Kshs.l5 per m
 this 

would bring 
in an extra income of at 
least Kshs. 106 million per year if all the850,000 ha 
were managed 
 and at Kshs.20, Kshs. 14-
 million.Of course 
there would
be need orAsubordinate staff to look after the 
Forests. Somewhere in the regionof 200 graduates would oe required and 4000 subordinate staff. This management
would cost in the 
region of Kshs.90 million per year, giving 
a surplus of Kshs.20
million. Apart from giving employment to 
4200 people in the management, a further27700 Would find employment felling and extrcting the wood to roadside, plus
their Supervisors, an estimated 
1100, Then there is employment in densified wood
 

and ,.harroal manificture and in trariport. so it heca seen that aneint ofthe natural fo-est_ cin meet same eF the projected incr--ace in dnr-id fur Fuel­wood and other 'ond products, and ead- to th- creation of a ,-on;nderibl' V')UfJtOf emploineqt. OF course, ninety hrdultn; cnnot be triiv-! ovrni,ih - there!nd 
will also be a demand for them in oronosed u.;od lnd iqro-Forestry programrnes, 
but if the iita'e into the universitf Foieszry ;chrol is
doubled, then within ten to flftei yers the various orsgrr;'eS -:cJld be ;atis­fied. A corensurite incre , il;, be requird n the r st cnoi 3 
Londiani and 
the training of 
exren,;ion 3taff 
it Londiani aridEer 
toriAirlcult­ural College and other agriculturil trainin; celties. 

The bamboo and scrub areas 9c just over 0.3 illion hectares ire 'he in ;tlikely areas, at least on paper, to be crnnv-rted o fuelwood olantations 5ecausethey generally have 
low stocking and low yield. However, even 
 ese areas could
benefit froi management. According to 
the Sortan Air services.,For..stry OCeoart­ment inventory of 1968, 
there 
are more than 200,000 hectires nf bamboo, eitherin pure stands or in combination with trees or scrub. [, this areF.is zorrec .
 

then Kenya has 
a 
larger area of bamboo than Japan, which 
is esri,!itel to have
130,000 hectares. 
It is not 
known how much bamboo is cut 
for fi-1-iod 
and noles,
but there 
is no systematic management of Ken, 's bdmboo. On 
the other haand, the
sustained annual yield from Japan's bamboo forests is'aboit 275,O tonies or2.Z4 tonnes per hectare. Of course, the tamboo species are dirfor-,:t, but withgood management it should be possible to obt:!in 
at least 1 ton"caer hectare and
bamboo can beused for a variety of industries as well s binq burnt. t may 
also be a good 
idea to introduce bambno on 
far-is, for it is 
 qur'-,ro n
woody plant, excellent for poles and reasonable fuel.
 

Therefore, proper management of the natural forests couid assist in satis­fying the fuelwood demand, bring 
into use a relatively untaoped source and
 
create job opportunities 
in the rural areas.
 

7Sumnary of returns
 
Various systems 
have been described in this section and 
they can be summarised
 
in the following table. ( 12
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.J _,aZFelltn. and extraction cost-s 

The selling price of the standing tree has been stated to 
be between


Kshs.lS and 20 per cubic metre and the fcrest roadside price to be Kshs. 5 
3 . 
per m The standing price has been fixed by the Kenya government based on the 

stacked cubic metre price of Kshs.I1/80, but of course the roadside price2 isnot a fixed p-ice. it is based on the estimated cost of fellinn, snedding,that 
is removing the branches, cross-cutting into m,
etre iengthsndebarking,extra,:ting 


to the roadside or pick--ip oint and stacking. All the above costs have been 
based On manual labour using bow saws 
and axes and head-loading the fuel to the
roadside The cutting of smaal
I diameter trees, that is, trees uu to about 20cms 

in diameter at breast height (dbnj' is most economical with correctly sharpened 


saws and axes. A panga, even a sharpened one, 
is not as good as a wAll balanced 

axe, but there are few good axes

leave mch to 

in the country at present, but also the pangasbe desired for cutting wood. Nevertheless, they are universal, 
but an effort should be made 
to introduce suitable tools 
for cutting wood. 


Extraction to the 
roadside could be undertak.en with a ttoo-wheeled, inverted 0frame - the sulkie -and tests in Tanzania have shown 
that this reduces extrac-


tion costs significantly and of course the extraction distance 
is increased. 

It is assumed that the wood 
is cut into one cetre lengths
and Is debarked to facilitate drying and 	 for ease of handling
also to leave mineral elements on 


site. It is most important from a transporting cost viewpoint that as 
much of 

the water in 
the wood is driven off before the transportation to consumer or 

processing centre. 
It may even be economic to split the- ood or even slice-


chip It using a stationary engine run off p-oducer gas. Such a process would 

accelerate dryirj and cut down th_ capital 
cost of densifying. The cost of 

all the above manual operations has been estimated at Kshs.20 per m

3 

with an 


additional Kshs.5 for supervision and up 
to Kshs.5 as a profit margin. This 

3
assumes that on average Im
 can be felled, cross-cut, extracted and piled in a
day. These figures have been obtained from cost studies in Tanzania and 


observations in Brazil 
for a tree size of about l8cms.(dbh )which is the average 

diameter for fuelwood trees 
grown on 
a ten year rotation in high rainfall areas,
and fifteen years in medium rainfall areas. 
if the dbh 
is less than 18cms. then 


3the Cost will be more per m and less if the average dbh of the trees is mcre
 
than l8cms.Variojs studies have been undertaken of harvesting man-made forests 


and Some of these studies have been collected and collated in an FAD public-
ation( 1976 
) entitfi-d, "Harvesting man-made 
Forests 
in developing countries", 

This book reviews 
the various operations and drc,4s production curves 
for felling

and Cross-cutting, debarking and ek#.qaction. 
It also gives reduction factors
 

db,b ee-t') p o -emas e 

to apply for terrain, expe,ie 
-- , bc)dy .w.eo.ht, nutri tion l level 
 I n at :.-3-'
 

Table 13 gives th e a! 1 in cubic 	 em,1ut of '.,o; ctre s that can Fe l d eojr-L-e 
and e.s'tr ma lyi ted ua per e i3 t houCr y1!under "cr !cte co di tions us rg
trained pople and under trupicul c-0ctc-.n; 
with skilled labocur ind ta:ing
 
into 3cccun, the varinisre tcn factors sentrne -iove. All tnrie factors 
are detailed in Aopendix 
10.
 

Table 
of aru Ji-oters 

Table 13 Felirn. cross-cutt-r-, *eb c-tin' and q''c
Or ;+cud in piant a3Ton Yr o i tre s u, cng sn~n act3jrc 

Crop specifications
 
ieter of tree 
 ,1) F i0 

Total volume per 1000 trees 	(m 
 1. 
274 

Plants per hectare (No7 . VOOO 

Age of crop
Avgef 	 (Yrs l.)10.00
crop/h
ui

Average annual yield/Ic (.tJ	(r3 12. '3 I 0. ,.-


Temperaceccuntries, II
trained 7anpo'--er
 

Ooe,-Stion 3
Units 7er ,3iccur 
 i -. r z- ' J 
Felling,snedding and cross-cutting 1.05 
 3.61.
Debarking
Extraction 
 1.56 3.67 
 3-.i ).-6
a) -10 metres 


b)100 metres 

222..
2.3
 

All operations a) 40 metres 1
 

1.73 

combined b)-00 metres ./7 1 .] I.33 1.03 I I.4 

Units___n____ysper___
 
All operations a) 40 metres
ccmbined b)100 metres15 

1.30 0.735 3J [ :3.-5
 
b 	 eg _q
tri l u.S, utan _ 0.icoo.or 

Tropical countries. untraited mapow.?r
 

Operatir.i 
 Units ,3 oer 
3 hour JiY e erson
2 
Felling,snedding and cross-cutting 
 0.78 1.9
 
Debarking 
 0.78 1.7.
 
Extraction a) 40 metres 3.?2 32 
 _2 3.22
b)109 metres 1.61 1.61
All operations a) 40 metres 


. 1.61
 
0.35 
 1.51
 

combined b)100metres 0.31 
 0.52 
 0. ?8 
 1.53
 

Un its man das per 3
 
All operations 
 a) 40 metres 
 2.-7 1 61 
 0.71 ]7 55
 

Source "Harvesting 
in man-made forests in developing countries." FAO Roe 1976
 

( The 3cm diameter tree 	was not shown on 
the graphs but a line was extrapolated on
 
each to arrive at a figure.
 

http:0.icoo.or
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With trained ,norpower under temperate conditions,

18cms. trees of averaie dia.nmter
Could be felled, snedded, cross-cut, debarked and extracted
up to 
100 metres manually at rrom 40 metres
a rate of between 2.6,m3 
t . m whers in tropical 


countries with unskilled 
labour the estimated volume 
for all the above combined 

operations is 1.41m 3 to 
o.98m3( Assuming that the direct labour cost 
is Kshs.20
per day, this would give a cost of Kshs.7.7 to 11.8 per m

3 

for trained workers
under temperatconditions and Kshs.14.2 to 
20.4 for unskilled workers under
tropical conditions. 
it can be observed that for 3cms. diameter
m the estimated cost
per 3 is between Kshs.58 and 54 
for unskilled workers 
in tropical countries
three to orfour times as 
much, but these latter figures were deri,ed


polating the various graphs and 
from extra-


no actudl me3surements hive been undertaken 
on
small diameter trees. 
What is certain however is the 
smaller the diameter the 

3
more expensive it will be per M
 to fell and extract. However, accepting these
figures, if the trees were 
grown on 
farm for household use and omitting the debark-
ing which isn't necessary for hrusehold :e, 
then one and a quarter days per month
would be required to cut and coflecc the fuelwood for a household of six for woodof average bhd of 3cms. , and one di; every two months for trees of aCommerciall,, bhd of l8cms.small diameter trees do not appear to be worth while and ten cent-imetres diameter seems 
to be about the 
lower economic limit 
for felling and 


extraction, but studies need 
to be done in this 
area. 


ChqPIV The Woodfuel Route: 
financi.! 
cost and labour buget to 
-atisfy demand
 

?or wood energy.
 

Tne cost of nft ensuring anadequated supply of woodfuel.
 
;.e main re,-nrt forecasts 
that there will 
to serious shortfalls in supply
of wood energy by the year o000. Of course 
in Ieality,
supply and demand will be
in equilibrium even 
if no action is taken 
to increase 
the tree planting, but
such inaction will have s'rious economic and ecological consequences for Kenya.
The rural population wili 
turn to substitute biomass 
fuels, agricultural 
residues
and dung after they hro2 virtually destroyed all


This 
the tree and shrub vegetation.will have seriois effects 
on the soil 
structure and fertility. Their eating
habits Will change and their food 
intake will decline. For those people who 
canafford commercial fuels, paraffin, L.P gs and electricity will be substitutedfor wood and charcoal. The estimatedAdermand for wood energy by the year 2000(policy case) is cf 
the order of 30.7 million tonnes of wood of which 22.2 million
tonnes will be burnt directly and 8.5 million tonnes will be converted into about
1.4 million tonnes of charcoal. The estimated shorrtfall of woodfuel is 10.5tonnes of which 7.6 million tonnes 

million 

is fuelwood and 2.9 million 
tonnes is
wood for charcoal, giving about 0.25 millio-r 
tonnes of charcoal. At today's
 

.4o-
-

prices in Nairobi, 
this shortfall 
is woth about Kshs.1770 million of whiich Kshs.
315 million would be foreign etchange_ 
The shortfali
woodfuel is equivalent of IC.: million tonnes of
to approximateily 816 million litres of paraffin which 

Kenya is worth about Kshs.3l00 miilion of which Kshs. 

in
 
2325 million is foreign
 

exchange. Therefore by 
not ensuringqan adequate supoly of fuelwnod the neople .ihave 
to pay annually 
an extra Kshs.1330 million 
 by the ;ear 2000fr 
 rFr-i
next cheapest alternative and 
the country will 
have 
to find an additional
188 million per ye-r_Kshs.201O million!. 
US 3
 

Between 
the present day (1982 
 and 7nz
turn of the century, an extra US 
3 1260 million (Kshs.13500COillion 
 illiha/e­be found 
to import paraffin 
if nothing is done 
to meet the demand For woid en r-This is equivalent to one 
year's total imports, and one arida iilf 
times Ken/a'
yearly exports. Also the oeoole will 
have to find 3n 
extra Kshs.P930 million.
will be seen, even the lower of these two figures namely Khs.8.gx 
_'

109 is much
 

more 
that adequate to 
pay 
for the investment in forestry and tree planting
ensure 
that there wi!l be adequate supplies of woodfuel 
to
 

by 
the year 20,0. What :s
more, investing in tree planting will provide fa- iore employment, especiallyemployment, rr.than by foliowing the next cheapest practical alternative, namely,paraffin. So from a financial, fureign exchange, emloyment and ecological pointview, the cheapest and the best way is to 
ensure thet 
the forecasted demandfor
 
wood energy will 
be met.
 



2,rh wood resourc:e pal icy potential arnd the target programme 


Eb LL I -'cio M LTable 	6.1 in 
the main report gives the wood 
resource policy potential to the 

Year 2000 whereas table 7.3 gives 
the proposed national targets in order to 

achieve the forecasted demand for woo, energy by the year 2000. A sumdnary of 
these 

two tables is given in table 
14 below and in table 16 


Table. l pe,y .
 .	 . ba._inchn±roube. Irt)-olehJCa-e pia1 
i-land 

Strategy 
 Potential area AverageYield AnnualYield AnnualYield 

by year 2000 yield
1000 ha. 	 SteadySyate by year2000tonnes/ha. Millions of tonnes 


I. 
Iis
Agroorestry high potential(H:P) 60000) (930)(2) U(25.8)( 2
 ) 24.0 24.02. medium (1..P) 1565((300) 2.5(13.0)(2) 3.9 

R. natural foresIt 400 21.5 8.6
Peri-urban plantations (H.P) 100 
 21.5 
 2.2 
 1.8 

S(m.P) 100 10.5 
 l.l 
 0.9


Managed natural Forests Near 
(3) 500 2.7-7.1(5.5) 
 2.8 
 2.2
5. 
 Far 	 (VI 350 2.7-7.1(5.5) 1.9 1.5 

Industrial 
fuelwood plantAtions 50 
 . 21.5 1.1 0.9 

L equivalent e 


("This Is all the area under agriculture at present for it is considered to be all poten­tial agro-forestry land. The recommended tree 
cover 
is of 	the order of 20% crown cover
SO as 
a rough -uide the equivalent area in forestry 
terms 
is 1.2 million hectares.
Already there is the equivalent of atout half this 
area 	under trees(0.6 mill, ha.) 
on
agricultural land.
 
(2)This is an estimate of the forestry equivalent area of treesland. 	 planted on agriculturalAll the other areas are given in forestry terms and therefore for consistencyand Comparison this has 
been 	done for the agro-forestry area. However, it muststressed from a farming point of view it is the 	

be 
stem 	area not 
the crown area
important : The stem area only occupies about 50 square metres 

that is
 
per hectare at a max­imum which is 0.5Z of the area, a negligible amount of surface land
Also, if 	 taken up by the tree.the 
tree roots are deep rooting they will not interfere with the surface agri­

cultural crops.
 

(')This is the total remaining natural Forest area, excluding national parks, assuming
i4qOcO hectares are converted to fuelwood plantations and 
a possible 40,000 hectares to
industrial wood plantations for sawriiood and puip etc. 
It is assumed that 260000 haof the fuelwood plantations area (total 
40000 ha) is from gazetted forest la'nd which
at present is not forested. If the ,ie o 
the potential 400,000 ha was not converted
to fuelwood plantations then the pot 
 il area for managed natural forest could inc­rease 	up to a maximum of about I mi, 
 hectares.
 

,I-. 	:-4m. IJ2O -- io.L 
in forestry equivalent 

IC 
terms 
the potential 
area 	that could 
be planted or
 

managed for fuelwood (and other wood) production is stimated ta be some 2.7
million hectares. However, 
it muvt be stressed 
that only LSfl000 hectares is land
 
that requires change of use, namely, the land 
for peri-urban plantations and the
 
industrial 
fuelwood plantations. All 
the remaining area 
is land already under
 
Forestry 
or farming land where intensive agro-forestry practices 
are reccmoentr-_.
 

Planting the right: kind of tree 	 species at the correct spacing on agricultural
will Ino t interfere with the agricultural crops, rather hey 3hould enhan,_them 	 by protecting the microclimate, stabilising the soil, green mulching and 

pumping up mineral elements, via the leaves, from 
lower 	soil horizons that nav­
been 	 lost to the surface (agricultural) crops. The whole point of agro-Fores'ryto increase the 
total 	output on a given piece of land by tapping all the soiland water horizons and taking advantage of the year round favourab!r growth ,:,r.­ditions which trees and shrubs 
are able 
to do. Of course the potential area on,
 

agro-Forcstry is by definition all the land presently under agriculture plus n w
iand which may be brought inco agriculture which 
 includes some 	 of the exist:ing 
land classified 
as forest. 

ine area or closed or nigh forest in Kenya today is about 1.39 million

hectares of which 0.16 million hectares are plantations. Most of this 
forest irca 
is owned by. the government and controlled by the Foestry department but 0.20 

millionAoutside the control 
of the forestry department. A total of 1.64 mill;..i
hectares of land 
is gazetted as 
forest area but 0.45 million hectares of this
 

total is in other use or carries very little tree cover on 
it. Table 15 gives a 



Table 1.___.5Forest ( )land in Kenyd - owre,-.hip and use (90 
Forestliolandtar-e n n o htrained 

njts:iillion hectare 

Land type/ownership State forest National Private land Fatal 

N 
service 
(Gazetted land)
ateed land 

parks Trust land 
City Council
C land 

by type 

l Forest 1.04 0.06 0.13 1.23 
(Closed forest) 

Plantation Forest (4 )
0.I5 
 001 0.16 


Sub Total 
 1.19 0.06 
 0.14 1.39 


in other Use or
LandLand with little tree cover 0.45 
 0.45 


Total by ownership 
 1.64 0.06 
 0.14 
 1.84 


(I) Forest areas of 10 hectares and upwards, 

(2) 
This does not include open woodlands (miombo woodland ) and trees on 
savanna areas, 


(3) Gazetted forest land only 
 a 
(4) Mainly eucalyptus for tea drying and wattle for tannii production.

Source: R.Ooute tLL_ A forest inventory of Kenya using remote sensing technique

Kenya Rangeland Ecological Monitoring Unit( KREMU ). Technical Report N 30March 1931 Box 47416 Nairobi Kenya 

i.,nN..-,C__ 


Most of the natural forests are 
not managed. Valuable commercial trees are 

cut leg3ally or otherwise within 
these areas and are eithe- hand-sawn or taken to 
the sawmills or plywood factories. The rural people are also permitted to collect 
fuelwood from dead branches and 
trees, but in some areas young saplings and 

bamboos are illegally cut for fuels and poles. The estimated annual yield from 

3
these areas varies between 3m and Sm per ha. However, if these areas were brought

under manacerent, this yield could at least be doubled by felling over mature trees, 
fertilising all species and by reducing the rotation age. The data given in the 

appendix 
to the main report, entitled "An inventory of biomass in 
Kenya", limited 


the volume estimation to 
trees greater than 15cms. in diameter (dbh). There are 

many young trEes with diameters less than 
the minimum 'inventory diameter 
' and 

therefore the totai 
volume given in the report is most likely an under-estimation, 
Also, maly of the-e small diameter trees should be thinned out and would make 

excellent fuelwur' 
:od poles. llowever, all these measures iruire management 


practices to be introduced into the natural Forests and for this there bemust 

manpowerjgthe potential for management by the year 0i) s all the area 

still remaining under natural forests. It is proposed to convert 
some of the
 

natural forest to plantations, both fcrfuelwood and industrial wood. Of course by

the year 2000 some natural forest will have been 
 converted to other land uses
 
especially for agricultural production, 
it may be of the crder of 1200f)C hectare;
 
or 10% 
of the natural forest area, outsioe the national parks.However, there
 
should be remaining, about 850000 hectares of natural forest which could be 
man­

intensively.
 

iable 14 gives the potential for replanted high forest to
In addition, about another 40,000 hectares will be 10000 hectars.
be needed for industrial wood
 

products such as sawnwood and pulp. 
The reason for proposing the conv'rsion of
 
natural 
forest to plantations is that a plantation will yield about six 
times
 
the volumeAon a shorter rotation than the unmanaged natural forest it replaced. or 
three times the volume if the forest were managed. By converting the natural ')rei
to plantations 
some of the pressure that is at present being put on 
these forese:
 
will be taken off, for the 
plantations will 
supply the products 
most in demand.
 

namely, fuelwood and poles. AlsO, plantations act asdiscouraging squatting and an encroachment tarrier,illegal felling. Because the
 y are more productive.
 
plantations will generate more employment and lead to the establishment of nir:; 

industries such as charcoal and densified wood production. Therefore, by conver.:,g
about 17t of the natural forcst into plantation forest(200,000 ha) it snould Le
possible to oreserve the remaining a50,000 ha of natural foresr albeit ut, prcrpi r 

a f 
management. The remaining area 
to satisfy the potential plant:tion area of
 

440,000 ha,-240,000 ha could come from the 150,000 hectares of gazetted forest area
 
that has little tree cover on it or is at present in other use. Some of this land 
may be illegally farmed at present and it may be impossible to remove the people.
 
Therefore these people should be given permission to stay provided they plant and
 
maintain a certain number of trees per hectare (say 2,10) in various agro-forestry 
systems. These farms could then be turned into demonstration plots for other
 
farmers to 
learn from. Likewise if 120,000 hectares of natural forest is to be
 
converted to agricultural use, a condition could be 
laid down that a certain
 
number of trees have 
to be left, 
or a certain number planted. Such measures should 
ensure the self sufficiency of the farms and thus relieve the pressure on the
 
forest. Also it is an excellent method of winning the people over 
to protecting
 

the forestsand co-operating with the foresters.
 
[he schemes mentioned so 
far to satisfy the demand for wood energy, do not
 

envisage a change of land use,howevcr the proposals for peri-urban plantations
 
and industrial fuelwood plantations 'o require such a change. Fable 14 envisages 
a potential of 200,000 hectares of peri-urban plantations which would be situatl 



around towns and cities in order to meet sme of their wood energy requirements.
These Plantations would at the same time act as a green belt to prevent a
continuouj- spread of urban development and give cities a 'lung' where 
 the urban 

people can 
go and relaA and brearhe unpolluted air. The government may have topass laws toto enable city authorities cquire. land for such plantatiosns and theremay be opposition by the landowners, for an area of land for forestry commands armuch lower price than if the land was to be developed for housing or 
industry. But
this is one positive way the goverr nent could improve the quality of life for the
urban dweller. Also. even if land was designated for devc.lopment but this devel-opment was not oroposed for about ten years, then the area could be planted withtrees, most of which would be felled when the 
land was required bu 
 some trees
could be left so that the site would ha,,e mature trees on it, say one twoor in
each garden and 
avenues 
of trees along roads. The bulk of the peri-urban plant-

ations would be around Nairobi and this area has much 
land 
that could benefit
from tree planting - the Hlgong hills, round part of the Nairobi National Park
and on the Athi plains. 
 As mentioned previously, these 
are areas 
either import-
ant for water catchment/wildlife preservation or of 
low agricultural value, and

because of 
the black cotton 
soil may be expensive to 
develop as building land. 

There are 
areas near many of the other major towns where the siil is very fragile
and needs protection, for example in 
the hills on 
leaving iombasa, near 
the

Menengal 
crater at flakuru 
to supplement the existing plartatinns, and 
on the 


escarpment just outside Kisumu. 
Each to,n and city council couid identify areas
near to or within their bom-ndaries that could be planted with trees. They could 
encourage 
individuals and organisations to 
plant in small gardens and on small 

plots as well 
as themselves planting along roads a-d 
in public p'aces. liowever,
they should receive encouragement and guidance plus help 
from the various involved
ministries. ThereFore.Athe suggestion 
to plant peri-urban forests may be content­ious, it could 
improve the quality of life for the urban dweller, provide employ­ment and 
reduce the demand 
for wood energy because wood/densified wood burnt
directly is 
more economical 
on the demand for trees 
than is charcoal. 
This import­
ant rqu emant should no be overlooked.
 

rhe cas 
 for wood energy plantations to supply some of the requirementsindustry should not be as 
for 

problematic as 
peri-urban plantations. Already several

industries 
are using wood fuel 
such as the 
lime, pottery, Lei, tobacro, wood
processing and even the sugar industry, although bagasse,(cane waste), is the main
boiler fuel 
for this 
latter industry. Other industries have show-! intp-.Os' 
using woodfuel, namely, 

in
 
the pulp/paper mill 
at Webuye and the cement 
factory at
Athi river. 
it may also be 
one cheap form of rural electrification by having small
wood-fired Dower stations supplied from industrial fuelwood plantations u;1 tiledoorstep. A number of studies have been undertaken 
to 
show that woodfuel can more
 

than compete with fueloil and coal e.capr perhaps at the oaSt n,-ir the refiner" 
or port of delivery for Coal- lie further one moves inland the 'ireat-tr L.e ad­vantage woudfuel has,provided it is grown in close oroxirmity to the user .,
 
areas of reasonable rainfall. Fherefnr 
 the existing ',nudfuel-u',ing inussrles
should be encouraged 
to become self sufficient in their demands for- enerVy
and studies 

onn 

should oe undertaken, ay .roinid Athi river, to ,je'erine 'hat kindof yields 
can be expected from this medium-low rainfall area, what est b I sh.-.methods are required to grow tr-e-s 3n,1 most importantlythe ..morth it.of Tlo l14 estimates the potential area for industrial fuelwood plan aions is 50,000 hif land in high rainfall 
areas. Of course, the equivalent in medium rainfall r-iswould be approximately twice 
as much, but even so there should not me all thatmuch difficulty in finding such areas of land because ill the indastries meimt:zed

above are rural 
based, hence 
the competition between tre various 
land uses are
 
lelS
 

thepotential annual yield.from table 14, is of the 
 order of 16 million 
tonnes and by 
the year 2000, 
if the planting was undertaken at a fairly iniforn 
rate, it would 
reach over 90',nf rthis potential, namely, 
12 million tannes. 
How­ever, if all 
the policy prooosals, as outlined 
in the main repor-t, are undertaken
 
to conserve energy both on 
the supply and demand sides, 
then the estimated
 
requirements for woodfuel to 
fill the demand gap is approximat.ely 22 million
 tonnes, 
or about half the quantity that 
it is felt could be achieved if the pot.1t­

number of combinations
 

that could be applied to achieve 
the target and table 16 
is one such combination
 
which brings in an 
element of each of the five strategies.
 

http:intp-.Os
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Table 16 Wood project policy case national targets. 


Strategy Proposed area 
 X of AnnualYield AnnualYield 


by year 2000 potential SteadyState by 2000 


I000 ha Table 14 Millions of tonnes 


I. 


gh__________g oet 2661(410)( 44 10.6)115 .28.9 

mehigh potential'(HI.P) 3660(40)(l) 44 0O.9)~" 0.)/
 

2.medium potential (M.P) 360( 70)(1) 23 0.9) 0.7) 


Replanted natural forest 
 306 76 
 6.8 4.4 


Peri-urbat. ,antation-H.p. 
 so 80 1.7) 0.8)
4e -M.P. 85 .0) 2.7 ! .2 
85 0.4) 


4 e ndifferent 

(2 )
Managed natural forest Near 260 
 52 1.6 )2.G) 


2Far(
2
. 180 51 I.I ;2./ i.r) . 

Industrial fuelwood plantation 39 18 0.9 0.8 


Tota(forestry equivalent) 1430 
 52 24- 18.0 (3) 


(1) Forestry equivalent areas 
but planted in such a way as not to interfere .but rather 


cropsm 

most productive parts of the natural forests are managed in preference to the 


leask productive parts, hence the average sustainable yield of 6.1t/ha per year is 

higher than the average shown in There 


(2 enhance the agricultve patural frs ar 


table 14. are no yield differences between 


'near' and 'far' natural forests. This distinction relates the distance to the 


consumer. 

' 


(3) nsu7m er, J,;r 


, 1r - htv. be..erQs 
t,4.c J. -+.i_ rrte_ F-3l-,'n .e.rA-. 

In the proposed targets for achieving an adeliate supply of wondfuels 

from sustainable yield, more emphasis 
has been placed on schemes that have
 

already been tried, than schemes that are in the develoopmental stage, hence

the relatively low targets as compared to potential 
for agro-forestry and
 

natural forest management. It is known how to establish 
.ind manage fuelwood
 

plantations, but even though farmers do plant trees on 
their land the most
 

effective agro-forestry systems have yet to be developed. Also, manaaement
 
of natural forests is more 
difficult than plantation management and very
 
little emphasis has 
been given to their management in the past. Nlevertheless,flp'c.,
in percentage terms, agro-forestry and ,atural forest management receives
 

less emphasis than plantation schemes, 7n absolute 
ter-s they will supcly

most of the fuelwood and so 
the greatest effort has 
to be put into these two
 

strategies, especially seeing that they will supply the 
bulk of the rural
 

energy, either where the demand 
is or within a short walking distance, thus
 
relieving the women and children of 
a considerable burden.
There is nothing sacrosanct about the targets given in table 15, the
 

strategies can be varied, but in order to achieve a balance of sus­
tainable yield(supply) and demand by 
the turn of the century, a target of
 

22 million tonnes of woodfuel From the various strategies must be aimed at.)T
 

various 
costs per hectare and the anticipated returns have already been given

in section 3. These costs can now be used to give a total 
cost and manpower 

budgets. 

a ith df r c oc s 
Cost an man power budget of the woodfuel project policy case 

Introduction-

When building up the cost and manp-,wer budgets for the various components of 'he 

woodfuel project policy case the models dcscribed in -- per 3 and Appendices
 

hmThe
5-9 have been used. These models give anticipated costs and ieturns by eraon
 
a per hectare basis.Also,uisually more than one option is given for each model,
 
for example,whether tree seeds or 
seedlings are planted. Using this information,
 

total costs and returns have been worked out using each option.It is assuimed
 

that the planting targets,as given in table 16,are achievcd by the year 200) and
 

the initial planting,or in the case of the shamba system,tree clearing,starts
 

in 1983.While all the target planting programme is completed by the turn of the
 

century,the model has been continued 'ntil 
the 25th or 26th year,that 1s,200.or
 
2008 to illustrate how costs,returns and emplcymsnt build up.In all casesthe
 

anticipated cumulative returns are greater than cumulative costs by 2008,althr-ugh
 

for the short rotation crop, returns usually exceed the costs before the year ?000
 

Before giving a su,-mary of the total Lost of the policy case the individual
 

)JT", 4 ejb WA,'Wke rCYV,JJ L4 ouJ..%Co %- 4L~l IG IL7 IS­
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components will be described -eporately. 


. tia aea 


It is proposed to 
bring under intensive agro-forestry over 2.5 million hectaresby the year 2000.that is not 
to say that .? ret;aining area 
of high poteti.al 


landjust under 3.5 miflion hectares, will be neglected.On the contraryit is
aSSUmed that a sufficient effort will be made by the farmers on these latter 


areas to at least maintain the evisting tree c it is assumed that
substantially increased wood yield wil, 
eital,but a
be corfinpd 
to Lhe former .3rea..n order 


to achieve the production target set out in table 
lBthe farmers ha-e to be 

motivated through the pro- ision 
of tl-.e
most suitable tree species and 
the intro-
duct'-,, of appropriate agro-farestry syste.s For each farm type.Thi will meal 

that an agro-forestry extension service has 
to 
built up and most importantly, 

provided w;th neanrs of transport to visit the farmer. It is assumed that the 


farmer will provide labour free and of coursoobtain 
the wood products free of 

charge.Howeierbecause the use of wood energy saves the country a considerable 

amount of foreign exchange.a case can be made out te give a planting grant and 

a management grant to 
the farmer who successfully plants and maintains the 

appropriate tree 
species in the described agro-forEstry system.Such grants may 


be open to abuse.but it is the cheapest way to rapidly increase the tree popul-


arian on farm l-rd~bringing about so i; stzbi!isaltion,bet ter ;ater retention and
improved micro-climate. What 
is more,the Fzrewood collecting burden for 
the 

women and children shoulo be eased considerably once sufficient fue!wood is grown 

on farm and this could lead to improved weIfare.A planting grant in the order of
Kshs.20 per hectare of agi icultural land may act as 
sufficient irducement for 

farmers 
to plant and maintain 249 tree seedlings per hectare.If the planting was 
Successful then a further Yshs.20 per hectare could be given when the trees were 

two year oldjust before the first yield is obtained. If farners also plant 
woodlotS on areas that are of not much use for agriculture then a planting grant 


of Kshs.lO0 pe, forest hectare could be given,foliowed by a maintenance grant of 

Kshs.lO0 "hen the trees are two years old.This would require 
a competent and 
m o b i l e e x t e n s i o n s e r v i c e b u t I t w o u l d a c t a s a c a t a l y s t t o p r o v i d e b e t t e r a g r c ­
ultural and agro-forestry practices.rhe suggested tree species for such agro-
forestry systems are ones 
that do not interfere very much with the agricultural 


crops and these are described fully 
in the appendix on agro-forestry.ost of 

them Will provide nitrogen,phosphorus and potassium fertiliser (NPK) for the 

agricultural crops.essential elements for healthy and productive crop growth, 


Appendix 7c estimates that at 
least 15Kg. of available nitrogen, 3K;s. of phos-
phorus and 14 Kgs.of potassium could be added to every hectare each year if
branch mulching was practiced with such species as Leucaena leucocephala.So the 


____V _____ 

farmer and the country his muth to gain by emr, :raging tri-e plinr.inq en ,arm.for 
the.e ;hould be enhanced zrop prdurtion " roreign e.<chringe ;ivir,fertiliser input.[n the model 

on
 
it is as;t,..-I that such iniuuts ire .,rth ?Prs.)0
 

per hectare 
 per year to the farrer.but this is a very conSer';atrve 9tim ef
the true worth of the fertiliser.[n F (Ct the ferriliser value 
 r/ ce is "i';h a3 

,shs.200 per hectare.
 
Appendix lib & (7 gives the cost; 
and returns of the rrho-e, 
 frn
fore; r/
 

sch--e in high rainfall a-esascer rj tree seeds in- tree sa_,.in:' ire ol ri;respectively and assuming assuming th; firm -
oer
 f. o,-r is costed it e-;rC.L

8 hour day,the supervisory !abour is cos.ed it the oppropriste rmte.
;ovrrr~cnt 

depending on qualification and exOrienrelt is further s-,;;ed.tri t o treS 
have a standing value of between Kqis 
.15 and I3i,r ti' 3nr tnat the fer 3eli;er 
input is worth Kshs.i0 per hectare/year (1)(2).F'ven' r:e ibov- 3suoJ1rP'zns Irrd 
taking the area planted to agro-forestry/oo lots' as per ,ppnd1 x1b.-rn !1 
costs -ould be covered y 190 or 19g1 and of cuurse this .ould bp ("i Or tw, 

years earlier if it is assumed that the government Crovers such cost as .ed
 
provision and extension -ork.f seedling: rather than seeds were this
planted

would increase the costs both to 
the farer ind the go;ernment,.nd the ret-rn;
 
would also be 
increased but only marginally. In this case 
costs -ni returns wnul: 
be recovered between 1993 and Ig95 and ty 1990 if rjst of ,eejlirqs and
 

a-xtznsion work are excluded. 
By the year 2cOthe estinated totuil ,cst from
planting 2661 ,020 hectares would be 
in the order of Kshs.54, nilion if tree 
3e-:;
 
were 
planted and Kshs.9S7 millian 
if seedlings 
were use-.The respective yield F(1­
this date would be 13.0 and 13.2 million ru

3 
(8.1 and 3.2 mill .tones air dry).


which should be sufficient fuel 
(and poles) for about S million peole. Cnce -he 
scheme has achieved a steady state,the annual cost will be in the ordnr of
 
between 51 
and 64 million shillings 
for the 2661 ,000 hectares under agro-foresty'i
 
"woodlotmanagement depending on 
'.hetherseeds or seedlings are planted but 'he 
returns-e w411 in the region of Ksh3.2?0 million to Ksh;.36 .
 n
 

the value of the wood is between Kshs.S and 29 per staniJing ii]fhe steady tate
 
yield is estimated to be 16.4 to 3
17.0 million m (10.2 to 10.5 onill.tnnes'il-ow­

sa t h e n b
e: f e r m e r s w i l t b e b e t e n s l i 3e ad, tnh e tre ur n h e c
 

to the governmnt ill 
be between Khs.million 33
be the savings through soil and 55 an heye return- will
stabilisation and the saving ,,f f:rein cxchange C:!=
 

for substitutc fuel for the 3 million tnnnes of -nod plus 291.000 t of 1,40,0O t 
nf P and 188,000 t of K.The foreign excnange saving of this .
 uanrtiy of fertiliier
 
could be in the 
region of Kshs.lg,]' mQllion(see 1ppendis 
7_)S, on the fertilis-er
 
saving aine,thE returns Far out weigh the cost to gove-nmentinother strong arj­
ument in favour of giving a subsidy to 
farmers to encou.-aqc intensive agro-foretry
 
systems.
 
sysems 
 - ' 0 CS, o p 

- jt a J. 1-~~ai. * ! 4o'~ ~ c. ia 
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WAhat is the labour budget of such a system? Appendix lid gives th:! labour
requirements each year From 1983 to 
2001 plus the 
labour requirement when the
system Is in a steady state.For conveniencethe labour rquirements have been 

divided between 
farm and tree nursery/extension .ork.The extension labour requ-
irements have been sub-divided 
into different grades of people.nrMely,university 

graduatescollege agro-forestry graduates and office staff.in a steady statz,

about 130,000 man years (1) are 
required to fell cross-cut,carry and stack the 

101/2 million 
tonnes of woodfuel(and polcs),and soce 
3,000 to 4,000 man years 
are
required to 
plant and maintain the 2661.000 hectares depending on whether seeds or
seedlings are planted.Thim means 
on average for each hectare of agricultural land 


3 hours per year will berequired to look after tl;e 3410 trees and 106 hours per 
year needed to fellcross-cut,extract and stack the
averageA Zc 

four tcnnes of wood.[F theis six,and assuming presert use conditions,then each family would 

require about 11/2 
 hectares of land under intense agro-Forestry/woodlot systems
to be self sufficient in woodfuel(and poles) and 
on average.41/2 
hours would be
required per yoar to 
tend the 
trees and 159 hours 
to fell and collect the fuel-

wood.Thls is the equivalent of just over 3 hours 
 2
per week( or just under /
 an 

hour per day)and should result in a considerable saving of time and effort con-

pared to the norm For 
firewood collection today. Thuseven though over 
130,000 

an years will be required to obtained the 
10112Atonnes 
of firewood.this 
is
probably half of what 
is needcd today and therefore the 
farmer and his family 


will gain tremendously from such 
a system.
If tree seedlings as opposed to seeds are provided for the agro-forcstry 

cheme on high potential land to supply the 2661,000 hectares,assuming that the
trees are raised in nurseries 
off farmthen about 850 people will be employed 


on averagc each year to raise these seedl'ings.Of course,it only takes about 3
months to raise the seedlings and therefore 
 eople wili
I,44 find 
temporary

employment each year for quarter of a year.However the extension people could 

work all 
the year round and about 70 univesity graduates,/00 college graduates
and 630 office staff would be required to maintain 
such an area of agro-forestry. 


This means that each college graduate would cover an area of just under 4.000 ha 

of farm land.or in the order of 2.000 farms. OF 
course to back up the extension 

worker there would be demonstration units,short courses 
for farmersliterature 

and radio broadcasts.Also it would be of great use 
if agriculture,forestry and
agrc-forestry could be taught in schools and this would mean 
that such subjects

be introduced into the 
teacher training ccurses.Perhaps everyrural school 
should 


(1) 


It is aSsumed that there 
are 270 working days per year.
 

have a shanba(vegetable plot) ind be enco-;raced to plant trees -iround the ;Chn:
and raise seedlings 
in tha school nursery.
 

To reach a goal of
of 2561.000 hectares 
 systems byyro-fo-estry/woodlt
the year 2000 in high potential agriculture! arcasparticularly CentralNyanz3
and Western provinces could go a long way to zeet the requirements for woad
 
energy at 
the place where it is consumed.nsmely,on Farrn.Such 
a target will requ

ire government or aid agencies 
to invest a considerable soont of money 
into the

extension scrvices,somewhere 
in the regio: of 38 
- 46 million -hiflings per ya,­
(1982 
constant price),however the benefits 
to the rural population in time saveJ,
soil 
stability and increased farm production and government in saving of
to 

foreign exchange are immense dnd far outwe.lthe costs.
 

3Agro-Forestry budget 
- mcdium potential area
 

The project policy case calls 
for 36J,000 hectares 
in medium potential
agricultural 
areas 
to be brought under 
intense agro-forestry/woodlot 
manage
 
ment by the year [:"c 
thousand. Appendices 
Ile & f give costs and returns for
 
the above scheme to the year 2007,while Appendix !lg gives 
the manpower require­
ments over the 
same period.The total cumulative casts 
by 2000 comes to some
 
Kshs.68 or Kshs.127 million,depending on whether seeds or seedlings are planted.
of which Kshs.43 or 
Kshs.77 million will 
be for extension work and nursery costs. 

It 
is most likely that a combination of seeds and seedlings will be used,there­
fore the above represent the cost boundaries.The anticipated yield by 2000 is
approximately 102 m. 
 7 million tonnes) 
and by this year,cuultie retrns
 
will exceed cumulative costs.fn a steady state 
the yearly cost,where seeds are

planted,is estimated to 
be some Kshs.5.1 million for 
the 360,000 ha of which
 
extension service costs will be Kshs.3.5 million.If seedlings are planted.then

the yearly cost will be Kshs.7.1 
million of which,Kshs.A.5 million are 
for ext­
ension and nursery work.
 

The labour requirements ( Appendix llg ) 
 for the Farmer,when the scheme
has reached a steady state,amount to betwen 10,400 and 
10.900 man years depend­

ing on whether seeds 
or seedlings are 
planted and the anticipated steady state
 
volume production 
is about 13.5 million m 
 i.
 
required to meet the family requirements for fuelwood(and pols) and 
this will
require about 149 
man hours per y?ar 
to fell and cxtract 
the wood and a further

7 hours 
to tend the treesor in total 
3 hours per week or in productive labour 

value ter.s,Kshs.7.50 per week.The number of nursery workers amounts 
toll4 and 

extension staff to 190,of which an estimated 10 are university graduates,95

college graduates and 85 office staff with the college grad;ates 
in charge of
 

http:ter.s,Kshs.7.50
http:million.If
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just under 4000 hectares. 

The policy case envisages 
that together the agro-forestry schemes will
about 60. of the proposed eet
target and of course this will 
not require .a change eurning 


of land usconly a more 
rationa! and intensification of it'; 
usE. 

eplanted forest nudger
-.


After agro-forestrythe replanzed' Forest notion is the
osal 
 rosc imoortar,t prop-
in terms of the provision of woodfu Jl.Thcre 
is also the most certainty 


about the costs and yields for they are based on 
well-triad practicesunlike

little recorded -Ost and yield data are 


agro-forestr- where ':e.ry 

available.The 


Output from these woodfuel plantations will,in 
the main,meet the demands of the
urban Populations and 
industry although ;omc will 
be for rural household and 

cottage 
industry use.The woodfuel project policy case proposes
hectares principally from gazetted fores: landsoF 

to plant 306,000 

hich I milion hectares can
be classifiea as 
closed natural forest lid 
and half a million hectares as land 


with little 
tree cover or land 
in other u:e (table 15). Therefore.it is theoret,
ically Possible to obtain all 
the proposed area 
from gazetted forest 
land that
does rot havc closed natural forest an 
cS.Howe..er it is uncertain what the 

current use of this land 
is and so 
it ha,;been assumed 
that when compiling the

budgets,half of the proposed area would .:.:me
from closed natural forest and half
From gazetted forest 
land with little or 
oo tree cover.It is also assumed that

the Clcsed Forest has 
a standing stock of 150 ms,'ha and 
therefore on 
average

each hectarewhen being preparcd 
for repl;ntfng -.. yield 75 m

3
ill 
 ,most of which 

could be used as wood 
Fuel;thus there will be production( and income) right

From the start of this option.Appendix 
12 gives the cost/return and lab-ur 


budgets for the full 
cost rcplanted forcs: option and Appendix
budget.but assuming that the 'shamba'system is employcd to 
13 gives a similar 


replant the forest, 

By 
the year 2000 the cumulative total 
cost for replanting 306,000 hectares 


full cost option) is some Kshs. 58 mill;on and 
the anticipated annual 
volume 

production in 2000 is 4.2 million mn ( 3.0 mi!li-n tonnes) from the 
new plant-

ation and 1.9 million m (

course I." million tonnes) from clearing the rorest. Of
From 2001 onwardsno more volume will 
come from clearing but the plant-
atian vclume will build up 
rapidly to 3
10.6 million m
 by 2007 ar.dthen decline..
 

to a steady state
sold Standing yah:;me of 9.5 million ni ( 5.3 milWion tonnes).If the wood isat Kshs.20 par m3 and excluding the income from the sale cf wood 

from the clearing operation,then cumu:ative 
costs will be covered by cumulative 

revenue 3
by 200S.At Kshs.15 per m
 cumulative revenue will 
cover costs 
by 2008,

and in 
a steady state condition 
the costs will be Kshs.50 million per year and
 

the revnue .:shs.143 to 191 miilior depodid'ng -n whe-her the 3tanding vluei
 
Yshs.15 or 20 per m
 

to emplo nent,(Appe: d!x 
12 b) the planting of 
206,000 hect.lre;
 
will create employmeandfor ne 
 Ily10,000 oop directly 'orkin ,inhe foret.of which 38.000 People will bcAthinning and feiling
supervision.so n. 20C 0 r ising Ee'li:g­total 
ersoloyrenc
planting and tonding. n addition,a further 3200 people 4ill be
is ;n 
the reoion of required43,300 
..
,n 
 h 
 nlat-iins
 

rcach a sz-eady state.An estimated 165 university gradua te-s ill 
t- rn uire'! torun such a proposal together with 
1650 college gr3uates,fc.-2ren 
ind Th.lntenln,:i
staff,pus 1490 office staff,so 
Prt From helping to solve n-n r
 
crisis,thc proposed planting programme generates 
a considerable imnont 
-f nr.q
employment.Other jobs will be created 
in woodfuel --inufictur- for examole.
charcoal and densified wood production 
as nell as in distribution and 
trsdin:g of
 
the woodfuel products.
 

The 
 Shamba system (Appendix 13) is a vdriatiorn of the replinted forostprocoszl,tut 
instead of planting the forest immediately after tile!and has oee,
 
prepredfarmers are 
 toprowed gric; Ituril crops for
olant 
 c u;",
vided they undertake the 
land preparation themselves ef 
 course.she

felling of the existing natural 
forest.In 
the fifth.ear 
 trees are olanted
 
together with their crops 
and a final agricultural croC is ol0nr2, 
in the s;

year,aith the farmers undertaking thc wezding of the 
tree 
':ro froe of charge.
Thus the establishment costs 
ire che3per than 
in the 'fil cost' method. 3y tha
 
year 2000 the total curulative costs( Appendix I3a) 
amiunt to Kshs.63' mllion
and the anticipated volume production is 4.2 million ] 


n ( 3.3 million ton1es).
 
There will 
bc no volume production from clearing is 
all the ara 
i')uldhave been

cleared by 1996,but the steady state 
volume production will 
be the same is in
 
the previous case namely,9.5 million m

3 

( 6.8 mill;on tonres). The steady stat:
expenditure for 
the 306,009 hectir"s ..
il! De Kshs.40 million per year and 
the


income Kshs.1.43 to 191 
million plus Kshs.350,0OO from far'mcrs rent for the us
 
of the 'and.
 

The 
same amount of people will be employed in thinning,felling and super­
vision but slightly fewer people will 
be eimployed in the cstablishment and tend­ing operations (Appendix 13b) 
as 
the farmers will be underta'ing clearing and
eedin.When the steady state 
is re-chod 42.600 people will 
find Full time
 
employment,scme 700 
less than in the full cost Gperit:on.But it will give emp­!oyment and food production farmers who will be able
to to farm 306,000 ha.tor
 
a total of six ycars.
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.Peri-urban bldget -; high potential low e1evation area 

Is stated previcus.y the reasons 
For having fuelwood planrtations near to 

the urban consumer is to 
try to persuade people 
to burn wood directly instead 

of chaicoal,to provide 
some employment to 
the urb.n people.to have a green belt
around towns which can be used 
as a recreation area ,and to 
prevent erosion on

fragile soils near towns. 


If people are going to burn wood Jircct'y 
for cooking then efficient and
acceptable stoves will have 
to be introduced and also the 
fuelwood 1iI1have tc

be marketed in convenient sizes ready for use. With 
regard to employment,two of

the peri-urban schomes have an 
animal feed component incorporated in t":Em ard 

this not only improves the economics oF the proposal 
but nearly tr:ples the 

employment.It also means 
that animal feed factcrias wifl have to 
be established,

and pcrhaps densified wood Factories 
to prepare the wood in a convenicnt and 


presentable Form.The combined fuel/animal 
Foed proposals need not necessarily
be confined to peri-urban arca.In Fact it may be advisable to 
introduce them 

into some of the 
replanted Forest schemes. However.a study should be made into
the dcmand for animal Feedjand thocForest gate pricL of 
protein rich Foofer 
to 

con, rirthe assumption made about prices and markets in this report are correct,

The per-urban proposal 
has been divided into three schemesnamelyhigh potent-


ial 
areas at both low and high elevations and medium potential 
area principally
on 
the Athi plains around Nairobi.All these 
schemes require a change of land use. 

The lnw elevation high potential proposal covers 
an
and Is suggested For land around Mombasa and 

area of 500 hectarcs

perhaps around Kisumu 
(Appendix 9).


This is a combined fuelwood/Fodder project on 
a five year rotation.It -s envis-

aged that the ground woild have 
to be ploughed and fertiliscd with phosphate

fertilIsers and 
 fenced to keep out cattle,sheep and goats. 3y 
the year

2000 the anticipated cumulated cost 
is Kshs. IP,million and the annual yield of
wood iS94,000 m3 ( tcnnst
wo(59,000 tonns) and fodder tonnes( .o
is 15,000 tonnes( air dry).If the 

leaves can 
be -old at in 'on tree' price of Kshs.150 per 
tonne then the cumul-
ative returns should be 
bet-:een Kshs.23 and 25 mmllion,depending n:hether the 


stumpage price for the wcod 
is Kshs.15 or 20.A~soreturns would be covered by
1998 assuming 
that the first planting of 1000 hectare- starts 
in 1990. In a 


steady stato the annual cost will be Kohs.1.2 million and the roturns between
Kshs.3.3 and 3.7 million from 70,000 M
3 


( 4a,000 tonncs) of wood and 
15.000 

tonnes efFodder. 
 tonne 
 of fdder.of 


The above scheme will employ nearly two thousand people of which 
1200
will 
bC required for fodder collection,600 for thinning and felling,43 For 

plan'atlon establishment and maintenance and 55 For supervision.By introducing
 

- 6 

Fodder component into the fuel:ond scheme the employment possibilities have 

been enhanced considercbly giing full time emuloyment to one person for everythrec hectares as compared 
to one persmn per sevent 
 hect3res 
for a Fue~wocd
 
only scheme.
 

Pen -urban
 
P - b t 
 g e h ____,___nre 

This scheme is a con entinnal fuelwood plintation project wthomtjfodder component for there is some uncert~iinty about fodder 
3n.y 

tree 5o01ivs uit­
able For high elevations.Several have been proposed 
in the a r-forestry ioo­
endix rcport but little information is zvailable on yields. it is orooed 
plan, 75,000 hectares by the ycir 2000 and the 
cumulativre cost by that year Afll
be Kshs.l16 million ( Appendix 14c).The anticitatzd annual 
volume production -i
3
2000 is 1.0 million m
 (0.7 million tonnes).Cumulative returns 
are estimated to
 
cover cumulative 
costs by bet;een 2OC5 
and 2007 and in a steady state the i-nui
 
cost will be KshslS :nil!ion per year and 
the returns between Kshs.35 and 17
 
million fer the two stumpago prices, (Kshs. IS and 20)
 

It is estimated that just less 
than 10,200 jobs will be created.8.800 in
thinning and felling operations,0O in establishment and tendinq 
and d00 sucer­
visory.This works out at one person being cmoloyed 
for ecery seven hectares.
 

S Pen -urbanbdgct-imedium potential area
 

Like the low elevation projectthis scheme is a combined fuelwood/foddrr
project but in addition tho production 
of honey is also onvivaged beeuse the
 
species suggosted Prosopis spp 
is an excellent one 
For honey production.It has 
been proposed to plant 35,000 hectares by the year 2000 and the estimated cum­
ulative cost in 
that year ranges from :shc.324
ul9,000 inn thate yea to 385 million denending wheheranges Ksir33 try385 mi lo _~e w .eth.er 
seeds or seedlings ara plantcd( Appendix 
14 e and 14g).Thc anticipated yield by


3
2000 is 0.6 million m ( 0.4 million tonnes) and this will reach a steady stateof 1.3 million m3 
( 1.0 million tonnes).The cumulative costs will be covored
 

by curmmlative returns bctwcen the years 
2001 and 2003 and in
annual a stcady state the
costs will 
be between Kshs.21 and 22 million depending on whether sceds
 
or seedlings are planted.The coresponding income is for wod Kshs.20 to 24
 
million(KshsA5 or 20 
stumpage pricc),for fodder Kshs.43 million(142.000 tonnei
iI
pods) and for hor!,-yKshs.5 million( 11530 tonnes).
 

The estimated empoymen 
for the 85,000 hectares in a te!dy state is be­
tween 18s500 and 
 e8,700
of wnich t500 are 
for pod collection400 for honey
 

http:production.It
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t e di n g n d f r h i n i ,d. 3 0 0 a n d 4 0 f r p ~ a n t i n g nd 
tending and 1300 for supcrvision. Again,whqn fuel and fodder pro -jction is 

4

bined,the employment possibilities are in-reased.ln this particular scheme one 

Person is employcd pcr 4"12 hectares. 


.anag natural forest budget 


rherc arL about 
!.2 milI ion hectare, af rltjri forests remaining in.enyaO't Of which 1.0 -i~lio7 hd, ;s gezetted (protcd) for_st.However,as explincd 

previously there are ancther 0.5 million her-tares of land that is qazet 
t
pd but 

which now carries little or no tree covcr on 
it or is in other use.For-=.er!y, 

,'ost of this land must 
have been forested and one reason why toe trees have been 


cleared away is that very !ittle,if onymanagsment was p-acti jS d and so the 

rural Population treated the trees as Capendabl _:comodities.Alsowith an cer 
increeslng pressure for more food production it :s understandable tht under-

utilised resources come under attack.n order to 
increase farm and forestry 

forbe itvistonAti inceas ise unittprdutnate

production it is ,ec.cssary for Kenya to increase 
it's unit production rather
than expand into marginal farming areas and 
the few remaining areas of forest 


land-Agro-forestry is 
a mCbno of increasing tre-cproduction 
on farm land without
reducing the agriculturaloutput.rndecd.if green mulching *is practiced.and the 

inputs Of fertiliser are as preJicted,then the agricu!tural output 
hould in-

crease.It has also been suggested growing tree species 
that produce food and 

fodder aS well as wood 
thereby helping to zolve more than one problem at once., 


But it is expedicnt ;nd most likely necessar;-y to st-ant 
managing the naturalto 


forests if they are 
to be saved from further destruction. Such managcment willalso ensure that 
they fulfill their primary functions of water catchmont.soil 


Conservation and a store of genetic material.As 
a further ins:;rancea man-made 

barrier in the 
form of Plantations around the 
lower boundaries of the forests, 

acts as a physical ,if not a psychological barrier 
to the rural popu:ationwho 


wish 
to clear the fringes of the forests for agricultural production;the replant-

ed forest areaas suggested previously.could form this barrier. 


.!evezrtheless,the demand For wood products especially fu e~wocd,.*s going to 

put increasing pressure on all tree resources and herefcre,instead of waiting for 


the trees to be cut randomly and usually to an ex~essivc degfee,it is far better 

and morc productive to practice controlled thinning and felling by removing the 

dead and dying trees and thinning exces-Ive regeneratior,especially of so-called 

non-cOmmercial trees,in oder to give the remaining 
trees room for growth.Given 
good managemznt,the volume removed from natura! forests.,both of trees and bambo, 


m a y b e a t l e a s t d o u b l e ,w h n l e i ntM n g h . r ow i g s t c k .lni i f n o t i n c r oain, 


especi l "lc 
 g rg tto'k of ore :.ilThble trea
 
.11i!e all th,!renaining nur-il 
forest i potentiall na.,.o-srr.­

have
ment h;atemsto be deve'o.j ind as in the cazeof,
 

have :o bc triinad to manage these ireas .ith very liztle oractic
Sl cience
 
to rely on.Therefore the policy programme suggests that ioouc 
h:lfI f tne nat­

ural frest -440,C0 nctores be brormqht under managen.ent by the year 00O. Such 
a proq-a.Tc..e ma-y cost in the region of K;hs. 117 million by 2000 butiveinao-. should be bet-.ecn tn cuZUic-Kshs 533 and 710 million if it is ass: .ned that tr.e
 
stumoage prize ranges from Ksho.l 
 to 20 per o-.However,it is antiziplred th.
 

about 
10t of of the cod .ill be commercially valuab!e 
timber which sncull co:0­
and a :-uch higher stumpage price. [n o steady' state the annual cost beteld 
Kshs.44 million and the returns 59 o 75 million ( AppendiK 5a , baed -n fel­

wood s u pag2 price.Manaement of tie natural forst ould not nly ctil 

taking out -rorc thinninas and felling,;,but just as import-antlyCrjcticing whol
 
tree u-ilisaton.At the presentthe 
timber mercha'tS onl" pay for what =na
treeclo precoss~ary mercnyt ftor 
remove from the 
forest and many of the merchants le-ie over ha!f of ,he felled
vo!um_ behind.Therefore by better utili-at.ona much larger off--ate con be 
achieved.This could happen 
if the people cutting the tree had to oay for 4has
 
they fe!lled 
rather than What they removed.Equa!ly this 
s atement aeplies to --e
 
p!antation as well 
as the natural forests.There 
arc aso mony plantation fo:-es:;
 
that -re 
under thinned and therefore the age of reaching co,..mercial exploit­
ability is prolonged and 
also early yiclds from thinning are forfeite.
 

betor utiliaticn and Iarger off-takes is qood i nagmcn' _nd
 

it is estimated that in or-er to cranage the 1I0,000 hectar2s,2bout 2,700 people
will be rcquired,of which !30 qill be uri;ersity gradiatesO1330 .ollego grad­

uates and 
1200 office staff.This means that ono 
college graduate would be in
 
charge of approximately 330 ha. nd 
a university graduata,.tn times 
that area.
 
(Appendix 15b) in ad.iion,13,'3f0 people wozd be rcquired 
to annually foil and
 

extract 4.6 miliion m
3 3
of timter of which an estimated 3 7 million m (2.7 mill­

ion tonnes) ma be fuewod, t is also possible to exploit tne nature] forestr; 

for other forest products for examp!e,honey,herbs,medicine fibre,food and natur-l
 
extracts from trees such as gum and resin.Only by undertaking research into
 

what products the forests can yield will 
the forest service discover if it is
 
worthwhile to utilise t isso-ca!ied minor forest prnuctsarn countr
tiveral -.
 
pines are tapped to iverso-and resins.Rosin is a necessary addti.ev for paper
 
making and 
instead of Kenya importing rosin for the 
,.Ip ,ridpaper millit ml'
 
be comercially viable 
to tap the pine plantations.Again.resii can 
be used as
 

torch to provide light,so there is potential to rise the so-callcd m!!norfore,:: 

http:addti.ev
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farmers costs nor his returns from 
fueIwood and fertilisers have been included 

in the budget as it is asumed that these 
inputs are provided free of charge ad 

the outputs 
are obtained withut any monetary payments.Howeverthose costs and 

returns are 
tabulated inApperdix ll,assuming the farmer is paid for his inputs 


and conversely he pays for the outputs.
The cumulative costs 
by the year 2000 of planting the equivalent• of 1.43 


million hectares of land under various fuelwood option is estimated to be botwcen 

Kshs.2134 and Kshs.2554 million in 
1982 constant value terms.lf government 

agrees to pay a grant to 
the farmers for initially planting nd maintaining 

trees in agraforestry systems then this would increase the costs 
by Kshs.105 

million over the period if the total 
grant came to Kshs.40 per hectare of farm 

land. The estimated annual production by the year 2000 is betwzen !7 and 
18 

million tonnes of wood and this will meet about 35; of 
the projected 'policy case" 

demand for energy by 2000 and nearly EO 
 of the woodfuel demand.The znticipated 

money returns range from Kshs.680 to 2135 million with stumpage prices of 


3
Kshs.15 and 20 per m 
.So if the financial estimates are more or less correct
then returns nearly cover costs 
by the turn of the century.Of course.there is 

no establishment and 
tending cost charged for the cleared natural forest and so 

it could be argued that the income from the 
salc of this wood should be excluded, 

In that case the anticipated revenue is reduced to Letwveen Kshs.1330 and 1680 

million.By the yer 2007 when the cumulative returns from practically every 

option is oreater than the cumulative cost the total financial cost is Kshs. 

3900 million and the total financial 
returns ranoe from Kshs.3400 million,,)to 

4300 million for an 
output of 26.9 million tonnes of fuelwood plus 151,000 


tonnes of fodder and 1500 tonnes of honey.In a steady state tho annual cost for 

all the components ill be about Kshs.190 million and 
the returns range from 

Kshs.320 to 410 million for an 
output of 24.6 million tonnes of woodfuel or 

about 50% of the estimated demand for wood energy by the year 2000. 


All the aboe costs are Doased on 
a set of assumed per hectare costs that 

could be achieved by good managment. These have been described previously and 

set out in detail in ppendix 5.However,avei-ago costs in Kenya today are abuut 

50% greater than the above costs,rangiryg from 75. more for direct costs and 45% 

more for overhead costs.!f these costs were 
applied to the various proposals 

then the cumulative cost by the year 2000 would be Kshs.3200 million (table 17a) 

while the 
returns would remain the same. In nearly every casa,the financial 


(1) 

The reason why this total income is less than the total 
cost is because 


there is no money income from the agrc-forestry option. 


yield would be less than 0t althouh in a ;teadv state, income would exced
 
cost by at least Kshs.40 million per year instead of the 
estimatad Kshs.130
 
million under the assumed cost structur. Thus.unless labou,- efficiency is
 
increased,which should be :ell 
within the bound; of good manaQement,the go­

ernment w:l "ave much less surplu: to invest in the economy of t:,tcountry.
._L
t_. ,-r~olo-- pou wW at - r- : abindo femp lym nt e:ould the woudfuel propocal Zencrate?Table 13
 
gives 
an estimate of the total emplcymont possibilitie: wh:rn the steady state
 
is reached and Appendics 11 - 1 give the 
build up from year to yar.It is
 
estimated that the wood enorgy proposals will create employmnt for between
 
97,000 and 99.000 people in 
the forest or supervising the agro-forestr-y prop­
osals.Between 87,000 and 89,000 w:ll be employed 
on direct operations where­
as 
10,000 will be requircd fcr management and supervision. !f more food/fod,1cr/
 
woodfuel schemes are introduced into the 
policy options then employment could
 
be boosted well beyond the 100.000 mark 
at very little extra cost. However,as
 
previously statcd,the economics of fodder production and markets must be
 

thoroughly investigated.
 
Most of the omployent will be in thinning and fellno and it would be
 

advisable to organise training courses 
for the workers in the various operat­
ions of feilirg,cross-cutting,debarking,oxtraction 
and piling. This can be
 
exhausting workespecially if hand tools are used 
as s rco-ended.Therefor­

the design and introduction of the correct tocs is most 
important for effic­
ient and energy saving work 
as is the sharpening and maintenrncc of these tocis.
 
About 500 university graduates will e required 
to menage the variojs options
 
in plantation fcrestryagro-forestry and management of natural 
forests.This means
 
that on average twonty graduates will be necded each year to the year 200? to
 
manage such a prograrne.rhis is in addition to 
the graduates turned out today,
 
therefore,thz university intake 
into the forestry school - assuming most of 
the graduates are foresters- will have to 
be more than doub!ed and emphasis w.ll
 
hav to be placed on agro-forcstryxtension work,management of natural forests.
 
short rotation plantation management and harvesting of small diameter trees.
 

While tho intake into the university forest :chool will have 
to be bo.;t
 
dcubled,the intake into the agricultural and forestry colleqes needs to be
 
increased about five-fold.Every year approximately 200 new college graduate;
 
will be 
required for agro-forostry extension workplantation and natural forest
 
managemnt and supervision of harvesting.!Perhaps a new college is rcquired tc
 

cope with such an increase in numbers and the changc of emphasis in training

from the traditional forestry subjects to aro-forestry and extension work.
 

Table 18 only gives the employment possibilities in the forest or on the farm,
 

http:honey.In
http:million.By
http:century.Of
http:terms.lf
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ment to produce the equivalent of 35t of Kenya's energy require.--ent frm thz 
hydro electricity are 
in the order of 65,000 million shillings or 24 times the 
cost Of the ;qocd energy proposals.Of course electrical ener;y is 
a mu;ch .­ore
versatile energy form that! wood,but the capita! cost of providing this energy

to the population,espacijlly when taking 
into considcration 
the distribution 

Costs to the rural areas highlight; hoi cheap the wood energy policy option is. 

It iS also vary doubtful whether such an 
invzstnent,even 
if therc was suffic-

lent water.wou ld 
provide ;ny--hing like the sustained zmploynen: of the forestry

Option. 


Perhaps a m-re realistic comparison; 
is that between wcodfue! and paraffin,
paraffin being the cheapest alternative to wooofuel.Assumingq relative increase 

in the efficiencies of wood stoves 
as compared to other stovesas has been done 

in the policy option foracast,then,approximately 4.4 million tonnes of paraffin

(5040 million litres) are cquivalent to 
18 million tonnes cf wcod.At present

the Mombasa rcfinery is producing about 2.9 million tonnes of all products but

it's design capazity is 4.2 million tonnes.However.without a cracking unit only

15- of the output is paraffin/jot fuel.Therefore 
to cope with 4.4 million 

tonneS a 30 million tonne 
refinery would be required.Even withacracking plant

the capacity of the rzfi.ery would be about 20 million tonnes 
.The capital 

investment for a 20 million 
tonne refinery plus crackireg plant would be in the 


-region of Ksh.14000 millionbut of ourse 
the share of thc refinery attributed
to paraffin would be approximately Kshs.3,000 million ()Therefore the capital

investment of the "paraffin con.ponent" of a refinery may be sightly more 
expensive than the capital investment of the wcodfue! policy option and more 

importantly the total 
refinery investment wi!l 
be five times as much.Tn must 

also be 
 borne in mind that most of the capital 
cost (about 80%) is foreign 

exchange and the cost of 
the crude is all 
foreign exchange.This can be 
illust­
rated by the fact that if 4.4 million tonnas 
of already refined paraffin wcre
 
to be imported then at today': prices it would cost 
in the region of Kshs.
 
18,000 million of foreignechange per year which is 
more than .s1Y times the
 
capital cost of the entire woodfuel programme proposals.Also the employment

Possibilities at a refinery would be in the 
IO0': 
rather than in the 1,000's.

SO the w-odfuel option in a"solute tzrm 
 is the cheapest, costs by Ear the
 
least foreign exchange and provides the most employment.
 

(1) There is the problem of finding mar'ets for the other products produced
and of course a cracking plant could produce diesel 
as well as paraffin.
Thercfore there may be some competition as what to produce.
 

There are other costs attchad to the woodfuel rnoposzls that have not
been deelt with but :huolabf! mentii ed in order to gi".e a com itte pictur.'1o
price has been put on the value of :he land 
for Sust of it 4ill remain in
 
ourren- use. However.it is prop:se 
 that fcr peri-urban aid induitrial 
plant­
ations 204,000 ha. w-11 involve a chrnge of land use.Firin land in high pot­
ential areas is worth about Kshs.17,00l 
per ha. and in :.edium potential
 
areas about Kshis.!0,000 per ha.lf it is assumed that these prices 
refleat the

value of 
the land then the czsz for purchasing the land far per-ii-,rban and
 
industrial plzntzticns 
.il!be in the region of Kshs.270 million which is
 
more than the estimated capital 
cost of the cntire prografrir..if :-ou5es have
to be built for all 
the work fcrce of nearly 100,000 than ti-is'.:oud Cost apo­
roximataly sh.2700 million.Also 
to train the graduates both at 
the uncer:
 
and college lave! as -.
ell 
as running training zentres and estsblishin;

3a weiir'
 
for stove improvement may cost so-ewhere in the req'on 
 f &.shs.CO0 million
 
over a 25 year period,so the entire p-ogram..e may enta;i a ,ost of shs.
 
8300 r-illion 
to the yea- 200,0r on averageKshs.460 millh
- -er year. For this
'nvestent Kenya will produce at 
least 254 cf 
it's ,ownelnr rolcirament.ri:s 
energy source is based on indigenous resources 
and skills whichart chc,er t-in
alternative energy options and requires 
a minimo_'m 
.1rointof foreigi, eachzno:.
 

-
By taking the sustaied wod enery route,water athme: re 3 ill be prot-: 

edsoil will b. stabilised and it's fertil'ty increased,the quality of lirof
the rural population sho, ld be enhan.ced 
and a siqnifica,;t number of Jobs will
 
be cre_ ted.Finally,by choosing a fuel 
that requires very little :ap~ta! input,
and an investment that will pay for itself relatively qu'cky.'oney will be
 
released,especia!ly foreign exchange,to buy aapita! equipment that should
 
assist in the rapid economic dove!opment of the nation.
 

http:However.it
http:proposals.Of


Appendix 1. 	Capital 
and 	runnina cc.:'s of a two cubic metre/day biogas plant.
 

1982 prices assumed. 
COSTS AfD.BEIFTTS OF 

PROPOSED TREE PLANTING 
PROG A'k*p" OR SATISF­
YI,'G K:-.'YA'S ":OOD 

Capital CostENERIGY REQ- IIEi-1ZjhTS 
Indian rupees Kshs
PART II 


Gas 	holder

APPE:;DtCIEs 	 2481 3328
 

Pipeline 668 896

K OP E,-'A 
 Construction 	 3054
SENIOR RFARCH FELLOW 4096
 

Total
BEIJER I STIITUTE 	 Cost 6203 
 8320 of which 
Foreign Exchange 

Annual Cost Kshs.
 

Depreciation 	Gas holderkl0yrs) 213 333 300
 
Pipeline (30yrs) 
 22 30 28
 
Civil work(40yrs) 76 102 52
 

Paint and painting 	 266 
 357 150

Annual maintinance 
 266 	 357 50
Dung collection(4.93tonnes) 
 92 123 0
Water 4,930 	litres 
 12 	 16 0
 

TOTAL 
 982 1318 580
 

Cost per cubic metre of gas 1.35 1.80 0.79
 

Assume the dung is put on 
the land. No 	charge made for purchase of dung, and 
no
 
benefit attributed to dung as a fertiliser. To supply dung. 
2-3 cattle are required.

No interest costs charged on capital.
 
Prices given in 1975 terms: 15% inflation assumed. therefore multiply by 2.56 to

oblain 1982 prices.
 

3
Im b;ogas contains 60% methane and 40% carbon dioxide: energy value 22M Joules per m
 

Source: Methane generation from human, animal 
and agricultural wastes. National
 
Academy of Sciences, Washington D.C. 1977. P.120.
 

THE BElIER INSTITUTE 
~ .~\~ 	 Sno,,S........
Th: InternationalI nstitute for Encrry anld ,n~xr-,Inr .L!.:/	The Royal S',.,,Ii,%Acadcniv oI"S6i.-n:...-.
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Appendix 2a MIoisture content and weight of 
one cubic metre of Eucalyptjs saliona
 
at different ages and at different stages of dryinrjI) 

Age (yrs) 

Specific gravity 

Time from felling 

__( 

When felled 

After 6 weeks 

After 12 weeks 

M.C. 
(dry basis)l 

160 

80 

40 

5 

0.61 

Weight 
per m31t ) 

1.59 

1.10 

0.85 

Volume 
pcyt(m J 

0.63 

0.91 

1.18 

10 

0.66 

MC(db) Wt/m 3 

% (t) 

140 1.59 

70 1.12 

35 0.90 

V/t 
(m3) 

0.63 

0.89 

1.11 

15 

0.70 

MC(db) IUt/m3 

Mt 

116 1.52 

58 1.11 

29 0.91 

V/t 

(m 3 

0.66 

0.90 

1.10 

1 

0 

After 18 weeks 

After 18-24 weeks 

20 

15 

0.73 

0.70 

1.37 

1.43 

17'2 

15 

0,78 

0.76 

1.28 

1.31 

14112 

15 

0.81 

0.81 

1.24 

1.24 

I 

(-) Wood is felled, debarked, cross-cut into metre lengths and stacked. 

Appendix 2b 'Energy available for cooking/heating at different moisture contents 
(1)
 

Units: Giga Joules
 

- Age (yrs) 5 10 15 

Time from felling MC % GJ/t 9 I GJ/m 3 
10 Joules 

MC % GJ/t 9 1 GJ/m 3 

10 Joules 
MC % GJ/t9 GJ/m 3 

10 Joules 

When felled 160 5.72 9.09 140 6.53 10.38 116 7.37 11.20 

After 6 weeks 80 9.32 10.27 70 10.01 11.21 58 10.96 12.17 

After 12 weeks 40 12.67 10.77 35 13.23 11.91 29 13.96 12.701 

After 18 weeks 20 15.19 11.09 171/2 15.64 12.12 14112 16.03 12.98 

At 15% MC 15 15.95 11.19 15 15.95 12.19 15 15.95 12.98 

At bone dry weight 0 18.70 11.41 0 18.70 12.42 0 18.70 13.15 

(1) 
The low heat value(equivalent to the heat practically available) has been calculated using the
formulae: l00x-2.4(54+m)/100 + m Where x 
= The high heat value for wood - 20.0 MU/Kg 

m = Moisture content of the wood-(dry basis)
The factor 2.4 MJ/kg of water is the amount of heat required to drive off IKg of water.
 



Andix a Economic transport radius for fuelwouj at different A dristure 
contentsassuming the woo--- 7Ea.aixed cost per Joule (I) Appendix Ja FOOTMrES 

()Market price Kshs 200 per tonne at i5t. MC(Kshs.12.50 Per G.Joule) (I 

Moisture Contentfdry basis) 160 80 40 20 15 10 

When wood is sold at a fixed price per Jnule the cosr per tonne will varyaccording to it's moisture content. The higher the moisture content, the
lower the price. 

(2) Wien wood dries there is very little shrinkage, therefore the volume can 
Effective energy value 

GJ/tonne 5.7 9.3 12.7 15.2 16.0 16.8 
peightof 1m

3
(2) (tonnes) 1.59 1.10 0.85 0.70 0.67Roadside price 

per tonne (2O) (Kshs)2 41 532 62 64 67Market prce(200/'t)(Kshs/t) 72 117 159 190 2ar 211 
Dand roadside price (Kshs/t) 44 76 106 128 136 144Retail/wholesale profit margin

(15%) (Kshs/t) 
if 18 24 28 32Cost for transport (Kshs/t.L 33 58 82 100 106 112 

Road transport cost 31di.
(Kshs/Km/tonne) (4) 1.00 1.00 1.18 1.37 1.43 1.49 
Maximum profitable roadtransort radius (Kms 33 58 69 73 74 75 

transport cost 

bp taken as constant. irrespective of weight. 

(3) This is assuming the purchase price of theawood. plus felling, cross­
cutting, debarking and extraction is Kshs.45 per m 

(4) It is assumed that a lorry or railcar carl carry one m3 or less per tonne weight . The standard price for road trinsport is Kshs.l per tonne p~r kilometre and 
for rail Kshs.0.40 t/Km. If Im weighs less than one tonne then the price pertomne increases to take account of the bulkiness of the product and thedppropriate rates are given under road and rail costs. 

pEn 

3b Economic transport radius or fuelwood at a fixed price 
per tonne Irrespective or moisture content (5) 

Market price Kshs.200 per tonne 
i__ 

(KShs/n/tonne 0.40 0.40 0.47 0.45 0.57 0.60Maximum profitable rail__ _dius (KIs 82 145 1/4 182 186 187 0 40 20 15 0aEffective energy value(GJ/tonne 5.7 9.3 12.7 1"5.2 16.0 15.3Weight of Im
3 

(tonnes) (2) 1.59 1.10 0.85 0.73 0.70 0.67 
(ii) Market price Kshs.100 per tonne a, 15% HC (Kshs.6.25 per G.Joule 

zrket prfce(lO/-tM(Kshs/t) 36 

,Roadside price per tonne(Kshj) 28 41 53 62 64 67 

Market Price (Kshs) -200 

Price differencearket- 58 19 95 100 IOS Difference Market-Roadside(Kshs) 172 159 147 138 136 133 
oadsida (shsj) 8 17 26 33 36 38
Profit margin (15%) (Kshs/t) 5 9 12 14 15 16Cost fo- transport (Kshs/t) 3 8 14 19 21 22 

For transport (Kshs/t) 142 129 117 108 106 103 
on r sI1 

Maximum road transport 

radius (4) 3 8 12 14 15 i5 
Maximum rail transport 

radius __. 8 20 30 35 37 37 
-. 

1 Maximum profitable road 

transport radius (KVns)(4) 142 129 99 79 74 69
Maiu6poiaberi 
Maximum profitable railradius (Kns)(4) 

355 322 249 196 186 172 

Cost per Giga Joule (KshsX5) 35.1 21.5 15.8 13.2 12.5 11.9 

(5) When wood is sold at a fixed price irrespective of moisture content, then the cost 
per Giga Joule increases with moisture (see last line). 

(2)(3)(4) 
See Footnotes under Appendix 3a 
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Appendix 7c (i) 
 b) in high rainfall areas (seedlings)
 

er ha Farm Land 
 per ha equivalent Forest Land
 
3
income
per standing m
 Income per standing i 3 

Volume aC Kshs 5 at Kshs2O Fertiliser Voi. at 
KsTsl5 at Kshs2O FartiliserYr Operation 11'3l 3production per id per n income P in per inprd. pr'a pr OP per J icmncome 
2,8,14,20,26 ) ) ) ) ))3,9,15,21,27 ) Thinnings and ) ) ) 
 ) )
4,10,16,22,28) branch ) 2.0 ) 30 ) 40 ) 20 ) 13.3 ) 200 ) 167 ) 1335,11,17,23,29) Mulching ) ) ) )6,12,18,24,30) Fell. 
& Br.Mulch. 19.0 285 
 380 
 126.6 1900 2533
0-30 Thinning & mulch.income 40.0 
 600 800 400
0-30 266.7 4000 5333 2667
Felling & mulch. Income 
 95.0 1425 1900 
 100 633.3 9500 12667
0-30 Total income 666
1350 2025 
 2100 500 900.1 13500 18000 333
 

(1) This isaverage volume production over the five rotations. The average yield per rotation may be as
footnote (1) table Appendix 7c(i) a). 
per
 

Appendix 7c (ii) 
 a) in medium rainfall areas (seeds)
 

per ha Farm Land 
 per ha equivalent Forest Land
 
3Income per standingm Income per standing 13 

Volume at Kss15 at Kshs20 Fertiliser Vol. at at
Ks.sl5 Kstis2G FertiliserYr Operation production3(1) per in 3mn per rn income prod. 3,30() per m per m incolme 
3) Thinning and 
 0.6 9 
 12 ) 4.0 60 80
4) branch 1.2 18 
5) 

24 ) 8.0 120 160.uIc,,ing 1.2 18 
 24 ) 8.0 120 160
6 Felling & branch mulching 12.1 182 242 ) *0.7 1210 16138,14,20,26) 
 1.2 18 
 24 12 3.0 120 160 ) 12
9,15,21,27)Thinning ,nd 
 1.2 18 24 ) 8.0 12010,16,22,28)branch mulching 1601.2 )a 
 24 ) 8.0 120 16011,17,23,29) 
 1.2 18 
 24 ) 8.0 120
12,18,24,30 Fell. and Or. mulch. 11.0 165 
160 

220 J 73.3 1100 1-167 1
0-30 Thinning & mulcii.income 22.2 333 444 
 240 148.0 2220 2960
0-30 Felling & iulch.income 56.1 842 1600

1122 48 374.0 5610 7480 3200-30 Total income 78.3 1175 1566 
 288 522.0 1 7830 10440 l920
 

(1)
 See footnote (1)table Appenidix 7c(ii) b)
 



Ap
pe
nd
ix

 
7c

 
(
i
i
)
 

b
)
 



i
n
me
di
um
 r

ai
nF
fa
l 

ar
ea
s 

(s
ee
dl
in
gs
)

 

pe
r 

ha
 
Fa
rm
 L

an
d 

p
r
h
e
u
i
v
a
l
e
n
t
 
Fo

re
st

 
La
nd
 

In
co
me
 

er
 
st

an
di

 
ng

 n3 
lI-

e 
In
co
me
 


er
 
st

an
di
n 

' 
Vo
lu
me
 

at
 

Ks
IS

15
 

at
 
Ks
P
2
0
 

fF
er
ti
li
se
r 

Vo
l.

. 
at

 K
ss
l 

at
 
Ks
 

O
 

F
e
r
i
i
e



Y
rO

p
e
ra

ti
o
n
 

pr
od

uc
tio

n 
pe

r 
in

 
p

r 
in

 
in

co
in

e 
pr

od
, 

pe
r 
in
S1
 

3
pe

r 
i
n

i n
co

mn
e 

2.
8,

14
,2

0.
26

)
3,

9,
15

,2
1.

27
 

) 
Th
in
ni
ng
 
an

d 
))

))
)

4,
10

,1
6,

22
,2

8)
 

br
an

ch
 

)1
.2 

) 
8 

) 
24

 
) 

12
 

)8
.0 

) 
12

0 
) 

16
0 

) 
12

 
6,

12
.1

8,
24

,3
0 

F
el

l.&
 

B
r.m

ul
ch

. 
11

.0
 

16
5 

20
 

j, 
, 

73
.3

 
11

00
 

14
67

 
0-

30
 

Th
in
ni
ng
 
I
t i
ul

cA
. 
in
co
me
 

24
,0
 

36
0 



48
0 

24
0 

16
00

 
24
00
 

32
00
 

16
00



0-
30
 

Fe
ll

in
g 
&
 
mu
lc
h.
ln
co
ii
ne
 

55
.0
 


82
5 

11
00

 
60

 
36
6.
7 

55
00

 
73

33
0-
30
 

To
ta

l 
in
co
me
 

79
.0

 
11

85
 

15
80

 
40
0

 

30
0 

52
6.

 7
 

79
00

 
10
3 

00
0 

Th
is

 
is

 
av

er
ag

e 
vo

lu
m

e 
pr

od
uc

tio
n 

ov
er

 
th

e 
fiv

e
 r

ot
at

io
ns

. 
Th

e 
av

er
ag

e 
yi

e
ld

 
pe

r 
ro

ta
tio

n 
ma

y 
be

 
as

 
fo

llo
w

s:
 

i
n3 /

ha
/y
r 

ls
tR

.l
.0

C6
.8

),
2n

dR
.l

.8
(1

l.
8)

 ,
3r
oR
.l
.5
(1
0.
l)
,4
th
R.
l.
3(
8.
4)
,5
th
R.
1.
0(
6.
8)

 

Fo
re
st
ry
 
eq
ui
va
le

nt
 
yi
el
ds
 
i
n
br
ac
ke
ts
.

 

13
, 

M
 

i-
a 

o 
-D

 
-

M
 

'0
 

1
3
 

to
 

ID
 

n
IN

 Z
) 

2
L

n
-

C
,,
 

M
 

C
, 

Ia
. 

M
 

a 
M

, 
X

C
 

0 
to

 
a
 

-1
 

C
 

0
,.
-

n
 

C
. 

in
C

. 
In

 
-.

 
<

D
 

C
L

. S
 

0 
=

r 
t1

 
' in

 
F

C
 

C
1 

~ 
F

 
C

C
 ( 

i 
, 

(D -1
i 

C
'F

 
F

in
~ 

0 
F

 
~ 

i 
M

 n
C

 
~ i 

o'
F

 

I~
~

~
=

 
-.

 C
 

-.
 

,,C
 

n 
IC

c 

to
 

n 

ID
 

ID
 

w
C

 
C

'D
0C

 
C

 

M
 

1i
 

3 
0
, 

0
.0

 
-D

 
-j

 

(I
 

in
 

C
) 

< 

I 
-' 

C
. 

-

.Q
 

C
. !

Z
 

! 

http:3,9,15,21.27
http:2.8,14,20.26


Ap
pe

nd
ix

 
7f
 	

Th
in
ni
ng
, 

fe
ll
in
n 

an
d 

mu
lc
hi
ng
 
la
bo
ur
 
bu
dg
et
 p

er
 
he
ct
ar
e

 

Ke
ny
a 
As
su
me
d 

Co
st
s 

Ye
ar
 

Op
er

at
io

n 
pe

r 
ha

 
fa
rm
 
la

nd
 I
p
e
r
 
ha
 
fo
re
st
 
la

nd
 

pe
r 

ha
 
fa
rm
 
la

id
 I

 p
er

 
ha
 
fo

re
st

 
la
nd
 

Hi
gh
 

r'
ai
nf
al
lI
 
ar
ea
s 

M
e
d
i
u
m
 
ra

in
fa

ll 
ar

ea
s 

2,
8,
14
,2
0,
26
 
)6
.2
 

41
.3

 
3.

7 
24

.7



3,
9,
15
,2
1,
27
 
)T

hi
nn

in
g 

an
d 



5.
8(
2.
9y
r3
) 

38
.7
(1
9.
3y
r3
) 

3.
5(

l
.7
yr
3)
1 

23
.3

(l
l.

6y
r3

)

4,
10
,1
6,
22
,2
8)
 

mu
lc

hi
ng

 

5.

2 
34

.7
 

3.
1 

20
.8



5,
11
,1
7,
23
,2
9)
 


4.
4 

29
.3

 
2.

6 
17

.6



6,
12
,1
8,
24
.3
0 

Fe
ll

in
g 
&
 m
uf
lc
hi
ng
 


34
.2
(3
7.
8y
r6
) 

22
8.

0(
25

2y
i-

6)
 

19
.8
(2
i.
8y
r6
) 

13
1.

9
(
l
5
.
3
y
i
-
6
)
 

0-
30

1 
To
ta
l 

la
bo

ur
 

27
9.

7 
18

64
.7

 
16

3.
7 

10
93

.3
 

Ma
n 

ye
ar
s 

(2
70
_m

an
 d
ay

s/
ye

ar
 

)1
.0

 
6.

9 
0.

6 
4.

0 
W~
ei
gh
t 

of
 w
oo
d 

fe
ll

ed
 
et

c.
(t

on
ne

s)
 

84
.4
 

52
.7

 
(I
an
 d

ay
s 

pe
r 

to
nn

e 
(a

ve
ra

ge
 

co
ns

um
pt

io
n 

pe
r 

ca
pi

ta
) 

3.
3 

3.
1 

-
D
 

0 
C

 
0
C

 
n
'-
0
i
C
c
D
 

0
 

C
 

-
0 

rD
<

 
N

 

01
<o

oo
 

D
a

:r
 

o
 

.-
0
0
M

 
II

E

 

M0
.
0
~
-
~
.
 (

D
0
 

~ 
a
~
0



1
 

rt
~

 
, 

.
 2

c 
. 

0r
 

L
 

U
 

/0 
n

' 0
 

a,
, 

--
	

co
zM

a
7-a

'C
 

"I
 

i 
C

L
 

0 
0
 

M
. 

O
r
 I

D-
0

M
 

(D
 

"D
 

-(
D

0
 

0
 

C
 
0
0
 

-.
. 

0
0
 

w
 

M
r-

T
.-

.
0
 

-
P

, 
it.

M
 

.
-
.
-
-
. 0
-
.
.
~
 

0
0 

0 
L

O
t,.

0 
-

C
.
-

-,
0
 

.
-
.
.
	
 

0
 

­
.
 

0
 

­
. 

C
, 

m
 

-,
. 

0
 

Io
 

. 
a 

I 
, 

:3
 1

0 
a
C
 

~ 
0
 

0
 

F
 

fu
 

0
0
 

C
 

0
 

0a,
 
0
 

01
: 

0
0
 

0
.
 

.
0
 

0
.
 

,
 

0
 

'I
 

-
. 

. 
0
 

D
00

/.D
 D

 
W
0
 

-3
 

M
i
 
"
 

r 
0'

.0
m

L.
0-

, 1
< 

0 
, 

C
L

 
)-

~-0
 

a

13

 
0 

0 
-

o
 
-
,
 

a
 -

0
 

0

.
 

a 



<
sn

 
-D

a 
0
 

-2
 

-0
--

D



0.
- ,

 
I
D

0
-

-. 
a
 

.. 
.
 

-
0

.0
 

0
 

-
0,

 
V


 

-.
-

a.
0 

-
-h

 
0

 
0
 

B
 

~



-0
 

'D
 0

01
 

0
 C

L
0 0

 
,0

 
n 

	
0
 

;
0 

0
 

.. 
0

. 
0

0D
 

I0
 

. 
'I

 
u 

-
'0

 
0
; 

I.
I 

-1
i
0
.
,
(
0
 

M
-I

 
M

0 
I
 

M
0 

0
?0

 
0

0
 

o 
F

 
Z

 
".

--.
-r

 
0
 

0 
0

.0
 	

0
.0

 
0
0
. 

C
. 

n 
C

L
7-

9 
0
.0

. 
0
 

3
 

C
0

00
C (.

;n
 

7~
. 

=0
 C

0
.1

L
I
 

0
 

M
 

-~
 

00
D

 
C

L
 

­
aC

.O
 

­

0
 



O
0
 

-
,
w
 

0 
0
 

Q
.
 

M
0
 



C
 

<0
 

C
L
0
0
.
0
0
 

-"
 

:E
O

 
0
 

:.
 

0
'0

 	
0
1
 

L
D

-­

0
 

1
 

.V1
 

:M
rC
)
0
 

0
 
h
-

.' 
' 0 

I,
M
0
 

0 
n
~
f
 

0
j 

-,
. 

.	 
7O

J C
 

7 .
 

0 
. 

O
3n

 
. 

-n
. 

0L
 

-
T

0 
	

.0
 

o-
:r

 
ID

 
. ,

 
M

..

 

0
0
 

,
0
 

ID
 I

n 
0
. 

0 
-D

 
I
D



'n
. 

c 

C
 

0
 -

1 
. 

P
 .

03
 

0w
 

1
 

-C
D

 
lil

-.
 0

 
.
1
 

O
L

 
4-n

 
D

C
 

l 
C

 
0

)
1
 

0
 

C
 

.
 

. 
. 

0
 

0 
'D

 
0

3
,~

 
n
.-

	
1.

 
tV

 
, 

:;
, 

V
 

I0
 

0 
'D

 
C
2
)
 

C
C

 

It
,.0

1 
. 

0
 

z 
D

­

r,
 

C
n.

0 
C

) 
U
.
,
 
	

C
D

'~
 

D
) 

1
0

 
C

:I
).

. 

0-.
 

a
 

-,
 D

 
ID

K
Q

 

C
l 

.0
 

0 
L,

 
0 

Q
 

-.
 

-"
 

0 
. 

.0
 

12
) 

-
t..

. 
0 

-
0 

a
.'

 
a 

-'~
 

K
 

03
 

;V
n
 

0
0

 
N

...
 

II 
C

, 

--0
 

0 
0 

1.
-

,
 
00


 

http:6,12,18,24.30


Appendix 3b Direct and overhead costs per hectare for a Fuelw~od/Fodder
plantation(dnd a fuelwood plantation alone) on a fifte n -

6 o­

year rotatio, plus four fifteen yedr rotations from suckers. 
(Assumed species Prosoois spp.) 

Kenyan assumed model costs used. 

Units Kshis. uC 

. 

W ~0C) 
:r Cfl 

O4C4 

C3 <0 CDu~CD
nCi 

-' 

C3-)I
-nD-

,J4 

Zu 

-

C
iCn 

0: 

. 

Year Operation 

0 Initial establishment & weeding
I Beating up plus weeding 
2 Weeding(-15 Overhead costs per yr (average) 

15,30,45.60 Fertiliser application 
15.30,45,60) Weeding and 
1631'45,61) coppice reduction) 
16-75 Overhead costs per yr (average) 

0-75 Direct cost including materialsard mach ines 

0-75 Overhead costs 
0-75 Total costs 

(I) 

Wood/fodder/huney sold 
Plant Seeds Seadlinr 

2010 25104 
N44 144 

100 100 
200 200 

620 620 
60 60 
s 80 
200 200 

52454584 

15200 15200 
20494 21094 

Wood only soldu
Plant Seeds Seedlings 

"J 

4750 1,430 
144i4 

I00 ;00o 
50 150 

-
50 60 
90 80 

150 150 

5 22341554 2243 

11400 11400 
12954 13634-
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No income to small volume of coppice reduction. 
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Appendix 8d 
 Labour budget per hectare oer year estabiishm int and -iainten1,fcit 

Kenya Asaumed Costs 


Wood/fodder/honey
Year Operation 	 Wtod only sold
Seeds Seedlings ed.5------ --------_-e--z-eedlings 	 _
d 

Lsee__n__0

Initial establishment 
 27.5 57.5 
 24.5 58.5 

W
Heeding and beating up 
 7.2 7.2
2 Weeding 	 7.2 7.2 


5.0 5.0 
 5.0 5.0
0-IS Overhead per year 2.6 2.6

15,30,45,50 ) Fertiliser application 	

2.0 

1.0 1.0 ­ 2 


l5,30,45,60 ) Weeding and 
 3.G 3.0 3.0 
 3.0 

,1631,46,61
16-75 ) Coppice reduction
Overhead per year 	 4.0 4.G 4.0 
 4.0
2.6 2.6 
 2.0 2.0
0-75 Direct labour 
 7 i.7 71.7 67.- 67.7
0-75 Supereisory a-d maintefiane 
 l9i 6 197.6 i52.0 
 152.0


0-75 Total labour 2 1 2 19 7
269.3
-ars 	 _239.7 _?70 man days/year) 	 .
1.0 2.0.8 


APendfx 8e rhinningFelling pod and honey labour budget per ,3 and tonne 

F ­
eood/fodder/horney j Wood only sold 


Year Operation
0-75" All thinrings 	 Seeds Setdlings Seeds Seedlings
1.10e1 

0-75 All Tellings per m 3
3Thinning overhead 	 1.0 . 0 1.00 1.00
 

Felling overhead 	 1.00 1.00 1.0 1.00per m3 0.04 0.04 0.04 0.04
per 
 0 9.04 0.04 0.040-75 All pod collection 	 0.04 
per tonne 22.20 22.20 
 - -

0)
0-75 
 All honey collection 
 per tonne 75.00 
 75.00 
 -

Pod collection overhead ,) 
0.50 0.50 
 -

Ho_ collection overhead 
 _ 2.0 _.O 

n td 


se Iabour ints for coaeecting the pods and honey plus
same are guesses, as 	 the supervision of the
these kinds of operations,especially the pod collecting
has not been undertaken in Kenya 
to a 
large extent. Therefore these eigures 

must be taken as provisional.

Pod collection includes carrying the pods(in sacks)to 
the nearest road for
transport to 
the mill,and honey includes 
takinq the honey and/or wax 
to the
refinery or collecting point. It is assumed that the hive cannot produce both

honey and wax at any one 
time.
 

Appendix 8f fhinning,felling,pod .,nd honey 

Yedr 
 Operation 

To. Thinning
g 


25,.0,55,70 Thinning 

1 5Fiing 
 ore 

10 
 Th6inn ing overhead


25,40,55,0 Thini r
overad 

15,30,45,60,73 
 Felling overhead " 


0-S OireLt thinning & felling laibour 
0-75 Suoervisory "a46.o

0-75 Total fuelwood labour
Man yearsi2M0 mar. daysl~ear) 


Area to give full employment to one Direct 

perion in establishment,thinning 
 Sup.
and fellin- hectares 
 Total 


2. 17,32,47.62 )3, 18,33,43,53 )22.()(0.710)
 

4, 19,34,49,64 ) Collecting pods 


5. 	 20,35,50,65 ) (supervision) 

Total 


2 17,32,47,62 )
13: 	 18,33,48,63 )Collecting honey 
15,30.,15,60,75 ) (supervision) 

0 Direct :abour
0-75 Direct :abour coliecting pods .	 hony0-75 Supervisory labour 

0-15 otal abour2916.4
 

Man years 
(270 man days/yearArea to give full employment to 
one Direct 

person in pod and honey Sup.

collection lHectares Total 

Area to give full employment to one Direct 

person- all operations combined 	 Sup. 


Hlectares TotalTec0are

Averagemanyears (270 /yr) a
d
Average __anyears__270_d/yr)_0.22_0.07
 

-

collection labour budaet uer hec-are 

' l/fodLrihony 4od =ril 

Seeds Seedl ings Seeds P -2 ,; 
.... .
4.5 9.55 , .
19.5 l 

60.5 60 
 0.5 50.5 
II1 

1. 80.3 1.3 1.3
2.2 2. 2
 
772 .2 7.2 7.2 

1191.5
 

;233.1
4.6
 

16.0 
 16.1 
82.9 
 102.0

13.4 
 13.9
 

D i r ic t ( O / H ) 

11.0(o.25)
 

33.0(o.75)
 

44.0(1.00)
 
2750.9(52.S0)
 

ODirect(O/l-). 

0.75( o.10)
 
1.50( o.0) 

2851.2 ___________ 

65.2 

10.8
 
7.1
 

310.6
 
6.0 
4.9 
 16.1
 

65.4 	 102.0
 

4.6 
 13.9
1.4 
 5.4
0.22 
 0.07
 

http:2750.9(52.S0
http:44.0(1.00
http:33.0(o.75
http:11.0(o.25
http:anyears__270_d/yr)_0.22_0.07
http:17,32,47.62


Apnpdi g Co s t r e t ur ns and l abou r t~ ,e f a on e hec t ar e lw / o d r" 
planta- er "r and la taton rif eti e eton foe
Plantation over 	 Appendix 9bthe plantation's lifetime'Low elevation model'plttonna5yerrai.npus 	

Direct and overhead coits per hectare for a fuelwond/fodder 
plantation on a 5 year rotati-in plus fveerrotinAppendix 9a Cost in 	 4 five year rotationsman ~fromdays of various establishment operations(d-ect costs)per ha. 
 fmue suckers. a)a) Inn a higis rainfall area b)in a medium ainfall ret 

Plant seeds or seedlings to secure 1600 trees 	
boLh at low elevations (below 1,500 m )per hectarE:anticipated 

rotation 5 years plus a further 4 rotations of 5 
Kenya assumed costs used Units Kshs.years from suckers.Assumed species Ltucaena spp.l) (high rainfall areds)Prosopik sop.(4(medium 
rainfall 
-auremas--


Kenya assumed model cost; used. 

IHigh Rainfall Areas 
 Mediu ,;Rainfall Areas
 

Year Operation 
 Seeds Seediir.gs Seeds I Seedlings

0 Initial establishment & weeding
Year 	 Beating up plus weeding 2010 2610 2010
Operation High Rainfall Areas Medium Rainfall Areas 	 2610
Plant Plant Plant 	 7 Weeding 144 i 144Plant 	 - A- 1440-	 2 ]D0 144
Overhead costs 	 100
seeds 	 per yr.(average)
seegh Ranfseedlin~sl sreeds Rain 	 23 06 230
seeds seedlings 	 20r0
ling 
 2,10, W 0 e i r an
5,10,15,20 Fertiliser application 62200
620 620 620
o Nusery. prvid sees 	 105201.i1.

Nurser- provide seeds 1.0 	 and0 Estab li sh men t Gf tr ee s " . same 1.0 	 6,11,16,21) reduction DoU 100 100 :00() 	 60-
s e l
0 u snrs1- P o i e 	 _ _ _ _ _ 

60 
COstashmer 'At .	 _ _ _ _ _ _ _e ame 	 2 06 -2 5 Overh ead co sts p er yr .(a ve ra ge ) 0costs as per 'Athi plain'model 	 0-25 10 0 100 l1 _ 00__ _ Direct cost inci.mat.& mchs. 	 _ _ _5134 5634
0-255o30	 5374 
 5374 

Initial establish ,nL 26.5 45.5 26.5 0-2 Overhead costs1-2 	 45.5 0-25 Tutal costs 2700 2700eding & beating up 	 7834 2700 27008334 8074 8574
7.1
0-I Plai,'s for planting & beatingup 	
6.0 12.1


1.1 13.2 1.1 
11.0 (1, No income attributed to small13.2	 volume coppice reduction.


0-2 Total d1rect establishment costs 34.7 
 64.7 :39.7 69.7 

Overhead costs as Z ofdirec sAppendix 

gc.) Anticipated volume and fodder production aiidincome per hectare :v-,­4, Bolo
150 150 150 
 150
Estiaiited establisFhment costs______________Incm the lifetimeof the crop.- high rainfall area(Leucaena spp.)
including(O/H 


Kshs. 
 3000 
 4500 
 3250 	 I4750 / 

Income
()Volume
Leucaena leaves,if grow, for fodder alone,will yield about 8 tonnes of edible dry 	 eight Fuelwood Uncollected
 

-atter per ha.per year. This 	
Year Operation production
However,when grown is equivalent to about lO00kgs of protein per ha/yr. 	

production
for fuel 	 leaves
and fodder t~e production of fodder will 
arop. 
It has
been assuseu that in order to obtain 14,-	 leaves Kshs5wood pe- ha.per year the annual yield 
m3__ t (4_ Kshs2 Kshs.of fodder will be 4 tonnes per ha. at a 1,6 .11,16,21) Thinning __ 150t_
 

P12,7 maximum and average 3.0t/ha/a 0.75 15
,0 	 20 112.5
Thinning
,12,17.22) Collecting 22 2.5 ]a2.50 30 	 00,17.22)
(2) s0sWill yield 	 4040 375.0375.0 ha/yr.T 2 tonnes of dry matter(pods)at a maximuim and 	 on average t,I1/41
addition the average honey yield will be 14Kg/ha/a. The average annual 3.8 ,13,18,23) leaves 6yield of wood 3 	 4.9 ,14,19,24) 4.0 90 12060.
(3) is estimated to be 9.6m	 16 4.0 240Overhead costs ha. 	 320 600.0
include local 
supervision office staff,office rent,mdchinesmaterials ,0,15,20,25 Felling v
collecting Ivs.
not directly used in establishment Operations,road construction 	 45 4.0
fire patrol etc. 	 675 900 600.0
and a proportion of regional,H.Q. and research costs. 	 0-25 Lcaves inccme
If the forest service does not 	 76.25
undertake such plantations then 	 0-25 Thinning income 125 11437.5
these latter O/H costs 	 1875 50C
are not applicable. 
 0-25 Felling

(4) 	 2825
The overhead costs for Fencing,ploughing and fertilising have already been included 	

1ncme3375 4500

in the friteridl/machine costs. 
 0-25
0-25_ Totalincome
Tot___ income_350___.3355 350 
 76.25 
 5250 00
7000 11437.5
 

(1) This is 
an average volume pro uction over the life of the crop.The average per

rotation may be as 
follows: m /ha/yr lstR.lO.3,2ndR.18.8,3rdR.16.6,4thR.13.5,
 
5thR.IO.8. Average- 14.
 

(2) Air dry tonnes of leaves average production 3.05 t/ha/a" 

http:00,17.22
http:12,17.22
http:Seediir.gs
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"= o-- . .C Appendix 9d Labour bidget per iectare per year establishmptt and maintena,,L. 

-=0Kenya CostsAssumed 

High Rainfall Medium Rainfail 

Seedling: Seeds Seedlings
 
C C).C3 0 Initial establishment
- i.- 27.5 57.5 27.5 57.51 W4eeding and beating up 1.2 7.2 7.2 7.2C1 .C 2 W'eding - - 5.0 5.0
te M 

" 0-5 Overheads pe- year(average) 2.5 2.6 2.5 2.6
5,10,15,20 Fertiliser application T.U T TU 
 FT
 
W CL 5,10.15,20) Weeding & coppice 5.0 5.0 5.0 5.0 
W_ ,Lr " 6,11,16,21) reduction - - 3.0 3.0C 1 ­ 6-25 Overheads per year(average) 1.3 1.2 1.3 1.3
 

" C .L 0-25 Direct labour 58.7 88.7 75.7 105.7
 
0-25 Supervisory & maintenance 41.6 
 41.6 41.6 41.6
 
0-25 fotai labour 
 00 3
Idy 130.3 117.3 147.3
 

o- di 

Mnyar 7 a daslr 0.4__ O.I. 0.5
C3-
C:C 

Appendix ge Thinninq.felling.leavei.pod aridhoney collection labour bidget
 

per n' and tonne 

di 0 C)1 3 CV CJ 0 

LIC 10 High Rainfall . Iedium Rainfall 
d.0.Year 
 Operation Seed Seedling" See, Seedling
C) 1,6 ,11,16,21 ) Thinning 3.10
o 2,7 .12,17,22 ) per 3.00,,,3,0 3.13,18,23 ) m 2.80,:. 3 4,9 ,l41.9,24 
 2.50
 

'a O r( .. . 5,10,15,20,25 Felling per m 2.00

"L CL '7 0-25 Thinn ing & felling overhead/m3 

0.04 

0-25 All leaves/pod collection per
 
tonn-0) 22.0b0 0-25 All honey collection per tonneO) 75.00 

C-m.oo,.. -Cj.. 0-25 Leaves/pod overhead per tonne 0.5001 -0-25 "L Honey overhead per tonne () 
 2.00
 

-r ­ (1) The labour inputs for collecting the leaves.pods and honeyplus the supervision of
 
.!-
 the sameare guesses as these kinds of operatiuns,especially the leaves and pod
0 - collecting,have not been undertaken inKenya 
to a large extent.Therefore these 

) figures must be taken as provisional.Pod collection includes carrying the oods in 
-. -L =EJ -sacks,sun-dry ng the leaves aridthen carrying the sacks to the nearest .rJad for 

W 1, > =transporting to the mill,and honey includes taking the honey and/or wax to the - i=. .refinery or collecting point.It is assumed that the hive cannot produce both horey
C -andl wax at any one time.
 

LCL . . 

http:point.It
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Appendix gf Thinning.felling.pod.leaf and honey collection labour bidgt-per ha.
 

Appendix 10 
 Felling and extraction of Eucalyptus- direct labour budget

according 
to diameter and distance 
 ra-cted
 

High Rainfall Medium Rai, fall
Year Operation 
 jSeeds Seedling Seeds Seedling Appendix 10a 
 Crup Specifications 0)

(teucaena) (Prosopis)
 

1,6 ,11,16,21) Direct labour(Supervision) 3.1(0.04)
 
2,7 :12,17,22) 
 6.0(0.08) 3.0(0.04)
 3,8 ,13,18123) Thinning 
 (overhead 
 16.8(0.24) 
 8.4(0.12)
 4.9 .14,19,24) 
 40.0(0.54) 30.0(0.48)
5,10.15,20.25 Felling 	 Diameter at breat height __(cms) _18 _3_20,_0
)
-overhead 90.0(1.80) 64.0(1.28) 
 Age of 	crop (yrs) 1.5 1Total height 	 10 13
0-25 	 Direct thinning _*felling labour ( m ) 3.3779.5 527.0 	 9.3 15.0
Mid-diameter 	 16. i0-25 	 Supervisory (cp) 2.5 5.5 12.8 13.3
14.0 
 9.6 	 Stem volume to tip 1000 trees
0-25 	 Total fueiwoud labour 793.5 (m 1.6 22.0 192.0 22.)
536.6 


F 	
Stem & branch volume "(m-) 1.9 
 25.5 03.0 215.0
Man years(27O man days/yr.) 2.0
2.9 
 Plants 	per hectare 3
Cumulative volume 	 10000 i600 ]GO0
(m 19I.4 	 160
Area to give full employment to one Direct 8.1 	 421.4 326. 412
7.8 11.2 10.7 
 Average annual
person 	in establishmentthinning Sup. yield per ha. (m ) 12.9 10.6 32.6 41.11214 121.4 131.8 
 131.8 
 A
and felling.- Hectares 
 Total 
 7.6 7.3 10.3 9.9 (1) 
 It is assumed that fuelwood will not be qrown to diameter reter than 
!'c;.
 

Direct(O/H) Direct(O/H)

1,6 ,11,16,211 
 16.5(0.38) 
 -2,7 .2.17,22)Coilecting leaves 
 55.0(1.25) 16.5(0.38) Appendix lOb 
 Productivity of tra-ined workers
3,8 .13,18,23) and pods 	 in temperate country 01)(6)
88.0(2.00) 
 33.0(0.75) 	 3
 
4.9 .14,19.24) (Supervision) 
 88.0(2.D0) 44.0(1.00) 
 Unit m r
5.10,5,20,25) 
 88.0(2.00) 
 44.0(1.00)
 

Total 1677.5(38.12) 
 687.5(15.62)
 

2,7 ,12,17,22) Collecting honey

3,8 ,13,18,23) (Supervision) 	 0.75 0.10 Fell ing,snedding,cross-cuttirigp (in3

3 ) 2.05 3.'65 17.17 20 JC1.50 0.20 
 Debarking
5.10,15,20.25) 	 (2) (. ) 1.66 3.67 8.57 9.36Total 26.25 3.50 
 Extraction a)40 metres (3) (m3 ) 4.76 4.76 4./6 410-25 Direct labour collecting
leaves,pods and honey 	 b)100 metres
1677.5 713.8 	 2.38 2.38 .38 2.18Ail operations combined a) 40 metres 
 0.77 1.321
0-25 	 Supervisory labour collecting 2.61 1275 

leavespods and honey 38.1 
m per man day b)l00 metres 0.66 tI. 168 1,7419.1 	 All operations combined a) 40 metres
0-25 	 Total labour 1.30 0.76
1715.6 132.9 3 	 0.38 0.36

MAN DAYS PER M b)l00 metres 1.51 0.97 0.59 0.57
 

Man years (270 man dys per yr.) 
 6.4 
 2.7

Area to give full employment to one Direct 4.0 	 9.5 
 Source 	: Iarvesting in man-made forests 
in developing countries.FAO Rome 176.
person 	in fodder and honey 
 Sup. 177.2 	 353.4

collection - Hectares 
 Total 3.9 
 9.2 (1)

Area to give full employment to one Direct 2.7 
 2.7 5.050 
person- all operations coubined Sup. 72.0 72.0 	

All hand labour used.
 
96.0 96.0 
 (2) Felling with hand saw and axe,snedding(iemoving brar.ches)with an 
axe and cross-
Hectares Total 
 2.6 2.6 4.9 
 4.8 cutting to metre lengths with a saw.Man years all operations (270 d/y) 9.7 9.8 5.1


Average manyears(217 d/y) 	
5.2
 

0.39 0.39 0.21 
 0.21 Removing 'ark by hand with a bcrking tool
 

(4) Extraction by headload and staLking piles 
im x 1.5m x 2m
 

(5) The scurce book did not give figures for 3cm D3H, these have been extrapolated frun
 
graphs which started at l~cms DBH
 

(6) Normal allowances have been made for rest time etc.
 

http:5.10,15,20.25
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http:1677.5(38.12
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O___..-
T d l Reduction appl ied to temper te ca,-ntries prcductivity fi
to arrive 	 ur s
at figures For tropical countries 


Units 
 Trees felled & extracted per 8 hour day per- person 


n3/day ) 


Diameter 
 (cms) 3 
 10 
 18 
 20

OperationDiameter


Felling.rSnedding 


:utt.ng shortwood with power saw 

(temperate rate) 
 1200(2.28) 153(4.05) 
 94(19.08) 
 82(22.55)


rodction
saw and axe:reduce by 1080(.) 137.7(3.65)
Cross-cut into lengths shorter 	 84.6(17.1 73.(2a.3))m 


than 	2.m reduce 15% 918 I117.Undulating terrain, 	 72 61reduce St 
 .72 
 68
Lack 	of experience reduce 3% 
I1 

60
 
6;0
Body weight (1) -educe 15Z 523 78 48 42
67 
 41 
 36


nutritional 
factor (2) reducel2t.1 458
Heat stress 	 58 36reduce 	 31
J412(0.78) ,052.5(1.39) 32.3(6.55)1.9 	 , 28.2(7.74
31a 

Units m 
per 8 hour day per person
Debarking in temperate countries 1.66 
 3.67 
 8.67 
 9.56 


Lack 	of experience 1.16
reduce 3G% 

3ody weight (1) 

2.56 6.07 6.67
Plutritional factor (2) -.5- 1.0012a 2.20
0.87 	 5.20
193 4.55 5.74
Hea-t Extraction dislnce( 	 5.02
strjesS. 
 40
" 0% 0.7807tre 1.73
.0 
 4.10
80 4.52
0. 


Extraction (3, 	 3
Units m
 per 8 hour day per person

Extraction In temperate climate 
 1.76 
 4. 
 2.74 
 2.38 

Body weight (1) reduce
Hetutresn-


lfacto2.22 	 . Z
Nutr itiona I ractor(15'/21 3.08 2.96 1.85.57__.28_2.0__1.7t.57 3.283.28 2.352.35 Z.048(
2.04 


__" low.1_ 2.22 2.96 1.85 1.61 

(1) 	 Nonri! body 	weight for workers in temperate clioat2s is about 70Kgs.Assumed


average body weight for wurkers in tropical climates isapply reduction factor 60/70 or reduce by 14.3% 
abo,;t 6OKgs.Therefore 

(2) 	 Food intake per day for manual workers should be 000 calories.Assume worker in
tropical climate consumes 3.500 calories, reduction Fraction is 3500/4000 = 12.5%
 

(3) 	Figures taken 
f~om a two man crew. Productivity could be increased substantially
by using a wheeled U-Frame(sulky)for extraction.
 

Appendix lad Productivity estimate-
 of partially trained workers 
in tropical
 
couiitries felling and extracting by hand
 

3

Units m per 8 hour day per person
 

3 10 20Operation
 
p
 

Felling.snedding 

.
 

using (1)(m3) 0.78 


Diromser.-tin 


(2)(m) 0.7 1.39 6.55 
 7.-1

Extraction a) 40m 	

1.1.
 
1(.3)3.22
b)OOm 	 3.221.6! 1.61 3.22 1.61 1.61 3.___ 1 

3
' 


1 operations combined 2 3.2•
a) 40 metres 
 0.35 I 	 1.41
0.62 
 1.31
ombined 
0.9 1
purations combined 

0.31 	 1 .03
daye 100cmetr% 	 2.87
0.3q 0.52 .61
 
1.43
a)IO0 metres 
 3.19- I1.12 1.02 
 0.71 0.97
b e s..10
 

Source : Harvesting 

(1) 	

in man-made forests in deve!opinq countries FAD Rome 1976
Felling with hand saw 
and axe,snedding(removing branches)with axe and cross-cuttin­

into metre lengths with hand saw.
 

(2) 	Removing bark by hand with barking tool 
to facilitdte drying
 

(3) 	Extraction by headload and stacking at 
roadside in piles Im 
x l.5m x 2m The pr,d­
uctivity For 60m and 80m is also given in table Appendix lOc
 

(4) 	 lortal allowance 
has been made For rest time etc.
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